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Abstract

Hemodynamical evaluation of a coronary artery lesion is an important diagnostic
step to assess its functional impact. Fractional flow reserve (FFR) received a class
IA recommendation from the European Society of Cardiology for the assessment
of angiographically moderate stenosis. FFR evaluation of coronary artery disease
offers improvement of the therapeutic strategy, deferring unnecessary procedures
for lesions with a FFR > 0.8, improving patients' management and clinical
outcome. Post intervention, an optimal FFR > 0.9 post stenting should be reached
and > 0.8 post drug eluting balloons. Non-hyperemic pressure ratio measure-
ments have been validated in previous studies with a common threshold of 0.89.
They might overestimate the hemodynamic significance of some lesions but
remain useful whenever hyperemic agents are contraindicated. FFR remains the
gold standard reference for invasive assessment of ischemia. We illustrate this
review with two cases introducing the possibility to estimate also non-invasively
FFR from reconstructed 3-D angiograms by quantitative flow ratio. We conclude
introducing a hybrid approach to intermediate lesions (DFR 0.85-0.95) potentially
maximizing clinical decision from all measurements.

Key Words: Fractional flow measurements; Coronary artery physiology; Quantitative flow
reserve; Non-hyperemic pressure ratios
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Core Tip: Fractional flow reserve and non-hyperemic indices are the cornerstone for optimal percutaneous
interventions. In this extensive review we discuss their rationale of use, indications guidelines, benefits
and pitfalls. The comprehensive use of coronary artery physiology for the guidance of percutaneous
interventions may be beneficial for every interventional cardiologist. Hence, we aimed to make a clear
statement of physiology-guided percutaneous interventions to enhance coronary artery revascularization
techniques.

Citation: Boutaleb AM, Ghafari C, Ungureanu C, Carlier S. Fractional flow reserve and non-hyperemic indices:
Essential tools for percutaneous coronary interventions. World J Clin Cases 2023; 11(10): 2123-2139

URL: https://www.wjgnet.com/2307-8960/full/v11/i10/2123.htm
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INTRODUCTION

Coronary artery angiography remains the cornerstone for coronary artery disease (CAD) assessment
confirming stenoses or occlusions of epicardial coronary arteries. These are often subjectively estimated
by the operator who visually evaluates the percentage of intraluminal narrowing of the artery.
Quantitative coronary angiography improves this guess work, optimizing devices sizing by accurately
measuring the length and reference diameter of coronary stenoses[1]. However, this anatomic
evaluation remains often insufficient requiring adjunctive information provided by a functional
assessment. The presence of inducible ischemia in patients with CAD has been associated with adverse
clinical outcome with risk stratification based on the extent of myocardial ischemia[2,3]. However, this
was not confirmed in the more recent Ischemia trial where the severity of ischemia was not associated
with an increased risk after adjustment for CAD severity[4].

Medical treatment is efficient in relieving anginal symptoms related to myocardial ischemia while
revascularization improves downstream coronary blood flow and therefore relieves myocardial cells
from the changes related to anaerobic metabolism[5].

Although current guidelines have implemented non-invasive stress testing prior to percutaneous
interventions (PCI), the frequency of upstream testing remains low[6].

Fractional flow reserve (FFR) is used during coronary artery angiography to directly measure the
pressure drop across an epicardial stenosis[7]. It is nowadays considered as the gold standard for the
detection of myocardial ischemia and is recommended by the ESC 2018 myocardial revascularization
guidelines[8]. This invasive diagnostic tool is the current standard of care for the functional assessment
of lesion severity in patients with intermediate grade stenosis (40%-90%) without evidence of ischemia.
FFR-guided PCI has been shown to be superior to angiographic guided PCI as well as its safety for PCI
deferral of non-functionally significant stenosis[9-11].

With the increasing use of physiological assessment for CAD, new pressure-derived indices have
emerged to guide PCI and to overcome some of the issues of FFR. Non-hyperemic pressure ratios
(NHPR) are now an integral part of most current pressure wire systems and are widely used in the
majority of catheterization laboratories. These indices evaluate coronary artery functional severity over
either the diastolic phase or the whole cardiac cycle. A good correlation with FFR was found for the
instantaneous wave free ratio (iFR), the first NHPR developed, with an 80% approximative accuracy[12-
14]. Numerous NHPR are now available and are numerically equivalent with a common threshold[15].

FRACTIONAL FLOW RESERVE
Definition of FFR

Fractional flow reserve is defined as the maximal achievable blood flow in the presence of an epicardial
coronary stenosis divided by the maximum flow in the same healthy vessel if there was no obstructive
epicardial disease[16]. It can be estimated by the simplified ratio of the coronary artery pressure
downstream an epicardial stenosis over the aortic pressure during maximal hyperemia, taking into
account the central venous pressure. Hence, FFR estimates the percentage of maximal blood flow
limited by the presence of an epicardial stenosis. It is expressed by the following relationship,
considering a constant and minimal coronary arterial bed resistance: FFR = (Pd-Pv)/(Pa-Pv), where Pd
is the pressure recorded downstream the epicardial stenosis, Pa is the aortic pressure and Pv the central
venous pressure (Figure 1).

Maximal hyperemia is generally obtained by intravenous or intracoronary perfusion of adenosine
[17]. Other agents such as Regadenoson or Papaverine can also be used[18,19]. The coronary vasodilator
agent dose and side effects perfusion are presented in Table 1[20].
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Table 1 Coronary hyperemic agents

Agent Dose Side effects
Adenosine Intravenous 140 pg/kg/min IV; > 40 pg RCA; > Transient AV block, chest pain, shortness of breath, hypotension,
80 pg LCA headache, flushing
Intracoronary
Regadenoson 400 pg singe bolus central or Rhythm or conduction abnormalities, rare gastrointestinal side
peripheral IV effects, less frequent chest pain and dyspnea
Papaverine 10-12 mg in RCA; 15-20 mg in LCA  Abdominal symptoms, headache, flushing of face, increase in

heart rate, QTc prolongation, ventricular tachyarrhythmias

AV bloc: Atrioventricular block; IV: Intravenous; RCA: Right coronary artery; LCA: Left coronary artery. Table 1 summarizes the hyperemic agents used
for fractional flow reserve measurements and gives the dose and potential side effects of each agent. One has to choose in function of the clinical

parameters of the patient.
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Figure 1 Invasive measurement of fractional flow reserve. FFR: Fractional flow reserve.
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Intracoronary Adenosine is the preferred vasodilator agent inducing a quick (5-10 s) response to
maximal hyperemia, however it may cause transient atrioventricular block, chest discomfort and
shortness of breath and is contraindicated in patients presenting with chronic pulmonary obstructive
disease. A more stable hyperemia is achieved using an intravenous perfusion[21]. Regadenoson
(Rapiscan) is a selective agonist of the receptor A2 of adenosine with a 10-fold lower affinity for the Al
adenosine receptor. Its injection produces coronary vasodilatation and increases coronary blood flow.
Given its selectivity for the A2 receptor, cardiac conduction sides effects are less frequently observed
and is generally well tolerated in patients with chronic obstructive pulmonary disease (COPD)[22,23]. A
good correlation between both agents has been reported in multiple trials[24,25].

The first proposed FFR threshold was 0.75. The issue of a grey-zone decision between 0.75 and 0.80
has been solved recommending now a threshold of 0.80[26]. An accuracy of 90% was reported in the
FAME trial[10]. The revascularization between 0.75 and 0.80 remains debatable, but should be
considered depending on the potential major adverse cardiovascular events (MACE) rates of the
patients and coronary artery stenosis localization[27].

The cutoff threshold values have been validated in multiple trials comparing non-invasive
measurements to FFR associated to the reversal of the presence of ischemia after PCI[7,26,28,29].

Technical aspect of FFR measurement
The majority of PCI are performed using 6 French guiding catheters (GC). All FFR systems are with a
low profile allowing to use already 5 Fr GC but care must then be taken to optimize the quality of phasic
pressure recordings, flushing the catheter with saline solution.

FFR systems are based either on a piezoelectrical or an optical sensor. Both types of pressure sensors
generate a membrane deflection through the pressure, inducing either an electrical charge or a phase
delay in a reflected light beam.
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Figure 2 POLARIS display screen showing negative fractional flow reserve value.
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These systems have been well validated, with a reduction in pressure drift reported with the optical
method[30,31]. Moreover, the latest versions of optical pressure guidewires enable its use as a
workhorse guidewire for PCI by disconnecting and reconnecting the system.

The first step consists of zeroing the fluid-filled aortic pressure and the FFR pressure system ex vivo to
the atmospheric one, ideally at the level of the right atrium. The pressure wire is then advanced few
millimeters beyond the tip of the GC. Both pressure curves are equalized with the introducer needle off
the Y connector[32]. Contrast may dampen the catheter waveform pressure, hence flushing the system
with saline is mandatory before pressure measurements.

After intracoronary administration of isosorbide dinitrate, FFR and NHPR can be measured with the
wire advanced at least 3 vessels diameters distal to the stenosis. In case of multiple stenosis and diffuse
disease, a recording of the pressure during a pull back of the wire identifies spots with significant
pressure changes where a PCI might be useful. At the end, a possible drift (significant if > 3 mmHg) of
the FFR system is carried out[33]. Figure 2 represents the display screen of the POLARIS monitor
(Boston Scientific, Marlborough, MA, United States) using the COMET™ wire, showing a non-
significant FFR value of 0.82.

Several intracoronary pressure systems are currently available on the market: WaveWire™ (Philips
Inc, Eindhoven, the Netherlands), COMET™ (Boston Scientific, Marlborough, MA, USA),
PressureWire™ (St. Jude/ Abbott, St. Paul, MN, United States), NAVVUS RXi® (ACIST Medical Systems,
Inc, Eden Prairie, MN), TruePhysio™ (Insight Lifetech) and OptoWire Deux (Opsens medical, Quebec,
Canada) with fewer drift[31]. The COMET trial comparing the COMET™ and the PressureWire™ found
similar results in terms of safety and performance[34]. The RIPCORD 2 trial was a large prospective,
multicenter study where investigators used the COMET™ wire to evaluate a FFR-guided revascular-
ization strategy in patients presenting with stable CAD or NSTE-ACS.

In most guidewires, the pressure sensor is usually located at the proximal part of the radiopaque tip.
In the case of the NAVVUS RXi® the pressure sensor is located 5 mm above the distal tip of the
microcatheter.

Conventional pressure wires have generally less torque control, flexibility and crossing ability than
workhorse or specialized guidewires. Therefore, the NAVVUS RXi® and the TruePhysio™ are
microcatheters to be used with any workhorse wire to overcome these issues, with debatable opinions.
In vitro assessment of the novel 0.014” OptoWire™ showed improved pushability, steerability and
torquability in comparison with regular PCI wires, offering reliable pre and post PCI hemodynamic
assessment[35].

Validation of fractional flow reserve measurement
Myocardial ischemia is defined as a lack of coronary blood flow with electrical, functional, metabolic
and structural consequences for the myocardium. The imbalance between oxygen supply and
myocardial oxygen need is the central point of interest that should be improved with optimal medical
therapy and/or coronary artery revascularization[36].

The FFR was first introduced by Pijls et al[7] who demonstrated the initial threshold of 0.75
demonstrating reversal of non-invasive stress tests after performing PCI.

The DEFER trial investigated the appropriateness of not stenting a functionally non-significant
coronary stenosis and showed the safety to defer PCI when the FFR was > 0.75[37].
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Table 2 Diagnostic performance of different non-invasive stress tests

- Anatomically Significant CAD Functionally significant CAD
Specificity (95%Cl) Sensitivity (95%Cl) Specificity (95%Cl) Sensitivity (95%Cl)

Stress ECG 62 (54-69) 58 (46-69) 73 (55-86) 68 (60-75)

Stress echo 82 (72-89) 85 (80-89)

CCTA 78 (67-86) 97 (93-99) 53 (37-68) 93 (89-96)

SPECT 70 (63-76) 87 (83-90) 83 (71-90) 73 (62-82)

PET 85 (78-90) 90 (78-96) 85 (81-88) 89 (82-93)

Stress CMR 80 (69-88) 90 (83-94) 87 (83-91) 89 (85-92)

CAD: Coronary artery disease; CCTA: Coronary Computed Tomography Angiography; CMR: Cardiac Magnestic Resonance; ECG: Electrocardiogram;

echo: echocardiography; SPECT: Single-Photon Emission Computerized Tomography; PET: Positron Emission tomography. The Table 2 summarize the

multiple non-invasive stress tests available at this day for coronary artery disease screening. Each exam is characterized by its specificity and sensibility.

The exam choice depends on the patient’s clinical situation.

Jaishideng®

Tonino et al[10] showed in the FAME I trial that FFR-guided PCl is associated with fewer MACE and
less resource utilization compared with angiography-guided PCI in patient with multivessel disease
using a threshold of 0.80.

De Bruyne et al[9] proved in the FAME II trial that the addition of FFR measurements to optimal
medical therapy in patients presenting stable CAD is superior to best medical therapy alone.

In the context of non ST-elevation acute coronary syndrome (NSTE-ACS) FFR guided revascular-
ization of non-culprit lesions may be used during the index procedure to evaluate the need for further
revascularization therapy[38].

The meta-analysis of Knuuti et al[39] evaluated the performance of non-invasive stress test to rule-in
and rule-out significant CAD choosing as reference invasive coronary angiography with FFR
measurements. They concluded that imaging methods are clearly superior to stress electrocardiogram.
Functional imaging techniques including positron emission tomography, cardiac magnetic resonance
and single-photon emission computerized tomography offer the best diagnostic performance even if the
anatomical correlation is poor as shown in Table 2.

All these major trials support the class IA recommendation to assess the hemodynamic relevance of
intermediate coronary artery disease by FFR and as class IIB in multivessel disease evaluation[8]. In fact,
both the European and American guidelines state that patients undergoing coronary angiography
without prior ischemia assessment should have invasive hemodynamic test (FFR or NHPR) to optimize
the revascularization strategy[40].

FFR features and applications

The theoretical value of FFR is 1 in a normal healthy epicardial coronary artery. FFR decreases with
increasing epicardial stenosis severity. This index is not influenced by systemic hemodynamics and
remain stable in case of systemic pressure, heart rate and left ventricular contractility changes[41]. In
addition, Johnson et al[42] found a 98% reproducibility rates. Among its other advantages, FFR takes
into account the contribution of collaterals by reflecting both antegrade and retrograde blood flow
during maximal hyperemia[43].

Considering the critical prognostic importance of left main (LM) stem disease and its difficult
angiographic assessment, the revascularization of intermediate LM should be guided by FFR or
intravascular imaging[44]. Generally, LM disease is frequently associated with other stenoses of the
coronary artery tree. FFR could therefore stratify patients for surgical or percutaneous revascularization
taking into account downstream lesion implication[45,46].

FFR can guide revascularization of non-culprit lesions in patients presenting with acute coronary
syndromes (ACS). The FAME trial demonstrated that the benefits of FFR-guided PCI were similar in
patients with unstable angina or NSTEMI and chronic coronary syndrome[47]. However, controversial
findings were reported by Liou et al[48] advocating in depth assessment of FFR guided PCI in ACS
context.

Tandem lesions are defined by two 50% or more stenoses separated by an angiographically normal
segment. In serial lesions, FFR measurements of all stenoses is carried out, followed by a slow pull back
of the FFR wire under steady state hyperemia and fluoroscopic view to determine the exact drop of
pressure localization[48]. These cases remain challenging to interpret considering the interaction of
downstream coronary artery stenosis: the FFR value of the proximal lesion might be overestimated and
equations to predict FFR for each stenosis have been reported using the coronary wedge pressure,
measured with an inflated balloon[45-46,49]. For a tandem lesion, NHPR are easier and more precise in
assessing the respective significance of each stenosis. Table 3 summarizes the major trials evaluating the
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Table 3 Studies that evaluated the outcomes of fractional flow reserve in intermediate coronary artery disease

- FFR value Prima
Author or Single or Study desian definin No. of Survival % Event-free Follow up, ou tco:nye rate
. 0 .
Study MVD CAD y €esig . 9 patients survival %  mo 0
ischemia To
DEFER([37] Single Randomized, 0.75 91/144 93/91 80/63 60
prospective,
multicenter
FAME][10] MVD Randomized, 0.80 509/1005 37/509 73 12
prospective,
multicenter
Hamilos et al[50] LM Prospective, single  0.80 136/73 89.8/85.4 74.2/82.8 35
center
FLOWER MI[51] MVD Randomized, 0.80 590/1171 55/4.2 98.5/98.3 12.36
prospective,
multicenter
PHANTOM[52] NR Prospective, 0.75 39/21 100/100 97/76 12
multicenter
FAME 2[9] Single + Randomized, 0.80 447/1220 60 8.7
MVD prospective,
multicenter
FAME 3[53] MVD Randomized, 0.80 757/1500 12 10.6
prospective,
multicenter

CAD: Coronary artery disease; MVD: Multivessel disease; FFR: Fractional flow reserve; mo: Months; LM: Left main; No: Number. Table 3 represents the
multiple studies that evaluated the fractional flow reserve through years. These diverse trials had different end points but generally converged to the
common conclusion that fractional flow reserve guided- percutaneous interventions (PCI) has better outcomes than angiography-guided PCI. FFR clinical
threshold has been chosen upon these studies.

outcomes of FFR in intermediate coronary lesions of LM and non LM lesions[9-11,50-53].

FFR post-interventions

In an otherwise healthy vessel with only a short stenosis, the FFR after stenting should theoretically
revert to 1. However, atherosclerosis affects diffusely most of the coronary vessels and FFR values will
therefore be affected by a mix of potential sub-optimal stenting (e.g. a remaining sub-expansion of the
stent in a calcified lesion), issues at the edges (e.g. a dissection), or a remaining stenosis outside the
stented segment. In the DKCRUSH VII registry the only statistically significant predictor of target vessel
failure (TVF) at 3-year was a post-PCI FFR < 0.88[54]. Hwang et al[55] reported an optimal cut-off post-
PCI FFR predicting TVF of < 0.82, associated with a 10.9% rate of events while it was only 2.5% when
the post-PCI FFR was 2> 0.82 in the left anterior descending artery (LAD). Similarly, a FFR post PCI <
0.88 was associated with 8% of TVF, but 1.9% with a FFR > 0.88 in a non-LAD vessel. Conversely, Diletti
et al[56] more recently reported among 1000 patients that a sub-optimal FFR < 0.90 was measured in
38% of the treated vessels. At 2-year follow-up, in a patient level analysis, there were no increase in
major adverse cardiac events. A vessel level analysis demonstrated a significant doubling of target
vessel revascularization (P = 0.030) and a trend towards a higher stent thrombosis rate [HR, 2.89 (95%ClI,
0.88-9.48), P = 0.08]. After balloon angioplasty without stenting, favorable outcomes have been
associated with a final FFR ranging between 0.90 and 0.75. An optimal FFR cut-off of 0.80 was reported
for drug eluting balloon angioplasty without stenting[57].

NON-HYPEREMIC PRESSURE RATIOS

Rational of instantaneous wave-free ratio

FFR has become the gold standard invasive diagnostic tool to guide coronary artery revascularization.
Understanding the mechanisms of fractional flow measurement is essential before performing any
physiological assessment of CAD. Coronary resistance fluctuates during the cardiac cycle in a phasic
pattern, due to the compression and decompression of the myocardium. A specific period, not affected
by forward and backward effects, named instantaneous wave free period, has been identified[58]. The
iFR concept relies on the theory that intracoronary resistance is naturally low and constant during this
wave free period allowing to compute a reliable pressure index. This particular cardiac window has
been defined in the ADVISE (Adenosine vasodilator independent stenosis evaluation) trial to start 25%
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Table 4 Summary of main instantaneous wave free ratio trials

. Stud Mean FFR  MeaniFR-  iFR cut- P value for . e I
Trial y . e . . Correlation  Sensitivity % Specificity %
population value +/-SD  value +/-SD  off non-inferiority
DEFINE-FLAIR[13] 2492 0.83+/-0.09  0.91+/-0.09  0.89 <0.001
iFR SWEDEHEART 2037 0.82+/-0.10  0.91+/-0.10  0.89 0.007
[12]
ADVISE study[59] 131 0.72+/-0.2 0.83 09 (P<0.001) 85 91
VERIFY([65] 206 0.83 0.67 54 (49-60) 96 (95-99)
JUSTIFY-CER[61] 186 0.74+/-0.17  081+/-021  0.89 0.680.60-0.76 73 74

FFR: Fractional flow reserve; SD: Standard deviation. Table 4 summarize the primary studies evaluating the instantaneous wave free ratio (iFR). These

trials have evaluated the correlation rate between iFR and FFR value and showed that iFR guided- percutaneous interventions (PCI) could be an alternative

to FFR guided-PCIL
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after the start of the diastolic phase and ends 5 ms before the systolic phase start. iFR is measured
without the need of hyperemia/adenosine and the 0.89 threshold corresponding to ischemia has been
validated vs FFR measurements[59].

Validation studies

The ADVISE study assessed the accuracy of iFR compared with FFR. A close correlation was found
between both indices with good diagnostic performance (receiver-operating characteristic (ROC) area of
93%, at FFR< 0.8) with specificity, sensitivity, negative and positive predictive values respectively at
91%, 85%, 85% and 91%[59]. In the CLARIFY study, an agreement of 92% between iFR and FFR values
was found. In the four lesions with mismatch between the two indices, the hyperemic stenosis resistance
was correlated either to FFR or iFR[60]. In addition, the SWEDEHEART trial highlighted the
noninferiority of iFR-guided PCI compared with a FFR-guided PCI[12]. The same finding were reported
in the DEFINE FLAIR trial with a reduction in adverse procedural symptoms related to adenosine
infusion and shorter time of procedures[13]. A better agreement between iFR than FFR and coronary
flow velocity reserve was reported in JUSTIFY-CFR. In 4% of their non-significant iFR values (> 0.90) a
significant drop in FFR value (< 0.75) was noted[61]. Multiple trials have reported an approximative
80% accuracy between iFR and FFR[14,59,62].

The ADIVSE II trial reported a strong correlation between iFR and FFR and identified 0.89 as the
optimal iFR threshold with an area under the ROC curve of 0.90. This cut-off correctly classified 82.5%
of coronary artery stenoses with a sensitivity and specificity of respectively 73% and 87.8%. The hybrid
iFR-FFR approach based on a iFR treatment value below 0.85 and deferral above 0.94 showed a better
correlation rate of 94.2%[63].

Using respectively 0.89 and 0.80 as cutoffs for iFR and FFR, Modi reported a 25% discordance rate,
which is in line with the previous studies. This discrepancy can be lowered to 11% using respectively
0.86 and 0.75 cutoffs[64]. Table 4 presents these different studies.

In contrast, the VERIFY trial revealed only a moderate overall correlation between iFR and FFR with a
weak correlation in the clinically important range for decision making, between 0.60 and 0.90. The
authors do not recommend the use of iFR for clinical decision making for PCI[65]. We will also
personally guide our clinical decisions to revascularize or defer an intervention in our patients using the
results of their FFR that we will always assess in any doubtful result of a NHPR in a grey zone between
0.84 and 0.94.

New NHPR

With the increasing use of invasive hemodynamic assessment of CAD severity, novel NHPR have been
proposed by different manufacturers. These indices have been compared to iFR and are summarized in
Table 5.

Figure 3 shows the different periods used for NHPR calculation over the cardiac cycle. These indices
can be separated into two groups, the ones using the whole cycle and the others using calculating
diastolic indices.

The retrospective VALIDATE study showed the diagnostic comparability between resting full-cycle
ratio (RFR) and iFR. It is important to note that 12.2% of RFR were measured outside the diastolic phase
with a predominant discrepancy rate between both measurements when iFR was > 0.93. This difference
was found to be more important in waveforms acquired in right coronary arteries (6.5%)[66]. The
REVALIDATE RER study had the same purpose using a prospective analysis methodology showing a
97.8% overall diagnostic accuracy, sensitivity and specificity. Thus, RFR is an alternative diagnostic tool
for the guidance of PCI reducing time and cost procedures by avoiding hyperemic agents need[67].
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Table 5 Non-hyperemic pressure ratio indices

Acronym Full name Manufacturer Method Threshold Evidence
iFR Instantaneous wave- Philips Heathcare Mean five Pd/Pa during the  0.89 DEFINE FLAIR[13],
free ratio WEFP SWEDEHAEART TRIAL[12]
RFR Resting full-cycle ratio  Abbott Lowest value of Pd/Pa across 0.89 VALIDATE RFR[68], RE-
the whole cardiac cycle VALIDATE RFR[69]
DFR Diastolic hyperemia-  Boston Scientific Average 5 consecutive 0.89 Comparison of different
free ratio cardiac cycles Pd/Pa ratio diastolic resting indexes to iFR
over the approximated” [15]
diastolic period
dPR Diastolic pressure ratio ACIST/Opsens Medical Average 5 beats Pd/Paratio  0.89 Diastolic pressure ratio: New
at the pressure peak-to-peak approach and validation vs
midpoint the iFR[69]
Resting Pd/Pa Not proprietary Pd/Pa averaged over the 0.91
technology entire cardiac cycle

“Diastole approximated as negatively sloped segment of tracing where Pa falls below mean Pa. Pd: Distal coronary artery pressure; Pa: Aortic pressure;
WEP: Wave Free Period. This table represents the multiple non-hyperemic pressure ratios available at this day. Each manufacturer has led its trial to
support the use of its non-hyperemic pressure ratios (NHPR) indices. These studies compared the new calculations methods to the instantaneous wave free
ratio (iFR) and showed good correlation between NHPR. These indices have the same cut-off value of 0.89 below which a coronary artery stenosis is

considered functionally significant.

f—t s —————
Pd/Pa during the entire diastole

DOI: 10.12998/wjcc.v11.i10.2123 Copyright ©The Author(s) 2023.

Figure 3 Non-Hyperemic pressure ratios calculation over cardiac cycle. RFR: Resting full-cycle ratio; DFR: Diastolic hyperemia-free ratio; dPR:
Diastolic pressure ratio.
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The diastolic Pressure Ratio study found a strong linear correlation between the diastolic pressure
ratio and iFR (r = 0,997, P < 0.001) on one hand and FFR (r = 0.77, P < 0.001) on the other[68,69]. The dPR
measured with the Optowire (Opsens, Quebec City, Quebec, Canada) showed strong correlation with
other NHPR (RFR, iFR) in the RPG study with an r = 0.84[70].

A novel Opsens dPR algorithm using the mean of 4 consecutive beats Pd/Pa ratio at diastole was
highly correlated to iFR (R*= 0.99) with high accuracy to predict iFR at 95.6%, with a sensitivity of 93.5%
and specificity of 96.7%[71]. As reviewed by De Maria et al[72] among the major advantages of the
resting indices is the hyperemia drug free evaluation.

The cut-off for these non-hyperemic indices is 0.89 with a proportion of discordance ranging between
15% to 20% particularly in proximal vessel subtending large myocardial areas[58]. Theses resting indices
were not evaluated in randomized controlled trials but have only been compared in studies to support
their clinical use[15,73].

Indications for the use of non-hyperemic pressure ratios
Following the validation studies described above, NHPR share similar indications than FFR but
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additional specific clinical scenario’s have been investigated. For example, a retrospective study
reported how to decide to perform a PCI with iFR in non-culprit lesions of patients presenting with ACS
[74].

The iLITRO study found an agreement of 80% between iFR and FFR in left main intermediate
stenosis. Intravascular ultrasound imaging (IVUS) was used in cases with discrepancy, using the
threshold of 6 mm? as a cut-off for revascularization. In discordant FFR/iFR measurements, IVUS
showed an MLA < 6 mm? in 69% of the cases of FFR+/iFR-, while in FFR-/iFR+ cases, 40% only had an
MLA< 6 mm? The patients deferred from revascularization with discordant hemodynamic
measurements and a negative IVUS evaluation had a low incidence of MACE at follow-up, leading to an
iFR-guided LMCA revascularization strategy combined with IVUS in the discordant cases (hybrid
approach)[44].

An iFR pullback enables the operator to predict an iFR value after the treatment of a selected stenosis
[75]. The comparison of functional PCI results using NHPR in the REFINE-RPG study showed
comparable results between RFR, dPR and iFR while reducing the total length of treated lesions using
NHPR pullback PCI-guided strategy compared to angiography-guided PCI. The correlation between
predicted and actual post PCI NHPR was high (r = 0.73) with no difference among NHPR groups[70].

THE HYBRID APPROACH

In multiple scenarios, the use of FFR or iFR alone may not suffice to take the proper therapeutic
decision. Hence, a hybrid approach is useful in some clinical scenarios. Using FFR as the gold standard,
NHPR has an average accuracy of 80% resulting in stenoses misclassifications. A combined
physiological assessment without adenosine in the first line demonstrated a reduction of the need of
intracoronary vasodilator in more than half of the CAD patients in need of functional assessment.
Furthermore, the use a 0.86-0.93 cut-off range for iFR improve its positive and negative predictive value
to respectively 92% and 91%[61].

The technical aspect of PCI optimization involves proper use of diagnostic and guidance imaging,
equipment, techniques, and antithrombotic therapy to achieve optimal patient outcomes. Recently, the
value of low post PCI FFR has been linked to poor outcomes related to suboptimal stent placement or
remaining disease[76]. In this specific setting, intravascular imaging may be helpful to understand the
mechanisms behind inadequate functional improvement. The FFR REACT trial used a post PCI
threshold of 0.90 and randomized 291 patients for IVUS or traditional standard of care. This strategy
resulted in the improvement of post PCI FFR in 20% of the vessels with a trend for lower target vessel
revascularization in the IVUS guided arm (P = 0.06)[77].

Intermediate left main coronary artery lesions can be evaluated more thoroughly with either
intracoronary imaging (using IVUS) or physiological assessment (using FFR pressure wire). These
invasive tools can provide more detailed information on the anatomical severity and hemodynamic
significance of the lesions to be discussed in the heart team to improve the decision of the revascular-
ization strategy and its optimization. Park has reviewed in detail the role of pre and post PCI IVUS and
FFR[78]. The ILITRO-EPIC07 study showed that FFR and iFR had an average agreement of 80%, while
IVUS was more likely to match FFR’s classification of stenosis significance in discrepant cases.
Therefore, from a clinician's viewpoint, the best approach for determining if revascularization can be
safely deferred in intermediate left main coronary artery lesions is a combination of IVUS and
physiology[44].

QUANTITATIVE FLOW RATIO AND FRACTIONAL FLOW RESERVE COMPUTED
TOMOGRAPHY

More recently, physiological coronary assessment has been evaluated with virtual tools computing the
flow ratio. Quantitative flow ratio (QFR) is based on the analysis of two angiography views 25° apart at
least with minimal superposition between the main and side branches. The QFR uses a mathematical
model, the three-dimensional reconstruction and coronary contrast product progression in order to
determine the coronary flow. The FAVOR trial was the first to assess this technique, and showed
significant correlation with FFR (r = 0.77; P < 0.001) with an 80% accuracy using an FFR threshold of 0.80
[79]. Along with these promising results, the FAVOR II Europe-Japan Study found that QFR is superior
to angiographic assessment of intermediate coronary artery stenosis using FFR as standard reference
[80]. Kasinadhuni et al[81] showed that QFR has a superior diagnostic performance compared to the
benchmark FFR in evaluating intermediate lesions physiologically outperforming the anatomical
percentage diameter stenosis with a significant difference (P < 0.001).

QFR and FFR have excellent consistency and alignment. The ability of QFR to determine the
functional impact of coronary disease has been demonstrated in the meta-analysis and systematic
review of Cortés et al[82]. This new tool, and a similar one, vFFR implemented in the CAAS Worstation
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Figure 4 Left anterior oblique cranial view demonstrating a moderate proximal left anterior descending stenosis.
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Figure 5 Quantitative flow ratio of the left anterior descending. QFR: Quantitative flow ratio.
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(Pie Medical Imaging, Maastricht, the Netherlands) are independent predictors for MACE with
beneficial effect of PCI for low QFR/vFFR values[83,84].

Finally non-invasively, The SYNTAX III REVOLUTION study showed that using computed coronary
tomography angiography to decide between CABG and PCI for coronary artery disease, based on the
predicted four-year mortality as indicated by the SYNTAX score II, resulted in high agreement (93%) in
treatment decisions, with an "almost perfect kappa" of 0.82, compared to decisions made using ICA[85,
86].

FFR-Computed Tomography (FFR-CT) allows for the measurement of flow across the entire coronary
artery bed unlike the usual method which assess the functional significance of a specific coronary
stenosis and its upstream segments[20,87].

These new concepts open new tracks for a better risk stratification and prognosis prediction of
patients presenting with coronary artery disease. Their use is increasing in the context of stable CAD for
the guidance of percutaneous interventions, but some authors have demonstrated the prognostic
implication of a post interventional pan-coronary-QFR evaluation in patients with ACS[88].

We hypothesize that further improvement of these techniques might help the physicians to
discriminate atherosclerotic NSTE-ACS from type II Myocardial infarction and myocardial infarction
with non-obstructive coronary disease.

A hybrid approach, with a combined use of both anatomical (IVUS) and functional methods to
determine the significance of coronary stenosis, could provide a more comprehensive and accurate
assessment enabling the operators to take more targeted and individualized decisions. However, the
hybrid approach does require additional imaging and testing, which can increase the cost and
complexity of the evaluation. Using QFR and IVUS simultaneously, or FFR-CT before, seems appealing
as they combine an invasive evaluation with a noninvasive one, lowering the cost.

We will illustrate this concept in two recent clinical cases we performed. A stable patient with
suspected myocardial ischemia after dobutamine stress test had a coronary angiogram demonstrating a
LAD with a moderate long lesion in the proximal and mid part (Figure 4) that was evaluated by QFR at
0.83 (Figure 5). Regarding these intermediate values, a complementary IVUS evaluation was performed
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Figure 6 Intravascular ultrasound imaging showing the minimal luminal area of 4.72 mm?, diameters and percentage stenosis of the left
anterior descending.
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Figure 7 Cranial left and right anterior oblique view demonstrating serial stenoses of the left anterior descending.
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(Figure 6) showing a non-significant lesion with a minimal lumen area of was 4.7 mm?.

The good agreement between QFR and FFR is illustrated in another case summarized on Figures 7 to
9. On the coronary angiogram of a patient with recurrent clinical symptoms, we noticed multiple
intermediate lesions in the proximal, mid, and distal LAD (Figure 7).

The FFR was positive in the distal LAD at 0.78 and also the DFR was 0.86 (Figure 8). The QFR of 0.75
was well aligned with these measurements (Figure 9). The relationship between QFR and clinical
outcomes, and its cost-effectiveness, requires further prospective validation.

CONCLUSION

Invasive hemodynamic assessment of coronary artery disease is a critical component of a patient
evaluation. Today, fractional flow reserve and non-hyperemic pressure ratios guide the physician in
optimizing coronary artery tree revascularization therapy. Their development has been backed up by
extensive validation studies and physiology and they obtained a class I indication during PCI. The
possibility to assess the spatial distribution of epicardial resistances and determine the focal or diffuse
characteristics of coronary artery disease is crucial for revascularization therapy decisions. In the case of
a difference between the measured fractional flow reserve and any non-hyperemic pressure ratio, we
recommend following the results of the FFR and defer an intervention when its value is superior to 0.80.
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Figure 8 Distal left anterior descending diastolic flow ratio and fractional flow reserve. FFR: Fractional flow reserve; DFR: Diastolic hyperemia-free
ratio.

Contrast Vessel QFR: 0.75

2527

Optimal1: LAO 83 CRA13,FS 0.0%f ° 2 . i
DOI: 10.12998/wjcc.v11.i10.2123 Copyright ©The Author(s) 2023.

Figure 9 Quantitative flow ratio of left anterior descending evaluating each stenosis residual quantitative flow ratio and final result. QFR:
Quantitative flow ratio.
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Abstract

Several cases of fatal pneumonia during November 2019 were linked initially to
severe acute respiratory syndrome coronavirus 2, which the World Health
Organization later designated as coronavirus disease 2019 (COVID-19). The
World Health Organization declared COVID-19 as a pandemic on March 11, 2020.
In the general population, COVID-19 severity can range from asymptomatic/mild
symptoms to seriously ill. Its mortality rate could be as high as 49%. The Centers
for Disease Control and Prevention have acknowledged that people with specific
underlying medical conditions, among those who need immunosuppression after
solid organ transplantation (SOT), are at an increased risk of developing severe
illness from COVID-19. Liver transplantation is the second most prevalent SOT
globally. Due to their immunosuppressed state, liver transplant (LT) recipients are
more susceptible to serious infections. Therefore, comorbidities and prolonged
immunosuppression among SOT recipients enhance the likelihood of severe
COVID-109. It is crucial to comprehend the clinical picture, immunosuppressive
management, prognosis, and prophylaxis of COVID-19 infection because it may
pose a danger to transplant recipients. This review described the clinical and
laboratory findings of COVID-19 in LT recipients and the risk factors for severe
disease in this population group. In the following sections, we discussed current
COVID-19 therapy choices, reviewed standard practice in modifying immunosup-
pressant regimens, and outlined the safety and efficacy of currently licensed
drugs for inpatient and outpatient management. Additionally, we explored the
clinical outcomes of COVID-19 in LT recipients and mentioned the efficacy and
safety of vaccination use.
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Core Tip: Liver transplant (LT) patients infected with severe acute respiratory syndrome coronavirus 2
have clinical, biochemical, and radiological features highly comparable to those of immunocompetent
patients, except for a higher incidence of gastrointestinal symptoms. The prognosis of LT recipients is
similar to non-LT patients and is not significantly affected by immunosuppression but rather by
comorbidities. Considering the risk of organ rejection, it may not be wise to stop all immunosuppression
after a coronavirus disease 2019 diagnosis. All LT recipients should be vaccinated, considering booster
doses augment vaccination immunogenicity. Still, a considerable proportion of patients remain at risk for
coronavirus disease 2019. Therefore, social isolation and other precautions must be maintained.

Citation: Hashem M, El-Kassas M. Diagnosis, treatment protocols, and outcomes of liver transplant recipients
infected with COVID-19. Worid J Clin Cases 2023; 11(10): 2140-2159

URL: https://www.wjgnet.com/2307-8960/full/v11/i10/2140.htm

DOI: https://dx.doi.org/10.12998/wjcc.v11.i10.2140

INTRODUCTION

Several cases of serious pneumonia in November 2019 were initially linked to severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), which the World Health Organization later designated as
coronavirus disease 2019 (COVID-19)[1]. The infection was first discovered in Wuhan, Hubei Province,
China[2]. The World Health Organization declared COVID-19 as a pandemic on March 11, 2020[3]. As
of July 2022, COVID-19 has caused more than 6.3 million fatalities and over 560 million documented
cases worldwide[4]. In the general population, COVID-19 severity can range from asymptomatic/mild
symptoms to seriously ill[3]. The mortality rate in some patient populations has been reported to be as
high as 49%[5].

The Centers for Disease Control and Prevention (CDC) have acknowledged that people with specific
underlying medical conditions such as cancer, chronic kidney disease, liver disease, chronic obstructive
pulmonary disease, obesity, type 2 diabetes mellitus, serious heart conditions, respiratory diseases, and
immunocompromised status, including those who need immunosuppression after solid organ
transplantation (SOT), are at an increased risk for developing severe illness from COVID-19[6]. With a
reported rate of 3.7 per million people, liver transplantation is the second most prevalent SOT globally,
following kidney transplantation[7]. Due to their immunosuppressed state, recipients of SOT, especially
liver transplant (LT) recipients, are more susceptible to serious infections[1]. Therefore, comorbidities
and prolonged immunosuppression among SOT recipients may enhance the likelihood of severe
COVID-19[8,9]. Additionally, LT cannot be postponed due to a greater waitlist mortality risk since
SARS-CoV-2 can aggravate liver illness[10,11]. As a result, transplant centers have resumed SOT
worldwide[11,12].

SARS-CoV-2, like other RNA respiratory viruses, can cause atypical and attenuated infection
symptoms in immunosuppressed patients, frequently resulting in delayed presentations and missed
diagnoses[13]. It is crucial to recognize COVID-19 infection in this population to guide immunosup-
pressive management, prognosis, and prophylaxis in this disease associated with high morbidity/
mortality[14].

This review described the clinical and laboratory findings of COVID-19 in LT recipients and the risk
factors for SARS-CoV-2 infection in those patients. We discussed current COVID-19 therapy choices,
including a review of standard practice in modifying immunosuppressant regimens. Additionally, we
outlined the safety and efficacy of the currently licensed drugs for inpatient and outpatient management
of COVID-19 in LT recipients and the efficacy and safety of vaccination.

DIAGNOSIS OF SARS-COV-2

Reverse transcription PCR analysis of upper respiratory secretions, taken via nasopharyngeal swabs, is
the current diagnostic test for COVID-19[15]. However, it exhibits substantial false negative rates[16]. In
addition to identifying prior asymptomatic infection, serological assays for SARS-CoV-2 immuno-
globulin G (IgG) and IgM antibodies can diagnose individuals with a negative reverse transcription
PCR despite having COVID-like symptoms[17]. Staff performing COVID-19 testing should be aware of
the various essential steps and protocols that help confirm a diagnosis of COVID-19. The best available
kits are 75% sensitive and 95% specific, which is attributed to various factors, including collection
method of collection, duration of illness, collection site, illness severity, and sampling skill. False-
negative results from viral mutations cause new infection outbreaks due to insufficient identification of
positive cases. These can be avoided by amplifying several regions of the virus genome to minimize the
possibility of the probe and primer mismatch[18,19]. The highest positive results are in bronchoalveolar
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lavage samples, sputum, nasopharyngeal swabs, and nasal swabs. The Cepheid GeneXpert platform,
which qualitatively detects E and N protein genes in 45 min, can be used in emergency scenarios, such
as liver transplantation for acute liver failure, where prompt viral detection results are required[18-20].

CLINICAL PICTURE

According to the CDC, clinical symptoms of COVID-19 include cough and dyspnea, along with at least
two of the following: Fever, chills, muscle pain, headache, sore throat, and new loss of taste (dysgeusia)
or smell (anosmia). There are also reports of diarrhea[8]. Most LT recipients have radiological evidence
of COVID-19 on chest computed tomography (contrast or non-contrast) or X-rays and are symptomatic,
with a possible impact of immunosuppressants[21-24]. Fever, cough, dyspnea, fatigue, and myalgia
were the most frequently reported symptoms at the time of diagnosis, just like in the general
population, with fever and cough being the two most frequently reported symptoms[25-29] and
anosmia and dysgeusia the least reported[14]. A significant variation in the incidence of gastrointestinal
symptoms in COVID-19 (ranging from 3% to 79%) has been reported[30], with rates between 5% and
15% in two large-scale studies[31,32]. Notably, gastrointestinal symptoms such as abdominal
discomfort, diarrhea, nausea, and/or vomiting were more common in COVID-19 LT recipients[22,25,27,
28,33], a piece of information that should be kept in mind when assessing LT patients at risk for SARS-
CoV-2[21]. Table 1 reports the prevalence of COVID-19 symptoms among LT recipients, as reported in
the literature.

LABORATORY

Although laboratory testing cannot confirm COVID-19 infection, it can help evaluate the severity and
progression of the illness. Typically, severe systemic inflammation is manifested by lymphopenia, the
neutrophil-to-lymphocyte ratio of > 3.13, thrombocytopenia, elevated C-reactive protein (CRP), ferritin,
D-dimer, and interleukin (IL)-6, and elevated liver enzymes in more severe disease, indicating liver
affections[34-36]. Studies have shown that patients who needed mechanical ventilation had higher
levels of procalcitonin and CRP and that procalcitonin levels were identified as a predictor of poor
outcomes|[37,38].

RISK FACTORS FOR SEVERE DISEASE IN LT RECIPIENTS WITH COVID-19

Comorbidities

The probability of more severe COVID-19 disease in SOT, including LT patients, is increased by their
long-term immunosuppression and comorbidities[9,39]. Still, the outcomes after LTs at a transplant
center in India were the same during the COVID-19 era and before its emergence[40]. Webb et al[33]
showed in their multinational registry study that the mortality risk of COVID-19 participants was not
significantly increased by LT (absolute risk difference: 1.4%, 95%ClI: 7.7-10.4). The likelihood of
developing severe COVID-19 and having a high mortality rate in the general population[31,41,42] and
LT recipients[33] rises significantly with increasing age and comorbidities, including hypertension, type
2 diabetes, and obesity. Fraser ef al[21] showed that LT recipient patients 60 years or older with COVID-
19 had a 3-fold higher risk for COVID-19-related death than those younger than 60 and a 2-fold higher
risk of mortality if diabetic. In contrast, a recent systematic review and meta-analysis showed that LT
recipients with COVID-19 who were on immunosuppression drugs and had comorbidities were not
significantly associated with severity and mortality. These comorbidities included diabetes,
hypertension, cardiovascular diseases, chronic kidney disease, age > 60, the length of LT prior to the
detection of COVID-19, and obesity. This was explained by the higher proportion of patients with mild

illness in the included studies or the potential protective effects of immunosuppression in LT patients
[43].

Cancer

A higher incidence of COVID-19 infection and a worse outcome were associated with having undergone
a transplant for hepatocellular carcinoma or having an active malignancy at the time of COVID-19
diagnosis[22]. Chinese national reports, including more than 2000 confirmed cases of COVID-19 with a
history of cancer, confirmed this finding[44,45].

Time from LT to the diagnosis of COVID-19

Data on the effect of the interval between LT and COVID-19 diagnosis on the disease severity and
mortality are conflicting. As LT recipients are on higher doses of immunosuppression in the 1% year,
which is slowly tapered as a maintenance dosage, it may contribute to an increase in viral load and a
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Table 1 The prevalence of coronavirus disease 2019 symptoms among liver transplantation recipients, as reported in the literature, n

(%)
. Number GIT Fatigue or Anosmia or
Ref. Country Design Fever Cough Dyspnea . . )
of LT symptoms myalgia  dysgeusia
Becchettietal  Switzerland  Prospective, multicenter 57 44 (79) 31 (55) 26 (46) 18 (33) 32 (56) 4(7)
[22], 2020
Loinaz et al Spain Retrospective, single 19 (579) (84.2) (47.4) (31.0) NA NA
[27], 2020 center
Lee et al[28],  United Retrospective, single 38 23 (61) 21 (55) 13 (34) 16 (42) 11 (29)or9 1(3)
2020 States center (24)
Webb et al United Retrospective, multina- 151 NA 114 (77) NA 45 (30) NA NA
[33], 2020 Kingdom tional registry study, respiratory
multicenter symptoms
Belli et al[23], Europe Retrospective, European 243 190 143 (59) 82 (34) 55 (23) 90 (37) 21 (9)
2021 registry, multicenter (78)
Colmenero et  Spain Prospective, multicenter 111 83 (75) 78 (70) 46 (41) 38 (34) NA NA
al[24], 2021
Dumortier et France Retrospective, 91 55 (60) 51 (56) 45 (50) 25 (27) 28 (31) 9 (10)
al[25], 2021 nationwide registry,
multicenter
Becchetti et al Meta-analysis 1076 (61.4)  (58.6) (36.2) (27.9) NA NA
[2], 2021
Kulkarni et al Meta-analysis 994 494 435 (43.86) 291 271 (27.26) NA NA
[11], 2021 (49.70) (29.27)
Guarinoetal  Italy Prospective, double 30 14 11 (36.66) 8(26.66) 5 (16.66) 11 (36.66) 11 (36.66) or 10
[26], 2022 center (46.66) (33.33)
Jadaun et al India Prospective, single 81 52 35 (52.2) 17 (25.8) 7 (10.6) NA NA
[29], 2022 center (76.5)

Data expressed as 1 (%). GIT: Gastrointestinal tract; LT: Liver transplantation; NA: Not available.
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delayed recovery from COVID-19 in the 1% year after LT. Secondly, the outcomes of LT recipients with
COVID-19 can be adversely impacted by the increasing frequencies of comorbidities brought on by
chronic immunosuppression[43].

Guarino et al[26] found that the asymptomatic group had a significantly shorter time from LT to
COVID-19 diagnosis (8.62 years compared to 16.81 years in symptomatic patients) (P = 0.031). Several
studies showed that the time between LT until SARS-CoV-2 infection does not affect the probability of
developing severe COVID-19 or fatality[33,43,46]. On the contrary, data from the European Liver and
Intestine Transplant Association/European LT Registry COVID-19 registry suggests that mortality
increases in long-term LT recipients[47]. They have more frequent comorbidities such as hypertension
and cardiovascular disease[2,48] and present more frequently with fever and dyspnea than short-term
LT recipients. Risk factors for severe COVID-19 disease in LT recipients is shown in Figure 1.

COVID-19 TREATMENT IN LT RECIPIENTS

During the current pandemic, major international liver societies advised restricting LTs to patients with
advanced hepatocellular carcinoma or high Model for End-Stage Liver Disease scores. According to the
American Association for the Study of Liver Diseases, transplantation is not advised for LT candidates
with active COVID-19 infection[49]. Treatment of COVID-19 relies on the understanding of its
pathophysiology. In the early phase of COVID-19 infection, viral clearance occurs due to the immuno-
logical response. In the second phase, dysregulation of CD4+ T cells and activation of CD8+ T cells and
macrophages may ensue, accompanied by a cytokine storm[50]. Immunomodulatory drugs could
reduce this detrimental immune response, but this could increase the viral load and slow disease
recovery.

Two approaches have been prioritized for the management of LT recipients infected with COVID-19:
(1) Reducing or discontinuing immunosuppressive medications used to prevent allograft rejection; and
(2) Using antiviral (such as remdesivir), anti-inflammatory (such as high-dose corticosteroids), and
immunomodulatory therapies (such as tocilizumab), as indicated in general populations[14].
Immunosuppression management and its effect on COVID-19 outcomes present significant challenges
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Figure 1 Risk factors for severe disease in liver transplantation recipients with coronavirus disease 2019. MMF: Mycophenolate mofetil.
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[51]. Excessive immunosuppression might increase the viral load and postpone recovery, whereas a
healthy immune system can worsen the condition[52]. The standard treatment for COVID-19 infection
of different severity can be administered to LT recipients, albeit cautiously[53,54]. In most cases, it is
advised to maintain immunosuppression, preferably the minimum effective regimen, to prevent
rejection and aid recovery from COVID-19[55]. Systematic reviews and meta-analyses showed that the
most commonly used immunosuppressant in LT recipients with COVID-19 were calcineurin inhibitors
(CNI), followed by antimetabolites like mycophenolate mofetil (MMF), and finally corticosteroids.
Unless there is a severe, progressing illness, the immunosuppression dosage should not be changed[11,

21,56]. Management of liver transplantation recipients infected with COVID-19 is summarized in
Figure 2.

CNIs

Tacrolimus-containing immunosuppression improved survival in LT patients with COVID-19[47].
Tacrolimus, and CNIs in general, can reduce human coronavirus replication in vitro by acting on the
cyclophilin pathway[57]. By moderating T cell activation, CNIs may also reduce the harmful effects of
the late COVID-19 inflammatory phase[52]. It is recommended to decrease but not stop CNI in LT
recipients with COVID-19-related lymphopenia, fever, or deteriorating pulmonary status[58]. In
patients with renal impairment, it is recommended to use a higher corticosteroid dose while reducing or
stopping CNI until kidney functions are normalized[55].

Antimetabolites

MMF and SARS-CoV-2 may have a negative synergistic effect on reducing peripheral lymphocytes since
both have a cytostatic effect on activated lymphocytes[59,60]. MMF therapy was an independent, dose-
dependent predictor of a severe infection outcome. Until complete recovery from COVID-19, a dose
reduction or momentary switch to everolimus or CNIs may be contemplated[46]. Lowering the dosage
of azathioprine or mycophenolate should be considered when COVID-19-induced lymphopenia, fever,
or worsening pneumonia are present[58].

Corticosteroids

Since most patients with severe COVID-19 have elevated levels of inflammatory mediators, corticost-
eroids have been advocated as an anti-inflammatory medication to prevent or reduce a systemic inflam-
matory response[61]. The National Institutes of Health discourages the routine use of systemic corticost-
eroids for the treatment of COVID-19 in hospitalized patients with COVID-19 who have undergone a
transplant unless they are in the intensive care unit (ICU)[62]. Proper prednisone dose adjustment is
required to prevent adrenal insufficiency[58]. Critically ill patients with COVID-19 who require oxygen
therapy have better outcomes after receiving corticosteroids[63]. During active infection with COVID-
19, reducing or discontinuing immunosuppressive medicines has not been shown to enhance the risk of
rejection in LT recipients, as long as liver functions are followed up[48,64-66].
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Management of LT recipients infected with COVID-19
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Figure 2 Management of liver transplantation recipients infected with coronavirus disease 2019. COVID-19: Coronavirus disease 2019; LT: Liver
transplantation; HFNC: High flow nasal canula; HTCP: High-titer convalescent plasma; IL-6: Interleukin 6; JAK: Janus kinase; LT: Liver transplant; MV: Mechanical
ventilation; NIV: Noninvasive ventilation.
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OUTPATIENT MANAGEMENT OF COVID-19 IN LT PATIENTS

Hydroxychloroquine (HCQ) (with or without azithromycin), azithromycin alone, and lopinavir/
ritonavir are treatments that have been proven ineffective or even hazardous[67].

Lopinavir/ritonavir
Protease inhibitors, mainly lopinavir/ritonavir, were considered effective against other coronaviruses,

but no benefit was seen in a recently published clinical trial involving individuals with severe COVID-
19[68].

Antimalarial agents

Chloroquine and HCQ were the cornerstones of treatment throughout the early days of the pandemic.
They have antiviral activity against SARS-CoV-2 in vitro, and their immunomodulatory properties may
decrease the host’s inflammatory response[69]. Early observational data revealed that azithromycin
might be helpful when added to HCQ[70]. However, HCQ with or without azithromycin did not
improve clinical outcomes; instead, it increased adverse events, according to research including nearly
500 patients randomly assigned to receive either HCQ, HCQ with azithromycin, or the standard
treatment[71]. In June 2020, the Food and Drug Administration (FDA) canceled its emergency use
authorization (EUA) because of the significant number of controlled trials that failed to demonstrate any
advantage from HCQ[71-75].

Ritonavir-boosted nirmatrelvir (paxlovid)

Nirmatrelvir is an orally administered protease inhibitor that blocks MPRO, a viral protease crucial to
viral replication[76]. For optimal pharmacokinetic performance, nirmatrelvir is combined with ritonavir
(in the form of paxlovid), a potent inhibitor of cytochrome P450 3A4. To achieve therapeutic concen-
trations of nirmatrelvir, coadministration of ritonavir is necessary. On December 22, 2021, the FDA
approved nirmatrelvir with ritonavir as an emergency therapy for COVID-19[77].
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All human-infecting coronaviruses have been shown to be susceptible to its antiviral effects[78].
Despite the absence of clinical efficacy data, it is anticipated that ritonavir-boosted nirmatrelvir will be
efficacious against all omicron subvariants[79-81].

A 5-d regimen of ritonavir-boosted nirmatrelvir is one of the preferred treatments for mild to
moderate COVID-19 among outpatients at risk of disease progression. During treatment and for >3 d
after ritonavir is ended, ritonavir may raise concentrations of some concurrent medicines, including
CNIs and the mammalian target of rapamycin (mTOR) inhibitors. Significant elevations in the concen-
trations of these medications may result in severe and occasionally fatal drug toxicity[82]. Anti-SARS-
CoV-2 monoclonal antibodies or remdesivir are recommended as first-line therapy for nonhospitalized
transplant patients who are also on CNIs or mTOR inhibitors for antirejection. If these medications are
unavailable, ritonavir-boosted nirmatrelvir may be administered cautiously, with thorough patient
monitoring and transplant specialist consultation[83].

Until sufficient data are available to determine the optimum dose, the EUA advises against ritonavir-
boosted nirmatrelvir for patients with an estimated glomerular filtration rate of < 30 mL/min[77] and
those with significant hepatic impairment (Child-Pugh Class C) and to be taken with caution in patients
with pre-existing liver disorders, liver enzyme abnormalities, or hepatitis[82].

Compared to a placebo in the EPIC-HR study, ritonavir-boosted nirmatrelvir significantly decreased
the risk of hospitalization or mortality by 88% in unvaccinated, nonhospitalized persons with
laboratory-confirmed SARS-CoV-2 infection[77,84]. This outcome is similar to that seen in similar
patient populations for remdesivir (87% relative reduction)[85] and better than that seen for
molnupiravir (31% relative reduction)[86].

Molnupiravir

Molnupiravir is the oral prodrug of beta-D-N4-deoxycytidine, a ribonucleoside with antiviral activity in
vitro and clinical trials against SARS-CoV-2[87,88]. When viral RNA-dependent RNA polymerases
integrate beta-D-N4-deoxycytidine, it leads to mutations in the virus and lethal mutagenesis[89,90]. The
FDA approved an EUA for molnupiravir on December 23, 2021 to treat adults with mild to moderate
COVID-19 within 5 d of symptom onset, who are at high risk of progressing to severe disease and for
whom alternative antiviral treatments are not available or clinically acceptable[91,92]. Molnupiravir is
effective against omicron subvariants, as shown by in vitro and animal trials[81,88,93,94].

In the pre-omicron era, the MOVe-OUT trial found that compared to a placebo, molnupiravir reduced
the rate of hospitalization or death by 31% among nonhospitalized adults who were unvaccinated and
at high risk of progression to severe disease[77,86]. A subset of patients who received molnupiravir in
the MOVe-OUT trial and subsequently required hospitalization had a lower likelihood of requiring
respiratory interventions than those who got a placebo[95]. When ritonavir-boosted nirmatrelvir and
remdesivir are not accessible, feasible, or clinically acceptable, the COVID-19 Treatment Guidelines
recommend using molnupiravir orally for 5 d as an alternate therapy in nonhospitalized adult patients
with mild to moderate COVID-19 who are at high risk of disease progression. After the onset of
symptoms, treatment should begin as soon as feasible and no later than 5 d[82]. Molnupiravir therapy
should be continued for the entire 5 d. Whether a shorter course of treatment results in poorer efficacy
or is linked to the development of molnupiravir-resistant mutations remains unanswered. The whole

course of molnupiravir treatment can be completed even if hospitalization is necessary during treatment
[82].

Anti-SARS-CoV-2 monoclonal antibodies

Monoclonal antibodies (MABs), one of the weapons in the arsenal against COVID-19, block the virus’
ability to attach to the angiotensin-converting enzyme receptor on host cells and impede internalization
[96]. The FDA has granted EUAs for several anti-SARS-CoV-2 MABs for the treatment of COVID-19 and
post-exposure prophylaxis[97-99].

Treatment of mild to moderate COVID-19

Antibodies against SARS-CoV-2 are now approved for treating mild to moderate COVID-19 and post-
exposure prophylaxis, and SOT recipients are included[100]. As of October 2021, the FDA EUA has
authorized casirivimab-imdevimab, bamlanivimab-etesevimab, and sotrovimab for the treatment of
outpatients diagnosed with mild to moderate COVID-19 and are at high risk of developing a severe
illness or requiring hospitalization. Once positive results of the SARS-CoV-2 antigen or nucleic acid
amplification test are obtained, and no later than 10 d after the onset of symptoms, treatment with
MABSs should be initiated[100]. When administered early in the course of COVID-19 (median 4 d after
the beginning of symptoms), MABs reduce hospitalization and mortality by 70% as well as the viral
load[101-103]. MABs appear more effective in patients with high viral loads[103] but ineffective in
hospitalized patients with severe COVID-19[104].

The use of MABs in SOT recipients was related to a low incidence of emergency department visits,
hospitalizations, mechanical breathing, and the need for intensive care, and fatality was observed over a
28-30-d post-infusion follow-up period. A further decreased incidence of subsequent emergency
department visits or hospitalization was linked to early MAB delivery (4 d vs 6 d)[105]. Casirivimab-
imdevimab was used to treat COVID-19 in 25 SOT recipients; none suffered worsening symptoms or
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needed to be hospitalized[105]. The use of MAB (75.3% bamlanivimab) for the treatment of COVID-19 in
73 SOT recipients was described in a retrospective analysis by Yetmar et al[106]. Of these patients, 12.3%
were hospitalized, although none required intubation, died, or had rejection. Since the appearance of the
omicron variant in December 2021, most of the previously available MABs have shown drastically
reduced activity, except for sotrovimab, which is effective against omicron BA.1 and BA.1.1 subvariants,
in addition to previous variants. However, it is less effective against the BA.2 subvariant[107].

Bebtelovimab, which was found to be effective against omicron BA.1, BA.1.1, and BA.2 subvariants,
was granted an EUA by the United States FDA in February 2022[108] and revoked in November 2022
because it was not expected to neutralize omicron subvariants BQ.1 and BQ.1.1[109].

Post-exposure prophylaxis

FDA EUA permits the utilization of casirivimab-imdevimab and bamlanivimab-etesevimab for post-
exposure prophylaxis as of October 2021. In high-risk exposure, an incomplete vaccination schedule or
an insufficient immunological response to complete vaccination, as observed in immunocompromised
persons, are indicators for post-exposure prophylaxis administration. For optimum response, the
administration should be within 7 d[100]. No major transfusion-related adverse events were observed
after the administration of MABs in SOT recipients. This includes no cases of acute allograft rejection,
overreactions to the immune system, or anaphylaxis. Preliminary findings suggest promising outcomes,
such as a reduction in COVID-19-related hospitalizations and deaths[100]. The likelihood of emerging
resistant strains may increase in immunocompromised people with a higher viral burden. This danger
may be reduced with the timely and appropriate administration of these MABs[100].

INPATIENT MANAGEMENT OF COVID-19 IN LT PATIENTS

Remdesivir

Remdesivir is a nucleoside analog that showed anti-SARS-CoV-2 activity in human cell lines[110]. On
October 22, 2020, the FDA approved remdesivir for treatment in adult and pediatric patients with
COVID-19 who require hospitalization and are > 12-years-old and > 40 kg[58]. It appears to be most
efficient when administered to individuals on oxygen within 10 d of the onset of symptoms, even if no
mortality advantage has been shown. It also tends to minimize the length of illness and hospitalization
[111]. Hospitalized patients with liver illnesses or LT recipients who need supplemental oxygen and
have COVID-19 should get remdesivir for 5 d. However, if their condition worsens and they require
mechanical ventilation, it should not be given[58]. Both patients and healthy volunteers who were given
remdesivir showed increased levels of amino transaminases after taking the drug. Liver biochemistry
should be checked before starting remdesivir and then regularly throughout treatment; if any tests show

elevations > 10 x upper limit of normal or indicate liver inflammation, the medicine should be stopped
[58].

Dexamethasone

Hospitalized COVID-19 patients who need supplemental oxygen have a lower death rate when
dexamethasone is administered at a dose of 6 mg per day for up to 10 d[63]. People who needed
mechanical ventilation benefited the most, patients who did not need supplemental oxygen had a
deteriorating tendency, and patients who had been experiencing their symptoms for longer than 7 d did
not benefit. In the absence of dexamethasone, an alternate corticosteroid in a comparable dosage may be
used[58]. Besides oxygenation, particular biochemical markers may be relevant in evaluating who may
benefit from corticosteroids. Although Keller et al[112] found no association between steroid use and
overall mortality benefit, they found a substantial reduction in mortality risk in individuals whose
baseline CRP was greater than 20 mg/dL (odds ratio: 0.23; 95%CI: 0.08-0.70).

IL-6 inhibitors (tocilizumab, sarilumab)

The FDA has authorized the use of the IL-6 inhibitors tocilizumab and sarilumab to treat autoimmune
disorders and chimeric antigen receptor T cell driven cytokine release syndrome. Evidence from case
series published during the early stages of the COVID-19 pandemic revealed that suppressing the
inflammatory state experienced by some COVID-19 patients by blocking IL-6 could improve their
prognoses[113]. Contradictory results were reported in randomized studies. In general, patients with
recent (within 24 h) or imminent requirements for mechanical ventilation and raised inflammatory
markers (CRP levels > 75 mg/L) may benefit from the addition of tocilizumab to dexamethasone
(limited data available for sarilumab)[114,115]. Tocilizumab may help certain patients whose conditions
are rapidly deteriorating and who are already receiving corticosteroids, but there is insufficient data to
make any recommendations regarding its usage in patients with liver disease or SOT at this time[58].

Baricitinab
Baricitinab is an FDA-approved Janus kinase inhibitor for treating refractory rheumatoid arthritis. In
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patients with COVID-19, kinase inhibitors reduce inflammation, which may aggravate organ
dysfunction, and may have direct antiviral activities[58]. In the ACTT-2 trial, hospitalized COVID-19
patients received baricitinib + remdesivir or remdesivir alone. Baricitinib-treated patients recovered
faster, especially those on high-flow oxygen or noninvasive ventilation. No mortality benefit was
observed, and total mortality was low[116]. Baricitinib may be an option for individuals with liver

disease or transplant recipients who are intolerant to corticosteroids and yet fulfill their requirements
[58].

Convalescent plasma

Neutralizing antibodies are detectable in the sera of people who have recovered from the infection, as
evidenced by earlier coronavirus outbreaks[117]. Passive antibody therapy using convalescent plasma is
another potential treatment for COVID-19, acting by viral neutralization[118]. Recent evidence showed
that individuals who received plasma early in their illness had a much lower 30-d mortality rate[119]. In
addition, the mortality rate was lower for patients who were given plasma with higher antibody levels
than those who were given plasma with lower antibody levels. Accordingly, the FDA issued an EUA for
convalescent plasma for hospitalized COVID-19 patients on August 23, 2020 and updated it on February
3, 2021 to exclude low-titer plasma[58]. Subsequently, the EUA was updated. The present EUA restricts
convalescent plasma products containing high levels of anti-SARS-CoV-2 antibodies to patients with
COVID-19 who have an immunosuppressive condition or are receiving immunosuppressive therapy.
This restriction applies to both inpatients and outpatients[82].

A Chinese randomized trial found a trend toward clinical improvement with plasma therapy (51.9%
vs 43.1%) but failed to reach statistical significance (P = 0.26), presumably because of underpowering as
the study was terminated early due to a decline in COVID-19 cases in China[120]. Data from 804
patients with COVID-19 from randomized controlled trials, matched control studies, and case series
were combined and analyzed. Results demonstrated that patients who received plasma had a
significantly lower risk of death than those who received standard care (13% vs 25%; P < 0.001)[121].

Nonetheless, despite these optimistic preliminary results, a recent randomized trial of 464 patients
with moderate COVID-19 and given convalescent plasma showed no improvement in mortality or
illness progression[122]. Hospitalized patients with liver illness or LT recipients rarely benefit from
receiving convalescent plasma[58]. Using high-titer plasma in patients with recent symptoms, mild
disease, and risk factors for a progressive disease may be beneficial[122-124].

CLINICAL OUTCOMES IN LT RECIPIENTS WITH COVID-19

Infection rate

SARS-CoV-2 infection rates are lower among LT patients than among other solid organ recipients. Heart
and lung transplant recipients tend to have the highest risk of infection, while LT recipients appear to
have the lowest risk[125,126].

Hospitalization rate

Despite having a similar need for ICU care, ventilatory support, and severe COVID-19 infection, when
compared to the general population, LT patients infected with COVID-19 were reportedly more
frequently hospitalized (at a rate ranging from 71.0% to 86.5%)[28,33,46,125], which may be ascribed to
safety precautions[127,128], especially if they have additional risk factors for a more severe COVID-19
course like hypertension, diabetes, or obesity[129]. Guarino et al[26], on the other side, reported a
significantly lower rate of hospitalization, 16.66 %, attributing this discrepancy to the period of COVID-
19 infection during which the study was enrolled. This was during the second pandemic wave (from
September 2020 to January 2021), when expertise and skills in managing infections in immunosup-
pressed patients improved, indicating a better understanding of patients and less worry among
clinicians about the potential effects of the COVID-19 disease course on LT recipients.

Mortality rates

In the general population of Wuhan, China, the COVID-19 mortality rate was first reported to be 1.4%
[130]. Mortality increased considerably among hospitalized patients (10.0%)[38] and ICU patients
(26.0%)[131]. The mortality rate of SARS-CoV-2 infection in the LT cohort reported by literature ranges
from 12.0% to 22.3%. Webb et al[33] and Colmenero et al[24] reported 19% and 18% mortality rates,
respectively, which were lower than matched control groups. The estimated mortality rate reported on
57 LT recipients in a European cohort was 12% (95%CI: 5%-24%), which increased to 17% (95%CL: 7%-
32%) among hospitalized patients[22].

Ravanan et al[126] conducted a comparative study between patients waitlisted for transplants and
SOT recipients and described a mortality rate of 20.3% among LT recipients, which was lower than
reported by other SOT. The highest mortality rates were reported in heart and lung transplant
recipients. Heart transplant recipients reported an overall mortality rate of 15%-33% and a rate of 25%-
41% among hospitalized patients, according to data from four studies with small sample sizes (13-28
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patients)[132-135]. This was supported by Trapani et al[125], who found that the liver is more resistant
to COVID-19 infection than other organs and has a lower mortality rate (15.7%) with mortality rates of
35.8% and 40.0% for heart and lung transplant recipients, respectively. They hypothesized that
immunosuppressive therapy of LT recipients was milder than usual, and they had a higher immune
tolerance than other SOT recipients[125]. Data from an Italian transplant center in Lombardy showed a
remarkably low mortality rate among LT recipients with COVID-19, primarily related to metabolic
syndrome comorbidities[48].

Kidney transplant recipients infected with COVID-19 have higher hospitalization rates and mortality
rates when compared to LT recipients. This is attributed to chronic immunosuppression together with
associated comorbidities[136,137]. Estimated mortality rates in liver transplantation recipients with
COVID-19 in the literature are shown in Table 2.

IMMUNIZATION

Since the COVID-19 pandemic started, an excellent program of vaccine research, testing, approval, and
wide-scale dissemination has been implemented using a variety of platforms, including mRNA (Pfizer/
BioNTech BNT162B1/2 and Moderna mRNA-1273), replication-deficient adenovirus (Oxford Astra-
Zeneca ChAdOx1-S-nCoV and Janssen, Ad26.COV2.S), recombinant adenovirus (Gamaleya,
GamCOVIDVac), and inactivated virus (Sinovac, CoronaVac/PiCoVac)[138]. Vaccination is a crucial
way to avoid getting SARS-CoV-2 and a severe illness. Early vaccine trials for COVID-19 in the general
population were very effective, with reported response rates of 95% for BNT162b2 and 94% for mRNA-
1273. However, these trials did not include people taking immunosuppressant drugs[39,139,140]. On the
other hand, Ad26.COV2.S recombinant adenovirus vaccine prevented moderate to severe-critical
COVID-19 in the general population by 66.1%, excluding people on immunosuppression[141].

The health authorities of numerous countries have prioritized SOT recipients for vaccination with
mRNA vaccines. Antirejection drugs inhibit T cell activation, interact with antigen-presenting cells, and
reduce B cell memory responses in SOT recipients, making SARS-CoV-2 vaccines less effective in this
population[142-144]. In addition to diminished vaccine efficiency, considerably lower anti-spike IgG
antibodies have been found in completely vaccinated liver, kidney, heart, and lung transplant recipients
following mRNA vaccination[145-148]. While measuring humoral immune response as a surrogate
marker for vaccine effectiveness has received significant attention, the clinical endpoints, such as
immunity to SARS-CoV-2 infection and severe/acute disease, are the most critical outcomes. Outcomes
were explicitly examined in COVID-19 vaccine studies in the general population but not in immunosup-
pressed patients[139-141].

Ignoring cellular immunity is one way in which antibody measurements alone may not fully predict
clinical protection from SARS-CoV-2 vaccination. Studies showed that SOT recipients had worse cellular
immunity after SARS-CoV-2 immunization than healthy controls[120,121]. In the same studies, cellular
and humoral immune responses did not correlate; some patients had a solid cellular response but no
humoral response. The role of T cells in vaccinations is poorly understood due to a paucity of commer-
cially available tests[149].

Furian et al[150] identified a link between anti-SARS-CoV-2 antibody production and T cell responses
in kidney and LT recipients after SARS-CoV-2 vaccination. Patients with antibody seroconversion had
more significant amounts of interferon (IFN)-producing T cells. These findings support earlier research
[151,152]. However, they found serological converts who did not have anti-SARS-CoV-2 IFN-y T cell
responses[150]. This supports the concept that anti-SARS-CoV-2 antibody production is at least partially
independent of T cells[153]. Oddly, immunosuppression impacted anti-SARS-CoV-2 IFN-y T cell
responses more negatively than antibody production[150]. Severe cases of COVID-19 have also been
reported in transplant recipients who had received two doses of the vaccine[154]. Due to concerns
regarding insufficient protection with a two-dose series, extra vaccination doses have been observed to
improve antibody response for SOT recipients[155,156]. Based on these findings, the FDA allowed a
third vaccination dosage for immunocompromised people on August 12, 2021, and the CDC revised
their recommendations consequently[157].

Moreover, the CDC proposed a fourth booster dose 3 mo after the original series, but only some real-
world data support this. In comparison to the placebo, the third dosage of the mRNA vaccine was
considered safe among 60/120 adult SOT recipients and was linked to higher levels of specific T cells
(432 vs 67 cells per 106 CD4+ T cells), median virus neutralization (71% vs 13%), and anti-receptor-
binding domain antibodies of at least 100 U/mL in more patients (55% vs 18%)[158]. These results
suggest that even a third vaccination dose is insufficient to protect SOT recipients from COVID-19.
Therefore, further measures will be required to safeguard these vulnerable patients against COVID-19.
This can entail passive immunization and/or reducing immunosuppression in some patients[100].

Tu et al[159] attempted to assess the effectiveness and safety of COVID-19-inactivated vaccinations in
LT patients. The immunological response to the inactivated COVID-19 vaccination is markedly
suboptimal. The predictors of negative antibody response were a shorter duration post-LT, the usage of
a mycophenolate acid derivative, and IL-2R activation during LT. However, no serious adverse
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Table 2 Estimated mortality rates in liver transplantation recipients with coronavirus disease 2019 in the literature, n (%)

LT recipients with COVID- Mortality

Ref. Design Origin 19 rate
Becchetti et al[22], 2020 Prospective, multicenter Europe 57 7 (12.0)
Lee et al[28], 2020 Retrospective, single center United States 38 7 (18.0)
Bhoori et al[48], 2020 Single center cohort study Italy 111 3(3.0)
Rabiee et al[66], 2020 Retrospective, multicenter United States 112 25 (22.3)
Webb et al[33], 2020 Retrospective, multinational registry study, International 151 28 (19.0)
multicenter
Agnes et al[136], 2020 National survey, multicenter Italy 24 5 (21.0)
Fraser et al[21], 2020 Systematic review and quantitative analysis Europe 233 43 (19.3)
Ravanan et al[126], 2020 Multicenter national cohort study United 64 13 (20.3)
Kingdom
Loinaz et al[27], 2020 Retrospective, single center Spain 19 2 (10.5)
Trapani et al[125], 2021 Nationwide population-based study Italy 89 14 (15.7)
Belli et al[23], 2021 Retrospective, European registry, multicenter Europe 243 49 (20.1)
Colmenero et al[24], 2021 Prospective, multicenter Spain 111 20 (18.0)
Dumortier et al[25], 2021 Retrospective, nationwide registry, multicenter France 91 19 (20.0)
Raszeja-Wyszomirska et al[137], Prospective, single center Poland 81 2(2.5)
2021
Guarino et al[26], 2022 Prospective, double center Italy 30 2(6.7)

COVID-19: Coronavirus disease 2019; LT: Liver transplantation; NA: Not available.

reactions to the inactivated vaccination or graft rejection were reported. Therefore, they concluded that
LT recipients need booster vaccination[159]. Despite limited evidence, the American Association for the
Study of Liver Diseases and European Association for the Study of the Liver advise vaccinating LT
patients 3 mo after transplantation[160,161].

PRE-EXPOSURE PROPHYLAXIS

The FDA has authorized the long-acting combination MABs tixagevimab-cilgavimab (EVUSHELD™)
for pre-exposure prophylaxis to prevent COVID-19 in December 2021. In the United States, this agent is
the only one to have received an EUA for this use[107]. Those who are not likely to produce an effective
immune response to vaccination may nevertheless benefit from this medication’s protective effects, such
as those who are immunocompromised due to a medical condition or immunosuppressive medication,
as well as those for whom COVID-19 vaccination is not recommended due to a history of severe adverse
reaction to COVID-19 vaccine[162].

However, it is currently unknown whether tixagevimab/cilgavimab is effective in preventing
COVID-19 in SOT recipients. The combination is more effective than either tixagevimab or cilgavimab
alone against omicron, and it appears to be more effective in vitro against BA.2 than against BA.1 or
BA.1.1 subvariants[163].

CONCLUSION

LT patients with SARS-CoV-2 infection have clinical, biochemical, and radiological features that are
highly comparable to those of immunocompetent patients, except for a higher incidence of
gastrointestinal symptoms. Particular focus should be given to gastrointestinal symptoms as a
diagnostic indicator for COVID-19 among LT patients, even in the absence of fever or respiratory
symptoms. Even if the risk of infection appears to be considered after an LT, alterations in innate and
adaptive immunity induced by immunosuppressants cause the severity of COVID-19 to remain low.
The prognosis of LT recipients is similar to non-LT patients and is not affected by immunosuppression
but rather by comorbidities. Considering the risk of organ rejection, it may not be wise to stop all
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immunosuppression after a COVID-19 diagnosis. However, depending on the severity of the disease,
MMF may be withdrawn or substituted from an immunosuppressive regimen with CNIs or mTOR
inhibitors in some selected LT patients with COVID-19. All LT recipients should be vaccinated. The
administration of a booster dose considerably enhances the vaccine’s immunogenicity. However, many
patients continue to be at risk for COVID-19. Consequently, social isolation and other protective
measures must be maintained for these individuals.
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Abstract

The stellate ganglion (SG), as a type of sympathetic ganglion, consists of the sixth
and seventh cervical vertebrae and the first thoracic sympathetic ganglia. SG
block (SGB) is a minimally invasive injection that aims to inject low-concentration
local anesthetics to induce a broad sympathetic blocking effect near the SG. There
have been no changes and progress in the clinical application of SGB since the
1830s due to several potential risks, including hematoma from blood vessel injury,
hoarseness from recurrent laryngeal nerve injury, and cardiopulmonary arrest.
The feasibility and safety of SGB have greatly improved since the appearance of
ultrasound-guided SGB. In recent years, SGB has been widely applied in the field
of non-anesthesiology sedation, with significant therapeutic effects on pain,
immunological diseases, somnipathy, psychological disorders, arrhythmias, and
endocrine diseases. The present study reviews the present application of SGB in
clinical practice.

Key Words: Echocardiography; Pain; Immunological diseases; Somnipathy; Psychological
disorders; Arrhythmias; Endocrine diseases
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Core Tip: Several reviews in the literature have contributed to the therapeutic effect of stellate ganglion
block (SGB). The present study reviews the anatomical structure and mechanism of SGB, the advantages
of ultrasound localization, and the application of SGB in the treatment of painful diseases, immunological
diseases, somnipathy, psychological diseases, arrhythmias, and endocrine diseases.
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INTRODUCTION

Development of the stellate ganglion block

Stellate ganglion block (SGB) has been applied in clinical practice for nearly a century to relieve pain-
related syndromes, and treat vascular defects of the upper extremities. Since the 1940s, SGB has been
performed to treat sympathetic pain conditions[1]. Over these years, through further exploration and
investigation, the technique of blocking the cervical sympathetic nerve has been gradually established as
a clinical treatment for certain diseases.

Anatomy of the stellate ganglion and stellate ganglion block

The stellate ganglion (SG), which is also known as the cervical and thoracic sympathetic ganglion, is a
part of the cervical sympathetic trunk. The SG consists of the sixth (C6) and seventh (C7) cervical
vertebrae, and the first thoracic sympathetic ganglia, which lies in front of the first costal neck, and
extends to the inferior of the transverse process of C7. The preganglionic fiber of the SG crosses over the
sympathetic chain of the neck, and the postganglionic fiber locates in the medial of the scalenus, outside
of the longus cervicalis, esophagus and trachea, and the anterior aspect of the transverse process[2]. The
SG provides sympathetic inputs to the ipsilateral upper limbs, chest, face and head. SGB aims to inject
low-concentration local anesthetics near the SG, which can reversibly block the preganglionic and
postganglionic fibers, and innervated area. Furthermore, SGB blocks the sympathetic nerves in the head,
neck and upper limbs by acting on both pre-and post-ganglionic fibers[3]. The SGB procedure is
described, as follows:

Before the procedure, patients who underwent SGB were instructed to relax and take the supine
position, and the patient’s neck was extended. Then, local anesthetics were injected between C6 and C7
to the surface of the long muscle of the neck, and the syringe was pulled out. The duration of the whole
procedure was not more than 30 min. The success of the SGB was based on the following: Appearance
of Horner’s syndrome, elevated facial temperature, eardrum congestion, and nasal congestion. The
efficacy of the SGB was traditionally evaluated by the emergence of Horner’s findings, which included
unilateral pupil reduction, ptosis, and the absence of sweat on the face. The perfusion index (PI) is the
ratio of pulsating and non-pulsating signals. This was automatically and non-invasively measured to
assess the pulse oxygen saturation. The use of the PI in regional anesthesia can improve the success rate
of SGB, because this is a rapid, non-invasive and simple method that can provide early measurable data,
when compared to Horner’s sign and other similar clinical signs[4,5]. Therefore, the PI can be used as an
indicator to evaluate the therapeutic efficacy of SGB. Previous studies have revealed that ultrasound-
guided SGB can increase blood flow and reduce the vascular resistance of the arm. The decrease in
vascular resistance and increase in blood flow of the arm may be significant indicators for a successful
SGB. Thus, pulsed-wave Doppler can be used to monitor the success of SGB[6]. Doytchinova et al[7]
reported that the sympathetic nerve activity of the skin can reflect the sympathetic nerve activity
emitted by the SG, and that the sympathetic nerve activity on the skin surface can be measured by high-
filtered electrocardiography. Compared to the subjective judgment of Horner’s syndrome, the PI and
cutaneous sympathetic nerve activity are more objective indicators to assess the success of SGB, which
are presently hot research topics. However, the presence of Horner’s syndrome is still more commonly
used as an indicator of success of SGB in clinical practice.

Mechanism of the stellate ganglion block

SGB inhibits cardiovascular movement, glandular secretion, muscle tension, bronchial contraction, and
pain conduction innervated by sympathetic nerve fibers from the SG distribution area. These can be
taken as an advantage when treating some relative diseases involved in the head, neck, upper limb,
shoulder and heart. The SG has extensive connections to the cerebral cortex, hypothalamus, amygdala
and hippocampus|[8]. Furthermore, SGB can regulate the autonomic nervous system, cardiovascular
system, endocrine system, and immune system through the hypothalamic mechanism.
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Ultrasound-guided stellate ganglion block

The SG is small in size, has a complex anatomical location, is adjacent to several important organs, and
has more vessels and nerves. In addition, there is a certain proportion of anatomical variation in the
population. Blind puncture of the SGB may easily lead to several severe complications, including
hematoma caused by blood vessel injury and hoarseness caused by laryngeal recurrent nerve injury,
which may lead to permanent Horner’s syndrome. With the development of visualization technology,
the positioning technology for SGB guided by X-ray, computed tomography, or ultrasound has become
more accurate, greatly reducing complications. Compared to blind puncture, ultrasound-guided SGB
greatly reduces the risk of SG puncture, and improves the success rate of the puncture. To date,
ultrasound guidance has become the preferred method for SGB, when compared to blind and fluoro-
scopic guidance. The ideal position of the puncture during ultrasound-guided SGB should be antero-
lateral to the longus cervical muscle, and extend to the prevertebral fascia (in order to prevent diffusion
along the carotid sheath), but should be shallow to the fascia that covers the longus cervical muscle (in
order to prevent the injection of muscle material) (Figure 1). Thus, ultrasound-guided SGB improves the
quality of the block, and requires fewer local anesthetics, when compared to traditional blind techniques
[9]. In addition, ultrasound-guided SGB can improve surgical safety by allowing for the direct
observation of vascular structures (inferior thyroid artery, common carotid artery, internal jugular vein)
and soft tissue (thyroid, esophagus and nerve roots). The success rate of ultrasound-guided SGB can
presently reach as high as 98%, and this can successfully prevent the involvement of the common
carotid artery, internal jugular vein, and vagus nerve[10]. Therefore, ultrasound-guided SGB technology
is bound to be rapidly popularized.

Stellate ganglion block and pain disorders

Although the mechanism of pain remains unclear, the application of SGB in the treatment of various
types of pain remains feasible. Studies have revealed that the application of SGB to alleviate most of the
symptoms of migraine in the treatment of migraine[11,12] and cluster headache[13] may be attributed to
the inhibition of sympathetic overactivity or weakening of vascular inflammatory response.
Furthermore, a previous study reported that ultrasound-guided SGB can effectively relieve cervical
headache[14]. A successful case of SGB in the treatment of refractory tension headache was reported in
2019[15]. Furthermore, early SGB combined with antiviral drugs is a very effective treatment approach
for herpes zoster or postherpetic neuralgia in the head, face and neck[16,17]. This significantly reduced
the intensity and duration of acute pain, and reduced the incidence of postherpetic neuralgia. The
therapeutic mechanism of SGB may be involved in improving the blood supply to the head and neck,
inhibiting the hyperexcitability of sympathetic nerves, and reducing the synthesis and release of
vasoconstricting substances, such as nitric oxide and prostaglandin. Similar cases on the treatment of
SGB have also been reported for postoperative pain in head and neck cancer[18], peripheral arterial pain
(Raynaud’s disease[19], Burger’s disease, diabetic vascular disease, arterial embolism, etc.), and
neoplastic pain (pain after breast cancer resection)[20,21]. In pathophysiology, a part of the complex
regional pain syndrome (CRPS) is considered to be correlated to autonomic disorders in the affected
limb and the overreaction to catecholamines, which can lead to pain. SGB has been traditionally
regarded as an important means for the diagnosis and treatment of CRPS-type I and -type II[22]. In the
fourth edition of the American guidelines for the diagnosis and treatment of CRPS, the sympathetic
block represented by SGB is listed as the first-line diagnosis and treatment. In a review of the results for
CRPS, interventional pain physicians often performed SGB to relieve pain in the upper extremity of
CRPS patients[23]. Therefore, SGB can be used as an effective treatment for pain diseases, which may
provide underestimated clinical results.

Stellate ganglion block and Immune diseases

The immune system is the main defender of the body, and is involved in regulating the stability of the
internal environment. The neurotransmitter released from the nerve terminus can diffuse and act on
immune cells. For example, norepinephrine (NE) suppresses the immune response, acetylcholine and
enkephalin enhances the immune response, and beta-endorphin sometimes promotes or suppresses the
immune response. Furthermore, nerves can produce immune factors in certain circumstances. SGB can
inhibit hyperactive sympathetic nerve activity, reduce levels of catecholamine and cortisol, weaken the
stress response of the body, promote the recovery of human immune function, and further inhibit
inflammation. A study[24] reported that ultrasound-guided SGB reduced the fluctuation of circulation,
the concentration of peripheral adrenaline and cortisol, and the postoperative gastrointestinal
dysfunction and stress response of patients who underwent radical resection of colorectal cancer. In
addition, the anxiety during the perioperative period was relieved, and the recovery of gastrointestinal
function after the operation was promoted. Furthermore, SGB can improve splenic CD4" T cell function
after hemorrhagic shock, indicating its therapeutic effect on immunological diseases[25]. By blocking the
sympathetic nerves that innervate the gastrointestinal system, SGB can expand gastrointestinal vessels,
increase the blood supply, enhance gastrointestinal motility, and significantly relieve the symptoms of
chronic ulcerative colitis[26].
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Figure 1 Ultrasound-guided stellate ganglion block at cervical 6 Level. CA: Carotid artery; LC: Longus colli; IJV: Vena jugularis interna; C: Cervical 6
anterior tubercle of the transverse process; Yellow triangle: Stellate ganglion; White arrow: Needle for piercing.
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Stellate ganglion block and sleep disorders

Somnipathy is closely correlated to melatonin, which is periodically secreted by the pineal gland
throughout the day and night, affecting the body’s sleep and awakening. In a study on sleep
deprivation in rats with SGB, right SGB improved the dysfunction of spatial learning and memory in
sleep-deprived rats. The mechanism may be attributed to the reduction in hippocampal apoptosis and
inflammation in sleep deprived rats. Sleep deprivation is associated with decreased cognitive function
mediated by melatonin, which inhibits the hypothalamic-pituitary-gonadal axis, reduces gonadotropin-
releasing hormone levels, and reduces the levels of androgens, estrogens and progesterone by directly
acting on the gonads. The various effects of SGB may exhibit similar effects on the therapeutic
intervention mediated by melatonin[27]. A report on the application of SGB in a patient with excessive
daytime sleepiness (EDS) revealed[28] that SGB produced obvious and desirable effects on EDS, which
may be attributed to the stabilization of the autonomic nervous system by reversing the imbalance of the
autonomic nervous system. Somnipathy is generally treated with drugs in clinical practice, which has
certain disadvantages. Therefore, SGB treatment can be applied as an alternative treatment for patients.

Stellate ganglion block and psychological diseases

At present, more treatments, such as drugs and psychotherapy, are being performed for psychological
diseases. However, there are still some difficulties. Therefore, more therapeutic measures are urgently
needed to make up for the shortage. Kerzner et al[29] were the first to present a case on SGB in the
treatment of depression in 1947 through a systematic review of prospects for clinical research on SGB for
psychiatric disorders. These authors noted that the SGB improved the mood and occasional feelings of
euphoria of the patients. In addition, the first case reported on the treatment of posttraumatic stress
disorder (PTSD) by SGB in 1990 entailed the application of SGB in the treatment of a 15-year-old female
with reflex sympathetic dystrophy and PTSD. SGB reduced the pain, and significantly improved the
PTSD-related symptoms. These early studies are crucial, because these paves the way for subsequent
researches on SGB as a treatment approach for mental illness. PTSD is defined by the Diagnostic and
Statistical Manual of Mental Disorders (DSM-V) as pathological trauma and stress disorders that occur
in individuals following severe trauma. The lifetime prevalence of PTSD is approximately 3.9%. There
are four types of symptoms: Re-experiencing the traumatic event, avoidance, persistent negative
thoughts or feelings, and arousal and response associated with trauma[30]. In a multicentre randomized
clinical trial of SGB for the treatment of PTSD[31], the incidence for active-duty military personnel with
PTSD significantly decreased after eight weeks of SGB treatment. Therefore, SGB has been used to treat
this disorder, providing long-term relief of sympathetic overactivity, and relieving the anxiety
symptoms associated with PTSD.

Stellate ganglion block and arrhythmias

For the treatment of ventricular arrhythmias (VAs; such as congenital long QT syndrome,
catecholamine-dependent polymorphous ventricular tachycardia, atrial fibrillation, and sinus
tachycardia) and ischemic cardiomyopathy, SGB has frequently been taken as an adjuvant therapy.
However, this is only carefully selected when adverse drug reactions could not be tolerated by the
patient[32]. Refractory VAs are often exacerbated by increased sympathetic nerve tone in patients.
Multiple studies[33-37] have revealed that SGB is associated with the dramatic decrease in VA burden,
and these studies strongly recommend the use of SGB in refractory VA, offering potential promise for its
wider use in high-risk populations. A randomized controlled trial observed the effect of SGB treatment
to perioperative atrial fibrillation in patients undergoing lobectomy before surgery, and the results
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revealed that right SGB before surgery can significantly reduce the incidence of intraoperative and
postoperative atrial fibrillation[38]. Furthermore, in a case where a patient with myocardial infarction
failed to recover the autonomic rhythm after cardiopulmonary resuscitation in a hospital, the autonomic
rhythm was recovered, and sufficient neural activity and hemodynamic recovery were observed after
using SGB[39]. This may have been due to the inhibition of the release of NE, reduction in content of
catecholamine, prolonged atrial effective refractory period, and increased in stability of cardiac electro-
physiology induced by SGB. In addition, SGB can restrain the stress reaction, reduce the production of
inflammatory markers, expand the blood flow of the coronary artery, and improve the oxygen supply of
cardiomyocytes. Therefore, SGB, as the ending treatment for arrhythmia, provides a basis for the
treatment of patients with malignant arrhythmia.

Stellate ganglion block and endocrine diseases

The nervous system is closely correlated to the endocrine system, and the extension of sympathetic
nerve tension can affect the secretion of various endocrine glands. SGB can reverse the autonomic
imbalance caused by the increase in sympathetic tone, and affect the neuroendocrine system. Vasomotor
symptoms (VMS), which are also known as hot flashes and night sweats, are common symptoms of
menopause. These are associated with reduced quality of life in perimenopausal and postmenopausal
women. SGB is a safe and effective treatment for women who are unable to use or choose not to use
hormone therapy. Furthermore, SGB reduces and lengthens the nerve growth factor (NGF), and reduces
the synthesis and release of NE in the brain, and content of NGF in the brain, thereby alleviating the hot
flashes, CRPS and PTSD symptoms. Moreover, SGB inhibits the secretion of sweat glands and regulates
body temperature, thereby alleviating symptoms. Rahimzadeh et al[40] reported that SGB is as effective
as paroxetine in reducing the frequency of hot flashes in breast cancer survivors, and improving sleep
quality, with minimal side effects and acceptable tolerance in patients. Several clinical cases have also
reported that SGB can be used to treat hyperhidrosis, and the mechanism was considered to be mainly
correlated to the decrease in sweating function due to the vasodilation and sympathetic nerve block in
the dominant part of the SG[41]. Lee et al[42] also support the use of SGB for VMS in perimenopausal
and postmenopausal women, especially for patients with severe symptoms and difficulty in receiving
more conservative treatment.

The occurrence of diabetes mellitus (DM) is not only correlated to primary insulin dysfunction and
metabolic syndrome, but also correlated to mental stress, dietary factors, and other factors that reduce
insulin secretion, and/ or increase the secretion of glucagon and other glucose-raising hormones through
the neuroendocrine system. Diabetic cardiovascular autonomic neuropathy (DCAN) is a common
complication of type 1 and type 2 DM, with high morbidity and mortality. SG neurons are usually
surrounded by satellite glial cells (SGC). Axotomy, inflammation, and other injuries can activate SGC in
the primary sensory ganglia. The P2Y12 receptor is expressed in SGC, and may be involved in the
bidirectional communication with neuron-glial cells. Furthermore, the P2Y12 receptor may play an
important role in the occurrence of diabetic cardiovascular complications, while the P2Y12 receptor in
the SG plays a crucial role in DCAN. SGB can significantly improve the autonomic nervous regulation
function in diabetic patients[43]. Furthermore, it has also been shown that SGB can reduce inflammation
and improve nerve function during ischemic stroke in diabetic rats[44]. Therefore, SGB can increase
perioperative safety, and reduce the risk of cardiac events in patients with type 2 DM.

Stellate ganglion block and refractory diseases

Medically unexplained symptoms (MUS) are defined as somatic symptoms that cannot be reasonably
explained by any organic disease. A patient with MUS would have a good therapeutic effect after SGB
[45], suggesting that repeated SGB may be effective for modulating nerves and reducing sympathetic
activity. When Xu and Zhang[46] performed SGB on a patient who suffered from hypothyroidism,
Hashimoto’s encephalopathy, cerebral infarction, and frequent premature ventricular beats, the patient
presented with significantly improved sleep quality and a restored sinus rhythm after treatment. This
may be correlated to the improvement in central and peripheral nerve functions induced by SGB, which
maintains the body’s autonomic nervous activity, endocrine potency, and immune function. After
recovering from coronavirus disease 2019 (COVID-19), a large proportion of symptomatic and
asymptomatic patients would develop long-term COVID syndromes, which are also known as the acute
sequelae of severe acute respiratory syndrome coronavirus 2 infection. According to the clinical case
definition of the World Health Organization, long-term COVID-19 symptoms may include fatigue,
orthostatic intolerance, rapid resting heart rate, shortness of breath, brain fog, sleep disturbances, fever,
gastrointestinal symptoms, loss of smell, taste disorders, anxiety, and depression. In a latest medical
report[47], long-term COVID-19 symptoms, including taste, smell and fatigue, were significantly
improved in two patients after planetary ganglion block. This may be due to the involvement of SGB in
the central sympathetic nerve adjustment, which increases cerebral blood flow, and re-balances the
interaction between the nervous system and immune system. Therefore, SGB can be considered when
conventional treatment is ineffective, or when there is no better treatment plan.
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CONCLUSION

The present review reported the clinical application of SGB in the field of pain disease, autoimmune
disease, somnipathy, psychological disease, arrhythmia and endocrine diseases, which is minimally
invasive, and can easily be accepted by patients. This can provide an effective treatment plan for disease
treatment, which is not widely recognized by relevant specialists at present. Therefore, it was
considered that SGB has a broad application prospect, and that it is necessary to carry out more
multidisciplinary cooperation to promote the use of SGB. The mechanism of action of SGB needs to be
further studied for its application to a wider range of fields, providing more theoretical bases for its
safety and effectiveness.
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Abstract

The purpose of this study was to investigate the clinical application of severe acute respiratory
distress syndrome coronavirus-2 (SARS-CoV-2) specific antibody detection and anti-SARS-CoV-2
specific monoclonal antibodies (mAbs) in the treatment of coronavirus infectious disease 2019
(COVID-19). The dynamic changes of SARS-CoV-2 specific antibodies during COVID-19 were
studied. Immunoglobulin M (IgM) appeared earlier and lasted for a short time, while immuno-
globulin G (IgG) appeared later and lasted longer. IgM tests can be used for early diagnosis of
COVID-19, and IgG tests can be used for late diagnosis of COVID-19 and identification of
asymptomatic infected persons. The combination of antibody testing and nucleic acid testing,
which complement each other, can improve the diagnosis rate of COVID-19. Monoclonal anti-
SARS-CoV-2 specific antibodies can be used to treat hospitalized severe and critically ill patients
and non-hospitalized mild to moderate COVID-19 patients. COVID-19 convalescent plasma,
highly concentrated immunoglobulin, and anti-SARS-CoV-2 specific mAbs are examples of anti-
SARS-CoV-2 antibody products. Due to the continuous emergence of mutated strains of the novel
coronavirus, especially omicron, its immune escape ability and infectivity are enhanced, making
the effects of authorized products reduced or invalid. Therefore, the optimal application of anti-
SARS-CoV-2 antibody products (especially anti-SARS-CoV-2 specific mAbs) is more effective in
the treatment of COVID-19 and more conducive to patient recovery.

Key Words: SARS-CoV-2 antibody; Detection; COVID-19; Monoclonal antibody; Clinical application

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Immunoglobulin M testing can be used for early diagnosis of coronavirus infectious disease
2019 (COVID-19). Immunoglobulin G testing can be used for the late diagnosis of COVID-19 and the
identification of asymptomatic patients. The combination of antibody and nucleic acid testing has
improved the diagnosis rate of COVID-19. The continuous emergence of mutated strains of the novel
coronavirus, especially omicron, enhances its immune escape ability and infectivity, making the effects of
authorized products reduced or invalid. The specific monoclonal antibodies against severe acute
respiratory distress syndrome coronavirus-2 authorized by the United States Food and Drug Adminis-
tration are more beneficial for the treatment of COVID-19 and patient recovery.
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INTRODUCTION

Since the coronavirus infectious disease 2019 (COVID-19) pandemic began in 2019, it has had a
devastating impact on communities across the globe. So far, severe acute respiratory distress syndrome
coronavirus-2 (SARS-CoV-2) has mutated several times with the identification of the following variant
strains: Alpha (B.1.1.7) was first discovered in the United Kingdom in late December 2020; Beta (B.1.351)
was first reported in South Africa in December 2020; Gamma was first reported in Brazil in early
January 2021; Delta (B.1.617.2) was first reported in India in December 2020; Omicron (B.1.1.529) was
first reported in South Africa in November 2021 and quickly spread to countries around the world due
to its increased infectivity. Omicron's spike protein has exhibited more than 30 changes that enhanced
viral capacity for immune escape. Studies have shown that Omicron shows a 13-fold increase in viral
infectivity, and is 2.8 times more infectious than the delta variant, and previously approved monoclonal
antibodies (mAbs) against SARS-CoV-2 are less effective against this variant. Furthermore, vaccines
against SARS-CoV-2 are less effective in prevention of Omicron infection, and treatment is more
challenging][1]. For these reasons, Omicron has become a major variant of concern in many countries,
and many mutants of this strain have been identified (e.g., BA.1, BA.2, BA.3, BA .4, BA.5, and XBB.1.5).
The XBB1.5 mutant is becoming increasingly frequent in the United States, and is still defined as an
Omicron lineage variant[2]. It remains to be seen whether this specific mutant strain will worsen the
ongoing COVID-19 pandemic.
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As of January 13, 2023, there have been over 660 million confirmed COVID-19 cases and over 6.7
million deaths reported to the World Health Organization (WHO)[3]. The timely and accurate diagnosis
of COVID-19 is necessary for controlling the spread of the virus, initiating prompt treatment, and
rehabilitating patients. The primary method for diagnosing COVID-19 is via detection of SARS-CoV-2
RNA using polymerase chain reaction (PCR). However, the accuracy of PCR analysis depends on many
factors, such as the quality of the reagents, the quality and method of sample collection (oropharynx,
nasopharynx, lower respiratory tract, and swabs), and the skill level of the operator. Changes in the
above factors may lead to either false negative or false positive results. PCR has many additional
limitations: long testing time (average 2-3 h); complex technology; easy contamination of samples; high
cost; and requirement for a laboratory with strict biosafety certification and trained technicians. These
issues pose serious challenges in screening for COVID-19, achieving early diagnosis, implementing
isolation of infected patients, and starting treatment. As such, new diagnostic tools are urgently needed
to help compensate for the shortcomings of PCR[4].

The detection of SARS-CoV-2 specific antibodies (SSAs) can aid in the diagnosis of COVID-19.
Additionally, asymptomatic infected people and those with milder symptoms can also be identified,
helping to calculate the population infection rate more accurately. Large scale serological maps of a
population can also be used in epidemiological investigations to provide a better understanding of the
pandemic status, help to control the spread of the virus, and aid in treating patients efficiently.
Antibody detection and nucleic acid detection can complement each other and improve the rate of
accurate COVID-19 diagnosis. Indeed, serological detection technology has been widely used in the
clinic[4].

SARS-CoV-2 induces an excessive and prolonged cytokine/chemokine response, known as a cytokine
storm, in some infected individuals, particularly those with severe COVID-19 disease. Cytokine storm
can cause acute respiratory distress syndrome or multiple organ dysfunction, which can lead to deteri-
oration or death. Timely control of early cytokine storm with administration of immunomodulators and
cytokine antagonists can reduce inflammatory cell infiltration into the lung and limit the disease.
Suppressing cytokine storm effectively is important to prevent deterioration in COVID-19 patients and
key to preventing death associated with this disease[5].

mAbs are immunoglobulins that are produced from single-cell lineages and have a high affinity for
their target cells. When used as antiviral therapy, neutralizing Abs (Nabs) aid in the development of
passive antiviral immunity. The viral genome is susceptible to mutation, resulting in the emergence of
viral escape variants that render the virus resistant to specific mAbs. Several mAbs were combined into
cocktails to improve efficacy and overcome the phenomenon of viral escape. The United States Food
and Drug Administration (FDA) has granted emergency use authorization (EUA) for 4 mAbs. As new
SARS-CoV-2 variants emerge, the clinical efficacy of previously approved mAbs is being called into
question, prompting clinicians and scientists to reconsider and pursue the development of new drugs to
treat COVID-19. The FDA has also made numerous updates to previously authorized recommended
drugs, rendering them unavailable or making conditional recommendations.

Convalescent plasma (CP), highly concentrated immunoglobulin (HIG), and anti-SSA (ASSA)
products have been recommended or conditionally recommended for use in clinical research and
healthcare facilities. For patients with mild to moderate COVID-19 who are at risk of progressing to
critical illness, the FDA has approved the use of single or combined mAbs. Two mAbs can be combined
in some cases to interfere with SARS-CoV-2 for post-exposure prophylaxis. Tocilizumab, an anti-
interleukin-6 inhibitor, and baricitinib, a Janus kinase inhibitor, have received EUA from the FDA and
are recommended for patients with severe COVID-19 who are receiving corticosteroids[6]. Tocilizumab
reduces mortality in critically ill patients and also the number of days without need for artificial organ
support; the recommended dose is 8 mg tocilizumab per kg body weight (up to 800 mg) in 1 h
intravenous infusion, with a second dose repeated 12 to 24 h later if needed[”]. The combination of
interleukin-6 blockers in particular may be more beneficial[8]. Baricitinib, an antiviral drug, is used to
treat severe or critical COVID-19 and has been shown to reduce mortality, hospitalization, and the need
for mechanical ventilation[9,10]. Corticosteroids are usually only used as a last resort in COVID-19
patients who are critically ill; routine use is generally not advised.

The purpose of this article is to discuss the clinical value of SSA detection technologies and ASSA in
the treatment of COVID-19.

DYNAMIC CHANGES IN SARS-COV-2 SPECIC ANTIBODIES

Antibodies are reactive substances (immunoglobulins) produced by the immune system to combat
invading pathogenic microorganisms and can bind to specific pathogens. SSAs are mainly composed of
immunoglobulin M (IgM) and immunoglobulin G (IgG) Abs. IgM Abs are produced during the early
stages of infection and can enhance the ability of the innate immune system to phagocytose, agglutinate,
and kill pathogens. IgG is the main type of Ab in plasma (approximately 75%) and is involved in Ab-
dependent cellular phagocytosis and complement-mediated cytotoxicity against bacterial and viral
infections. Abs positivity is indirect evidence of infection caused by pathogenic microorganisms.
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Detecting the levels of IgM and IgG can also reveal the immune function of the body, which is an
important factor contributing to public health and has great clinical significance.

After infection by a pathogen, certain steps associated with the production of Abs can be used to
diagnose and treat disease. In a COVID-19 study involving 34 adults, Abs were assessed starting at 2 wk
after disease onset. After 3 wk, the Ab tests of all patients were positive. The average levels of IgG and
IgM were 112.40 AU/mL and 322.80 AU/mL (reference range < 10 AU/mL), respectively. After 4 wk,
the level of IgM began to decline, and an average value of 147.92 AU/mL was recorded; the average
level of IgG increased to 157.01 AU/mL. After 5 wk, the average level of IgM continued to fall, reaching
78.03 AU/mL, and 2 patients were negative for IgM; the IgG levels of all patients increased, reaching an
average of 163.56 AU/mL. At the end of week 7, the study was terminated. Two patients were negative
for IgM, and the average IgM level dropped to 21.83 AU/mL; all patients were positive for IgG, and
their average titer increased to 167.16 AU/mL. A high level of IgM indicates that the infection is in the
acute phase, and relatively high IgM levels lasting longer than 1 mo indicate a longer viral replication
time. IgG Abs appear later than IgM Abs, persist longer, and are present at a higher level, indicating
that the humoral immune response acts to defend the host against SARS-CoV-2 infection[11].

A study by Lee et al[12] showed that IgM was detected on the day 5 of infection, and the longest
duration of detection was 42 d after the onset of disease. In another patient, IgG was also detected by
day 5 after the onset of disease. In most cases, once positive, IgG remains positive. The duration of PCR
positivity is related to the Abs response and clinical manifestations. In patients with detectable
symptoms and IgM Abs positivity, nucleic acid-based tests can quickly become negative[12]. Another
study analyzed 38 cases of COVID-19 and found the highest level of viral RNA in sputum samples
(92.3%) in the early stage of the disease (7 d after disease onset); the next highest viral RNA level was
detected in pharyngeal swabs (69.2%). In this study, Abs were detected in fewer positive cases (IgM
23.0% and IgG 53.8%). Abs titers increased to 50.0% (IgM) and 87.5% (IgG) after 8 d, and Abs detection
was found to be easier than viral RNA detection. After 15 d, the detection rate of viral RNA was 52.2%,
indicating that Abs detection could be useful for auxiliary diagnosis. For patients who have achieved
clearance of the virus, PCR testing is not suitable. The initial immune response is marked by an increase
in the IgM level and the detection of IgM indicates that the infection is recent; as such, IgM can be used
for the early diagnosis of COVID-19. IgG is produced after IgM and persists longer; it is a diagnostic
indicator of a secondary infection or previous exposure[13].

Timilsina et al[14], described an electrochemical device that can rapidly and quantitatively detect Abs
against SARS-CoV-2 in clinic. This method was shown to be simple to use, economic, sensitive (100%
sensitivity and specificity), and fast (10 min). Furthermore, it required blood samples of only 1.5 pL, and
Abs could even be detected in dry blood spots. This test can be operated on-site and via remote
application, and may have great promise in the future of COVID-19 testing[14].

The monumental achievement in creating an effective vaccine against SARS-CoV-2 presents a new
challenge for Abs testing: can Abs produced by vaccination be distinguished from those produced by
the real virus? How long do the Abs from the vaccine last? The answers to these questions are key to
preparing for any future wave of the COVID-19 pandemic[15]. A schematic diagram of the dynamic
changes in human antibody production after the initial infection (Figure 1).

Zamani et al[16] studied the kinetics of seroconversion in 118 hospitalized patients with COVID-19
(Table 1). The authors demonstrated the kinetics of seroconversion in COVID-19 patients, and showed
that 83.5% of IgM and 36.8% of IgG patients who were originally positive were found to be negative
within 3 mo after the onset of symptoms. These findings suggest that the retention time of anti-SARS-
CoV-2 Abs could be used as a reference for SARS-CoV-2 prevention, control, and vaccine adminis-
tration. No correlation was found between Abs titers and patient age at any time point. In addition,
mean Abs levels at different times after the onset of clinical symptoms also did not exhibit a predilection
for either sex.

ROLE OF SARS-COV-2 SPECIFIC ANTIBODIES IN COVID-19 SCREENING AND DIGNOSIS

Wu et al[17] performed COVID-19 screening on 1021 workers in the Recovery Work Group (RG) and 381
patients in the COVID-19 Non-Hospital Group (NHG), totaling 1402 subjects. Screening included
nasopharyngeal swab nucleic acid detection, chest computed tomography (CT), and IgM and IgG Abs
detection. In NHG, one case of nucleic acid was positive, as were IgM and IgG. Other patients' CT chest
radiographs were normal, and the nucleic acid tests were negative. After being diagnosed with COVID-
19, the positive patient was "cured." He was transferred to a hospital specializing in COVID-19
treatment after testing positive again. In RG, 98 (98/1021, 9.60%) patients were IgG positive, IgM
negative, and nasopharyngeal swab PCR negative. In NHG, 39 cases (39/380, 10.3%) of nasopharyngeal
swab samples were positive for IgG, negative for IgM, and negative by PCR. These findings suggest that
137 (98 + 39) patients had previously been infected with SARS-CoV-2. The IgG-positive patients had no
suspicious symptoms and no history of COVID-19. None of these cases had previously been tested by
PCR. In other words, the patients had recovered from asymptomatic infections discovered only through
Abs screening[17].
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Table 1 Seropositive rates of severe acute respiratory distress syndrome coronavirus-2-specific inmunoglobulin G and

immunoglobulin M at various time points after symptom onset

Days after symptom onset IgM positivity rate (%) 19G positivity rate (%)
0-5 44/118 (37.3) 71/118 (60.2)

6-15 36/55 (65.5) 44/55 (80.0)

16-25 48/70 (68.6) 56/70 (80.0)

26-35 26/56 (46.4) 2/56 (75.0)

36-95 17/95 (17.9) 56/95 (58.9)

IgG: Immunoglobulin G; IgM: Immunoglobulin M.
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Figure 1 Schematic diagram of the dynamic changes in antibody production after initial infection with severe acute respiratory virus-2.
Due to differences in data from analytical studies, these data are considered approximations only.

To determine the diagnostic efficacy of IgM and IgG Abs in suspected cases, Abs tests were
conducted in 52 patients whose symptoms or CT imaging characteristics met the COVID-19 criteria but
who had multiple consecutive negative PCR results. IgG or IgM Abs were positive in 4 patients.
Reasonable speculation led to a diagnosis of COVID-19. Similarly, to determine the diagnostic efficacy
of IgG and IgM tests for asymptomatic infections, the team conducted Ab screening in 164 close
contacts, 16 of whom were positive for IgM or IgG. Among the 148 patients excluded by PCR 1 mo
before the screening process, 7 were also positive for the Abs. These individuals had never experienced
any symptoms, indicating that they were asymptomatic carriers who could not have been diagnosed by
nucleic acid detection. Thus, increasing the frequency of IgM and IgG Abs testing could help to confirm
the diagnosis of suspected cases and screen for asymptomatic individuals[18].

A comprehensive study found that the earliest IgM Abs appear within 5-7 d after infection with
SARS-CoV-2[13]. Abs testing can provide results within 15 min, and the technique is simple and
convenient, which is helpful for the rapid screening of febrile patients. In infected individuals, during
the incubation period of the virus before the development of the disease, IgM is not produced and
cannot be detected. Hence, the detection of Abs alone is not suitable for early screening. Abs testing can
only play an auxiliary diagnostic role; the maintenance time of IgM is short, and IgM disappears by the
end of the infection. IgM positivity is the only basis for the early diagnosis of an infection. IgG is
produced 10-15 d after infection and is present for a long period after the disease course has ended.
Furthermore, IgG can persist in the body, even in the blood, for a lifetime. A positive IgG Ab test can
indicate a pathogenic infection. When the same pathogen is encountered, the specific IgG binds to the
pathogen, reducing its activity and preventing it from binding to human cells. IgG can also rapidly
activate the innate immune system, shortening immune response time and avoiding or reducing the
recurrence of the disease. Abs detection is a practical method for conducting an epidemiological survey
after an outbreak, despite the reported 10%-15% deviation. It has high sensitivity and can serve as a
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valid metric for a long time after a disease is no longer present in an individual. Moreover, Abs
detection can very accurately identify asymptomatic infected individuals and thereby helps determine
the actual scale of the pandemic[17,18].

In a study of 173 patients, plasma samples (n = 535) were collected for the detection of total anti-
SARS-CoV-2 Abs, 1gG, and IgM. The dynamics of the antibody levels during disease progression were
also analyzed. The seroconversion rates of IgG, IgM, and Abs were 64.7%, 82.7%, and 93.1%,
respectively. The median seroconversion times of IgM, IgG, and Abs were 14 d, 12 d, and 11 d,
respectively. One week after disease onset, the prevalence of antibodies in studied patients was less than
40%. From 15 d after onset, the prevalence increased starkly to 79.8% (IgG), 94.3% (IgM), and 100.0%
(Abs). The detectability of RNA decreased from 66.7% (58/87) at day 7 to 45.5% (25/55) between 15 d
and 39 d after the disease onset. Even in the early stages, the combined application of RNA and Abs
detection can significantly improve the diagnosis rate of COVID-19 (p < 0.001)[19]. When rapid PCR
testing for SARS-CoV-2 was not available, another study concluded that using rapid antigen-Abs
combined testing improved detection accuracy, with a sensitivity of 91.2% and a specificity of 98.9%.
The results of antigen and Abs testing can be used as a reliable substitute for PCR testing[20]. Clinical
significance of the combined detection of SSA and SARS-CoV-2 RNA (Table 2).

ROLE OF ANTI-SARS-COV-2 SPECIFIC ANTIBODIES IN THE TREATMENT OF COVID-19

Therapeutic effect of convalescent plasma on COVID-19

Immunological studies have shown that Abs in CP can recognize antigenic determinants of pathogens,
including those of viruses. These Abs can neutralize the virus, reduce the viral load, and prevent or cure
disease. In other words, Abs can trigger and participate in a self-repairing process in the body. By
providing Nabs, CP is a form of passive immunotherapy. The benefits of CP infusion in related diseases
were first studied in the 20" century[21]. In the absence of specific treatments for emerging infectious
diseases, CP therapy remains an important treatment method[22]. CP has been shown to be effective in
treating patients with influenza A (HIN1)[23], severe acute respiratory syndrome[24], and Middle East
respiratory syndrome[25].

On August 23, 2020, the United States FDA approved the emergency use of CP as a potential COVID-
19 treatment. Plasma therapy, according to the FDA, can effectively reduce the severity or the duration
of COVID-19 disease in some hospitalized patients, and the known potential benefits far outweigh the
product's risks[26]. With the continuous emergence of SARS-CoV-2 variants, previously effective
treatment methods have been called into question. Several other observational studies and randomized
controlled trials have recently been reviewed by experts from the National Institutes of Health (NIH) in
the United States[27-29]. In these studies, the efficacy of CP against COVID-19 was investigated in both
outpatient and inpatient settings. The FDA updated the EUA of CP to treat COVID-19[30] on November
28, 2021. Only CP with high titers of SARS-CoV-2 Abs is thought to be effective in patients with COVID-
19 who are immunocompromised (i.e. those who have recently received radiation, chemotherapy, or
who have immunodeficiency disease) or have received immunosuppressive therapy[29], and the
potential benefits to patients may outweigh the known potential risks. However, infusion of CP in
immunocompetent COVID-19 patients is unlikely to be clinically beneficial, and its use in these patients
is not advised.

The WHO treatment guidelines only recommend the use of CP in the research and clinical trial
settings[31]. However, based on subgroup data analysis from several observational studies and
randomized controlled trials[27-29], the NIH treatment guidelines still recommend that CP be used for
COVID-19 patients with secondary or primary humoral immunodeficiency (e.g., with agammaglobu-
linemia, hematological malignancies, solid organ transplant, or other immunodeficiency)[32,33]. In a
subset of immunocompromised patients, some findings suggest that CP may provide benefits such as
improved survival and/or more days without organ support when compared to placebo [odds ratio
1.51; 95 percent confidence interval(CI): 0.80-2.92][29].

In clinical practice, a high titer CP with a volume of 200 mL can be considered first, and the need to
increase the dose can be determined based on the individual patient scenario. Past and current studies
have demonstrated real-world clinical efficacy for the treatment of COVID-19 with CP[34-36] This
suggests that high-level randomized controlled trials (RCTs) should be designed in the future to
investigate the potential therapeutic effects of CP in the treatment of COVID-19.

The Infectious Diseases Society of America and the FDA have also re-evaluated CP for use in
outpatients at risk of progression due to the lack of antiviral drugs, as the polyclonal nature of CP can
render SARS-CoV-2 variants less able to escape immune defenses[37,38].

Therapeutic effect of highly concentrated immunoglobulin on COVID-19

HIG is a high-titer Abs preparation made up of anti-SARS-CoV-2 mAbs from multiple CP donors that is
more concentrated than anti-SARS-CoV-2 Specific antibodies (ASSAs) from a single donor (the SARS-
CoV-2 Abs titer is several times higher)[39].The preparation may work by inhibiting the virus and
altering inflammation. Varicella zoster immunoglobulin has been used for varicella post-exposure
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Table 2 Clinical significance of combined detection of severe acute respiratory distress syndrome coronavirus-2-specific antibodies

and RNA
Antibody
Nucleicacid .. . .
No. assay ) Clinical significance
————— detection
IgM IgG

1 + + + During the active infection period, the body has a certain resistance to COVID-19 (persistent IgG has been produced)

2 G - ¥ The patient may be in the middle of the SARS-CoV-2 infection. The body's immune response produces IgM antibodies
early in the disease course. IgG has not yet been produced, or the IgG level has not reached the limit of detection

3 - + + The patient may be in the middle or late phase of the disease or may have a recurrent infection of SARS-CoV-2

4 - - + This is the COVID-19 "window period", which usually lasts 2 wk

5 T F - The patient is in the recovery phase of COVID-19. The virus has been cleared from the body, and IgM and IgG are
positive. Alternatively, this may indicate that the nucleic acid test result was a false negative, and the patient is in the
active phase of infection

6 T - - IgM positivity indicates that the patient may be in the early stage of infection. Suspicious nucleic acid test results
require repeated sampling and verification

7 + - - This indicates that the patient is in the early stage of viral infection, and the viral load is very low. The patient is in the
acute stage of COVID-19, and the body has not yet produced IgG. Alternatively, the result for IgM may have been an
error caused by the presence of rheumatoid factor. One week later, the examination and diagnosis must be repeated
based to evaluate for changes in IgM and IgG

8 - + - The patient may have been infected with the virus in the past and has recovered; the virus has been cleared from the
body. IgG can last for a long time, possibly even for life

9 - - - The individual is healthy or in the incubation period of infection

IgM: Immunoglobulin M; IgG: Immunoglobulin G; COVID-19: Coronavirus infectious disease 2019; SARS-CoV-2: Severe acute respiratory distress

syndrome coronavirus-2.
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prophylaxis (PEP) in high-risk individuals, and cytomegalovirus immunoglobulin has been shown to be
effective and safe for the prevention of post-transplant cytomegalovirus infection. However, clinical
data on the treatment of COVID-19 with HIG are currently lacking[40].

Therapeutic effect of anti-SARS-CoV-2 specific antibodies against COVID-19

Spike protein (S), nucleocapsid protein, membrane protein, envelope protein, and auxiliary and
nonstructural proteins are all encoded by the SARS-CoV-2 genome. S1 and S2 are thorn protein
subtypes. S1 is binds to angiotensin-converting enzyme 2 receptors on host cells. It causes S2 to change
conformation, fuses the viral and host cell membranes, and allows the virus to enter human cells[41].
Binding of spike protein by mAbs decreases SARS-CoV-2 infectivity, resulting in a therapeutic effect.
Indeed, ASSAs have shown clinical efficacy in the treatment of SARS-CoV-2 infection[42].

Anti-SARS-CoV-2 monoclonal antibody for pre-exposure prophylaxis of SARS-CoV-2 infection
Experts recommend intramuscular tixagevimab plus cilgavimab (Evusheld) as SARS-CoV-2 pre-
exposure prophylaxis (PrEP) for adults and adolescents (age > 12 years and weight > 40 kg) who have
not been exposed to COVID-19. In patients with moderate to severe immunocompromise, the immune
response to the COVID-19 vaccine may be insufficient, or vaccination with any available COVID-19
vaccine may not be complete[43]. Omicron mutant sensitivity to tixagevimab plus cilgavimab has been
shown to be moderately reduced, but the regimen was still beneficial for PrEP prevention of infection by
Omicron strains.

Anti-SARS-CoV-2 monoclonal antibodies for post-exposure prophylaxis of SARS-CoV-2 infection
Casirivimab plus imdevimab and bamlanivimab plus elesevimab are not recommended for PEP of
SARS-CoV-2[42] in countries and regions where Omicron variant strains are prevalent as these strains
are not susceptible to these drugs. Prior to Omicron, the FDA issued a EUA for this regimen, allowing
PEP in people who are at high risk of SARS-CoV-2 infection and have a high risk of developing severe
COVID-19 disease. This protocol should be made available for PEP of the individuals listed above in
non-Omicron endemic countries and regions.

Anti-SARS-CoV-2 monoclonal antibodies for outpatient COVID-19 patients

To treat outpatients (age > 12 years and weight > 40 kg) with mild to moderate COVID-19 and high risk
of clinical progression, the use of sotrovimab 500 mg as a single intravenous infusion within 10 d of
symptom onset is recommended. Sotrovimab retains in vitro activity against Omicron variants and is
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believed to benefit Omicron-infected patients clinically[44].

Experts do not recommend casirivimab plus imdevimab or bamlanivimab plus etesevimab because
Omicron is not susceptible to these drugs. However, because the FDA issued EUA prior to the Omicron
epidemic, these regimens can be used in countries and regions where Omicron is not endemic. The use
of cascilimab plus imdevimab has also been halted in the United States due to Omicron variant insens-
itivity[45]. Cascilimab 600 mg plus imdevimab 600 mg administered as a single intravenous infusion
were approved by the FDA prior to the spread of Omicron and is approved for the treatment of patients
with mild to moderate COVID-19. The use of this protocol is supported by results from a phase 3
double-blind, randomized, placebo-controlled trial in outpatients with mild to moderate COVID-19[46].
This regimen can still be used in places where non-Omicron variants are prevalent.

Anti-SARS-CoV-2 monoclonal antibodies for COVID-19 hospitalized patients

In one study, 583 outpatients with mild to moderate COVID-19 were studied. Two hundred ninety-one
subjects were randomly assigned to receive sotrovimab (500 mg IV) and 292 subjects received placebo.
On day 29, the primary endpoint was the proportion of hospital stays longer than 24 h or death from
any cause. Three patients (1%) in the sotrovimab group and 21 patients (7%) in the placebo group
required hospitalization or died as a result of disease progression (relative risk reduction, 85%;
97.24%Cl: 44-96; P = 0.002). On day 29, 1 patient in the placebo group died after being admitted to the
intensive care unit. Adverse events were reported in 17% of patients in the sotrovimab group and 19%
of patients in the placebo group during the safety assessment; the incidence of serious adverse events
was lower in the sotrovimab group than in the placebo group (2% and 6%, respectively). Sostovizumab
reduced the risk of COVID-19 exacerbations in high-risk patients with mild to moderate COVID-19[47].

The use of bamlanivimab plus etesevimab to treat COVID-19 has been halted in the United States
because the Omicron variant has poor susceptibility to this mAb in vitro[45]. Prior to the emergence of
the Omicron variant, the BLAZE-1 phase 3 clinical trial demonstrated that bamlanivimab plus
etesevimab benefits patients with mild to moderate COVID-19 at risk of progression to severe disease
with or without hospitalization[46]. The main SARS-CoV-2 strain currently introduced to China from
abroad is Omicron BA.2. Pfizer's antiviral drug Paxlovid (nimatovir plus ritonavir) is recommended for
adults and adolescents aged 12-17 years old, weight > 40 kg. Paxlovid is given in cases of mild disease
within 5 d of onset according to China's Protocol for Prevention and Control of Novel Coronavirus
Infection (10™ Ed)[48].

Anti-SARS-CoV-2 monoclonal antibodies for hospitalized patients with severe or critical COVID-19
ASSA are not currently approved for use in hospitalized patients with severe COVID-19; however, these
products may see use in such patients through an expanded access plan. Casirivimab plus imdevimab is
conditionally recommended for COVID-19 patients with severe or critical illness, and may also benefit
seronegative patients. According to the RECOVERY trial, a credible subgroup effect suggests that
casirivimab plus imdevimab may reduce mortality and days requiring mechanical ventilation in
patients with seronegative status[31].

Relevant literature is summarized in Table 3[49-54]. Many therapeutic mAbs that were previously
effective became ineffective in the face of the Omicron variant; studies of these are not included.

Safety of monoclonal antibodies in clinical application

In most studies, adverse events with the use of therapeutic mAbs were not serious (e.g., nausea,
diarrhea) and were mostly self-limiting. The most common adverse events were mild reactions, chills,
headache, injection site pain, and bronchospasm. Serious adverse events were rare, and observed
instances of shortness of breath may be associated with exacerbations of COVID-19 itself[37].

Limitations of this article

SARS-CoV-2 has been raging for nearly 3 years. In the past 2 years, the mutation of SARS-CoV-2 has
become more and more frequent, and transmission speed is also faster, especially with the Omicron
variant. Fortunately, Omicron is becoming less toxic. The mutation of the virus reduces the efficacy of
existing therapeutic drugs, which can now only be applied in some special circumstances. This is the
case of the use of CP or mAbs in the treatment of COVID-19. The FDA's EUAs for many drugs are
require constant updates. As human efforts cannot keep up with the speed of Omicron mutation, we
should redouble our efforts to proactively discover the pattern of SARS-CoV-2 mutation and finally
defeat the novel coronavirus.

CONCLUSION

SSA detection technology is widely used in clinical practice. It can assist PCR nucleic acid in the
diagnosis, screening, and tracking of infection in patients with COVID-19 (including mild and
asymptomatic infections). Thus, it is valuable for public health and has many potential clinical applic-
ations[55].
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Table 3 Sensitivity of Omicron variants to therapeutic monoclonal antibodies

FDA Target Omicron variant
mAb (s)
EUA onS pBA1 IC,, BA.2 IC,,
Bamla/Etese Yes  BRDor Reduction in activity vs control approximately 1000-fold > 10000 Reduction in activity vs > 10000
S (highly resistant) ng/mL control approximately 1000- ng/mL
fold (highly resistant)
Casir/Imdev Yes  BRD Reduction in activity vs control approximately 1000-fold > 10000 Reduction in activity vs > 10000
(highly resistant) ng/mL control approximately 1000- ng/mL
fold (highly resistant)
Sotro Yes  BRD Median fold reduction in susceptibility 4.0 (IQR: 2.6 to 6.9) Median 276 Median fold reduction in Median
ng/mL susceptibility 17 (IQR: 13 to 1250
(IQR:163  30) ng/mL
to 423) (IQR: 567 to
1456)
Cilag/Tixag Yes  BRD Median fold reduction in susceptibility 86 (IQR:27 to 151). The Median 256 Median fold reduction in Median 44
FDA recommended that the dosage for each mAb in this ng/mL susceptibility 5.4 (IQR:3.7to ng/mL
combination be increased 300 mg and administered intramus-  (IQR:170  6.9). Nearly complete (IQR: 27 to
cularly to 750) restoration BA.2 suscept- 73)
ibility to cilgavimab
Bebte Yes  BRD Median fold reduction in susceptibility 1.0 (IQR: 0.7 to 1.4) Median 2.6 Median fold reduction in Median 4.0
Bebtelovimab is the only mAb active against the current ng/mL susceptibility 1.0 (IQR: 0.7 to  ng/mL
dominant circulating Omicron variant; in non- hospitalized (IQR:1.8t0 1) (IQR: 0.8 to
adults, bebtelovimab may be used as an alternative therapy 5.0) 5.0)
when no preferred therapy (e.g., nirmatrelvir/ritonavir,
remdesivir) available
Regda No BRD Displayed little residual activity NA Displayed little residual NA
activity
Amuba No BRD Displayed little residual activity NA Displayed little residual NA
activity
Romlu No BRD Retained partial activity NA Displayed little residual NA
activity
Adint No BRD Retained partial activity NA NA

Adint: Adintrevimab; Amuba: Amubarvimab; Bamla/Etese: Bamlanivimab/Etesevimab; Bebte: Bebtelovimab; BRD: Spike receptor binding domain;
Casir/Imdev: Casirivimab/Imdevimab; Cilag/Tixa: Cilgavimab/Tixagevimab; EUA: Emergency use authorization; FDA: United States Food and Drug
Administration; IC5y: 50% inhibitory concentration; IQR: Interquartile range; mAbs: Monoclonal antibodies; NA: Not available; Regda: Regdanvimab;

Romlu: Romlusevimab; S: Spike protein; Sotro: Sotrovimab.
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Because of the emergence of Delta and Omicron variants, the use of CP is severely limited. It is only
recommended for use in COVID-19 patients with impaired immune function, immunodeficiency, or
who are taking immunosuppressants. HIG could theoretically treat COVID-19, but there is currently
insufficient data to guide its use. Treatment with ASSAs has made significant progress, and outpatient
outcomes are promising. Several clinical trials[27-29] have assessed ASSA's efficacy and safety in the
treatment of non-hospitalized COVID-19 patients. Sotrovimab was evaluated in the Phase 3 trial
COMET-ICE for the treatment of COVID-19. This mAb treatment is thought to be more effective, and
has proven effective in preventing COVID-19[47]. The United States FDA granted a EUA for the use of
sotrovimab[56] in May 2021. The BLAZE-1 study investigated the efficacy of intravenous bamlanimab in
the early treatment of COVID-19[57]. Bebtelovimab is the only anti-SARS-CoV-2 mAb active against the
current dominant circulating Omicron variant[50]. Monoclonal antibodies can protect unvaccinated
people or people exposed to high-risk environments in a prophylactic manner. The effectiveness of
mAbs targeting the SARS-CoV-2 spike protein is also promising; however, research must continue to
actively pursue new drugs and methods for the accurate and rapid diagnosis and treatment of COVID-
19.
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Abstract

Endoscopic ultrasound-guided fine-needle biopsy (EUS-FNB) is an excellent
investigation to diagnose pancreatic lesions and has shown high accuracy for its
use in pathologic diagnosis. Recently, macroscopic on-site evaluation (MOSE)
performed by an endoscopist was introduced as an alternative to rapid on-site
cytologic evaluation to increase the diagnostic yield of EUS-FNB. The MOSE of
the biopsy can estimate the adequacy of the sample directly by the macroscopic
evaluation of the core tissue obtained from EUS-FNB. Isolated pancreatic
tuberculosis is extremely rare and difficult to diagnose because of its non-specific
signs and symptoms. Therefore, this challenging diagnosis is based on endoscopy,
imaging, and the bacteriological and histological examination of tissue biopsies.
This uncommon presentation of tuberculosis can be revealed as pancreatic mass
mimicking cancer. EUS-FNB can be very useful in providing a valuable histopath-
ological diagnosis. A calcified lesion with a cheesy core in MOSE must be
suggestive of tuberculosis, leading to the request of the GeneXpert, which can
detect Mycobacterium tuberculosis deoxyribonucleic acid and resistance to
rifampicin. A decent diagnostic strategy is crucial to prevent unnecessary surgical
resection and to supply conservative management with antitubercular therapy.

Key Words: Pancreatic tuberculosis; Endoscopic ultrasound; Fine-needle biopsy;
Macroscopic on-site evaluation; Cheesy material; GeneXpert
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Core Tip: In this article, we discussed the role of endoscopic ultrasound with fine-needle biopsy as a
diagnostic tool in patients with suspicious pancreatic tuberculosis. This review aims to provide knowledge
on the utility of fine-needle biopsy and macroscopic on-site evaluation of the core to suspect pancreatic
tuberculosis, in addition to diverting the attention of the endoscopists to consider tuberculosis when the
core is cheesy.

Citation: Delsa H, Bellahammou K, Okasha HH, Ghalim F. Cheesy material on macroscopic on-site evaluation
after endoscopic ultrasound-guided fine-needle biopsy: Don't miss the tuberculosis. World J Clin Cases 2023;
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INTRODUCTION

Tuberculosis (TB) is a transmissible disease caused by Mycobacterium tuberculosis (MT). TB was the first
cause of death worldwide from infectious diseases until the coronavirus disease 2019 (COVID-19)
pandemic[1]. In 2020, approximately 10 million people developed TB, and almost 25% of the world's
population has been infected with MT[1].

The most common site of TB is the lungs; however, in approximately 12.5% of cases, it can affect other
sites (extrapulmonary TB), with abdominal localization in 11%-16%[2]. The diagnosis of extrapulmonary
TB can be very challenging because the usual method based on the detection of MT is insufficiently
sensitive, and other tools based on immune responses cannot always differentiate a latent infection from
an active disease[3].

Pancreatic TB remains a rare site of abdominal TB, often misdiagnosed as pancreatic carcinoma.
Nevertheless, endoscopic ultrasound (EUS) with pancreatic fine needle aspiration or biopsy (FNA/FNB)
and a polymerase chain reaction (PCR) are important tools to make the definitive diagnosis and to
initiate adequate treatment[4,5].

Recently, macroscopic on-site evaluation (MOSE) performed by an endoscopist was introduced as an
alternative to rapid on-site cytologic evaluation (ROSE) to increase the diagnostic yield of EUS-FNB. The
MOSE of the biopsy can estimate the adequacy of the sample directly by the macroscopic evaluation of
the core tissue obtained from EUS-FNBJ[6]. In our practice, a cheesy core was found in all patients with
isolated pancreatic TB, which led us to perform GeneXpert, which can detect MT DNA and resistance to
rifampicin. This diagnostic strategy is critical for avoiding unnecessary surgical resection and for
providing conservative management with antitubercular therapy.

In the present article, we reviewed pancreatic TB, discussed the role of EUS with FNA/FNB in
diagnosis, and reported the correlation between cheesy core and tuberculosis. Based on this, we also
discussed the usefulness of MOSE in avoiding misdiagnosing this rare disease.

PANCREATIC TB

Isolated pancreatic TB is an extremely rare disease, even in countries where tuberculosis is widespread.
However, due to the development of new techniques like EUS, diagnosing pancreatic TB is becoming
easier. EUS-FNB allows obtaining pancreatic specimens with cytopathology. Many cases have been
published worldwide in the last few years with different and non-specific clinical manifestations
(Table 1)[5,7-10].

The systematic review conducted by Panic, including 116 studies reporting data on 166 patients,
revealed multiple symptoms dominated by abdominal pain in 74.8% of patients, followed by weight
loss and fever in almost half of patients (51.6% and 46.5%, respectively). However, jaundice was found
in 20.0% of cases. The most common presentations of pancreatic TB were pancreatic mass mimicking
cancer (79.5%), pancreatic head (59.0%), body (18.2%), tail (13.4%), and neck (1.8%). Nonetheless, other
pancreatic lesions were reported, like abscesses in 12.1% of patients and chronic or acute pancreatitis in
6.6% and 6.0%, respectively. As an extra-pancreatic localization of TB, peripancreatic lymph nodes were
observed in 47.3% of cases. The other sites were rarely described: the spleen (8.3%), intestines (8.2%),
liver (6.9%), and lungs (6.3%)[2].

In a study conducted by Ray, 16 pancreatic TB were identified, and the main symptoms were
epigastric pain (81%), weight loss (75%), and anorexia (69%). Half of the patients had a fever, and 31%
had jaundice[9].

As in pulmonary tuberculosis, immunocompromised individuals are the most affected, particularly
in cases of advanced-stage malignant diseases and acquired immunodeficiency syndrome (AIDS), with
a high rate of a pancreatic abscess (70%) and mortality (10.8%). In cases of delayed diagnosis and
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Table 1 Clinical presentation and endoscopic ultrasound finding of pancreatic tuberculosis patients

No. of - . _ S 8 A1 T
Ref. e Age Sex Clinical presentation  EUS finding Microbiological and histological findings
Diaconuetal 1 55 F Fever, jaundice, and Cephalic pancreatic lesion  Positive culture
[5], 2022 asthenia with changes suggestive of
chronic pancreatitis
Miyamoto et 1 19 F Abdominal pain and Positive PCR for MT, granulomas with caseous
al[7], 2022 weight loss necrosis and acid-fast bacilli
Hoilat et al 1 26 M Abdominal pain, Hypoechoic lesion FNA: Abundant fibrinopurulent exudate and
[8], 2020 increased nausea and necrotizing suppurative granulomatous inflam-
vomiting mation
Ray et al[9], 16 13- 12 Epigastric pain, weight 5 EUS-FNA; 5 CT-FNA; 6 Surgery
2021 59  M,4 loss, anorexia, fever, and
E jaundice
Chang-Xinet 1 24 F Jaundice Granulomatous inflammation infiltrated by
al[10], 2022 multinucleated giant cells in FNA; Positive

tuberculin skin test and tuberculous infection of T
cells spot test

CT: Computed tomography, MT: Mycobacterium tuberculosis, FNA: Fine needle aspiration; PCR: Polymerase chain reaction.
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without proper treatment, pancreatic TB can be deadly, and the prognosis is grave due to the
underlying disease[11,12].

EUS

EUS is considered the main tool for evaluating pancreatic masses and a valuable diagnostic modality for
pancreatic TB. It can precisely determine the characteristics of pancreatic lesions (size, vascular invasion,
and calcifications) and the aspect of peripancreatic lymph nodes. Combined with EUS-FNB, it has
become an excellent investigation to diagnose pancreatic lesions and has established a high accuracy for
its use in pathologic diagnosing[13,14].

However, few studies have been published about EUS in pancreatic TB compared to other sites of TB
[14]. In the EUS, it can appear as a solid mass or mixed solid cystic lesions, usually with hypoechoic or
anechoic echotexture without vascular invasion[14]. Although vascular invasion has been reported in
some cases of pancreatic TB, it cannot be used to confirm malignancy[9].

In addition, EUS can demonstrate pancreatic calcifications, reported in 56% of patients, and also
detect extra-pancreatic localizations like abdominal or mediastinal lymphadenopathy[15,16]. In our
cases, we observed pancreatic mass with central calcification, respecting all vessels (Figure 1).

In the brief communication of Rana et al[17] comparing 25 patients with pancreatic adenocarcinoma
to 6 patients with pancreatic tuberculosis, the EUS appearances were similar between the two groups.
However, in patients with pancreatic TB, EUS typically revealed hypoechoic lesions. However, the
group with adenocarcinoma had some specific aspects compared to patients with TB: advanced age,
high bilirubin levels, significant dilatation of the common bile duct, and sometimes a dilated pancreatic
duct.

EUS elastography can help to characterize the pancreatic mass better and differentiate pancreatic TB
from adenocarcinoma through the demarcated lesion characteristics. In TB, it showed stiffer tissue than
the healthy pancreatic parenchyma. Nevertheless, pancreatic TB and autoimmune pancreatitis have a
similar appearance in elastography. Therefore, EUS elastography has a limited contribution to
diagnosing pancreatic TB[18].

In addition, EUS allows tissue acquisition by FNB or aspiration by FNA to exclude another diagnosis
like adenocarcinoma or autoimmune pancreatitis. At the same time, the endoscopist can perform
multiple biopsies of the abdominal or mediastinal lymphadenopathy and the suspicious pancreatic
masses, even the smaller ones (less than 1 cm) located in the body and tail regions[19]. With these
samples, histopathology can be performed; however, pancreatic fluid culture microbiology
(Ziehl-Neelsen staining and acid-fast bacilli culture) and PCR assay (to detect mycobacterial DNA) are
required to improve the diagnostic yield (up to 76% for TB vs 95% for cancer)[20]. The EUS-FNA has a
good sensitivity (from 85% to 90%) and excellent specificity up to 100%[21].
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Figure 1 Endoscopic ultrasound of pancreatic tuberculosis. A: Image showing a pancreatic lesion respecting vessels (yellow arrow), B: Pancreatic lesion
with central calcification (blue arrow).
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MOSE AND HISTOLOGY

In the past century, surgical procedures were the main tool to obtain tissue or liquid specimens from
pancreatic masses. The development of the EUS with FNA/FNB as a less invasive method has become
the procedure of choice for confirming the diagnosis of pancreatic TB[2].

First, after performing EUS-FNA /FNB, every endoscopist must observe the samples. This MOSE will
assess the adequacy of histologic cores obtained during EUS-FNA /FNB. This evaluation of the quality
and quantity of the core by the operator may help potentially decide the number of passes[22].

Iwashita introduced this concept of MOSE in 2015 when he published his cohort of patients that
underwent EUS-FNA with a 19G needle. In this pilot study, the authors observed better diagnostic yield
when the macroscopically visible core on MOSE was superior to 4 mm][23].

Nowadays, some authors have proposed performing MOSE of the core as an alternative to ROSE,
which requires a cytopathologist's presence[22]. Gaia proposed a classification in his study published in
2022, which included 76 patients performing EUS-FNB for pancreatic and extra-pancreatic solid masses

Table 2)[24].

( Howgver, no studies described the sample's aspect based on the final diagnosis. Diaconu reported a
case of pancreatic TB with a cephalic pancreatic lesion and changes suggesting chronic pancreatitis; the
EUS-FNB revealed purulent material with a positive culture for TB[5]. Therefore, when the EUS-FNA/
FNB shows purulent material, a cytological and bacteriological examination must be performed to
exclude pancreatic TB.

Caseous material was described in tuberculosis as a unique type of tissue aspirate. The gross
appearance can be soft, white, or cheesy-looking (caseating) material[25]. In many studies, cheesy
material was noted as an aspect of tuberculosis at different sites (Table 3)[26-30].

This cheesy-looking appearance was initially reported intraoperatively. However, in the study of
Lakhey, which included 122 patients with tubercular lymphadenitis, the acid-fast bacilli (AFB) positivity
rate of fine needle aspiration cytology was higher when cheesy material was aspirated (82.3%)[29].

In our series, a young patient was presented with a pancreatic mass with central calcification.
Respecting all vessels, EUS-FNB was performed with 3 passes. The core of the first two passes was
cheesy, and the third one was also cheesy but a little bloody (Figure 2). This cheesy appearance leads us
to perform GeneXpert, which can detect MT DNA and resistance to rifampicin. Positive GeneXpert
results and benign-looking histopathology confirmed the diagnosis of pancreatic TB.

A definitive diagnosis of pancreatic TB is commonly based on the microbiological and histopatho-
logical examination of a core obtained directly from the pancreas or the peripancreatic lymphaden-
opathy.

The most common histopathological finding of pancreatic TB on specimens is necrotizing granuloma,
reported in more than 50% of cases[15,31]. It is not specific to pancreatic TB as it occurs in other diseases
such as Crohn's, sarcoidosis, and autoimmune pancreatitis. Contrary to caseous necrosis, multinuc-
leated giant cells and the identification of AFB are more specific[12].

GENXPERT MT OR XPERT MTB/RIF ASSAY

The diagnosis of pancreatic TB is challenging, and histopathology is not always specific. To have a
definitive diagnosis, scientists promoted the development of more sensitive and quick tests such as
interferon-gamma release assays, Xpert Ultra, and Xpert MTB/RIF[32].
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Table 2 Macroscopic on-site evaluation score and sample classification[24]

Score Aspects of the core Classification of the biopsy
0 No material Negative

1 Haematic or necrotic material Acceptable

2 > 1 core tissue with < 2 mm yellowish-white Positive

8 21 core tissue with > 2 mm yellowish-white Positive

Table 3 Sites of tuberculosis with cheesy material

No. of . q ]
Ref. . Presentation Site of tuberculosis Procedure

patients
Yeat et al[26] 1 Pontomedullary junction, ring-enhancing  Brainstem Suboccipital craniotomy

lobulated lesion

Gopakumaretal 1 Retropharyngeal cold abscess Cervical lymphad- Surgical exploration of the parapharyngeal space
[27] enitis by needle aspiration
Ng et al[28] 1 Right adnexal mass Abdominopelvic Exploratory laparotomy
Lakhey et al[29] 122 Lymphadenopathy Fine-needle aspiration cytology
Sahoo et al[30] 1 Pain in the left foot Talus bone Debridement and curettage of the lesion

h

Figure 2 Cheesy macroscopic on-site evaluation (green arrow). A: The core of the first two passes was cheesy; B: The third one was also cheesy but a
little bloody.

Worldwide, the most commonly used molecular test for the diagnosis of TB is Xpert MTB/RIF,
approved by the World Health Organization in 2013. When performed directly in specimens, it can
detect the DNA of the MT complex in biopsies and the rifampicin (RIF) resistance conferred by the rpoB
gene mutation detected by nested real-time PCR within 2 h. This test is generally available in less than
24 h[3,9]. Thus, over the last decade, these molecular tests have played an essential role in controlling TB
[31.

Even if these tools are more commonly performed, their use for the diagnosis of extrapulmonary TB,
especially pancreatic, has not been well studied. In the Panic review, including 166 patients, PCR
confirmed the diagnosis in only 9.6% vs 59.6% for histology[2]. However, in recent studies, PCR is
increasingly used to detect TB rapidly with a higher positive rate (43%-67%)[4,33].

In cases of the human immunodeficiency virus (HIV)- positive patients with AIDS, TB is an extremely
common opportunistic infection[12]. The success rate of FNA under computed tomography scan or
ultrasound guidance in diagnosing pancreatic TB was 50.0% in the Jenney review for non-HIV-infected
patients (37 cases). However, this reported success rate was much lower than the 85.7% rate in HIV-
infected cases in the systemic review of Meesir, which reflects the operator-dependent nature of the
procedure[11,12].

In Morocco, the correct diagnosis of TB is based on histopathology, whereas bacteriology testing is
uncommonly used to confirm TB. In a Moroccan cross-sectional study including 262 patients with
cervical lymph nodes, Xpert tests confirmed the diagnosis of TB in 47.3%[34].
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Table 4 Doses of antitubercular therapy

Drugs Doses (mgl/kg/d) Duration (mo)
Rifampin 10 (8-12) 6
Isoniazid 5 (4-6) 6
Pyrazinamide 25 (20-30) 2
Ethambutol 15 (15-20) 2

Jaishideng®

The study of Mechal, including 714 patients with pulmonary or extrapulmonary TB, analyzed all the
samples using GeneXpert MTB/RIF. Its sensitivity and specificity were almost the same in both groups:
79.3% and 90.3% for pulmonary TB vs 78.2% and 90.4% for extrapulmonary TB, respectively[35].
Therefore, GeneXpert MTB/RIF can be considered the test of choice for diagnosing extrapulmonary TB
because of its high sensitivity and specificity[35].

TREATMENT

Treatment of pancreatic TB, as the other localization, is based on antitubercular therapy (ATT) using 3
or 4 drugs given for 6-12 mo: isoniazid, rifampin, pyrazinamide, and ethambutol (Table 4 )[15].

According to the initial finding, follow-up is based on clinical improvement, weight, radiology, or
endoscopy. Moreover, performing the liver function test is crucial for detecting the hepatotoxicity of
ATT. In pancreatic TB, EUS may also be a good modality for follow-up[33]. These tools allow us to
decide the duration of ATT, even for pancreatic TB, which is usually 6 or 9 mo, depending on the
country. Otherwise, it is suggested to search for other immunosuppression like diabetes and HIV in
these patients[15].

In the presence of a pancreatic abscess, percutaneous or EUS-aspiration should be performed to make
the correct diagnosis and avoid unnecessary surgery. Some patients, even under ATT, can develop
pruritus with cholestatic symptoms or severe cholangitis, and a biliary stent will be placed[10].

CONCLUSION

Isolated pancreatic tuberculosis is an extremely rare site of abdominal TB, often misdiagnosed as
pancreatic carcinoma. Nevertheless, a EUS with pancreatic FNA/FNB is important to confirm the
diagnosis. A calcified lesion with a cheesy core in MOSE must be suggestive of tuberculosis and leads to
the request of the GeneXpert, which can detect MT deoxyribonucleic acid and resistance to rifampicin. A
decent diagnostic strategy is crucial to prevent unnecessary surgical resection and provide conservative
management with antitubercular therapy.

To our knowledge, this is the first review relating the correlation between cheesy core and
tuberculosis and the importance of MOSE in diagnosing this rare disease, a subject to which the authors
wish to draw attention.
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Abstract

The coronavirus disease 2019 (COVID-19) initially presented as a disease that
affected the lungs. Then, studies revealed that it intricately affected disparate
organs in the human body, with the liver being one of the most affected organs.
This review aimed to assess the association between COVID-19 and liver function,
shedding light on its clinical implication. However, its exact pathophysiology
remains unclear, involving many factors, such as active viral replication in the
liver cells, direct cytotoxic effects of the virus on the liver or adverse reactions to
viral antigens. Liver symptoms are mild-to-moderate transaminase elevation. In
some patients, with underlying liver disease, more serious outcomes are
observed. Thus, liver function should be meticulously considered in patients with
COVID-19.

Key Words: COVID-19; Liver injury; Liver disease; Liver manifestations

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Coronavirus disease or coronavirus disease 2019 (COVID-19) is not only a
respiratory illness but it can also affect the gastrointestinal system particularly the liver.
Although the exact pathophysiology is unknown, more serious outcomes are seen when
there is an underlying liver disease. Meticulous attention should be given to liver
function in patients with COVID-19 infection.
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INTRODUCTION

In December 2019, several cases of virus-induced respiratory pneumonia were reported in Wuhan,
China. By March 2020, the virus severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) had
already spread to other countries and infected thousands of individuals worldwide, which made the
World Health Organization to declare a global pandemic. The disease initially presented with
symptoms affecting the pulmonary system. Although some infected individuals could remain
asymptomatic, most individuals with coronavirus disease 2019 (COVID-19) had reported fever, cough,
fatigue, headache, and anosmia as the most common symptoms. However, approximately 15% of
people suffered from severe COVID-19, including pneumonia with respiratory compromise, coagulo-
pathies, strokes, multi-organ failure, and death[1]. Severe COVID-19 was most commonly reported in
elderly people, men, and those with preexisting comorbidities, such as hypertension, diabetes, and
coronary artery disease[2].

Studies showed that the impact of COVID-19 can extend from the pulmonary to other systems in the
body and can affect disparate organs. Extrapulmonary manifestations involved cardiovascular, renal,
gastrointestinal tract, reproductive, nervous, hematologic, and immune system symptoms[3]. The liver
was found to be one of the affected organs following a COVID-19 infection. Several studies of liver
dysfunction and elevated liver function tests such as alanine aminotransferase (ALT) and/or aspartate
aminotransferase (AST) in patients without previous liver disease were reported shortly after the
declaration of the COVID-19 pandemic[4]. For instance, one Chinese study demonstrated that nearly
half of patients manifest liver dysfunction during their illness.

Researchers tried to investigate the possible causes of liver involvement during the COVID-19
infection. Direct hepatotoxicity resulting from the natural evolution of the disease, liver damage from
the medication used for COVID-19 treatment, or the potential role of other comorbidities could be
considered as factors causing liver dysfunction during the COVID-19 infection. Others reported that
ongoing inflammatory processes and hypoxia following the COVID-19 infection may cause liver injury
[5]. Nevertheless, the exact reasons behind liver damage remain unclear. Hence, multiple possible
mechanisms contribute to these manifestations[6].

This review aimed to assess the association between SARS-CoV-2 and liver function, shedding light
on its clinical implication. It also presents a perspective on the appropriate management of patients with
COVID-19 with liver injury.

This narrative review was conducted following the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines (Figure 1). Electronic databases and online sources were
searched up to August 2022 using The Cochrane Library, the Reference Citation Analysis (https://
www.referencecitationanalysis.com/) database, Medline, Embase, and Google Scholar. The following
keywords were combined and used to identify relevant studies: “COVID-19” and “liver” and “liver
injury” and “liver manifestations” and “liver tests.” The articles were reviewed, and duplicates were
excluded. An initial scan for titles and abstracts was performed, and then, full papers were kept for
assessment. We included all articles written in the English language, published within the last 2 years
after the COVID-19 pandemic, and where full texts were available. We excluded gray literature and
studies not written in English.

The results of the literature search are summarized in a PRISMA flowchart (Figure 1). A total of 58
manuscripts were included in this review.

LIVER INJURY DUE TO COVID-19

COVID-19 manifestations are variable, with different clinical presentations, such as myalgia, fever,
fatigue, headache, nausea vomiting, diarrhea, sore throat, nasal congestion, taste and smell
abnormalities, confusion, chest pain, and abdominal pain[7].

The gastro-intestinal gastrointestinal (GI) tract is a prominent extrapulmonary site for COVID-19
involvement. Many patients complain of GI symptoms, such as nausea, diarrhea, and abdominal pain at
the early stages of COVID-19, with studies estimating that number between 10% and 15%[8]. A meta-
analysis of 12797 patients from 11 countries found that diarrhea is the most common GI presentation in
patients with COVID-19 (12%), followed by nausea (9%), vomiting (9%), and abdominal pain (6%)[9,
10]. In critical patients, GI symptoms tend to be more severe, ranging from ileal (55.8%) to bowel
ischemia (3.8%) among other serious complications[10].

WJCC | https://www.wjgnet.com 2190 April 6,2023 | Volume1l | Issuel0 |


https://www.wjgnet.com/2307-8960/full/v11/i10/2189.htm
https://dx.doi.org/10.12998/wjcc.v11.i10.2189
https://www.referencecitationanalysis.com/
https://www.referencecitationanalysis.com/

Identification

Eligibility

Helou M et al. Liver manifestations and COVID-19: A review article

Records identified through
Cochrane, PubMed, Embase,
Google Scholar databases
(n=212)

Records identified
(n=212)

Duplicates removed
(n =18)

Records screened on basis of
title and abstract

(n = 194)
Records excluded
(n =110)
Full-text articles assessed for
eligibility
(n=284)

Studies included in analysis
(n = 66)

DOI: 10.12998/wjcc.v11.i10.2189 Copyright ©The Author(s) 2023.

Figure 1 Prisma flowchart.
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Symptoms may persist throughout the disease course and even after its finished, indicating a possible
direct involvement and viral invasion of the GI tract. Stool samples of up to 50% of hospitalized patients
infected with COVID-19 had the virus detectable in their stool samples, and some of them can still test
positive for the viral for up to 1 wk after viral clearance from the lungs[11]. Histologically, biopsies
taken from the esophagus, stomach, duodenum, and rectum of patients with COVID-19 revealed the
presence of viral ribonucleic acid RNAs[8,11]. As for the liver in infected patients, a polymerase chain
reaction of the liver tissue confirmed the presence of viral deoxyribonucleic acid DNAs[12-14]. COVID-
19 was detected in the cytoplasm of hepatocytes, resulting in mitochondrial swelling, endoplasmic
reticulum system dilatation, and cell membrane impairment[15].

The incidence rate of liver injuries in patients with COVID-19 varies greatly. An abnormal liver
function was defined as an elevation of any parameter (ALT, AST, alkaline phosphatase, gamma-
glutamyl transferase, and total bilirubin). Liver injury is defined as mild (< 2 times upper level of
normal), moderate (2-5 times upper level of normal), and severe (> 5 times upper level of normal)[16,
17]. Studies found that liver injury in patients with SARS-CoV-2 infection is between 14 %-53%[16,17]. In
a retrospective cohort study conducted by Phipps et al[18] on 2273 COVID-19 patients in the United
States, 45% had mild, 21% had moderate, and 6.4% had a severe liver injury[18]. The severity of liver
injury was significantly associated with the severity of the COVID-19 disease[19]. Moderate and severe
liver injury was found to be more common in patients who required admission to the Intensive Care
Unit[18]. However, even asymptomatic infected patients with COVID-19 have the same viral load, and
consequently, liver damage can happen with elevation of liver enzymes, but to a lesser extended than
the severe symptomatic patients[19]. Liver injury is more common in patients with high viral load.
Thus, the risk of initial liver injury may be increased in patients infected with Delta mutations and
having relatively large viral loads[19]. A study by Deng et al[20] compared liver injury in patients with
Delta and Omicron variant-infected patients. The extended of inflammation and liver injury was similar
among the two groups. However, male gender and high peak viral load were independent factors
associated with liver injury[20]. A study conducted in young children with COVID-19 and liver injury
showed that these patients have a milder course with less radiological and laboratory changes
compared to adults[21].

A Chinese study of 1100 patients reported that AST and ALT levels were elevated in 18% and 20% of
patients with non-severe COVID-19, as compared with 56% and 28% of patients with severe COVID-19,
respectively, which can promote AST and ALT elevation of reaching up to 7590 and 1445 U/L,
respectively, in some severe cases[22,23]. In patients with fatal COVID-19, the incidence of liver damage
could range between 58.06% and 78%[24]. ALT elevation tends to peak between days 4 and 17 of hospit-
alization[25,26]. Other symptoms of liver dysfunction are hypoalbuminemia, increased prothrombin
time, elevated serum bilirubin levels, hypoglycemia, and hyperammonemia[16].
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Table 1 summarizes the different types of liver injury seen in COVID-19 patient[22-24,27-35].

PATHOPHYSIOLOGY

The pathophysiology of COVID-19’s impact on the liver remains unclear. Several potential theories
could explain the COVID-19 method affecting the liver.

One theory is that COVID-19 might contribute to liver damage through active viral replication in liver
cells. A suggested mechanism for direct injury is hepatocytes apoptosis. This happens through viral
proteins in specific protein 7a that can trigger cellular apoptosis in the liver but also in different organs,
such as the lungs and kidneys. This cellular destruction is described by Tan et al[25]. Another possible
entry of the virus is through receptors. Three receptors are the most commonly involved in this:
Transmembrane serine protease 2 (TMPRSS2), Furin, and angiotensin converting enzyme 2 (ACE2)
proteins. ACE2 receptors are present abundantly in the liver and the gastrointestinal mucosa. The virus
binds to ACE2 receptors, abundantly present in the liver cells and GI mucosa[26]. The COVID-19 was
detected inside the cytoplasm of the hepatocytes, leading to dilatation of the endoplasmic reticulum
system, mitochondrial swelling, and cell membrane impairment. These receptors are more prevalent in
the bile duct cells (53%) than in the liver cells (2.6%)[36,37]. Liver dysfunction can happen through bile
duct damage more than a direct cytotoxic effect of the virus on the liver[26]. However, even though the
ACE2 receptors are more commonly present in cholangiocytes than hepatocytes, a cholestatic pattern is
less likely observed, and serum aminotransferase elevation is usually the common presentation. A
possible reason for this is that other contributing factors are in cause and can raise the serum
aminotransferase levels in liver injury. As example, a study discusses the possibility of the presence of
co-receptors on the liver or an increase of the ACE2 receptors on liver cell surfaces[15]. This could
explain the damage detected in the livers of patients with COVID-19, who showed signs of
microvascular steatosis on post-mortem biopsies[38].

Another pathway for viral entry is TMPRSS2 found on hepatocytes, cholangiocytes, erythroid cells,
and sinusoidal endothelial cells in the liver. Furin is another transmembrane serine protease that is
present in all cell types[14,15,39]. Viral receptors expression on cell membranes is dynamic, upregulated
by viral entry or even preexisting liver diseases[40].

Liver damage could also be caused by the adverse reactions to viral antigens. Respiratory viruses
such the influenza virus, parvovirus, and respiratory syncytial virus bronchiolitis can all induce liver
dysfunction with mild elevation of the liver enzyme levels to acute liver failure[16]. SARS-CoV-2 is
speculated to affect the liver by SARS-CoV-2 viral antigens, in the form of nucleocapsids and spike
proteins[12].

Immune dysregulation caused by COVID-19 plays a role in liver damage. COVID-19 leads to an
inflammation in the lungs with elevation in serum inflammatory markers and production of pro-inflam-
matory cytokines, such as tumor necrosis factors (TNF-a), procalcitonin, C-reactive protein (CRP) and
interleukins (IL-1, IL-2, IL-6, IL-8, IL-10, IL-17). Interferons are released, initiating a cascade that induces
the expression of genes responsible for antiviral activity and viral replication disruption[41]. However,
the consequence of rapid viral proliferation is a generalized inflammatory reaction with elevated inflam-
matory markers[26,42,43]. This can indirectly contribute to liver damage[26,42,43]. Research conducted
on severe cases of COVID-19 have demonstrated the involvement of granulocyte-colony stimulating
factor, TNF-q, interferon-inducible protein-10, monocyte chemotactic protein 1, and macrophage inflam-
matory protein 1 alpha, T helper 17, CD8 T cells, and IL-2, IL-6, IL-7, IL-10 in the immune response[44].
Moreover, inflammatory reaction and activation of the coagulation cascade resulting in a pro-
thrombotic state in the blood can disrupt the gut vascular barrier and exacerbate liver injury[45].

Hypoxemia can also be a cause of liver injury. Cases of severe COVID-19 generally ends in sepsis
state particularly when patients have gut microbiota imbalance and pre-existing liver disease[44].
Hepatic damage post sepsis is usually associated with shock, cholestasis, drug toxicity, and inflam-
mation[44]. Severe infection with hemodynamic instability and shock compromises blood supply to
vital organs, including the liver. The result is hypoxic ischemia of the liver, characterized by
centrilobular hepatocellular necrosis that can progress to irreversible hypoxic injury[16]. Hypoxemia is
one cause of liver injury with bad prognosis[44]. Recent data shows that hypoxic liver injury in COVID-
19 patients is caused by metabolic acidosis with calcium overloading and abnormality in the
mitochondrial permeability transition pore protein[44].

Hepatotoxic drugs are a common cause of liver injury in COVID-19 patients. Combinations of
antiviral, steroid, and antibiotic drugs were all used to decrease symptom severity and prevent
potentially fatal complications. Since most of these drugs were metabolized in the liver, medications
used for the treatment of COVID-19 can induce liver dysfunction[46]. The rate of drug-induced liver
injury was found to be approximately 25% in a meta-analysis of 20874 patients with COVID-19[47,48].
Remdesivir, tocilizumab, lopinavir/ritonavir, ribavirin, hydroxychloroquine, steroids, and macrolides,
all used for the treatment of COVID-19, can cause hepatotoxicity[49].

Antiviral treatments for COVID-19 are prescribed to approximately 50% of critical patients, and these
drugs cause hepatotoxicity. Evidence suggests that the use of lopinavir or ritonavir can contribute to
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Table 1 Liver injury in coronavirus disease 2019 patients in different trials

Number of . . Patients with
atients Patients with reexisting liver
Ref. P liver injury P g Elevated indicators Mortality
infected with ot damage
COVID-19 P 9 (percentage)
Chenet 99 43 (43.4) - 43 patients had differing degrees of liver 11% (day 24)
al[23] function abnormality. Prothrombin time
increased by 5%, one patient had severe liver
function damage (ALT: 7590 U/L, AST: 1445
u/L)
Wanget 69 42 (60.9) 1(1) Abnormal ALT: 33%; abnormal AST: 28% 7.5% (day 19)
al[27]
Caietal 298 44 (14.8) 8(2.7) Abnormal ALT: 13.1%; abnormal AST: 8.4% 1% (day 55)
28]
Zhang 82 death cases 64 (78.0) 2(24) Abnormal ALT: 30.6%; abnormal AST: 61.1%;  ALT (>40 U/L), AST (> 40
et al[29] abnormal total bilirubin 30.6% U/L), and TBIL (>20.5
mmol/L) increased in 30.6%,
61.1%, and 30.6% cases
Wanget 138 55 (39.9) 4(29) Abnormal ALT: 17.4%; abnormal AST: 22.5%  4.3% (day 33)
al[30]
Lietal 85 33 (38.8) 6(7) Abnormal ALT: 38.8% -
B31]
Yanget 52 15 (28.9) 15 (29) - 62% (day 28)
al[32]
Fanetal 148 75 (50.7) 6(8) Abnormal ALT: 18.2%; abnormal AST:21.6%  0.67% (day 11)
[33]
Huang 41 15 (36.6) 1(2) Abnormal AST: 37% 15% (day 17)
et al[24]
Guanet 67 22 (32) Hepatitis B: 2.1% Abnormal ALT: 21.3%; abnormal AST: 22.2%  22% (day 51)
al[22]
Shietal 81 42 (53) Hepatitis or liver Abnormal AST: 53% 5% (day 50)
[34] cirrhosis in 9% of cases
Xuetal 62 4 (12) 7 (11) Levels of AST increased in 10 (16%) patients 0% (day 34)

[35]

COVID-19: Coronavirus disease 2019; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; TBIL: Total bilirubin.

liver injury in patients with COVID-19, as those with liver injury were found to have higher usage rates
of these medications compared with those with normal livers[33]. Patients treated with lopinavir/
ritonavir show commonly liver damage, and liver injury is 3.58 times greater in patients receiving
treatment compared with patients who did not receive treatment[50]. Liver damage is increased by
12.1% after drug treatment[50]. Ribavirin-induced hemolysis could exacerbate tissue hypoxia and
further liver ischemia and injury. The National Health Commission of the People’s Republic of China
had to stipulate that treatment for long term with these drugs, especially in high doses, can lead to
hepatotoxicity[26]. Remdesivir was approved in May 2020 for the treatment of COVID-19. Remdesivir is
metabolized by Cytochromes P450. The treatment with remdesivir reduces the hospitalization time for
COVID-19 patients and accelerates recovery[44]. In COVID-19 patients treated by remdesivir, reversible
elevations of ALT and AST were found with 6% of patients having a marked increase in AST and ALT
while only 2% having a life-threatening situation[44].

Chinese drugs used by individuals to treat their infections may also induce liver injury[7]. Further,
many patients infected with COVID-19 firstly present with fever, cough, and fatigue; and many of them
self-medicate using antipyretics, such as acetaminophen, a known hepatotoxic medication. Moreover,
herbal products, used for cough or pain, may have a deleterious effect on liver function[7]. Patients with
preexisting liver diseases or chronic hepatitis are more susceptible to drug-induced liver damage, and
thereby, special consideration must be given before prescribing any drug[7].

Figure 2 shows different mechanisms of liver injury in COVID-19.
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Figure 2 Mechanisms of liver injury from coronavirus disease 2019 infection. IL: Interleukin; ACE2: Angiotensin converting enzyme 2; TMPRSS2:
Transmembrane serine protease 2.
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COVID-19 IN PATIENTS WITH CHRONIC LIVER DISEASE

Early evidence denied the likelihood of increased risk of COVID-19 infection in patients with chronic
yet well-managed hepatitis B or C. However, COVID-19 could still affect liver function in these patients
through hepatic decompensation of the already depleted hepatic reserves, and reactivation of hepatitis
viral replication following the immunocompromised state that SARS-CoV-2 induces in these patients
[51]. Furthermore, patients with preexisting liver diseases tend to have co-existing comorbidities, such
as diabetes, hypertension, and cardiovascular disease that also confer higher chances of severe diseases
to these patients. To date, no studies confirmed that patients with liver disorders are at increased risk of
being infected; however, these patients may have other risk factors that may complicate the course of
infection, making it more severe, such as diabetes, anemia, and cardiovascular disorders[49].

Chen et al[52] found that chronic hepatitis B patients are more prone to COVID-19 infection[52];
however, other studies showed that chronic viral hepatitis is not proportional to the severity of COVID-
19 infection[22,53]. Regarding viral hepatitis treatment in patients co-infected with COVID-19, the
American Association for the Study of Liver Diseases (AASLD) recommends to continue the treatment
for hepatitis B and C if already started before the COVID-19 infection and considers initiating hepatitis B
treatment in patients suspected of hepatitis B flare; however, studies are still lacking. Starting the
treatment for hepatitis C in a patient with COVID-19 is not yet routinely warranted.

COVID-19 AND NONALCOHOLIC STEATOHEPATITIS

Nonalcoholic fatty liver disease (NAFLD) was found to be associated with a more severe COVID-19
disease course and protracted viral shedding time[54]. Patients with NAFLD had a higher probability of
disease progression and higher risk of elevating liver tests upon admission to discharge[47]. This could
be caused by hepatic macrophage dysfunction and imbalance between M1 macrophages, promoters of
inflammation and M2 macrophages, suppressers of inflammation observed in patients with NAFLD and
by excessive production of cytokines, such as TNF-a by the adipose and Kupffer cells[38,54].

Obesity was found to increase mortality risks in patients with COVID-19 and was associated with a
higher likelihood of needing invasive ventilation. ACE2 receptors are predominantly found in the
adipose tissues, which might facilitate COVID-19 invasion in the fat tissues. Patients with nonalcoholic
steatohepatitis (NASH) generally have disrupted inflammatory mechanisms, making them more
vulnerable. Thus, close monitoring is advisable in these patients. These deleterious effects are
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compounded when considering that obese patients are also highly at higher risk for NASH[6].

Some studies reportedly undermined NAFLD's role in COVID-19-associated liver damage. A series
of 155 patients hospitalized for COVID-19 infection showed that steatosis (present in 43% of the cases)
was not associated with mortality[55]. A larger study conducted on 745 patients from 29 countries
having chronic liver disease and cirrhosis found that the odds ratio for death in patients with NAFLD
was 1.01 (95% confidence interval: 0.57-1.79)[56].

Mushtaq et al[57] studied 589 symptomatic COVID-19 patients with who were hospitalized in the
state of Qatar. They found that NAFLD predicts mild to moderate liver injury while it does not predicts
mortality, disease severity or disease progression[57].

These inconsistent findings require more, larger studies to assess the presence of increased mortality
risk in patients with NAFLD and NASH infected with COVID-19.

COVID-19 AND PREEXISTING CHRONIC LIVER DISEASE

Patients with chronic liver disease and cirrhosis would be more prone to COVID-19 induced liver injury
than those without preexisting liver damage. A meta-analysis of 5595 patients infected with COVID-19
showed that 3% of patients with preexisting liver disease had higher rates of severe complications
(57.335) and mortality (17.65%) than those without the chronic liver disease[58].

Patients with cirrhosis are known to be a high-risk population and prone to higher rates of mortality
when infected with COVID-19[59]. In a national registry study, Marjot et al[56] found that patients with
cirrhosis had a mortality rate of 32% while patients with no cirrhosis had a rate of 8%, with higher rates
of liver decompensation observed in the former group[56]. Lung injury is the primary cause of death in
patients with COVID-19, and liver dysfunction helps exacerbate this injury[60]. Cirrhosis have been
associated with inflammation and dysregulation of the immune system. This dysregulation may explain
the increased severity and mortality due to COVID-19. Additionally, in cirrhosis, coagulation disorders,
cirrhotic decompensation, cytokine release, and exacerbation of ascites or encephalopathy all strain the
already depleted liver reserves and increase mortality rates[59].

Studies on the impact of COVID-19 on patients with alcohol-associated liver disease (ALD) are
limited[39]. Nevertheless, data show that patients with COVID-19 and alcohol-related cirrhosis also
exhibited increased mortality, a finding consistent with other patients with liver cirrhosis[61]. Kim et al
[62] supported these findings through their study of 867 patients with chronic liver disease having a
COVID-19 infection, demonstrating that patients with ALD had an increased risk of poor survival and
higher risk of mortality rate[62]. ALD is associated with danger-associated molecular patterns that
induce an inflammatory state with cytokine release[63]. In patients with ALD, the superimposed
cytokine storm caused by COVID-19 could increases the inflammatory process and results in worse
outcomes[39].

Hepatocellular carcinoma (HCC) and COVID-19 infection are also associated with poor outcomes.
Chinese patients with underlying malignancies infected with COVID-19 were found to have higher
odds of being infected with SARS-CoV-2 and progressing to more severe disease forms. As in any other
malignancy, HCC is associated with poor immunity and hypoproteinemia, in addition to chemotherapy
that promotes further immunosuppression, leading to the recommendation of deferring locoregional
treatments wherever possible and gradually phasing out immunological anticancer therapies when at
risk of COVID-19 disease[64].

PATIENTS WHO UNDERWENT A LIVER TRANSPLANT

Many centers for liver transplantation had to cut down their procedures because of the COVID-19 crisis.
Yet, current evidence suggests that liver transplant recipients who are on immunosuppressants have the
same fatality rate as the rest of the population[39].

Management of liver transplant recipients infected with COVID-19 is challenging because of drug-
drug interactions and the right immunosuppressant levels. Current evidence supports continuing
immunosuppressive treatment in liver transplant recipients and preventing dose reduction. It remains
unclear whether steroids help liver transplant patients with COVID-19, as it was proven to help hospit-
alized COVID-19 patients[56].

The benefit of vaccination should be heightened in patients with chronic liver disease due to their
imbalanced immune system, from their disease, and immunosuppressive treatment.

TREATMENT OF LIVER DISEASE

The advancement of developing the best therapy for COVID-19 evolves at a high pace. Yet, little is
known about the ideal treatment for liver injury. AASLD recommends continuing treatment of viral
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hepatitis in patients with co-infection with COVID-19 and prevention of hepatitis flare. If steroids are to
be prescribed, the risk of hepatitis flare should be evaluated. Most liver damages caused by COVID-19
infection are temporary and rarely result in liver failure. However, when severe liver dysfunction
increases, prompt assessment, and screening for underlying diseases and previous history of liver
diseases are warranted. Exposure to hepatotoxic agents such as alcohol and drug chemicals should be
examined, as should the circulation and ventilation statuses of the patient.

Liver function tests should be routinely measured to preclude further liver damage. Furthermore,
other etiologies for liver injury should be considered. If AST and lactate dehydrogenase are elevated but
ALT levels are normal, the skeletal muscle or cardiac origin of elevation should be considered. L-
ornithine-L-aspartate could be effective in hepatic encephalopathy with elevated ammonia levels[44].
However this is only used as a complimentary treatment. Probiotics can also be considered, they restore
gut microbiota dysbiosis and prevent any infections. Ursodeoxycholic acid 500 mg/d protect hepatic
function from injury due to its anti-inflammatory and immunomodulating activities. Nevertheless,
further studies are needed to confirm this benefit[5,44]. N-acetylcysteine could be used in COVID-19
patients, it causes obvious drop in inflammatory markers in particular CRP and ferritin levels. In
addition, NAC blocked hemolysis and liver enzyme elevation. Further studies for this treatment are
needed[44].

The treatment of COVID-19-induced liver injury is dependent on the severity of the damage and the
identification and treatment of underlying causes if present. Patients with mildly elevated liver enzymes
do not need hepatoprotective drugs. Patients with severe liver dysfunction require treatment with
hepatoprotective, jaundice-reducing, and anti-inflammatory drugs, such as polyene
phosphatidylcholine, glycyzic acid, bicyclol, and vitamin E. In critically ill patients, special consid-
eration should be taken for the extent of liver injury and the number of medications used. This
minimizes the risk of drug-drug interactions and eschews the risk of aggravating the liver injury by
selecting an antiviral drug with minimal hepatotoxicity. One group of antivirals could be glycyrrhizic
acid derivatives as shown by[65]. Glycyrrhizin has been used for several years as an anti-inflammatory
of choice for liver disease protection.

Inconsistent findings have been reported in the literature on whether anticoagulation increases the
risk of bleeding in cirrhotic patients with COVID-19 since they are excluded from the majority of
published studies related to thromboprophylaxis. However, an Italian multicenter study conducted on
40 patients reassured no increased hemorrhagic risk among cirrhotic patients admitted with COVID-19.

Effects of the COVID-19 vaccine on specific organs, such as the liver and GI tract remain unknown.
Further study is required to evaluate the long-term effects of the vaccine based on the GI tract.

PROGNOSIS

Liver injury in patients with mild COVID-19 is usually transient and does not require treatment. Liver
failure is also rarely reported.

Despite using elevated serum aminotransferases as indicators of liver injury during COVID-19
infection, a direct correlation between elevated liver enzymes and COVID-19 severity could not be
demonstrated. However, patients with severe COVID-19 disease tend to have more elevated liver
function tests than those with mild disease. After recovery, liver enzymes gradually return to their
normal levels. Further noteworthy consequences of COVID-19-induced liver injury, especially for
elderly individuals, include the activation of fibrinolytic and clothing pathways and innate immune
system dysregulation.

The prognostic correlation with elevated liver enzymes remains debatable. No evidence showed that
higher liver enzymes are associated with higher mortality risk. Age, associated comorbidities, and
preexisting alcohol-related liver disease are the main risk factors for poor outcomes[66].

Fan et al[33] concluded in their trial on 148 hospitalized patients that abnormal liver functions are
associated with prolonged hospitalization[33].

Comparable results were drawn from other studies. Wang et al[27] also concluded that the male sex
predisposes to more liver damage[27].

CONCLUSION

Despite the lack of evidence to elucidate the mechanisms of liver injury induced by COVID-19 infection,
this review provides a comprehensive approach to several theories investigated. Further research is
needed to clarify the factors in cause and determine factors that might exacerbate liver injury in COVID-
19 infected patients. Meticulous attention should be kept on the liver of patients with COVID-19
infection, especially during hospitalization. It is not clear yet on how to treat liver damage in patients
with COVID-19 infection. There are no clear guidelines for proper treatment of liver injury in COVID-19
patients. Comparative studies might be needed for better evidence.
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Abstract

Implant-based reconstruction is the most common method of breast recon-
struction. Autologous breast reconstruction is an indispensable option for breast
reconstruction demanding keen microsurgical skills and robust anatomical
understanding. The reconstructive choice is made by the patient after a discussion
with the plastic surgeon covering all the available options. Advantages and
disadvantages of each technique along with long-term oncologic outcome are
reviewed.
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Core Tip: Breast reconstruction can be achieved using autologous and implant-based
techniques. Each method has its indications and contraindications accompanied by
advantages and disadvantages. An astute plastic surgeon should have deep
understanding of the nuances for each technique when consulting patients about
reconstructive breast options.
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INTRODUCTION

Breast reconstruction aims to recreate the breast mound in postmastectomy patients. This can be
achieved using autologous and implant-based techniques. Each method has its indications and contrain-
dications along with advantages and disadvantages. The ultimate decision is made by the patient
through an informed decision when all the options are fully explained. Here, we review implant-based
and autologous reconstructive techniques along with oncologic outcomes.

IMPLANT-BASED RECONSTRUCTION

The most common breast reconstruction method used by plastic surgeons is implant-based
reconstruction which outpaced autologous techniques in early 21*century[1]. General advantages of
implant-based reconstruction are shorter operative time, faster patient recovery and elimination of
donor site morbidity. Disadvantages are capsular contracture, higher rate of infection, implant
malposition, less natural feel, and breast implant illness. Complication rate and failure of implant-based
reconstruction is significantly increased in patients undergoing adjuvant radiation therapy. Autologous
techniques usually remain an option after implant-based reconstruction.

Prosthetic reconstructions can be performed in one or two stages and in immediate or delayed
fashion. Single-stage reconstruction is favored in healthy patients with smaller breasts. A useful adjunct
is use of acellular dermal matrix (ADM) which both provides better definition of the implant and
maintains its position. Important risk factors for complications of prosthetic techniques are smoking,
diabetes, obesity, and large breasts[2-4].

Immediate vs delayed reconstruction

Immediate breast reconstruction preserves native skin envelop and breast borders. It minimizes trips to
the operating room and improves aesthetic outcome and patient satisfaction by minimizing negative
psychological impacts and improving the self-image[5]. On the other hand, delayed reconstruction is
associated with fewer complications such as flap necrosis, capsular contracture, and need for prosthetic
removal. As a rule, immediate reconstruction is better for patients with less comorbidity, early-stage
cancer, and lower body mass index. It is common practice to delay reconstruction in patients with
questionable mastectomy flaps, when close tumor surveillance is needed, and in the setting of planned
adjuvant therapy|[6].

Single- vs two-stage reconstruction

Prosthetic reconstruction can be achieved via direct placement of permanent implant after mastectomy
(single-stage) or placement of tissue expander and later exchange for a permanent implant (two-stage).
Single-stage, a.k.a. direct-to-implant, approach has the advantage of eliminating the need for a second
operation, reducing the risk of infection, and eliminating multiple office visits for device expansion.
Smoking, diabetes, need for adjuvant radiation, and larger breast size are associated with increased risk
of complications after single-stage reconstruction[7]. It is shown that two-stage reconstruction is
associated with an overall decreased absolute rate of implant loss compared to one-stage reconstruction
[8].

ADM is used as an adjunct to prostatic reconstruction to help with defining the mastectomy space,
support the soft tissue, and stabilize the implant[9]. It should be noted that ADM is not yet cleared by
the United States Food and Drug Administration (FDA) for use in implant-based breast reconstruction
and currently wide use of ADM is off-label[10]. ADM is shown to improve aesthetic outcome in both
single- and two-stage reconstruction[11]. ADM use is associated with reduced rate of capsular
contracture[12]. The downside of using ADM is increased risk of postoperative complications especially
infection and seroma formation[13].

Implant selection

There are many options for size, texture, and shape for both expander and implants selection. Expander
options are relatively more limited, and they are available in different heights, base widths, projections,
and capacities. Base width is the most important parameter which should match the width of the breast
footprint on the chest wall. Implants, on the other hand, have more variety to choose from. They can be
saline vs silicone, smooth vs texture, and round vs anatomic.

Although saline implants have a less rigorous surveillance protocol and are easier to detect when
they are ruptured, they are associated with a higher rate of implant visibility and rippling. Silicone
implants more closely resemble the native breast issue, but their rupture is harder to detect and can lead
to capsular contracture. There are data suggesting that the rate of rupture and capsular contracture is
slightly higher in silicone implants compared to saline implants[14]. On the other hand, it is shown that
patients with silicone implants have higher satisfaction, and better psychological and sexual function
compared to saline implants[15].
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Although it might be difficult to clinically differentiate between round and anatomic-shape implants,
shaped implants may result in an improved upper pole shape and better volume[16]. One should keep
in mind that most shaped implants are textured which should be part of the discussion with the patient.

Implant placement

Selection of the plane to place the implant is usually surgeon-dependent. Subpectoral position places the
implant between the pectoralis major muscle and the chest wall, whereas the prepectoral position places
the implant between the skin flap and the pectoralis major muscle[17]. Historically, prepectoral position
was associated with higher complications including capsular contracture and implant exposure but with
improvement in surgical techniques and use of ADM (currently off-label use), these complications are
significantly reduced leading to regaining popularity of the prepectoral implant placement[18]. With
subpectoral positioning of the implant, it is a common practice to create an ADM sling (currently off-
label use) for the exposed part of the implant below the pectoralis major muscle (dual-plane or partial
subpectoral)[19]. Subpectoral implant placement has outpaced the historically higher rate of capsular
contracture with prepectoral implant placement and it is also associated with a higher rate of animation
deformity[17].

Quality of mastectomy flaps is the most important factor in the success of prepectoral implant
placement[20,21]. Although it reduces the morbidity of subpectoral placement and animation deformity,
it should never be performed in questionable mastectomy flaps[22]. In these situations, intraoperative
Indocyanine Green (ICG) imaging can verify adequate blood supply to the mastectomy flaps. Active
smoking, radiation to the field, and medical comorbidities also make prepectoral implant placement a
less desirable option[23]. Tumor characteristics and location should be taken into account when
choosing the appropriate plane for implant placement[24,25].

Special considerations

Need for adjuvant radiation complicates decision-making for prosthetic reconstruction techniques.
Radiation is associated with increased rate of infection, flap necrosis, seroma, capsular contracture, and
reconstructive failure[26,27]. Although some studies have shown no difference in the rate of complic-
ations between radiation of the expander vs the permanent implant in a two-stage reconstruction, the
majority of available data have shown an increased rate of reconstructive failure following radiation of
the permanent implant. Therefore, most plastic surgeons tend to increase the interval between
completion of radiation and exchange to the permanent implant at about six-month interval[28-30].

Timing for radiation in the two-stage reconstruction is usually around 8 wk after tissue expander
placement[28,29]. Rapid expansion starts in about 2 wk after placement of the expander and expansion
is usually completed by the 6™ week to have the patient ready for radiation at the 8" week[31]. Variations
in timing of radiation is described with acceptable outcomes[32,33].

Complication rates of prostatic reconstruction of previously radiated breast can reach up to 50%[34,
35]. Fibrosis and decreased vascularity does not respond well to expansion following radiation leading
to three times increased risk of capsular contracture and reconstructive failure[36]. These risks appear to
be slightly higher in post mastectomy radiation cases. Chemotherapy and hormonal therapy do not
appear to increase the risk of complications following prosthetic reconstruction[37,38].

Complications

Acute hematoma occurs in the first 24-48 h after surgery in up to 3% of implant-base reconstructions
[39]. Surgical drains are not useful for evacuation of blood clots and any hematoma can increase the risk
of mastectomy skin flap necrosis and lead to poor aesthetic outcome. Infection rate can reach up to 8%
following prosthetic reconstruction[40]. Capsular contracture can reach up to 13% in 3 years after
prosthetic reconstruction and risk factors include radiation, hematoma, infection, and silicon rupture.
The best way to prevent capsular contraction is targeting the risk factors at the index operation[41].
Wound dehiscence is another complication (Figure 1). Although data supports the use of preoperative
antibiotic use, there is not sufficient evidence supporting outpatient use of antibiotics to prevent
infection[42].

Oncologic outcome

In a 10-year follow-up study of patients who underwent nipple-sparing mastectomy, of whom about
75% had implant-based reconstruction, not only the overall recurrence rate was low (3.33%) but also no
demographic, tumor-specific or operative factor was found to be associated with increase recurrence
[43]. This is a significant improvement from an earlier study on implant-based reconstruction after
nipple-sparing mastectomy which showed a recurrence rate of 24%[44]. This is in part due to
advancement in cancer treatment and better neoadjuvant and adjuvant treatments.

In a recent systematic review, locoregional recurrence was found to be 0%-7.4% after a median 5-year
follow-up and no increased risk of recurrence with reconstructive method[45]. In a 7-year median
follow-up study, locoregional recurrence in patients with immediate breast reconstruction was found to
be 3.5% and independent from the reconstructive method[46]. In another study of at least 60-mo follow-
up comparing smooth and textures implants, no significant difference was found between the two in
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Figure 1 Wound dehiscence after implant-based breast reconstruction.
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terms of locoregional recurrence[47].

Textured implants were historically used to reduce the rate of capsular contracture and provide a
more stable implant position, but studies have shown a small increased risk of breast-implant-associated
anaplastic large-cell lymphoma (BIA-ALCL) with the use of textured devices[48-50]. Companies such as
Allergan voluntarily recalled some textured implants (no new cases)[51]. This led to FDA scrutiny of
implants and in October 2021, patient decision checklist was mandated as a condition for the sale of
breast implants[52]. More recently, rare cases of breast implant capsule-associated squamous cell
carcinoma (BICA-SCC) are reported which has a worse prognosis[53]. BICA-SCC can mimic BIA-ALCL
but a similar diagnostic approach can be applied to distinguish between the two[54]. These should be
discussed with the patient at the time of consult and during informed decision making for breast
reconstruction. FDA recommends magnetic resonance imaging to detect rupture at 5 to 6 years after
implant placement and then every 2 to 3 years[55]. More cohesive implants are now approved which are
at an increased cohesion level compared to prior gel implants[56].

AUTOLOGOUS RECONSTRUCTION

Despite the fact that the majority of patients undergo implant-base breast construction after
mastectomy, autologous breast reconstruction is the only choice for certain patients and undoubtedly an
option after failure of implant-based reconstruction[57,58]. Patient-related and surgeon-related factors
each play a role in the choice of reconstruction. Using autologous tissue reduces postoperative risk of
infection, implant rupture, capsular contractor, and malposition. Furthermore, autologous technique is

the preferred method in patients expecting to receive radiation therapy or with prior irradiated breast
[59-61].

Preoperative evaluation

Thorough history and physical examination are essential parts of the preoperative evaluation. Patient’s
goals in terms of the reconstruction, and limitation of reconstructive options should be discussed in
detail. Oncologic plan should be elucidated including neoadjuvant and adjuvant chemoradiation.
Special attention should be paid to the tentative future donor site including prior surgeries, scars, skin
quality, and infection. Although majority of patients prefer immediate reconstruction, when
postmastectomy radiation is anticipated, delayed reconstruction is favored. Some microsurgeons elect to
do preoperative imaging to elucidate vascular anatomy, yet many surgeons do not implement
preoperative imaging and instead use pencil Doppler intraoperatively to identify the location of the
perforators[62,63].

Pedicled flaps

Latissimus dorsi flap: The latissimus dorsi (LD) myocutaneous flap is a well-establish pedicled flap for
breast reconstruction. This flap is based on the thoracodorsal vessels, which arise from subscapular
vessels that are branches of the axillary vessels (Figure 2). Medial and lateral branching of the vessels
allows for muscle-sparing procedures. LD is a broad muscle that allows for a wide coverage with or
without a skin paddle. The downside of using LD is that it does not typically providing sufficient
volume which requires combination with prostheses. LD can also be used as a salvage option once other
breast reconstruction options have failed.
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Figure 2 Latissimus dorsi myocutaneous flap based on the thoracodorsal vessels.

Jaishideng®

Pedicled transverse rectus abdominis myocutaneous flap: The pedicled transverse rectus abdominis
myocutaneous (TRAM) flap uses lower abdominal fat and is based on the superior epigastric artery
which is a continuation of the internal mammary artery (Figure 3). It is elevated with the ipsilateral
rectus muscle and tunneled into the mastectomy site. At times, delayed procedures should be
performed by ligating the deep inferior epigastric artery so that choke vessels are recruited and superior
epigastric vessels take over the perfusion of the pedicled TRAM flap[64]. Since harvesting this flap
includes removal of the fascial coverage, closure requires implementation of mesh and there is an
associated increased risk of incisional hernia in this patient population[65].

Free flaps

Commonly used free flaps are discussed below. Recipient vessels are usually internal mammary vessels,
and as an alternative, thoracodorsal vessels can be used. End-to-end venous anastomosis are performed
using vein couplers and end-to-end arterial anastomosis is typically handsewn using 8-0 to 10-0 nylon
sutures.

Abdomen-based flaps: Abdomen-based free flaps are the most common free autologous flaps for breast
construction. Besides extensive clinical experience, these flaps commonly have reliable vascular
anatomy, long pedicles, reduced donor site morbidity, and sufficient soft tissue for breast
reconstruction. Free flaps based on the deep inferior epigastric vessels (branches of external iliac artery)
include free transverse rectus abdominis myocutaneous (TRAM), free muscle-sparing TRAM (ms-
TRAM), and deep inferior epigastric perforator (DIEP). Free flap based on the superficial inferior
epigastric vessels (branches of the femoral vessels) is the superficial inferior epigastric artery (SIEA)
perforator flap (Figure 4). Less than 10% of abdominal-based flaps are superficially dominant[66].

For patients undergoing immediate breast reconstruction, flap harvest can be performed at the same
time of the mastectomy surgery. Flap design is usually inferior to the umbilicus in a lenticular fashion.
Superficial inferior epigastric vessels are isolated at the inferior aspect of the flap during flap elevation
[67]. Most of the perforators needed for DIEP flap are within 10 cm from the umbilicus. Zones of
perforation vary depending on the selected row of perforators[68,69]. For unilateral reconstruction,
midline could be crossed to include the zone immediately adjacent to the midline, whereas this option is
not available when using SIEA flaps.

The dominant perforator can be identified by temporarily clamping other perforators and assessing
the flap while using ICG perfusion imaging. Once the appropriate perforators are selected, anterior
rectus facia is opened, and intramuscular dissection of perforators is carried down to the level of deep
inferior epigastric vessels. If a segment of muscle between the two rows of the perforators is also
harvested, then ms-TRAM flap is created and with complete transaction of the rectus muscle without
preserving continuity, a free TRAM flap is created. The vessels, which typically consist of two veins and
one artery are ligated distal to takeoff from external iliac vessels.

Robotic-assisted DIEP flap breast reconstruction is drawing attention as a new and alternative way to
harvest DIEP flaps due to reduced risk of abdominal wall herniation, bulging, motor weakness and
chronic pain[70]. It is associated with improved visualization, dexterity, ergonomics, and more
importantly decreased size of facial incision[71]. If the length of the intra-muscular section of the pedicle
is more than 5 cm, then it is unclear if robotic-assisted DIEP would reduce the rate of complications
compared to the conventional DIEP approach[72]. This method requires pre-operative vascular imaging
for appropriate planning and the microsurgeon needs to be additionally trained for robotic surgery.
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Figure 3 Pedicled transverse rectus abdominis myocutaneous flap uses lower abdominal adipose tissue and is based on the superior

epigastric artery.

Deep inferior
epigastric artery
and vein

Superficial
inferior epigastric
artery and vein

DOI: 10.12998/wjcc.v11.i10.2201 Copyright ©The Author(s) 2023.

Figure 4 Abdomen-based free flaps are based on superficial or deep inferior epigastric vessels.
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Medial thigh flaps: Medial thigh flaps incorporate gracilis muscle and is an option for construction in
patients with prior abdominoplasty or those with insufficient abdominal tissue[73]. This flap is based on
the medial circumflex femoral artery which is a branch of the profunda femoris artery (Figure 5). The
skin paddle can be oriented transversely in transverse upper gracilis flap, vertically in vertical upper
gracilis flap or as a combination of both. This flap is better for patients with small- to moderate-sized
breasts and the flap artery is usually smaller than the recipient artery.

Posterior thigh flaps: Posterior thigh skin and adipose tissue can be used for breast reconstruction
based on the profunda artery perforator (PAP) flap (Figure 6). PAP flaps provide longer pedicles
compared to medial thigh flaps[74]. This flap is designed as a horizontal ellipse with the superior
incision below the gluteal crease. PAP flap can be harvested in prone position, though, to facilitate two-
team approach, PAP flap is elevated in the lithotomy position.

Gluteal artery perforator flaps: Another option for patients who cannot have abdomen-based flaps is
superior or inferior gluteal artery perforator flaps (SGAP or IGAP). The superior gluteal artery exists the
pelvis above the piriformis muscle and inferior gluteal artery exits the pelvis below the piriformis
muscle[75]. Patients are either positioned laterally or prone which requires positional change intraoper-
atively to inset the flap. Although gluteal artery perforator flaps provide adequate amount of adipose
tissue for breast reconstruction, they often have relatively short pedicle lengths.
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Figure 5 Transverse upper gracilis flap is based on the medial circumflex femoral artery which is a branch of the profunda femoris artery.
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Figure 6 Profunda artery perforator flap carries posterior thigh skin and adipose tissue.
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The decision making about the choice of the autologous flap is based on several factors. First and
foremost is the patient’s choice after providing adequate information so that the patient can make an
informed decision[76]. Anatomical considerations are critical in the decision making about the choice of
the flap. DIEP flaps are harvested in the same position and can allow two teams to work at the same
time[77]. It also provides a reliable pedicle of enough length closely matching the recipient vessels[78].
Donor site comorbidities are acceptable for DIEP flaps. Other choices of free flaps, that are discussed
above, have shortcomings in one or more of these factors such as providing short length of pedicle, need
for repositioning in the OR and increased donor site comorbidities[79]. This is why currently DIEP flaps
are the most favorable free flaps for breast reconstruction[80].

Postoperative care and complications

Post operative protocol can differ from surgeon-to-surgeon and institution-to-institution. Typically,
postoperatively, flaps are kept warm and are evaluated every hour for at least the first 24-48 h.
Examination consists of clinical exam, capillary refill, warmth, color, and pencil Doppler exam if no
implantable Doppler is used. It is common practice to prescribe aspirin as an anti-platelet agent and to
place the patients on venous thromboembolism prophylaxis. During the first 48 h, vascular compromise
due to vessel positioning, hematoma, thrombus formation and compression can be devastating leading
to flap loss. Early vascular compromise equals reoperation for flap salvage.

Other postoperative complications include partial flap loss (Figure 7), fat necrosis, infections
(Figure 8), wound dehiscence, hematoma (Figure 9), and seroma formation. Donor site complications
include infections, seroma, hematoma, wound dehiscence, necrosis, and hernia formation. It is shown
that frailty is a reliable predictor of postoperative complications in autologous reconstruction[81].

WJCC | https://www.wjgnet.com 2207 April 6,2023 | Volume1l | Issue10 |



Malekpour M et al. Breast reconstruction

-

DOI: 10.12998/chc.:/11.i10.2201 Copyright ©The Author(s) 2023.

Figure 7 Partial flap loss with free deep inferior epigastric perforator flap in evolution.
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Figure 8 Infected pedicled latissimus dorsi flap with implant.
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Figure 9 Hematoma of the mastectomy flap following deep inferior epigastric perforator flap breast reconstruction.

Oncologic outcome

Boyed et al[43] performed a 10-year follow-up study on a cohort of patients of whom about 25% had
autologous breast reconstruction and found no association between increased recurrence and operation
[43]. No significant difference is found in terms of locoregional recurrence of cancer between implant-
based and autologous reconstruction[82,83]. Low locoregional recurrence rate (3.5%) after immediate
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autologous breast reconstruction is shown in another study by Wu et al[46] with a median follow-up of 7
years[46].

CONCLUSION

Plastic surgeons have an armamentarium of implant-based and autologous reconstructive options to
manage patients with breast cancer which should be tailormade for each individual patient. Both
options have favorable long-term oncologic outcomes.
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Abstract

Primary hyperparathyroidism (pHPT) is the third most common endocrine
disease. The surgical procedure aims for permanent cure, but recurrence has been
reported in 4%-10% of pHPT patients. Preoperative localization imaging is highly
valuable. It includes ultrasound, computed tomography (CT), single-photon-
emission CT, sestamibi scintigraphy and magnetic resonance imaging. The
operation has been defined as successful when postoperative continuous
eucalcemia exists for more than the first six months. Ongoing hypercalcemia
during this period is defined as persistence, and recurrence is defined as
hypercalcemia after six months of normocalcemia. Vitamin D is a crucial factor for
a good outcome. Intraoperative parathyroid hormone (PTH) monitoring can
safely predict the outcomes and should be suggested. PTH < 40 pg/mL or the
traditional decrease = 50% from baseline minimizes the likelihood of persistence.
Risk factors for persistence are hyperplasia and normal parathyroid tissue on
histopathology. Risk factors for recurrence are cardiac history, obesity, endoscopic
approach and low-volume center (at least 31 cases/year). Cases with double
adenomas or four-gland hyperplasia have a greater likelihood of persistence/
recurrence. A 6-mo calcium > 9.7 mg/dL and eucalcemic parathyroid hormone
elevation at 6 mo may be associated with recurrence necessitating long-term
follow-up. 18F-fluorocholine positron emission tomography and 4-dimensional
CT in persistent and recurrent cases can be valuable before reoperation. With
these novel advances in preoperative imaging and localization as well as intraop-
erative PTH measurement, the recurrence rate has dropped to 2.5%-5%. Six-
month serum calcium > 9.8 mg/dL and parathyroid hormone > 80 pg/mL
indicate a risk of recurrence. Negative sestamibi scintigraphy, diabetes and
elevated osteocalcin levels are predictors of multiglandular disease, which brings
an increased risk of persistence and recurrence. Bilateral neck exploration was
considered the gold-standard diagnostic method. Minimally invasive
parathyroidectomy and neck exploration are both effective surgical techniques.
Multidisciplinary diagnostic and surgical management is required to prevent
persistence and recurrence. Long-term follow-up, even up to 10 years, is
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necessary.
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Core Tip: Surgical intervention can permanently cure primary hyperparathyroidism. Advances in
preoperative imaging and localization as well as intraoperative parathormone monitoring have
significantly reduced the rates of persistence and recurrence. The criteria for reoperation must be stricter
and based on biochemical confirmation of the diagnosis, review of preexisting data, and positive imaging
findings. However, diagnosis and treatment are multidisciplinary tasks. The final decision about
reoperation and its procedure should be made by an experienced endocrine surgeon. In any case,
preoperative assessment of recurrent laryngeal nerve function and intraoperative measurement of
parathyroid hormone are necessary.
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INTRODUCTION

Basic prerequisites in parathyroid surgery are the ability to identify the parathyroids, the deep
knowledge of their anatomical location and its wide spectrum of variations, and the ability to
distinguish between a normal and pathological gland. The superior parathyroids in 85% of cases are
located within a radius of 1 cm from the inferior angle of the thyroid, while inferior parathyroids in
more than 50% of cases are located in the lower third of the junction between the posterior end of the
thyroid gland and the anterior part of the thymus gland or within it, within the mediastinum, or even
within the thyroid parenchyma. The exact anatomical location of the parathyroid glands comes in six
recognized types, as shown in Table 1[1]. The anatomical location of the supernumerary parathyroid is
located below the thyroid in the remnants of the thymus (two-thirds of cases) or near the thyroid,
usually between the other two parathyroids (one-third)[1,2].

Primary hyperparathyroidism (pHPT) is the third most common endocrine disease[3], with ongoing
incidence and 100000 new cases annually in the United States[4]. It is sporadic (90%-95%) and
hereditary (5%-10%) and is associated with multiple endocrine neoplasia (MEN) syndromes. Its causes
include mainly single parathyroid adenoma (PA) (80%-85%), double adenoma (4%-5%), diffuse
hyperplasia (10%-15%) and parathyroid cancer (< 1%), as shown schematically in Figure 1[5]. Cure has
been defined as the restoration of calcium levels (normal homeostasis) lasting six months at a minimum
[3].

Cure rates currently range between 95% and 99%[3,6,7]. However, normocalcemia before the initial
operation exists in 10% of pHPT[8,9]. Patients with pHPT with normal calcium levels but persistently
high PTH values after parathyroidectomy should be evaluated for possible secondary HPT or recurrent
disease[7].

Persistent hyperparathyroidism (P-HPT) is defined as the condition where calcium either does not
return to normal values or rises again within 6 mo of the initial parathyroidectomy for pHPTI[8]. It is
mainly due to failure to remove an overactive parathyroid (adenoma or unrecognized parathyroid
hyperplasia)[8,10,11]. Recurrent hyperparathyroidism (R-HPT) occurs when calcium increases beyond
normal limits after at least 6 mo of normal values after the initial parathyroidectomy for pHPT. It is due
to untreated parathyroid hyperplasia, parathyroid carcinoma (PC) or metastasis, autograft hyperplasia
or parathyromatosis[3,6,12]. The latter (benign diffused multiple nodules of hyperfunctioning
parathyroid tissue in the neck and superior mediastinum) is a very rare cause of R-HPT[13,14].

The causes of P-HPT/R-HPT are adenoma (68%), parathyroid hyperplasia (28%), PC (3%), and other
causes (1%, parathyromatosis, autograft relapse), as shown schematically in Figure 2[9]. Cases with
double adenomas or four-gland hyperplasia have a higher likelihood of P-HPT/R-HPT[15]. The ectopic
locations of PA (approximately 0.3%-8%) include the hypoglossal nerve, the posterior triangle of the
neck, the axilla, the mediastinum, the pericardium[16], the thymus gland[2] and thyroid gland[17].

Risk for persistence constitutes hyperplasia and normal parathyroid tissue on the histopathological
report[3]. Additionally, measuring parathyroid hormone and calcium in the early postoperative period
(after two weeks) may better predict later recurrent pHPT[18]. However, a postoperative increase in
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Table 1 Anatomical location of the parathyroid glands

Type Location

Al Attached to the thyroid capsule

A2 Partially or completely embedded in the thyroid gland but outside the capsule

A3 Within the thyroid parenchyma

Bl Peripheral, existence of a natural gap space between parathyroid and thyroid gland
B2 Within the thymus gland

B3 Blood supply from thymic or mediastinal vessels

M Single parathyroid adenoma
[ Double adenoma
[ Diffuse hyperplasia

Parathyroid cancer

DOI: 10.12998/wjcc.v11.i10.2213 Copyright ©The Author(s) 2023.

Figure 1 Causes of primary hyperparathyroidism. Single parathyroid adenoma (80%-85%), double adenoma (4%-5%), diffuse hyperplasia (10%-15%),
parathyroid cancer (< 1%).

I Adenoma
I Parathyroid hyperplasia
| Parathyroid carcinoma

Other causes, /.e. parathyromatosis,
autograft relapse

DOI: 10.12998/wjcc.v11.i10.2213 Copyright ©The Author(s) 2023.

Figure 2 Causes of persistent-recurrent primary hyperparathyroidism. Adenoma (68%), parathyroid hyperplasia (28%), parathyroid carcinoma (3%),
other causes: i.e. parathyromatosis, autograft relapse (1%).

PTH does not always indicate P-HPT/R-HPT; rather, it may be due to vitamin D insufficiency, mild
renal failure, hyperfunction of previously suppressed parathyroid glands, unrecognized familial
hypercalciuric hypocalcemia, and increased bone redistribution of calcium[18]. Subsequently,
preoperative 25-hydroxyvitamin D level must be assessed especially in patients without severe
hypercalcemia, and must be corrected if low for a good outcome[19].

Bishidenge WVJCC | https://www.wjgnet.com 2215 April 6,2023 | Volume1l | Issue10 |



Pavlidis ET et al. Persistent and recurrent pHPT

Jaishideng®

The incidence of P-HPT/R-HPT was approximately 30% in 1990. Today, with the ongoing advances
in preoperative parathyroid imaging, implementation of intraoperative PTH monitoring (IPM), and
avoidance of bilateral neck exploration (BNE) to locate the parathyroids, this percentage ranges between
2.5%-5%[12]; however, in recent reports, it was higher than traditionally described, reaching up to 10%
or even 14%[8]. The predictors of P-HPT/R-HPT occurrence are shown in Table 2[12]. Transient
hypercalcemia in the early postoperative period does not predict persistent pHPT, since it exists at a rate
of almost 10% after successful parathyroidectomy, which in most cases is normalized within two weeks
[20].

In this minireview, we evaluate the current management options for failure after surgery for pHPT,
highlighting the updated knowledge by selecting and focusing on the most relevant articles from
PubMed.

DIAGNOSIS

Multidisciplinary diagnostic and surgical management is required to prevent persistence and
recurrence. The preoperative localization imaging of the initial operation is of great importance. It can
include ultrasound (US), computed tomography (CT), single-photon emission CT (SPECT) and
sestamibi scintigraphy[21].

The preoperative evaluation of P-HPT/R-HPT includes confirmation of the diagnosis, review of
preexisting data, stricter indications for reintervention, and diagnostic imaging[7]. Confirmation of the
diagnosis can be made by the following: (1) All biochemical data before and after the initial operation
should be rechecked; (2) checking for medications that affect calcium metabolism (e.g., lithium, thiazide
diuretics); (3) detailed checks for elevated PTH from another cause, as mentioned above (e.g., renal
failure, vitamin D deficiency); (4) taking a detailed family history for MEN (MEN1, MEN2A); and (5)
investigation of possible parathyroid cancer and/or parathyromatosis[7].

The review of preexisting data is based on previous imaging scans, details of the operative report,
histopathological findings and even re-evaluation of paraffin blocks[12].

Diagnostic imaging

Diagnostic imaging includes US, sestamibi scintigraphy +/- SPECT, 4-dimensional (4D) CT or magnetic
resonance imaging (MRI) and elective venous catheterization. The introduction of an iodine-containing
contrast is contraindicated in cases where there is a decrease in the filtration function of the kidneys[12].

Normal parathyroid glands are typically not visible on US due to their small size (2-3 mm). The
advantages of US include no exposure to radiation, low cost, easy availability and simultaneous
checking of the thyroid gland. Its disadvantages are decreased resolution with high body mass index,
which depends on the sonographer’s experience, limited visibility in parathyroid hyperplasia and low-
lying upper or inferior glands[7]. A meta-analysis has shown a sensitivity of up to 79%[22]. This falls to
35% in cases of parathyroid hyperplasia[23]. Specificity in some centers reaches 96%[24]. In combination
with sestamibi or 4D-CT, US has the optimal cost benefit ratio[25]. The combination of US and sestamibi
significantly increases the sensitivity for identifying an adenoma compared to each method alone;
however, it remains low in cases of parathyroid hyperplasia, at 30%-60%[7].

Sestamibi scintigraphy is based on the differential uptake and retention of the radiotracer in
mitochondria-rich cells. Its advantages include assessment of deep-neck-located or ectopic parathyroid
even in the mediastinum, low radiation exposure and ability to assess parathyroid tissue autografts. Its
disadvantages are weaker assessment of the thyroid gland, possible false-positive results from thyroid
nodules and reduced effectiveness in parathyroid hyperplasia[7]. There are several protocols that use
sestamibi (dual-phase, I'* subtraction, SPECT, and 4-D SPECT-CT imaging) with various strengths and
weaknesses[26].

SPECT imaging provides 4-D imaging with a sensitivity of 79% (range 45%-92%). It is useful for
detecting posteriorly located adenomas of superior parathyroids that are usually obscured by thyroid
uptake. According to a meta-analysis, its sensitivity is reduced significantly in cases of parathyroid
hyperplasia (44%) or double adenoma (33%)[23]. Additionally, the sensitivity of SPECT depends on the
weight of the affected gland. If it is more than 500 mg, the sensitivity will be 93%, whereas if it is less
than 500 mg, it will fall to 51%[27]. Typically, a PA is characterized by the rapid uptake of contrast
medium and thus the relative elimination of its distribution to the thyroid and surrounding tissues. The
advantages of 4D-CT include the accurate anatomical detail and functional condition of the parathyroid
whether it has a normal or ectopic position, its being the only method that can identify normal
parathyroids and its greater sensitivity for parathyroid hyperplasia compared to other methods (62.5%-
85.7%). Its disadvantages are the cost, greater exposure to radiation, limited availability and access-
ibility, and the requirement of specialized personnel to interpret the results[7]. According to another
meta-analysis, it has a sensitivity of 89%[22]. In a direct comparison, the sensitivity of 4D-CT (88%) is
superior to that of US (57%) and sestamibi (65%)[28].
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Table 2 Predictors of persistent/recurrent hyperparathyroidism occurrence

No. Predictor

1 Age>70
2 Obesity

8 ASA score 3

4 Low hospital case volume (1 < 50/ yr)

5 Inadequate surgeon’s experience

6 Ambiguous scintigraphy results with Sestamibi

7 Primary disease (single adenoma < double adenoma < parathyroid hyperplasia)

8 Surgical strategy (not recognizing the pathological gland, not applying bilateral cervical exploration in case of inadequate PTH reduction intraoper-

atively)

P-HPT: Persistent hyperparathyroidism; R-HPT: Recurrent hyperparathyroidism; PTH: Parathyroid hormone.

Jaishideng®

Initial imaging

For the initial imaging of parathyroids, US of the neck is recommended to identify parathyroid disease
and assess possible coexisting thyroid pathology. An experienced clinician should decide which other
imaging modality to use, depending on the capabilities available in each center or region[7]. In
reoperative parathyroid imaging, at least one positive preoperative imaging is necessary to plan the
reoperation, as abnormal glands may also be ectopic. Otherwise, there is a fourfold greater likelihood of
failure. Some surgeons require one positive imaging test, while others require two positive imaging tests
before reoperation[29]. 4D-CT has a higher sensitivity (88%) than Sestamibi scintigraphy (54%) in
reintervention[30]. In a study of 90 patients with reoperation, there was 90% concordance between 4D-
CT and surgical findings, while the concordance between other imaging and surgical findings was only
63%, with a shorter operating time (76 min vs 114 min). Its efficiency in reoperations, especially in
difficult undiagnosed-by-sestamibi cases and hyperplasia, along with its growing use in recent years,
makes it the first choice imaging method for P-pHPT and R-pHPT[31].

Imaging before reoperation

The two most commonly used preoperative diagnostic tools are neck US and scintigraphy. The latter is
typically performed using the radiotracer technetium-99m-sestamibi in combination with SPECT plus
4D-CT if needed, which may be more cost-effective[25]. In cases of P-pHPT/R-pHPT, positron emission
tomography (PET)/CT can detect a hyperfunctioning parathyroid with accuracy and has been proven to
be better than 4D-CT. Therefore, 18F-fluorocholine PET/CT has been recently advocated before
reoperation[32-34].

A recent study demonstrated that in addition to US and myocardial perfusion imaging (MIBI),
noncontrast 3-Tesla MRI further increased the preoperative localization of pHPT (sensitivity of 92.0%)
[35].

A scheme of the diagnostic approach is shown in Figure 3.

Despite the above, although it can be risky, no preoperative routine imaging protocols to reduce the
cost, only intraoperative PTH measurement, have been advocated for pHPT with a skilled surgeon and
without previous neck surgery[36].

Invasive imaging

While noninvasive imaging methods are preferred, invasive methods play a selective role. In contrast to
what happens in the initial surgery, in reoperation, US-guided fine needle aspiration of the suspected
parathyroid gland preoperatively may be useful by providing cytology and PTH levels. Its potential
complications are hematoma, parathyromatosis and the spread of cancer cells. Thus, it is only
recommended in selected cases[7,9].

Selective venous catheterization is rarely used and is impossible if there has been ligation of the
thyroid and parathyroid vessels. Catheterization of the femoral vein and assessment of PTH in venous
blood drained from the cervix and mediastinum can identify the side where the pathological gland is
located. Its sensitivity in P-HPT/R-HPT is 83.3% for solitary adenomas and 91.6% for parathyroid
hyperplasia. However, it is expensive, requires expertise and is associated with inguinal hematoma and
vascular injuries[7].

Genetic diagnosis
There are rare cases of atypical tumors[37] or atypical PA (APA) with an ambiguous potential for
malignancy that have a good prognosis in the vast majority, but mutations in the CDC73 gene are
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Diagnostic approach for persistent or recurrent pHPT

Biochemical evaluation (calcium, PTH)

Ultrasound, Sestamibi scintigraphy
or/SPECT plus MRI

4D-CT or PET/CT (18F-fluorocholine)
before reoperation

Genetic diagnosis in ambiguous
cases and MEN syndromes

DOI: 10.12998/wjcc.v11.i10.2213 Copyright © The Author(s) 2023.

Figure 3 Scheme of diagnostic approach for persistent or recurrent primary hyperparathyroidism. pHPT: Primary hyperparathyroidism; PTH:

Parathyroid hormone;

emission tomography.

Jaishideng®

SPECT: Single-photon emission computed tomography; MRI: Magnetic resonance imaging; CT: Computed tomography; PET: Positron

related to high P-HPT/R-HPT[38,39]. Flow-cytometric DNA analysis has been recommended in such
cases[40], especially in the context of MEN syndromes[41]. CDC73 gene mutations are not involved in
the tumorigenesis of sporadic APA[38]. KMT2D might be a novel candidate driver gene that can be used
as a diagnostic biomarker for PA. However, CDC73 mutations can be an early developmental event
from PA to PC[42]. Germline mutations in CDKIs (the CDKN1B gene and CDKN2C gene) should be
included in the genetic testing of patients with pHPT[43].

Other diagnostic tools
In resected specimen biopsy, hypercellularity of an otherwise normal parathyroid does not indicate
multiglandular disease related to hyperfunction[44].

In a multicenter study, two preoperative mathematical models predicted adenoma, atypical adenoma
and PC with reliability, thus determining the choice of surgical plan[45].

MANAGEMENT

The surgical operation aims for permanent cure[21,46]. However, recurrence has been reported in 4%-
10% of surgery patients[8]. The extent of surgical resection in pHPT depends on its cause. Removal of
the enlarged gland is the indicated surgical technique in adenoma, the most common case. The surgical
strategy in diffuse hyperplasia includes either subtotal parathyroidectomy (removal of 3.5 glands) or
total parathyroidectomy and autotransplantation of thin pieces (n = 10-15) of parathyroid tissue in the
forearm. The operative strategy in carcinoma includes the unblock removal of the affected gland with
the corresponding thyroid lobe and surrounding tissues[9]. A scheme of the treatment approach is
shown in Figures 4 and 5.

Ipsilateral cervical exploration has been recommended because the majority of cases are due to an
adenoma, there is a possibility of preoperative identification of the responsible gland, and it is possible
to quickly determine the parathyroid hormone levels. Its advantages ensure a limited extent of the
surgical wound, shorter operation and reoperation on the contralateral intact side if needed. Its
disadvantages include the limited effectiveness in the presence of supernumerary glands and the
possibility of double adenoma[4,9]. With the current advancements in diagnostic adjuncts for accurate
abnormal parathyroid localization, surgery has moved from BNE to a focused open parathyroidectomy
or unilateral neck exploration as well as to a minimally invasive parathyroidectomy (MIP) that
necessitates even more accurate preoperative localization[22,25,47-49].

Outcomes

The success rate of surgical treatment is more than 95% in experienced hands[4,10]. The causes of its
failure are shown in Table 3[9,12]. In the following studies, the recurrences occurred a long time after
the first intervention. This means that the tumors probably developed de novo during the follow-up
period and were not missed during the first operation.

A study from the United States including 345 patients who underwent surgical intervention for
pHPT, either single-gland resection (79%) or bilateral cervical exploration (38%), found that persistent
hypercalcemia (9%) and recurrent hypercalcemia (14%) were transient mainly for other reasons, while
only 3.2% of them required reoperation (median time to recurrence 12.2 years)[8]. Likewise, a more
recent study from the United Kingdom including 404 patients with pHPT who underwent successful
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Table 3 Causes of operative treatment failure for primary hyperparathyroidism

No. Cause

1 Failure to recognize histopathological lesion
2 Supernumerary (5 parathyroid

3 Ectopic site of responsible parathyroid gland
4 Carcinoma or spread of adenoma parts

5 Inadequate experience of the surgeon

6 Insufficient cooperation with pathologist

Treatment approach for persistent/recurrent pHPT
(adenoma)

Open or endoscopic parathyroidectomy Removal of affected gland (adenoma)

Intraoperative PTH measurement

Exploration for ectopic sites (thyroid, thymous,
superior mediastinum)

Ipsilateral cervical exploration plus

lobectomy if PTH persists Bilateral cervical exploration if PTH persists

DOI: 10.12998/wjcc.v11.i10.2213 Copyright ©The Author(s) 2023.

Figure 4 Scheme of treatment approach for persistent or recurrent primary hyperparathyroidism (adenoma). pHPT: Primary
hyperparathyroidism; PTH: Parathyroid hormone.

Treatment approach for persistent/recurrent pHPT
(difusse hyperplasia)

Open or endoscopic parathyroidectomy Subtotal parathyroidectomy/autotransplantation

Intraoperative PTH measurement

Relapse after autotransplantation and positive Casanova
test-removal of some transplants

DOI: 10.12998/wjcc.v11.i10.2213 Copyright ©The Author(s) 2023.

Figure 5 Scheme of treatment approach for persistent or recurrent primary hyperparathyroidism (diffuse hyperplasia). pHPT: Primary
hyperparathyroidism; PTH: Parathyroid hormone.

MIP had a long-term follow-up (median 6.5 years) with normocalcemia in 96% of cases; 3.85% had
biochemical recurrence after 5 years (median 7.7 years), and only one patient had persistent
hypercalcemia[50]. Another recent study from the United States including 261 patients after successful
parathyroidectomy for pHPT reported a 10.7% late recurrence rate (up to 17 years, median time 6.5
years) and an 89.3% cure rate of recurrences. Multivariate analysis found calcium 2 9.7 mg/dL and
normocalcemic PTH increase as independent risk factors for late recurrence at six months[4]. Another
retrospective trial including 196 patients found recurrence of 14.8% (median time 6.3 years), but 34.5%
of recurrences occurred later (> 10 years), without a difference between open parathyroidectomy and
MIP[51]. The above findings necessitate a long-term postoperative follow-up. Additionally, concerns
about the efficacy of preoperative US and sestamibi scintigraphy alone provide more argument in favor
of additional BNE again.

A recent large study from Taiwan including 522 patients after parathyroidectomy (mostly MIP) with
a median follow-up of 2.5 years found, by multivariate analysis, that age > 66.5 years, serum calcium >
9.8 mg/dL and parathyroid hormone > 80 pg/mL at 6 mo were risk factors for recurrence (rate of 2.5%);
after MIP, the discrepancy of at least one preoperative imaging study with intraoperative findings was a
risk factor[47].

A recent nationwide French study including 13247 patients after focused parathyroidectomy by either
open surgery (88.7%) or MIP (11.3%) found that the cure rate was 97.3% for the former and 96.5% for the
latter; the need for reoperation was 2.8% at two years. The predictive risk factors for failure of the initial
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parathyroidectomy and the need for reoperation shown by the multivariate analysis were cardiac
history (congestive heart failure, arrhythmias, and valvular disease), obesity, endoscopic approach, and
surgery at a low-volume center (at most 31 cases per year)[46].

A meta-analysis of 70 studies with 9643 patients undergoing MIP and 38 studies with 2471 patients
undergoing open BNE confirmed the effectiveness of both operative methods for the management of
pHPT. Comparing BNE vs MIP, the cure rates were 98% vs 97%, bleeding rates were 0.9% vs 0.1%
[statistically significant (SS)], postoperative (short-term and long-term) hypocalcemia 13.6% vs 2.3% (SS),

laryngeal nerve injury 0.9% vs 0.3% (SS), infection 0.5% vs 0.5% and mortality 0.5% vs 0.1%, respectively
[52].

Useful recommendations

In patients with histologically large normal parathyroid and pHPT, a controversial issue, excision
exhibits a beneficial effect on PTH levels despite the higher risk of P-HPT/R-HPT than in adenoma or
hyperplasia; thus, these patients need stricter biochemical postoperative follow-up[53].

Stricter indications for reoperation for P-HPT/R-HPT have been recommended because it may cause
fibrosis, alteration of normal anatomy and complications. These indications are determined by the
presence of severe features, i.e., persistent clinical musculoskeletal or neuropsychiatric symptoms,
nephrolithiasis, nephrocalcinosis and osteoporosis[8,9,17,47]. According to the guidelines of the
American Association of Endocrine Surgeons, in the above indications are added to serum calcium > 1
mg/dL above the normal upper value and young age (< 50 years)[47].

It has been reported that reoperation is linked with significantly lower cure rates (82%-98%) and
higher rates of hypoparathyroidism (5%-8%) and recurrent laryngeal nerve palsy (15%) than initial
parathyroidectomy|[7]. Thus, rechecking nerve function preoperatively is mandatory. Intraoperative
neuromonitoring is also a useful tool[9].

The cervical endoscopic approach for adenoma located at the posterior mediastinum is a current
preferable safe choice[54].

A normocalcemic PTH increase may occur after parathyroidectomy for pHPT. This may be caused by
higher preoperative PTH, vitamin D deficiency, and lower creatinine clearance. Postoperative calcium
and vitamin D administration have been recommended in such cases[55].

The size of an adenoma (dwarf < 300 mg or giant > 3000 mg) does not affect the outcomes of
parathyroidectomy, which is indicated for all dwarf adenomas, while giant adenomas do not have
malignant behavior[56].

It has been postulated that the success of parathyroidectomy is reflected in a decrease in the
neutrophil-to-lymphocyte ratio and platelet-to-lymphocyte ratio by its modulatory effect on systemic
inflammation[57].

Multiglandular disease (its predictors by multivariable analysis are negative sestamibi scintigraphy,
diabetes and elevated osteocalcin) is associated with a higher risk of intraoperative complications and P-
pHPT/R-pHPT. The parathyroid glands are associated with glucose metabolism. PTH, insulin and
osteocalcin interact by modulating insulin secretion and peripheral lipolysis[58].

After parathyroid tissue autotransplantation, usually in the forearm for diffuse hyperplasia and
pHPT, graft recurrence indicates reoperation that is difficult, requiring much caution, but first, a
recurrence in the neck or mediastinum must be excluded[12]. For this, the Casanova diagnostic test is
useful. A tourniquet is applied to the arm, causing ischemia for 15 min, and PTH is measured. The test
is positive when the PTH level is decreased to > 50% of the preischemic value at 10 min after the end of
ischemia. A decrease of < 20% indicates a negative test[59].

The use of cinacalcet reduces PTH production and is limited in persistent-recurrent pHPT. It is mostly
used in patients with high surgical risk or as short-term operative preparation in patients with high
calcium levels (= 12 mg/dL). Antiresorptive drugs can also be used in the conservative management of
patients with P-pHPT/R-pHPT[60]. Other than surgery, which is the gold standard for P-pHPT/R-
pHPT, microwave ablation or ethanol ablation has been reported, but they might have a place mainly in
parathyroid cancer spread or parathyromatosis[12]. In a recent comparative study, microwave ablation
had comparable results with parathyroidectomy but a shorter procedure time and smaller incision[61].
Likewise, radiofrequency ablation was safe and effective, ensuring a cure rate of 98% and a recurrent
HPT rate of 2%[62].

INTRAOPERATIVE TOOLS FOR PARATHYROID IDENTIFICATION

Several useful intraoperative tools facilitate accurate parathyroid assessment, but no tool can replace the
surgeon's judgment and experience. The following constitute the available choices[7-9].

The confirmation of parathyroid tissue removal is achieved either by IPM, which is preferable, or by
frozen section histopathological examination or ex vivo aspiration of the resected parathyroid tissue to
confirm the presumed parathyroid tissue intraoperatively[7]. IPM is considered to indicate successful
parathyroidectomy when 10 min after excision it is decreased by = 50% from its highest value before
excision (Miami sole criterion, often used) or the latter plus a drop to a normal value (dual criteria)[63,
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64]. IPM < 40 pg/mL minimizes persistence as the final PTH will fall < 65 pg/mL[65]. Intraoperative
PTH monitoring can safely predict the outcome (accuracy at six months 98% at least), even in patients
with normohormonal HPT (8%)[6]. In a comparative study, patients who underwent reoperation with
the use of IPM and without it showed normal calcium levels postoperatively in 94% and 74%,
respectively[66]. A recent meta-analysis of 28 studies with a total of 13323 patients documented that
IPM reduces both persistent and recurrent pHPT and so must be used[67]. However, IPM in MIP in
patients with positive and concordant preoperative ultrasonography and sestamibi scintigraphy is still
under debate because, on the one hand, it costs more and increases the operating time and conversion
rate; on the other hand, IPM may contribute to an increase in the cure rate to 97.6% from 93.3%[68].

Visual identification of parathyroid can be achieved by near-infrared autofluorescence angiography
(infrared spectroscopy)[69,70] or indocyanine green (ICG) angiography[70-72], both with high
sensitivity of up to 82% and 81%, respectively[70].

The anatomical localization of the parathyroids by intraoperative US, bilateral jugular venous
sampling, or radioprobe guidance is another available choice[73]. Identification using trackers is based
on carbon nanoparticles (when they are collected and deposited in the lymph nodes, the thyroid, and
the drainage area of the lymph node will be painted black)[74] or radioprobe guidance[9,75]. It is based
on the use of technetium-99m sestamibi for intraoperative identification of hyperactive parathyroids[9].
The tracer is injected 1-2 h before surgery. The surgeon with a handheld gamma camera detects the
gamma radiation. Confirmation of resection of parathyroid tissue is indicated by high radioisotope
concentrations. However, it has low specificity because the radioisotope is also taken up by the thyroid
and cardiac tissue.

Recurrent laryngeal nerve monitoring is valuable for identification and preservation, thus avoiding
injury and palsy[76,77].

Autotransplantation and cryopreservation should be considered when hypoparathyroidism occurs
after parathyroidectomy or when the target parathyroid in reoperation is the only viable parathyroid
tissue remaining[78].

CONCLUSION

Much progress has been made in the management of pHPT over the last few years. Parathyroidectomy
for pHPT can offer a permanent cure, and its success depends on accurate preoperative localization.
Preoperative ultrasonography and technetium-99m sestamibi scintigraphy-SPECT in addition to 4D-CT
or PET/CT should be done if needed. This in combination with intraoperative parathyroid hormone
monitoring and other novel localization adjuncts has contributed greatly to accurate parathyroid
assessment, leading to a significant decrease in persistent and recurrent hyperparathyroidism and
providing the best outcomes. Multidisciplinary diagnostic and therapeutic management is highly
valuable to prevent persistence and recurrence. Surgery may be either open or endoscopic. Long-term
follow-up, even up to 10 years, is imperative to detect late recurrence.

FOOTNOTES

Author contributions: Pavlidis TE designed research, contributed new analytic tools, analyzed data and review;
Pavlidis ET performed research, analyzed data review and wrote the paper.

Conflict-of-interest statement: There is no conflict of interest associated with any of the senior author or other
coauthors contributed their efforts in this manuscript.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by
external reviewers. It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-
NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license
their derivative works on different terms, provided the original work is properly cited and the use is non-
commercial. See: https:/ /creativecommons.org/ Licenses/by-nc/4.0/

Country/Territory of origin: Greece
ORCID number: Efstathios T Pavlidis 0000-0002-7282-8101; Theodoros E Pavlidis 0000-0002-8141-1412.

S-Editor: Zhang H
L-Editor: A
P-Editor: Zhang H

WJCC | https://www.wjgnet.com 2221 April 6,2023 | Volume1l | Issuel0 |

Jaishideng®


https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0002-7282-8101
http://orcid.org/0000-0002-7282-8101
http://orcid.org/0000-0002-8141-1412
http://orcid.org/0000-0002-8141-1412

Pavlidis ET et al. Persistent and recurrent pHPT

Jaishideng®

REFERENCES

1

11

12

13

14

15

16

17

20

21

22

23

24

Zhu J, Tian W, Xu Z, Jiang K, Sun H, Wang P, Huang T, Guo Z, Zhang H, Liu S, Zhang Y, Cheng R, Zhao D, Fan Y, Li
X, Qin J, Zhao W, Su A. Expert consensus statement on parathyroid protection in thyroidectomy. Ann Transl Med 2015; 3:
230 [PMID: 26539447 DOI: 10.3978/1.1ssn.2305-5839.2015.08.20]

Reitz RJ 3rd, Dreimiller A, Khil A, Horwitz E, McHenry CR. Ectopic and supernumerary parathyroid glands in patients
with refractory renal hyperparathyroidism. Surgery 2021; 169: 513-518 [PMID: 32919783 DOI:
10.1016/j.5urg.2020.08.007]

Olguvn Joseau S, Arias A, Garzon A, Peretti E, Guzmon L, Ruggieri M. Risk factors for surgical failure in patients
undergoing surgery for primary hyperparathyroidism. Cir Esp (Engl Ed) 2022; 100: 569-572 [PMID: 35504549 DOI:
10.1016/j.cireng.2022.04.008]

Mallick R, Nicholson KJ, Yip L, Carty SE, McCoy KL. Factors associated with late recurrence after parathyroidectomy for
primary hyperparathyroidism. Surgery 2020; 167: 160-165 [PMID: 31606193 DOI: 10.1016/j.surg.2019.05.076]

Aygon N, Uludan M. Surgical Treatment of Primary Hyperparathyroidism: Which Therapy to Whom? Sisli Etfal Hastan
Tip Bul 2019; 53: 201-214 [PMID: 32377085 DOI: 10.14744/SEMB.2019.56873]

Stuart H, Azab B, Roque OP, Pasieka J, Lew JI. Intraoperative parathormone monitoring to predict operative success in
patients with normohormonal hyperparathyroidism. Can J Surg 2022; 65: E468-E473 [PMID: 35902104 DOI:
10.1503/cjs.013220]

Wilhelm SM, Wang TS, Ruan DT, Lee JA, Asa SL, Duh QY, Doherty GM, Herrera MF, Pasieka JL, Perrier ND,
Silverberg SJ, Solorzano CC, Sturgeon C, Tublin ME, Udelsman R, Carty SE. The American Association of Endocrine
Surgeons Guidelines for Definitive Management of Primary Hyperparathyroidism. JAMA Surg 2016; 151: 959-968 [PMID:
27532368 DOI: 10.1001/jamasurg.2016.2310]

Szabo Yamashita T, Mirande M, Huang CT, Kearns A, Fyffe-Freil R, Singh R, Foster T, Thompson G, Lyden M,
McKenzie T, Wermers RA, Dy B. Persistence and Recurrence of Hypercalcemia after Parathyroidectomy Over Five
Decades (1965-2010) in a Community-based Cohort. Ann Surg 2022 [PMID: 36017920 DOI:
10.1097/SLA.0000000000005688]

Nawrot I, Chudzipski W, CiHCka T, Barczypski M, Szmidt J. Reoperations for persistent or recurrent primary
hyperparathyroidism: results of a retrospective cohort study at a tertiary referral center. Med Sci Monit 2014; 20: 1604-1612
[PMID: 25201515 DOI: 10.12659/MSM.890983]

Erinjeri NJ, Udelsman R. Volume-outcome relationship in parathyroid surgery. Best Pract Res Clin Endocrinol Metab
2019; 33: 101287 [PMID: 31285151 DOI: 10.1016/j.beem.2019.06.003]

Kota SK, Kota SK, Jammula S, Bhargav PRK, Sahoo AK, Das S, Talluri SC, Kongara S, S Krishna SV, Modi KD.
Persistent Elevation of Parathormone Levels after Surgery for Primary Hyperparathyroidism. /ndian J Endocrinol Metab
2020; 24: 366-372 [PMID: 33088762 DOI: 10.4103/ijem.IJEM 212 20]

Guerin C, Paladino NC, Lowery A, Castinetti F, Taieb D, Sebag F. Persistent and recurrent hyperparathyroidism. Updates
Surg 2017; 69: 161-169 [PMID: 28434176 DOI: 10.1007/s13304-017-0447-7]

Haciyanli M, Karaisli S, Gucek Haciyanli S, Atasever A, Arikan Etit D, Gur EO, Acar T. Parathyromatosis: a very rare
cause of recurrent primary hyperparathyroidism - case report and review of the literature. Ann R Coll Surg Engl 2019; 101:
e178-e183 [PMID: 31509000 DOI: 10.1308/rcsann.2019.0105]

Jain M, Krasne DL, Singer FR, Giuliano AE. Recurrent primary hyperparathyroidism due to Type 1 parathyromatosis.
Endocrine 2017; 55: 643-650 [PMID: 27743301 DOI: 10.1007/s12020-016-1139-7]

Mazotas IG, Yen TWF, Doffek K, Shaker JL, Carr AA, Evans DB, Wang TS. Persistent/Recurrent Primary
Hyperparathyroidism: Does the Number of Abnormal Glands Play a Role? J Surg Res 2020; 246: 335-341 [PMID:
31635835 DOI: 10.1016/j.jss.2019.08.007]

Ademiluyi A, Jackson N, Betty S, Ademiluyi A, Appiah-Pippim J, Bonhomme K. Missing in action. J Community Hosp
Intern Med Perspect 2021; 11: 856-858 [PMID: 34804406 DOI: 10.1080/20009666.2021.1981531]

Mclntyre CJ, Allen JL, Constantinides VA, Jackson JE, Tolley NS, Palazzo FF. Patterns of disease in patients at a tertiary
referral centre requiring reoperative parathyroidectomy. Ann R Coll Surg Engl 2015; 97: 598-602 [PMID: 26444799 DOI:
10.1308/rcsann.2015.0039]

Ryder CY, Jarocki A, McNeely MM, Currey E, Miller BS, Cohen MS, Gauger PG, Hughes DT. Early biochemical
response to parathyroidectomy for primary hyperparathyroidism and its predictive value for recurrent hypercalcemia and
recurrent primary hyperparathyroidism. Surgery 2021; 169: 120-125 [PMID: 32768241 DOI: 10.1016/j.surg.2020.05.049]
Carsote M, Paduraru DN, Nica AE, Valea A. Parathyroidectomy: is vitamin D a player for a good outcome? J Med Life
2016; 9: 348-352 [PMID: 27928436]

Lai V, Yen TW, Doffek K, Carr AA, Carroll TB, Fareau GG, Evans DB, Wang TS. Delayed Calcium Normalization After
Presumed Curative Parathyroidectomy is Not Associated with the Development of Persistent or Recurrent Primary
Hyperparathyroidism. Ann Surg Oncol 2016; 23: 2310-2314 [PMID: 27006125 DOI: 10.1245/s10434-016-5190-7]

Van Den Heede K, Bonheure A, Brusselaers N, Van Slycke S. Long-term outcome of surgical techniques for sporadic
primary hyperparathyroidism in a tertiary referral center in Belgium. Langenbecks Arch Surg 2022; 407: 3045-3055
[PMID: 36048245 DOI: 10.1007/s00423-022-02660-7]

Cheung K, Wang TS, Farrokhyar F, Roman SA, Sosa JA. A meta-analysis of preoperative localization techniques for
patients with primary hyperparathyroidism. Ann Surg Oncol 2012; 19: 577-583 [PMID: 21710322 DOI:
10.1245/s10434-011-1870-5]

Ruda JM, Hollenbeak CS, Stack BC Jr. A systematic review of the diagnosis and treatment of primary
hyperparathyroidism from 1995 to 2003. Otolaryngol Head Neck Surg 2005; 132: 359-372 [PMID: 15746845 DOI:
10.1016/j.0tohns.2004.10.005]

Carlier T, Oudoux A, Mirallit E, Seret A, Daumy I, Leux C, Bodet-Milin C, Kraeber-Bodut F, Ansquer C. 99mTc-MIBI
pinhole SPECT in primary hyperparathyroidism: comparison with conventional SPECT, planar scintigraphy and
ultrasonography. Eur J Nucl Med Mol Imaging 2008; 35: 637-643 [PMID: 17960377 DOI: 10.1007/s00259-007-0625-9]

WJCC | https://www.wjgnet.com 2222 April 6,2023 | Volume1l | Issuel0 |


http://www.ncbi.nlm.nih.gov/pubmed/26539447
https://dx.doi.org/10.3978/j.issn.2305-5839.2015.08.20
http://www.ncbi.nlm.nih.gov/pubmed/32919783
https://dx.doi.org/10.1016/j.surg.2020.08.007
http://www.ncbi.nlm.nih.gov/pubmed/35504549
https://dx.doi.org/10.1016/j.cireng.2022.04.008
http://www.ncbi.nlm.nih.gov/pubmed/31606193
https://dx.doi.org/10.1016/j.surg.2019.05.076
http://www.ncbi.nlm.nih.gov/pubmed/32377085
https://dx.doi.org/10.14744/SEMB.2019.56873
http://www.ncbi.nlm.nih.gov/pubmed/35902104
https://dx.doi.org/10.1503/cjs.013220
http://www.ncbi.nlm.nih.gov/pubmed/27532368
https://dx.doi.org/10.1001/jamasurg.2016.2310
http://www.ncbi.nlm.nih.gov/pubmed/36017920
https://dx.doi.org/10.1097/SLA.0000000000005688
http://www.ncbi.nlm.nih.gov/pubmed/25201515
https://dx.doi.org/10.12659/MSM.890983
http://www.ncbi.nlm.nih.gov/pubmed/31285151
https://dx.doi.org/10.1016/j.beem.2019.06.003
http://www.ncbi.nlm.nih.gov/pubmed/33088762
https://dx.doi.org/10.4103/ijem.IJEM_212_20
http://www.ncbi.nlm.nih.gov/pubmed/28434176
https://dx.doi.org/10.1007/s13304-017-0447-7
http://www.ncbi.nlm.nih.gov/pubmed/31509000
https://dx.doi.org/10.1308/rcsann.2019.0105
http://www.ncbi.nlm.nih.gov/pubmed/27743301
https://dx.doi.org/10.1007/s12020-016-1139-7
http://www.ncbi.nlm.nih.gov/pubmed/31635835
https://dx.doi.org/10.1016/j.jss.2019.08.007
http://www.ncbi.nlm.nih.gov/pubmed/34804406
https://dx.doi.org/10.1080/20009666.2021.1981531
http://www.ncbi.nlm.nih.gov/pubmed/26444799
https://dx.doi.org/10.1308/rcsann.2015.0039
http://www.ncbi.nlm.nih.gov/pubmed/32768241
https://dx.doi.org/10.1016/j.surg.2020.05.049
http://www.ncbi.nlm.nih.gov/pubmed/27928436
http://www.ncbi.nlm.nih.gov/pubmed/27006125
https://dx.doi.org/10.1245/s10434-016-5190-7
http://www.ncbi.nlm.nih.gov/pubmed/36048245
https://dx.doi.org/10.1007/s00423-022-02660-z
http://www.ncbi.nlm.nih.gov/pubmed/21710322
https://dx.doi.org/10.1245/s10434-011-1870-5
http://www.ncbi.nlm.nih.gov/pubmed/15746845
https://dx.doi.org/10.1016/j.otohns.2004.10.005
http://www.ncbi.nlm.nih.gov/pubmed/17960377
https://dx.doi.org/10.1007/s00259-007-0625-9

Jaishideng®

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

Pavlidis ET et al. Persistent and recurrent pHPT

Wang TS, Cheung K, Farrokhyar F, Roman SA, Sosa JA. Would scan, but which scan? Surgery 2011; 150: 1286-1294
[PMID: 22136852 DOI: 10.1016/j.surg.2011.09.016]

Neumann DR, Obuchowski NA, Difilippo FP. Preoperative 1231/99mTc-sestamibi subtraction SPECT and SPECT/CT in
primary hyperparathyroidism. J Nucl Med 2008; 49: 2012-2017 [PMID: 18997051 DOI: 10.2967/jnumed.108.054858]
Jones JM, Russell CF, Ferguson WR, Laird JD. Pre-operative sestamibi-technetium subtraction scintigraphy in primary
hyperparathyroidism: experience with 156 consecutive patients. Clin Radiol 2001; 56: 556-559 [PMID: 11446753 DOI:
10.1053/crad.2001.0701]

Rodgers SE, Hunter GJ, Hamberg LM, Schellingerhout D, Doherty DB, Ayers GD, Shapiro SE, Edeiken BS, Truong MT,
Evans DB, Lee JE, Perrier ND. Improved preoperative planning for directed parathyroidectomy with 4-dimensional
computed tomography. Surgery 2006; 140: 932-40; discussion 940 [PMID: 17188140 DOI: 10.1016/).surg.2006.07.028]
Hessman O, Stelberg P, Sundin A, Garske U, Rudberg C, Eriksson LG, Hellman P, Akerstrom G. High success rate of
parathyroid reoperation may be achieved with improved localization diagnosis. World J Surg 2008; 32: 774-81; discussion
782 [PMID: 18335276 DOI: 10.1007/500268-008-9537-5]

Mortenson MM, Evans DB, Lee JE, Hunter GJ, Shellingerhout D, Vu T, Edeiken BS, Feng L, Perrier ND. Parathyroid
exploration in the reoperative neck: improved preoperative localization with 4D-computed tomography. J Am Coll Surg
2008; 206: 888-95; discussion 895 [PMID: 18471717 DOI: 10.1016/j.jamcollsurg.2007.12.044]

Cham S, Sepahdari AR, Hall KE, Yeh MW, Harari A. Dynamic Parathyroid Computed Tomography (4DCT) Facilitates
Reoperative Parathyroidectomy and Enables Cure of Missed Hyperplasia. Ann Surg Oncol 2015; 22: 3537-3542 [PMID:
25691276 DOI: 10.1245/s10434-014-4331-0]

Ramalho D, Rocha G, Oliveira JM, Oliveira MJ. Fluorine-18 Fluorocholine Positron Emission Tomography/Computed
Tomography in Primary Hyperparathyroidism: A Case Report and Review of Literature. Cureus 2022; 14: €21958 [PMID:
35282562 DOI: 10.7759/cureus.21958]

Latge A, Riehm S, Vix M, Bani J, Ignat M, Pretet V, Helali M, Treglia G, Imperiale A. (18)F-Fluorocholine PET and 4D-
CT in Patients with Persistent and Recurrent Primary Hyperparathyroidism. Diagnostics (Basel) 2021; 11 [PMID:
34943620 DOI: 10.3390/diagnostics11122384]

Christakis I, Khan S, Sadler GP, Gleeson FV, Bradley KM, Mihai R. (18)Fluorocholine PET/CT scanning with arterial
phase-enhanced CT is useful for persistent/recurrent primary hyperparathyroidism: first UK case series results. 4nn R Coll
Surg Engl 2019; 101: 501-507 [PMID: 31305126 DOI: 10.1308/rcsann.2019.0059]

Kawai Y, lima M, Yamamoto H, Kawai M, Kishimoto AO, Koyasu S, Yamamoto A, Omori K, Kishimoto Y. The added
value of non-contrast 3-Tesla MRI for the pre-operative localization of hyperparathyroidism. Braz J Otorhinolaryngol
2022; 88 Suppl 4: S58-S64 [PMID: 34716111 DOI: 10.1016/j.bjor.2021.07.010]

Dombrowsky A, Weiss D, Bushman N, Chen H, Balentine CJ. Can imaging studies be omitted in patients with sporadic
primary hyperparathyroidism? J Surg Res 2018; 231: 257-262 [PMID: 30278938 DOI: 10.1016/j.js5.2018.05.046]

Tang AL, Aunins B, Chang K, Wang JC, Hagen M, Jiang L, Lee CY, Randle RW, Houlton JJ, Sloan D, Steward DL. A
multi-institutional study evaluating and describing atypical parathyroid tumors discovered after parathyroidectomy.
Laryngoscope Investig Otolaryngol 2022; 7: 901-905 [PMID: 35734061 DOI: 10.1002/1i02.814]

Saponaro F, Pardi E, Mazoni L, Borsari S, Torregrossa L, Apicella M, Frustaci G, Materazzi G, Miccoli P, Basolo F,
Marcocci C, Cetani F. Do Patients With Atypical Parathyroid Adenoma Need Close Follow-up? J Clin Endocrinol Metab
2021; 106: e4565-e4579 [PMID: 34157106 DOI: 10.1210/clinem/dgab452]

Ying W, Zhen-Long Z, Xiao-Jing C, Li-Li P, Yan L, Ming-An Y. A study on the causes of operative failures after
microwave ablation for primary hyperparathyroidism. Eur Radiol 2021; 31: 6522-6530 [PMID: 33651201 DOI:
10.1007/s00330-021-07761-9]

Gawrychowska A, Kowalski G, Nabrdalik M, Bu’a G, Lackowska B, Bednarczyk A, Werbowski M, Polczyk J,
Gawrychowski J. Flow cytometric DNA analysis of parathyroid benign lesions. Endokrynol Pol 2021; 72: 44-50 [PMID:
33125694 DOI: 10.5603/EP.a2020.0076]

Gorbacheva AM, Eremkina AK, Mokrysheva NG. [Hereditary syndromal and nonsyndromal forms of primary
hyperparathyroidism]. Probl Endokrinol (Mosk) 2020; 66: 23-34 [PMID: 33351310 DOI: 10.14341/probl10357]

Tao X, Xu T, Lin X, Xu S, Fan Y, Guo B, Deng X, Jiao Q, Chen L, Wei Z, Chen C, Yang W, Zhang Z, Yu X, Yue H.
Genomic profiling reveals the variant landscape of sporadic parathyroid adenomas in Chinese population. J Clin Endocrinol
Metab 2023 [PMID: 36611251 DOI: 10.1210/clinem/dgad002]

Mazarico-Altisent I, Capel I, Baena N, Bella-Cueto MR, Barcons S, Guirao X, Albert L, Cano A, Pareja R, Caixis A,
Rigla M. Novel germline variants of CDKN1B and CDKN2C identified during screening for familial primary
hyperparathyroidism. J Endocrinol Invest 2022 [PMID: 36334246 DOI: 10.1007/s40618-022-01948-7]

McCoy KL, Yip L, Dhir M, Langenborg K, Seethala RR, Carty SE. Histologic hypercellularity in a biopsied normal
parathyroid gland does not correlate with hyperfunction in primary hyperparathyroidism. Surgery 2021; 169: 524-527
[PMID: 32807505 DOI: 10.1016/j.surg.2020.06.039]

Krupinova JA, Elfimova AR, Rebrova OY, Voronkova IA, Eremkina AK, Kovaleva EV, Maganeva IS, Gorbacheva AM,
Bibik EE, Deviatkin AA, Melnichenko GA, Mokrysheva NG. Mathematical model for preoperative differential diagnosis
for the parathyroid neoplasms. J Pathol Inform 2022; 13: 100134 [PMID: 36268079 DOI: 10.1016/).jp1.2022.100134]
Donatini G, Marciniak C, Lenne X, Clunent G, Bruandet A, Sebag F, Mirallit E, Mathonnet M, Brunaud L, Lifante JC,
Tresallet C, Mungaux F, Theis D, Pattou F, Caiazzo R; on the behalf of AFCE Study Group. Risk Factors of Redo Surgery
After Unilateral Focused Parathyroidectomy: Conclusions From a Comprehensive Nationwide Database of 13,247
Interventions Over 6 Years. Ann Surg 2020; 272: 801-806 [PMID: 32833757 DOI: 10.1097/SLA.0000000000004269]
Shirali AS, Wu SY, Chiang YJ, Graham PH, Grubbs EG, Lee JE, Perrier ND, Fisher SB. Recurrence after successful
parathyroidectomy-Who should we worry about? Surgery 2022; 171: 40-46 [PMID: 34340820 DOI:
10.1016/j.surg.2021.06.035]

Jinih M, O'Connell E, O'Leary DP, Liew A, Redmond HP. Focused Versus Bilateral Parathyroid Exploration for Primary
Hyperparathyroidism: A Systematic Review and Meta-analysis. Ann Surg Oncol 2017; 24: 1924-1934 [PMID: 27896505
DOI: 10.1245/510434-016-5694-1]

WJCC | https://www.wjgnet.com 2223 April 6,2023 | Volume1l | Issuel0 |


http://www.ncbi.nlm.nih.gov/pubmed/22136852
https://dx.doi.org/10.1016/j.surg.2011.09.016
http://www.ncbi.nlm.nih.gov/pubmed/18997051
https://dx.doi.org/10.2967/jnumed.108.054858
http://www.ncbi.nlm.nih.gov/pubmed/11446753
https://dx.doi.org/10.1053/crad.2001.0701
http://www.ncbi.nlm.nih.gov/pubmed/17188140
https://dx.doi.org/10.1016/j.surg.2006.07.028
http://www.ncbi.nlm.nih.gov/pubmed/18335276
https://dx.doi.org/10.1007/s00268-008-9537-5
http://www.ncbi.nlm.nih.gov/pubmed/18471717
https://dx.doi.org/10.1016/j.jamcollsurg.2007.12.044
http://www.ncbi.nlm.nih.gov/pubmed/25691276
https://dx.doi.org/10.1245/s10434-014-4331-0
http://www.ncbi.nlm.nih.gov/pubmed/35282562
https://dx.doi.org/10.7759/cureus.21958
http://www.ncbi.nlm.nih.gov/pubmed/34943620
https://dx.doi.org/10.3390/diagnostics11122384
http://www.ncbi.nlm.nih.gov/pubmed/31305126
https://dx.doi.org/10.1308/rcsann.2019.0059
http://www.ncbi.nlm.nih.gov/pubmed/34716111
https://dx.doi.org/10.1016/j.bjorl.2021.07.010
http://www.ncbi.nlm.nih.gov/pubmed/30278938
https://dx.doi.org/10.1016/j.jss.2018.05.046
http://www.ncbi.nlm.nih.gov/pubmed/35734061
https://dx.doi.org/10.1002/lio2.814
http://www.ncbi.nlm.nih.gov/pubmed/34157106
https://dx.doi.org/10.1210/clinem/dgab452
http://www.ncbi.nlm.nih.gov/pubmed/33651201
https://dx.doi.org/10.1007/s00330-021-07761-9
http://www.ncbi.nlm.nih.gov/pubmed/33125694
https://dx.doi.org/10.5603/EP.a2020.0076
http://www.ncbi.nlm.nih.gov/pubmed/33351310
https://dx.doi.org/10.14341/probl10357
http://www.ncbi.nlm.nih.gov/pubmed/36611251
https://dx.doi.org/10.1210/clinem/dgad002
http://www.ncbi.nlm.nih.gov/pubmed/36334246
https://dx.doi.org/10.1007/s40618-022-01948-7
http://www.ncbi.nlm.nih.gov/pubmed/32807505
https://dx.doi.org/10.1016/j.surg.2020.06.039
http://www.ncbi.nlm.nih.gov/pubmed/36268079
https://dx.doi.org/10.1016/j.jpi.2022.100134
http://www.ncbi.nlm.nih.gov/pubmed/32833757
https://dx.doi.org/10.1097/SLA.0000000000004269
http://www.ncbi.nlm.nih.gov/pubmed/34340820
https://dx.doi.org/10.1016/j.surg.2021.06.035
http://www.ncbi.nlm.nih.gov/pubmed/27896505
https://dx.doi.org/10.1245/s10434-016-5694-1

Pavlidis ET et al. Persistent and recurrent pHPT

49  Norln O, Wang KC, Tay YK, Johnson WR, Grodski S, Yeung M, Serpell J, Sidhu S, Sywak M, Delbridge L. No need to
abandon focused parathyroidectomy: a multicenter study of long-term outcome after surgery for primary
hyperparathyroidism. 4nn Surg 2015; 261: 991-996 [PMID: 25565223 DOI: 10.1097/SLA.0000000000000715]

50 Patel N, Mihai R. Long-term Cure of Primary Hyperparathyroidism After Scan-Directed Parathyroidectomy: Outcomes
From A UK Endocrine Surgery Unit. World J Surg 2022; 46: 2189-2194 [PMID: 35412058 DOI:
10.1007/500268-022-06556-3]

51 Lou I, Balentine C, Clarkson S, Schneider DF, Sippel RS, Chen H. How long should we follow patients after apparently
curative parathyroidectomy? Surgery 2017; 161: 54-61 [PMID: 27863779 DOI: 10.1016/j.surg.2016.05.049]

52 Singh Ospina NM, Rodriguez-Gutierrez R, Maraka S, Espinosa de Ycaza AE, Jasim S, Castaneda-Guarderas A,
Gionfriddo MR, Al Nofal A, Brito JP, Erwin P, Richards M, Wermers R, Montori VM. Outcomes of Parathyroidectomy in
Patients with Primary Hyperparathyroidism: A Systematic Review and Meta-analysis. World J Surg 2016; 40: 2359-2377
[PMID: 27094563 DOI: 10.1007/s00268-016-3514-1]

53  Krawitz R, Glover A, Koneru S, Jiang J, Di Marco A, Gill AJ, Aniss A, Sywak M, Delbridge L, Sidhu S. The Significance
of Histologically "Large Normal" Parathyroid Glands in Primary Hyperparathyroidism. World J Surg 2020; 44: 1149-1155
[PMID: 31773224 DOI: 10.1007/500268-019-05302-6]

54 Rubio-Manzanares Dorado M, Pino-Diaz V, Padillo-Ruvz J, Martos-Martvnez JM. Prevertebral cervical approach to
posterior mediastinum parathyroid adenomas. Surg Endosc 2022; 36: 6319-6325 [PMID: 35608699 DOI:
10.1007/s00464-022-09279-7]

55 Xie LD, Wang N, Zhang JP, Wang X, Chen XP, Zhang B, Bu S. [Normocalcemic with elevated post-operative
parathormone in primary hyperpara-thyroidism: 9 case reports and literature review]. Beijing Da Xue Xue Bao Yi Xue Ban
2021; 53: 573-579 [PMID: 34145863 DOI: 10.19723/j.issn.1671-167X.2021.03.022]

56 Abdel-Aziz TE, Gleeson F, Sadler G, Mihai R. Dwarfs and Giants of Parathyroid Adenomas-No Difference in Outcome
After Parathyroidectomy. J Surg Res 2019; 237: 56-60 [PMID: 30694792 DOI: 10.1016/).js5.2018.12.021]

57 Yang PS, Liu CL, Liu TP, Chen HH, Wu CJ, Cheng SP. Parathyroidectomy decreases neutrophil-to-lymphocyte and
platelet-to-lymphocyte ratios. J Surg Res 2018; 224: 169-175 [PMID: 29506836 DOI: 10.1016/j.js5.2017.12.016]

58  Thier M, Daudi S, Bergenfelz A, Almquist M. Predictors of multiglandular disease in primary hyperparathyroidism.
Langenbecks Arch Surg 2018; 403: 103-109 [PMID: 29294178 DOI: 10.1007/s00423-017-1647-9]

59  Anamaterou C, Lang M, Schimmack S, Rudofsky G, Bochler MW, Schmitz-Winnenthal H. Autotransplantation of
parathyroid grafts into the tibialis anterior muscle after parathyroidectomy: a novel autotransplantation site. BMC Surg
2015; 15: 113 [PMID: 26467771 DOI: 10.1186/s12893-015-0098-x]

60 Walker MD, Shane E. Hypercalcemia: A Review. JAMA 2022; 328: 1624-1636 [PMID: 36282253 DOI:
10.1001/jama.2022.18331]

61 WeiY, Zhao ZL, Cao XJ, Peng LL, Li Y, Wu J, Yu MA. Microwave ablation versus parathyroidectomy for the treatment
of primary hyperparathyroidism: a cohort study. Eur Radiol 2022; 32: 5821-5830 [PMID: 35381852 DOI:
10.1007/500330-022-08759-7]

62 Peng CZ, Chai HH, Zhang ZX, Hu QH, Zeng Z, Cui AL, Pang HS, Ruan LT. Radiofrequency ablation for primary
hyperparathyroidism and risk factors for postablative eucalcemic parathyroid hormone elevation. Int J Hyperthermia 2022;
39: 490-496 [PMID: 35285391 DOI: 10.1080/02656736.2022.2047231]

63  Wang TS, Pasieka JL, Carty SE. Techniques of parathyroid exploration at North American endocrine surgery fellowship
programs: what the next generation is being taught. Am J Surg 2014; 207: 527-532 [PMID: 24495320 DOI:
10.1016/j.amjsurg.2013.05.012]

64 Irvin GL 3rd, Carneiro DM, Solorzano CC. Progress in the operative management of sporadic primary
hyperparathyroidism over 34 years. Ann Surg 2004; 239: 704-8; discussion 708 [PMID: 15082975 DOI:
10.1097/01.s1a.0000124448.49794.74]

65  Claflin J, Dhir A, Espinosa NM, Antunez AG, Cohen MS, Gauger PG, Miller BS, Hughes DT. Intraoperative parathyroid
hormone levels <40 pg/mL are associated with the lowest persistence rates after parathyroidectomy for primary
hyperparathyroidism. Surgery 2019; 166: 50-54 [PMID: 30975497 DOIL: 10.1016/j.surg.2019.01.024]

66  Prescott JD, Udelsman R. Remedial operation for primary hyperparathyroidism. Worid J Surg 2009; 33: 2324-2334
[PMID: 19290572 DOI: 10.1007/s00268-009-9962-0]

67 Medas F, Cappellacci F, Canu GL, Noordzij JP, Erdas E, Calg PG. The role of Rapid Intraoperative Parathyroid Hormone
(1oPTH) assay in determining outcome of parathyroidectomy in primary hyperparathyroidism: A systematic review and
meta-analysis. Int J Surg 2021; 92: 106042 [PMID: 34339883 DOI: 10.1016/1.ijsu.2021.106042]

68  Akgon IE, anlo MT, Aygun N, Kostek M, Uludag M. Contribution of intraoperative parathyroid hormone monitoring to
the surgical success in minimal invasive parathyroidectomy. Front Surg 2022; 9: 1024350 [PMID: 36211265 DOI:
10.3389/fsurg.2022.1024350]

69 Lerchenberger M, Al Arabi N, Gallwas JKS, Stepp H, Hallfeldt KKJ, Ladurner R. Intraoperative Near-Infrared
Autofluorescence and Indocyanine Green Imaging to Identify Parathyroid Glands: A Comparison. Int J Endocrinol 2019;
2019: 4687951 [PMID: 31662746 DOI: 10.1155/2019/4687951]

70 Liang TJ, Wang KC, Wang NY, Chen IS, Liu SI. Indocyanine Green Angiography for Parathyroid Gland Evaluation
during Transoral Endoscopic Thyroidectomy. J Pers Med 2021; 11 [PMID: 34575620 DOI: 10.3390/jpm11090843]

71  Spartalis E, Ntokos G, Georgiou K, Zografos G, Tsourouflis G, Dimitroulis D, Nikiteas NI. Intraoperative Indocyanine
Green (ICG) Angiography for the Identification of the Parathyroid Glands: Current Evidence and Future Perspectives. In
Vivo 2020; 34: 23-32 [PMID: 31882459 DOI: 10.21873/invivo.11741]

72 Papavramidis TS, Anagnostis P, Chorti A, Pliakos I, Panidis S, Koutsoumparis D, Michalopoulos A. Do Near-Infrared
Intra-Operative Findings Obtained Using Indocyanine Green Correlate with Post-Thyroidectomy Parathyroid Function?
Endocr Pract 2020; 26: 967-973 [PMID: 33471701 DOI: 10.4158/EP-2020-0119]

73 Aygén N, Uludar M. Intraoperative Adjunct Methods for Localization in Primary Hyperparathyroidism. Sisli Etfal Hastan
Tip Bul 2019; 53: 84-95 [PMID: 32377064 DOI: 10.14744/SEMB.2019.37542]

74 Huang K, Luo D, Huang M, Long M, Peng X, Li H. Protection of parathyroid function using carbon nanoparticles during

WJCC | https://www.wjgnet.com 2224 April 6,2023 | Volume1l | Issuel0 |

Jaishideng®


http://www.ncbi.nlm.nih.gov/pubmed/25565223
https://dx.doi.org/10.1097/SLA.0000000000000715
http://www.ncbi.nlm.nih.gov/pubmed/35412058
https://dx.doi.org/10.1007/s00268-022-06556-3
http://www.ncbi.nlm.nih.gov/pubmed/27863779
https://dx.doi.org/10.1016/j.surg.2016.05.049
http://www.ncbi.nlm.nih.gov/pubmed/27094563
https://dx.doi.org/10.1007/s00268-016-3514-1
http://www.ncbi.nlm.nih.gov/pubmed/31773224
https://dx.doi.org/10.1007/s00268-019-05302-6
http://www.ncbi.nlm.nih.gov/pubmed/35608699
https://dx.doi.org/10.1007/s00464-022-09279-7
http://www.ncbi.nlm.nih.gov/pubmed/34145863
https://dx.doi.org/10.19723/j.issn.1671-167X.2021.03.022
http://www.ncbi.nlm.nih.gov/pubmed/30694792
https://dx.doi.org/10.1016/j.jss.2018.12.021
http://www.ncbi.nlm.nih.gov/pubmed/29506836
https://dx.doi.org/10.1016/j.jss.2017.12.016
http://www.ncbi.nlm.nih.gov/pubmed/29294178
https://dx.doi.org/10.1007/s00423-017-1647-9
http://www.ncbi.nlm.nih.gov/pubmed/26467771
https://dx.doi.org/10.1186/s12893-015-0098-x
http://www.ncbi.nlm.nih.gov/pubmed/36282253
https://dx.doi.org/10.1001/jama.2022.18331
http://www.ncbi.nlm.nih.gov/pubmed/35381852
https://dx.doi.org/10.1007/s00330-022-08759-7
http://www.ncbi.nlm.nih.gov/pubmed/35285391
https://dx.doi.org/10.1080/02656736.2022.2047231
http://www.ncbi.nlm.nih.gov/pubmed/24495320
https://dx.doi.org/10.1016/j.amjsurg.2013.05.012
http://www.ncbi.nlm.nih.gov/pubmed/15082975
https://dx.doi.org/10.1097/01.sla.0000124448.49794.74
http://www.ncbi.nlm.nih.gov/pubmed/30975497
https://dx.doi.org/10.1016/j.surg.2019.01.024
http://www.ncbi.nlm.nih.gov/pubmed/19290572
https://dx.doi.org/10.1007/s00268-009-9962-0
http://www.ncbi.nlm.nih.gov/pubmed/34339883
https://dx.doi.org/10.1016/j.ijsu.2021.106042
http://www.ncbi.nlm.nih.gov/pubmed/36211265
https://dx.doi.org/10.3389/fsurg.2022.1024350
http://www.ncbi.nlm.nih.gov/pubmed/31662746
https://dx.doi.org/10.1155/2019/4687951
http://www.ncbi.nlm.nih.gov/pubmed/34575620
https://dx.doi.org/10.3390/jpm11090843
http://www.ncbi.nlm.nih.gov/pubmed/31882459
https://dx.doi.org/10.21873/invivo.11741
http://www.ncbi.nlm.nih.gov/pubmed/33471701
https://dx.doi.org/10.4158/EP-2020-0119
http://www.ncbi.nlm.nih.gov/pubmed/32377064
https://dx.doi.org/10.14744/SEMB.2019.37542

Jaishideng®

Pavlidis ET et al. Persistent and recurrent pHPT

thyroid surgery. Otolaryngol Head Neck Surg 2013; 149: 845-850 [PMID: 24163324 DOI: 10.1177/0194599813509779]

75  Bononi M, Viviana F, De Feo MS, Sollaku S, Pani A, Falconi R, Pani R, Cavallaro G, Brozzetti S, De Vincentis G.
Gonioprobe, an Innovative Gamma-probe to Guide Parathyroid Radioguided Surgery: First Clinical Experiences with
Navigator and Lock-ontarget Functions. Curr Radiopharm 2021; 14: 161-169 [PMID: 32693772 DOI:
10.2174/1874471013666200721013903]

76  Ghani U, Assad S. Role of Intraoperative Nerve Monitoring During Parathyroidectomy to Prevent Recurrent Laryngeal
Nerve Injury. Cureus 2016; 8: €880 [PMID: 28003944 DOI: 10.7759/cureus.880]

77 ZhuY, Gao DS, Lin J, Wang Y, Yu L. Intraoperative Neuromonitoring in Thyroid and Parathyroid Surgery. J
Laparoendosc Adv Surg Tech A 2021; 31: 18-23 [PMID: 32614658 DOI: 10.1089/1ap.2020.0293]

78  Aiti A, Rossi M, Alviano F, Morara B, Burgio L, Cioccoloni E, Cavicchi O, Pasquinelli G, Bonsi L, Buzzi M. Parathyroid
Tissue Cryopreservation: Does the Storage Time Affect Viability and Functionality? Biopreserv Biobank 2019; 17: 418-424
[PMID: 31025874 DOI: 10.1089/b10.2018.0140]

WJCC | https://www.wjgnet.com 2225 April 6,2023 | Volume1l | Issuel0 |


http://www.ncbi.nlm.nih.gov/pubmed/24163324
https://dx.doi.org/10.1177/0194599813509779
http://www.ncbi.nlm.nih.gov/pubmed/32693772
https://dx.doi.org/10.2174/1874471013666200721013903
http://www.ncbi.nlm.nih.gov/pubmed/28003944
https://dx.doi.org/10.7759/cureus.880
http://www.ncbi.nlm.nih.gov/pubmed/32614658
https://dx.doi.org/10.1089/lap.2020.0293
http://www.ncbi.nlm.nih.gov/pubmed/31025874
https://dx.doi.org/10.1089/bio.2018.0140

7|0\

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.12998 / wijcc.v11.i10.2226

World Journal of
Clinical Cases

World | Clin Cases 2023 April 6; 11(10): 2226-2236

ISSN 2307-8960 (online)

Retrospective Study

ORIGINAL ARTICLE

Hepatobiliary system and intestinal injury in new coronavirus
infection (COVID-19): A retrospective study

Konstantin V Kozlov, Konstantin V Zhdanov, Anna K Ratnikova, Vyacheslav A Ratnikov, Artem V Tishkov,
Vladimir Grinevich, Yuriy A Kravchuk, Panteley I Miklush, Polina O Nikiforova, Vera V Gordienko, Alexander F

Popov, Boris G Andryukov

Specialty type: Medicine, research

and experimental

Provenance and peer review:
Unsolicited article; Externally peer
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific
quality classification

Grade A (Excellent): 0

Grade B (Very good): B
Grade C (Good): 0

Grade D (Fair): D

Grade E (Poor): 0

P-Reviewer: Tenreiro N, Portugal;
Wani I, India

Received: September 29, 2022
Peer-review started: September 29,
2022

First decision: January 3, 2023
Revised: January 22, 2023
Accepted: March 6, 2023

Article in press: March 6, 2023
Published online: April 6, 2023

Jaishideng®

WJCC | https://www.wjgnet.com

Konstantin V Kozlov, Konstantin V Zhdanov, Yuriy A Kravchuk, Panteley | Miklush, Polina O
Nikiforova, Vera V Gordienko, Department of Infectious Disease, Military Medical Academy
Named After SM. Kirov, Saint-Petersburg 194044, Russia

Anna K Ratnikova, Department of Admission, Federal State Budgetary Institution "North-West
District Scientific and Clinical Center Named After LG. Sokolov Federal Medical and
Biological Agency", Saint-Petersburg 194291, Russia

Vyacheslav A Ratnikov, Department of Roentgenology, Federal State Budgetary Institution
"North-West District Scientific and Clinical Center Named After LG. Sokolov Federal Medical
and Biological Agency", Saint-Petersburg 194291, Russia

Artem V Tishkov, Department of Physics, Mathematics and Informatics, FSBEI HE IP. Pavlov
SPbSMU MOH Russia, Saint-Petersburg 197022, Russia

Vladimir Grinevich, 2nd Department of Therapy (Advanced Medical Education), Military
Medical Academy Named After SM. Kirov, Saint-Petersburg 194044, Russia

Alexander F Popov, Boris G Andryukov, School of Medicine, Far Eastern Federal University,
Vladivostok 690922, Russia

Corresponding author: Vera V Gordienko, MD, Doctor, Teacher, Department of Infectious
Disease, Military Medical Academy named after S.M. Kirov, No. 6 Lebedeva Street, Saint-
Petersburg 194044, Russia. ivanovavmeda(@gmail.com

Abstract

BACKGROUND

An important area of effective control of the coronavirus disease 19 (COVID-19)
pandemic is the study of the pathogenic features of severe acute respiratory
syndrome coronavirus 2 infection, including those based on assessing the state of
the intestinal microbiota and permeability.

AIM

To study the clinical features of the new COVID-19 in patients with mild and
moderate severity at the stage of hospitalization, to determine the role of hepato-
biliary injury, intestinal permeability disorders, and changes in the qualitative and
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quantitative composition of the microbiota in the development of systemic inflammation in
patients with COVID-19.

METHODS

The study was performed in 80 patients with COVID-19, with an average age of 45 years, 19 of
whom had mild disease, and 61 had moderate disease severity. The scope of the examination
included traditional clinical, laboratory, biochemical, instrumental, and radiation studies, as well
as original methods for studying microbiota and intestinal permeability.

RESULTS

The clinical course of COVID-19 was studied, and the clinical and biochemical features, manifest-
ations of systemic inflammation, and intestinal microbiome changes in patients with mild and
moderate severity were identified. Intestinal permeability characteristics against the background
of COVID-19 were evaluated by measuring levels of proinflammatory cytokines, insulin, faecal
calprotectin, and zonulin.

CONCLUSION
This study highlights the role of intestinal permeability and microbiota as the main drivers of
gastroenterological manifestations and increased COVID-19 severity.

Key Words: Novel coronavirus infection; COVID-19; SARS-CoV-2; Zonulin; Faecal calprotectin;
Microbiota

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The clinical course of coronavirus disease 19 (COVID-19) was studied, and the clinical and
biochemical features, manifestations of systemic inflammation, and intestinal microbiome changes in
patients with mild and moderate severity were identified. Intestinal permeability characteristics against the
background of COVID-19 were evaluated by measuring levels of proinflammatory cytokines, insulin,
faecal calprotectin, and zonulin. This study highlights the role of intestinal permeability and microbiota as
the main drivers of gastroenterological manifestations and increased COVID-19 severity.
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INTRODUCTION

While gaining experience in the diagnosis and treatment of the new coronavirus disease (COVID-19), an
increasing number of researchers are focusing on the extremely high prevalence of extrapulmonary
symptoms, including gastroenterological manifestations in patients with COVID-19[1]. The frequency of
gastrointestinal (GI) symptoms in patients with COVID-19 is variable and depends on the severity of the
disease and, probably, the viral strain that causes the disease[2]. The severe form of COVID-19, as a rule,
is associated with polysegmental lung damage and liver injury and a steep increase in the intestinal
epithelium’s permeability with the subsequent transfer of bacterial and fungal products into the blood
and the development of systemic inflammation. Bidirectional communication impairment in the
intestinal-lung axis is considered a risk factor for the development of severe respiratory disease. It
follows the principle of positive feedback and develops due to dysbiotic changes in the intestinal
microbiota on the one hand and cytokine storm on the other[3,4].

Zonulin is a modulator and serum marker of intestinal permeability, which, when connected to the
receptors of intercellular tight junctions, causes contraction of the cytoskeleton of epithelial cells and,
therefore, facilitates the transport of macromolecules[5-7]. High serum zonulin levels have been
associated with severe COVID-19 in several studies[7]. Thus, one of the possible therapeutic goals in
treating severe COVID-19 may be to prevent the pathological increase in zonulin-mediated intestinal
permeability[8,9]. The combination of low-grade endotoxemia (an increase in the concentration of
lipopolysaccharide secreted by the microbiota) with an increased level of zonulin may indicate an
increase in intestinal permeability, which is one of the mechanisms underlying the pathogenesis of
COVID-19 and its gastroenterological manifestations[10]. It is also known that intestinal dysfunction
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and microbial translocation strongly correlate with increased systemic inflammation and complement
activation decreased metabolic function of the intestine, and higher mortality rate[11].

According to research data dedicated to the study of cytokine levels in patients with severe and
sometimes fatal forms of COVID-19, it was found that plasma concentrations of interleukin (IL) -1-beta,
6,7,8,9, and 10, and tumor necrosis factor-alpha (TNF-o) were increased[12].

The intestinal microbiome of patients with COVID-19 is characterized by the enrichment of
opportunistic microorganisms and depletion of normal intestinal microflora with immunomodulatory
potential, such as Faecalibacterium prausnitzii, Eubacterium rectale, and bifidobacteria[13]. At the same
time, the disturbed composition of the microbiota correlated with the severity of the disease, corres-
ponding to increased concentrations of inflammatory cytokines and markers of inflammation in the
blood (including C-reactive protein and lactate dehydrogenase), which was most likely due to the
modulation of the immune response[14].

MATERIALS AND METHODS

The study was carried out at the North-Western District Scientific and Clinical Center named after LG
Sokolov FMBA of Russia (SZONKTS named after LG Sokolov) between July 2020 to March 2021. It
included 80 hospitalized patients with COVID-19, whose median age was 45 years (range: 39-56 years).
All patients provided informed consent to participate in the study; 19 (23.8%) of them had mild, and 61
(76.2%) had moderate severity of COVID-19. The diagnosis of the disease in all the patients was verified
by detecting severe acute respiratory syndrome-related etoronavirus 2(SARS-CoV-2) RNA using nucleic
acid amplification. Patients were hospitalized on the 7th day of illness (range: 5.0-9.0), which corres-
ponded to the peak period of the infectious process. As a control, a group of 17 healthy individuals,
with an average age of 41 years (range: 22.0-59.5 years), who underwent examination at the outpatient
dispensary of SZONKTS (named after LG Sokolov), were included. The patient groups did not differ in
terms of their demographic and clinical characteristics. The study did not include patients with chronic
viral hepatitis (B and C), anemia of any etiology, or patients whose treatment required transfer to the
intensive care unit.

On admission, all patients with COVID-19 underwent standard examination and treatment protocol,
and the severity of the disease was determined in accordance with the current versions of the
Temporary Guidelines of the Ministry of Health of the Russian Federation on the prevention, diagnosis,
and treatment of new coronavirus infections[15]. Computed tomography (CT) of the chest was supple-
mented with post-processing and assessment of qualitative and quantitative criteria for defining the
state of the parenchymal and hollow organs of the GI tract, which were visualized during the chest CT
scan, was done.

To assess the complaints related to the GI tract, a questionnaire was developed that included a
detailed assessment of abdominal pain syndrome according to a visual analogue scale, an assessment of
the presence of symptoms of dyspepsia, and the presence and duration of concomitant gastroentero-
logical pathology. All patients completed the questionnaire based on the main questionnaire and 36-
Item Short Form Survey quality of life questionnaire.

To assess the state of the intestinal barrier, qualitatively and quantitatively assess the state of the
microbiota and hepatobiliary system, as well as evaluate systemic inflammation indicators that develop
during COVID-19, the scope of the survey was supplemented with an analysis of a biomarker complex:
Alanine aminotransferase (ALT), aspartate aminotransferase (AST), total bilirubin, zonulin in feces and
blood, and calprotectin in feces. TNF and IL1-beta, 6, 8, 10, and insulin levels were also examined in the
blood. To assess insulin resistance, the homeostasis model assessment of insulin resistance (HOMA-IR)
index was used. The index was calculated using the formula: HOMA-IR = fasting insulin (pU/mL) x
fasting glucose (mmol/L)/22.5. Indirect determination of the composition of the intestinal microbiota
was performed using an Agilent 7890 gas chromatograph with mass selective and flame ionization
detectors (Agilent Technologies, United State of America). The proposed method of gas chromato-
graphy combined with mass spectrometry makes it possible to detect in blood and then, to the contents
of the intestine, extrapolate components of cells of a wide range of microorganisms of normal and
pathogenic human microbiota.

Blood and stool samples were collected on day 8 (range: 5-11.5 d) of the COVID-19 illness. The
healthy individuals in the control group underwent similar examinations.

The entire spectrum of the obtained data was transformed into an information base, represented by
720 parameters for assessing the condition of each patient, adapted for subsequent mathematical and
statistical processing. The statistical analysis was carried out using the IBM SPSS 20.0 program using
parametric and nonparametric statistical methods. Descriptive statistics for the samples that fit the
normal distribution are represented by the arithmetic mean and standard deviation. Descriptive
statistics for non-Gaussian distributions included the median and upper bounds for the 1 and 3
quartiles. The differences between the two numerical samples were determined using Student's t-test in
the case of a normal distribution and the Mann-Whitney test in the case of a non-Gaussian distribution.
To compare related samples, the paired Student's t-test was used if the samples were normally
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distributed, and the Wilcoxon test was used for non-Gaussian samples. The normality of the samples
was checked using the Kolmogorov-Smirnov test with Lilliefors correction.

Descriptive statistics for non-numeric data are represented by the number of objects with corres-
ponding values as well as the proportion (percentage) of representation of each value in the sample. To
find differences in the counting data, Fisher's exact test and Pearson's y? test were used.

In all cases of hypothesis testing, the critical significance level was considered to be equal to or less
than 0.05.

RESULTS

Patients with mild COVID-19 showed no evidence of lung damage on CT in addition to the clinical,
virological, and clinical laboratory manifestations of the disease; however, all of these patients exhibited
symptoms of mild general infectious intoxication (low-grade fever in 13 (68.4%) patients), anosmia was
detected in 6 (31.6%) patients and hyposmia in 1 (6%) patient. With an average disease severity, the
most frequent clinical manifestation of COVID-19 was low-grade fever, which was observed in 57
(93.4%) patients; anosmia was observed in 29 (48%) patients and hyposmia in 6 (9.8%) patients. A
respiratory rate of > 22 per minute, shortness of breath during physical exertion, a decrease in
hemoglobin oxygen saturation to 95% -93%, and characteristic signs of viral lung damage on CT
involving more than 25% of lung tissue were observed in 49 (80%) patients.

Abdominal CT analysis showed localized or diffuse low liver density (signs of steatosis) and adipose
tissue accumulation around the gallbladder.

According to survey data, the frequency and severity of most GI symptoms during the peak of the
infectious process caused by SARS-CoV-2 did not vary with disease severity. Dyspeptic syndrome was
found in 67 (83.8%) patients with mild to moderate severity, with flatulence and stool instability being
the most common (51.25%, 41 patients). A decreased appetite was observed in 41 patients (51.25%).
Abdominal pain syndrome was detected in 36 (45%) patients. However, patients with COVID-19 do not
typically experience localized pain. The most distinctive pains were in the epigastrium: 6.0 points (4.5-
6.5), in the lower abdomen: 6.0 points (5.0-7.0) and night pains: 5.5 points (3.0-7.0). At the same time, the
duration of the manifestations of dyspepsia in patients with moderate severity was significantly longer:
15.0 d (range: 10.5-21.0 d) than that in patients with mild severity: 13.5 d (range: 9.0-15.0 d, P = 0.041).
The study of the anamnesis of the disease showed that patients with moderate severity at the pre-
hospital stage more often took azithromycin (P = 0.003) and non-steroidal anti-inflammatory drugs (P =
0.004) than patients with mild severity, which could have also contributed to the appearance of GI
symptoms.

As shown in Table 1, Compared with control group, patients with COVID-19 had increased level of
ALT (35; 43.7%), AST (45; 56.2%) and total bilirubin (32; 39.4%).

As shown in Table 2, after first CT, the lower of liver density < 45 hounsfield unit (HU) was noted in
28 (34.7%). Patients with moderate severity had significantly lower liver density 42.6 HU (39.2-47.8),
compare with patients with mild COVID-19 48.5 HU (43.7-52.1) (P < 0.05). The liver/spleen density ratio
was also lower in moderate severity group, 0.87 (0.69-0.98) and 1.02 (0.92-1.09) (P < 0.05) suggest.

One of the most characteristic changes in patients with mild and moderate COVID-19 compared with
the control group was a statistically significant increase in insulin content up to 19.10 mIU/L (8.90-
34.575) [(control group: 6.90 mIU/L (4.325-15.4)], P = 0.0026, as well as an insignificant trend towards an
increase in the insulin resistance index to 1.70 (1.08-2.97), P = 0.88. At the same time, in patients with
COVID-19 with moderate severity, the level of insulin was 1.8 times higher than in patients with mild
severity of the disease (P = 0.0026). The analysis of indicators of systemic inflammation in patients with
COVID-19 on the first day of hospitalization showed that the average level of TNF, as well as IL 1-beta,
6, 8, and 10, did not differ statistically significantly from those in the control group. However, upon
further study, it was found that by the 7* day of hospitalization with moderate severity of COVID-19,
the TNF content was significantly higher: 1.00 pg/mL (range: 1.00-3.00 pg/mL), IL6: 13.0 (range: 1.0-
18.0, P < 0.001)- and there was also a tendency for an increase in the content of IL 1-beta, 8, and 10.

A set of indicators reflecting intestinal permeability and inflammatory activity in patients with mild
to moderate COVID-19 compared to the control group at the initial examination is presented in Table 3.

As shown in Table 3, the faecal calprotectin content in the control group and patients with COVID-19
did not differ significantly. The concentration of zonulin in the feces of patients with COVID-19 was
significantly higher than that in the control group (P = 0.003). Simultaneously, the zonulin content in the
blood of patients with COVID-19 was lower than that in the control group (P = 0.046).

In the next stage of the study, the levels of these indicators were assessed depending on the severity
of the infection caused by SARS-CoV-2.

As shown in Table 3, with an average severity of COVID-19, a statistically significant increase in
faecal calprotectin content was observed, as well as a tendency toward an increase in zonulin content in
the feces.

In accordance with the purpose of this study, a comparative analysis of some indicators charac-
terizing the qualitative and quantitative composition of the intestinal microbiota and the functional state
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Table 1 Changes of alanine aminotransferase, aspartate aminotransferase and serum bilirubin in patients with coronavirus disease 19

compared with the control group, depending on the severity of the disease

COVID-19 patients Control Group ( COVID-19-patients, mild  COVID-19-patients, moderate

Indication (n=80) n=17) Pvalue < overity (n=19) severity (n = 61) Pvalue
ALT, U/L 75 (21-96) 21 (5-30) <005 57 (16:65) 89 (79-96) <0.05
AST, IU/L 81 (26-112) 26 (8-35) <005 60 (20-69) 102 (90;112) <0.05
Totai l/)ilirubin, 63.2 (13.8-70.2) 221 (54-253) <005 413 (228621) 724 (35.2-89.2) <005
umol /L

Compared with control group, patients with COVID-19 had increased level of ALT (35; 43.7%), AST (45; 56.2%) and total bilirubin (32; 39.4%). COVID-19:
Coronavirus disease 19; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase.

Table 2 Changes of liver/spleen density in patients with coronavirus disease 19, depending on the severity of the disease

Density, HU
Indication COVID-19 patients, mild severity (n  COVID-19 patients, moderate severity P value
=19) (n=61)
Liver 48.52 (43.7-52.1) 42,63 (39.2-47.8) <0.05
Spleen 47.41 (42.1-51.5) 48.78 (43.4-52.8) 047
Liver/spleen ratio 1.02 (0.92-1.09) 0.87 (0.69-0.98) <0.05

After first CT, the lower of liver density <45 HU was noted in 28 (34.7%). Patients with moderate severity had significantly lower liver density 42.6 HU
(39.2-47.8), compare with patients with mild COVID-19 48.5 HU (43.7-52.1) (P < 0.05). The liver/spleen density ratio was also lower in moderate severity
group, 0.87 (0.69-0.98) and 1.02 (0.92-1.09) (P < 0.05) suggest. COVID-19: Coronavirus disease 19; HU: Hounsfield unit; CT: Computed tomography.

Table 3 Factors characterizing intestinal permeability in patients with coronavirus disease 19 compared with the control group,

depending on the severity of the disease Me (UQ; LQ)

COVID-19 patients,

. COVID-19 patients Control Group (n COVID-19 patients .

Indication P P P value . p ) moderate severity (1= P value
(n=80) =17) mild severity (n=19) 61)

Fecal calprotectin 87.5 (53.525-227.75)  109.65 (23.275- 0.97 53.1 (21.0-153.0) 105.0 (58.2-236.0) 0.018

(mg/g) 213.75)

Zonulin, feces 141 (110-180) 64.4 (32.1-74.8) 0.003 134.9 (78.8-167.5) 143 (119-155.9) 0.74

(ng/mL)

Zonulin, blood 67.9 (20.3-77.8) 85.7 (23.0-98.1) 0.039 67.9 (20.3-76.1) 71.1 (20.0-81.7) 0.55

(ng/mL)

The content of fecal calprotectin in the control group and in patients with COVID-19 did not differ statistically significantly. At the same time, the
concentration of zonulin in feces in patients with COVID-19 was statistically significantly higher than in the control group (P = 0.003). At the same time, the
content of zonulin in the blood in patients with COVID-19 was lower than in the control group (P = 0.046). COVID-19: Coronavirus disease 19.

of the intestine in patients with COVID-19 was carried out (Table 4).

As shown in Table 4, Propionibacterium/Cl. Subterminale, content of fungi, and lactobacilli ratios
significantly changed among patients with mild and moderately severe COVID-19 compared with the
control group. It is extremely important to note a significant (more than three times) and statistically
significant (P = 0.0000779) increase in the endotoxin content. At the same time, the endotoxin content in
the feces of patients with mild to moderate severity of the new coronavirus infection did not differ
significantly.

To study the interdependence of the indicators of the intestinal microbiota and the most commonly
used indicators in clinical and biochemical studies, a correlation matrix was built (Figure 1).
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Table 4 Intestinal microbiota indications in coronavirus disease 19 patients compared with the control group Me (UQ; LQ)

Symptom Patients with COVID-19 (n = 80) Control group (n=17) P value
Eubacterium/Cl. Coccoides, amt. x 10°/t 6849 (3380-7987) 8211 (2996-10987) 0.17
Herpes, amt. x 10°/r 0.00 (0.00-1808.25) 3610 (1914-5316) 0.001
Propionibacterium/Cl. Subterminale, amt. x 10° 2706 (1614-3476) 1992 (704-2118) 0.0016
/T

Bifidobacteria, amt. x 10°/r 3768 (2000-4678) 4614 (1653-6123) 0.13
Fungus, amt. x 10°/ 1200 (423-1851) 540 (384-774) 0.0406
Lactobacillus, amt. x 10°/r 7488 (4221-8790) 4309 (2521-5198) 0.0016
The ratio of anaerobic to aerobic flora 1.801 (0.718-3.01) 1.983 (0.637-3.09) 0.39
The ratio of beneficial flora to opportunistic 1.009 (0.359-2.110) 0.992 (0.300-1.990) 0.86
Beneficial flora, amt. x 10°/T 20953 (5508-36018) 19126 (3930-35764) 0.18
Sum, amt. x 10°/1 44651 (8152-97098) 42566 (6297-89016) 0.33
Large intestine (anaerobes), amt. x 10°/r 26171 (7088-44099) 24964 (4423-43871) 0.44
Small intestine (aerobes), amt. x 10°/r 15944 (4620-19087) 13570 (3692-20114) 0.06
Opportunistic flora, amt. x 10°/r 21927 (5493-25900) 19849 (3690-23983) 0.11
Cytomegalovirus, amt. x 10°/T 0.00 (0.00-40.00) 0.00 (0.00-0.00) 0.12
Endotoxin (sum), amt. x 10°/r 2.44 (1.21-6.11) 0.689 (0.490-1.11) 0.0000779

Propionibacterium /Cl. Subterminale, content of fungi, lactobacill ratios significantly changed among mild and moderate COVID-19 patients compared
with the control group. It is extremely important to note a significant (more than 3 times) and statistically significant (P = 0.0000779) increase in endotoxin
content. At the same time, the content of endotoxin in feces in patients with mild to moderate severity of new coronavirus infection did not differ
significantly. COVID-19: Coronavirus disease 19.

DISCUSSION

According to the study results, it was found that the majority of GI symptoms during the peak of the
infectious process did not differ depending on the severity of the infection caused by SARS-CoV-2. The
data obtained regarding the symptoms of GI tract damage among patients with COVID-19 are generally
consistent with the results of previous studies, which confirms the relevance of improving approaches
to the early diagnosis of gastroenterological manifestations of the disease, identifying the pathogenetic
mechanisms of their development, and finding effective treatment[16,17].

In the course of this work, new data were also obtained that supplement the opinion of several
researchers regarding the duration of manifestations of dyspepsia during the inpatient treatment of
patients with COVID-19. Therefore, among patients with moderate severity, dyspepsia lasted
significantly longer than in those with mild severity, which could be linked, among other things, to the
administration of nonsteroidal anti-inflammatory drugs and antibiotics at the pre-hospital stage.

One of the most characteristic changes in patients with COVID-19 of mild and moderate severity
compared with the control group was a statistically significant increase in liver aminotransferases,
bilirubin, and insulin levels, as well as a trend towards an increase in the insulin resistance index. At the
same time, it is important to note that in patients with COVID-19 with moderate severity, the insulin
level was 1.8 times higher than that in patients with mild disease severity. The data obtained can
provide evidence for the need to monitor insulin resistance during treatment.

According to many authors, indicators of systemic inflammation play a fundamental role in patients
with COVID-19. Several studies have shown that the severity of COVID-19 positively correlates with the
level of inflammatory cytokines, and in patients with severe disease, there is also a significant decrease
in the number of lymphocytes[18,19]. However, data pertaining to patients with mild to moderate
COVID-19, especially during hospitalization, is limited. In this regard, the obtained data seem
important, as they complement the clinical picture of SARS-CoV-2 infection.

In the professional literature, there is an active discussion of the role of the functional intestinal-lung
axis as a bidirectional communication network. Many respiratory infections are often accompanied by
symptoms of GI tract pathology or intestinal dysfunction[20]. It is also known that acute lung injury
disrupts the microbiota of the respiratory tract, causing transient translocation of bacteria into the
bloodstream and increased bacterial load in the caecum. In addition, normal microbiota maintains
tolerogenic immunomodulatory effects in the intestine and protects against systemic inflammatory
diseases[21]. Moreover, among several scientists, there is an opinion that the state of the intestinal
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msEuClCocc | msHerpes | msPropClSubterm msBifido | msMyco | msLacto | msAnaeroAero | msUsefulPatho | msUseful | msSum | msAnaero | msAero | msPatho | msCytomeg msEndotox
glul 0.109 -0.011 -0.124 0.057 -0.140 0.054 -0.029 -0.111 0.101 0.193 0.144 0.178 0.238 -0.155 -0.099
altl 0.066 0.064 0.036 0.013 -0.087 0.042 -0.040 0.083 0.051 0.016 0.004 0.027 -0.012 -0.069 -0.260
astl -0.026 -0.012 -0.012 0.090 -0.092 0.105 -0.058 0.058 0.057, -0.009 -0.020 0.105 0.000 -0.110 -0.187
dercfi -0.177 -0.108 -0.049 -0.025 0.068 0.030 -0.022 -0.151 -0.112 -0.085 -0.080 0.044 0.023 0.065 0.220
bill -0.041 0.060 0.121 -0.056 -0.032 -0.023 0.143 0.058 0.047 -0.005 0.075 -0.139 -0.064 0.209 0.145
bilp1 -0.102 0.093 0.054 -0.082 -0.016 0.067. 0.009 0.017 0.027 -0.001 0.008 -0.011 -0.045 0.233 0.071
creal -0.131 0.065 0.070 0.138 -0.044 0.196 -0.073 0.176 0.145 -0.030 -0.055 0.102 -0.134 -0.055 0.149
ckdepil -0.071 0.184 -0.048 -0.285 -0.092 -0.168 -0.033 -0.159 -0.261 -0.220 -0.207 -0.130 -0.127 0.037 -0.233
ureal 0.055 -0.059 0.120 0.094 0.082 0.060 0.167 0.157 0.135 0.042 0.088 -0.057 -0.072 0.111 0.129
crpl 0.131 -0.060 -0.058 0.033 -0.045 0.135 0.000 0.089 0.180 0.185 0.142 0.132 0.128 -0.146 0.015
ferl -0.027 -0.126 0.070 0.048 0.055 0.176 -0.053 -0.021 0.126 0.161 0.106 0.178 0.164 0.135 0.070
Idgl -0.042 0.027. 0.006 0.003 -0.153 0.122 -0.114 0.124 0.102 0.034 -0.016 0.136 -0.028 -0.106 -0.084
sodium1 -0.005 -0.088 0.083 -0.072 0.176 0.038 -0.020 -0.037 0.038 0.047 -0.020 0.037 0.007 -0.025 -0.145
potasiumi -0.074 -0.087 -0.047 -0.027 0.145 -0.041 -0.021 -0.033 -0.050 -0.074 -0.097 0.006 -0.073 0.168 0.071
chlorl 0.053 -0.170 0.064 -0.090 0.294 -0.090 0.139 0.070 -0.082 -0.116 -0.068 -0.229 -0.189 0.139 -0.095
hemogl -0.017 0.169 0.054 -0.084 -0.086 0.027. -0.070 -0.157 0.048 0.141 0.088 0.239 0.189 0.061 -0.017
erythrl 0.034 0.123 0.135 0.043 -0.133 -0.052 0.044 -0.138 0.106 0.193 0.223 0.166 0.230 -0.061 0.027
hematocl 0.065 0.056 0.099 0.051 -0.063 0.016 0.015 -0.099 0.144 0.223 0.215 0.219 0.242 -0.018 0.045
mchl -0.118 0.050 -0.180 -0.256 0.004 0.182 -0.253 -0.010 -0.110 -0.172 -0.310 0.109 -0.149 0.146 -0.090
rdwil 0.089 0.075 -0.102 0.085 -0.018 -0.123 0.044 -0.048 -0.096 -0.002 0.012 -0.104 -0.009 -0.08 -0.162
mevl 0.044 -0.153 -0.069 -0.123 0.090 0.127 -0.062 0.055 0.016 -0.021 -0.071 0.039 -0.026 -0.01 0.073
pltl 0.107. 0.034 -0.226 -0.284 0.026 -0.021 0.003 0.105 -0.074 -0.207 -0.187 -0.145 -0.250 -0.058 -0.195
leul -0.026 -0.025 -0.177 -0.069 -0.143 -0.074 0.022 -0.068 -0.040 -0.085 -0.031 0.009 -0.006 -0.016 0.032
segmnel 0.034 -0.128 -0.188 0.001 -0.081 -0.099 0.091 -0.061 -0.021 -0.056 0.037 -0.045 0.035 -0.019 0.115
|_segmnePercl 0.084 -0.186 -0.109 0.028 -0.002 -0.053 0.101 -0.024 0.028 0.025 0.102 -0.034 0.096 -0.092 0.119
stabnei -0.089 0.092 -0.106 -0.075 -0.173 0.011 -0.084 -0.143 -0.186 -0.049 -0.060 0.024 0.074 -0.035 -0.099
stabnePercl -0.123 0.087. -0.102 0.001 -0.176 0.075 -0.129 -0.117 -0.154 -0.022 -0.066 0.073 0.072 -0.079 -0.113
eol 0.089 0.152 -0.104 -0.170 0.063 -0.202 0.082 -0.057 -0.161 -0.176 -0.098 -0.182 -0.103 0.133 -0.107.
eoPercl 0.004 0.081 -0.009 -0.183 0.127 -0.096 0.020 -0.026 -0.119 -0.14 -0.129 E0MSS] -0.112 0.180 -0.123
basol 0.070 -0.173 0.089 0.037 0.047 -0.093 0.223 0.053 0.058 -0.103 0.092 -0.179 -0.120 -0.093 0.125
basoPercl 0.036 -0.002 0.034 -0.180 0.064 0.015 -0.045 -0.019 -0.053 -0.117 -0.135 -0.083 -0.114 -0.024 -0.239
lym1 0.014 0.178 -0.088 0.008 -0.039 -0.084 0.021 -0.010 -0.015 -0.082 -0.067 -0.048 -0.129 0.018 -0.036
lymPercl -0.034 0.200 0.074 0.008 0.125 -0.019 -0.048 -0.003 -0.022 -0.002 -0.074 0.000 -0.084 0.093 -0.093
monol 0.109 0.101 -0.032 -0.046 -0.219 -0.069 0.069 0.068 -0.027 -0.140 -0.021 -0.122 -0.138 0.025 -0.121
monoPercl 0.013 0.053 0.097 -0.014 -0.090 0.090 -0.068 0.141 0.006 -0.074 -0.089 -0.014 -0.133 0.061 -0.087.
soel 0.130 -0.018 -0.152 0.171 -0.068 0.081 0.076 0.099 0.140 0.152 0.154 0.017 0.097 -0.112 -0.029
apttl -0.052 0.052 -0.106 -0.160 -0.074 0.146 -0.193 -0.013 -0.057 -0.091 -0.196 0.136 -0.035 -0.109 -0.218
protrol -0.034 0.037 -0.167 -0.049 0.117 -0.062 -0.138 -0.134 -0.090 0.045 -0.097 0.096 0.120 -0.073 -0.274
inrl -0.038 0.034 0.133 0.079 -0.088 0.164 0.029 0.081 0.141 0.023 0.061 0.066 -0.037 0.105 0.229
fibrl 0.398 0.022 0.197 0.220 0.170 -0.116 0.296 0.088 0.224 0.319 0.403 -0.062 0.215 -0.059 0.035
trotimel -0.241 -0.050 -0.164 0.282 0.077 0.419 -0.282 0.073 -0.264 0.333 0.387 0.153 -0.314
antitrol -0.201 0.344 0.092 0.243 0.555_ -0.159 -0.059 -0.298 0.059 |
ddi 0.090 0.115 ] -0.044 | 0.122 -0.155 0.243 -0.104 | 0.179 0.236 0.178 0.079 0.140 0.039 -0.096 -0.088

Figure 1 Correlation matrix of interdependence of a number of indicators of the intestinal microbiota (presented horizontally, in columns from B to P) and the most frequently used clinical and biochemical
indicators (in rows from 2 to 44). Correlation values are presented as absolute values, their strength is determined by both the value of the indicated values and the color intensity. In this case, direct correlation has shades of red, inverse
correlation has shades of blue and a negative value. The main indicators of the intestinal microbiota were in a rather weak direct (from 0.023 to 0.229) and inverse (from -0.012 to -0.274) interdependence. However, as shown by a detailed analysis of
the results presented in the table, in particular, lines No. 41-43, a significant dependence of a number of microbiota indicators was discovered on the content of fibrinogen (line 41), thrombin time (line 42), the content of antithrombin-Ill (line 43). It was
found that the most significant inverse correlation was observed between the content of antithrombin-IIl and the number of fungi (-0.611), the number of lactobacilli (-0.569), the number of aerobes in the small intestine (-0.569). Moreover, a direct

correlation was established (0.555) between the content of antithrombin-IIl and the ratio of anaerobic flora to aerobic.
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microbiota and intestinal permeability are the driving factors of pathogenic processes that can
determine the features of the course of COVID-19[22]. With these data in mind, the key indicators of
intestinal permeability were analyzed in this study. Thus, the faecal calprotectin content in the control
group and in patients with COVID-19 did not differ, and zonulin in feces was significantly higher in
patients with COVID-19. At the same time, zonulin content in the blood of patients with COVID-19 was
significantly lower than that in the control group. In addition, in patients with moderately severe
COVID-19, a statistically significant increase in faecal calprotectin content and a tendency towards an
increase in faecal zonulin content were observed. The data obtained generally agree with the opinion of
Fasano (2012) on the role of zonulin in the pathogenesis of intestinal permeability disorders[6]; however,
they contradict the opinion of many researchers who believe that the level of zonulin in the blood and
feces, both synergistically increase in all patients with COVID-19[10]. It is likely that an increase in the
level of zonulin in feces during the peak period is a more subtle marker of changes in intestinal
permeability and requires further study.

Undoubtedly, the state of the intestinal target organ functional axis plays a special role in the
pathogenesis of COVID-19[23]. The understanding that the human intestine is an ecological niche for a
large population of intestinal microbiota is based on the idea that it is dominated by Bacteroidetes and
Firmicutes[24], which produce several metabolites to maintain intestinal homeostasis[25]. The gut
microbiota plays an important role in defense against pathogens as well as in the differentiation and
proliferation of the intestinal epithelium[26]. In this regard, any deviation from the normal microbial
composition of the intestine is defined as "microbial dysbiosis", which is characterized by a change in
the role of pathobionts and instability or reduction in populations of "key" taxon such as Bacteroidetes
and Firmicutes[27].

Modern literature data on the possible relationship between changes in intestinal microbiota and the
severity of COVID-19 manifestations[28] served as an incentive for this study. Significant differences
were found in the parameters of the intestinal microbiota in patients with COVID-19 compared to the
control group in terms of the Propionibacterium/Cl. Subterminale ratio and the content of fungi and
lactobacilli. It is important to note a statistically significant (more than 3 times) increase in the total
endotoxin content in the blood of patients with COVID-19, which certainly enhances the body's general
inflammatory response to SARS-CoV-2.

To study the interdependence of the indicators of the intestinal microbiota and the most commonly
used indicators of clinical and biochemical studies, a correlation matrix was built, which showed that
the main parameters of the microbiota are interrelated with many clinical and biochemical indicators,
including the fibrinogen content, thrombin time, and antithrombin III content. The most significant
inverse correlation was found between the antithrombin-III content and the number of fungi,
lactobacilli, and aerobes in the small intestine. A direct correlation was also established between the
antithrombin III content and the ratio of anaerobic flora to aerobic flora.

The data obtained in the course of this work are relatively contradictory. They may indicate not only
the important role of the pathogen in the genesis of GI lesions but also the importance of drugs used in
treating patients with COVID-19 and affecting inflammation, microcirculation, and blood clotting[17].
Nevertheless, the issues raised in this study require further study.

CONCLUSION

Currently, success in the fight against COVID-19 is associated with a complex of anti-epidemic
measures and an increase in the rate of immunization of the population, as well as with a deep systemic
study of the pathogenetic mechanisms of the development of the disease, the search for effective
therapies, and methods of preventing complications[29].

The mechanisms of various gastroenterological manifestations of COVID-19 are largely mediated by
impaired intestinal permeability and homeostasis of the human microbiome. The search for new criteria
for the early detection of changes in the intestinal microflora, as well as intestinal permeability, requires
the study of this problem at all stages of medical care, including hospitalization.

The approaches proposed in this study to assess the clinical and laboratory manifestations of COVID-
19, microbiota, and intestinal permeability indicators are of scientific and practical interest not only in
the context of determining the pathogenic mechanisms of the new coronavirus infection and
polymorphism of its clinical manifestations, but also for developing predictive models for the course of
COVID-19, the introduction of new methods of treatment, and the prevention of complications,
including post-COVID syndrome.

ARTICLE HIGHLIGHTS

Research background
An important area of effective control of the coronavirus disease 2019 (COVID-19) pandemic is the
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study of the pathogenic features of severe acute respiratory syndrome-related coronavirus 2 (SARS-
CoV-2) infection, including those based on assessing the state of the intestinal microbiota and
permeability.

Research motivation
To study the clinical features of the COVID-19 in patients with mild and moderate severity at the stage
of hospitalization.

Research objectives

The objective of this clinical study was to determine the role of hepatobiliary injury, intestinal
permeability disorders, and changes in composition of the microbiota in the development of systemic
inflammation in patients with SARS-CoV-2 infection.

Research methods

The study was performed in 80 patients with mild and moderate severity of COVID-19. The scope of the
examination included traditional clinical, laboratory, biochemical, instrumental, and radiation studies,
as well as original methods for studying microbiota and intestinal permeability.

Research results
The clinical and biochemical features, manifestations of systemic inflammation, and intestinal
microbiome changes in patients with mild and moderate severity were identified.

Research conclusions
This study highlights the role of intestinal permeability and microbiota as the main drivers of gastroen-
terological manifestations and increased COVID-19 severity.

Research perspectives

Our study showed that there is a change in the composition of the intestinal microflora, an increase in
zonulin in feces, and intestinal dysfunction, which might be connected to COVID-19. We believe that
additional studies should give more promising results. We also suggest that the use of probiotics,
prebiotics, short chain fatty acids might show the success in treating intestinal dysbiosis caused by
SARS-CoV-2 infection. If the effectiveness of these drugs is confirmed, the results can be used to
complement the algorithms for COVID-19 treatment.
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Abstract

BACKGROUND
Coronavirus disease 2019 (COVID-19) is a major and costly public health
emergency.

AIM

To investigate the impact of China’s lockdown policies during the COVID-19
outbreak on the level I trauma center of a tertiary comprehensive hospital of
Traditional Chinese Medicine.

METHODS

All patients admitted to our trauma center during a lockdown in 2020 and the
same period in 2019 were enrolled. We collected data on demographics, daily
visits, injury type, injury mechanism, injury severity score, and patient
management for comparative analysis.

RESULTS

The total number of patients in the trauma center of our hospital decreased by
50.38% during the COVID-19 Lockdown in 2020 compared to the same period in
2019. The average number of trauma visits per day in 2019 was 47.94, compared to
23.79 in 2020. Comparing the patients” demographic data, loss of employment was
the most predominate characteristic in 2020 compared to 2019, while there was no
significant difference in gender, age, and marital status between both periods.
During the lockdown period, the proportion of traffic accident-related injuries,
injuries due to falls greater than 1.5 m, and mechanical injuries decreased
significantly, whereas the proportion of injuries caused by falls less than 1.5 m,
cuts, assault, bites, and suicidal tendencies and other injuries increased relatively.
In addition, the proportion of patients with minor injuries increased and serious
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injuries decreased during the lockdown. The hospitalization rate increased significantly, and there
was no significant difference in emergency surgery and death rates.

CONCLUSION

The lockdown policies during the COVID-19 outbreak significantly altered the number and
mechanism of traumatic events in our hospital, which can be monitored regularly. Our results
suggest that mandatory public health prevention and control measures by the government can
reduce the incidence of traumatic events and the severity of traumatic injuries. Emergency surgery
and mortality rates remain high, increased because of factors such as family injury and penetrating
injury, and hospitalization rates have increased significantly. Therefore, our trauma center still
needs to be fully staffed. Finally, from the perspective of the injury mechanism, indoor trauma is a
major risk during a lockdown, and it is particularly important to develop prevention strategies for
such trauma to reduce the medical burden of the next catastrophic epidemic.

Key Words: COVID-19 outbreak; Lockdown; Trauma; Mechanisms; Injury severity score; Retrospective
study
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Core Tip: First of all, during the coronavirus disease 2019 pandemic, the incidence of traumatic events in
our city has been greatly reduced thanks to effective government control. In addition, from the perspective
of injury mechanism, indoor trauma is a major risk during lockdown periods; therefore, it is particularly
important to develop prevention strategies for such trauma to reduce the medical burden of the next
catastrophic epidemic.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) was first detected in Wuhan, China[1], which spread rapidly
worldwide and emerged as a pandemic[2-3], posing a major threat to the health of all populations[4].
The Chinese government adopted a series of unprecedented restrictions to contain the COVID-19
pandemic, including community lockdown, transportation restrictions, work cessation, school closures,
home quarantine, and bans on all types of social activities. Guangdong province initiated a level I
special major public health emergency response from January 23 to February 24, 2020, which marked
the official start of a total lockdown. During this period, many major hospitals globally showed an
overall decrease in the number of patients admitted and the admission rates for unrelated COVID-19
infections[5-6], as well as corresponding changes in trauma patterns and mechanisms[7-10]. It is
unknown whether these lockdown policies reduced the demand on the health care system and the
occurrence of trauma injuries. As a result, we conducted a study to investigate the impact of the
lockdown policies on the level I trauma center of a tertiary comprehensive hospital of traditional
Chinese medicine (TCM).

It should be noted that our hospital did not admit any COVID-19 patients during this period.
Therefore, we believe that this study objectively presents accurate evidence of traumatic conditions
unrelated to COVID-19, as the impact of visits attrition due to COVID-19 patients was excluded.

MATERIALS AND METHODS

Data collection

We conducted a retrospective study of all trauma patients admitted to the trauma center of a tertiary
comprehensive Hospital of TCM. This is a comprehensive tertiary hospital located in the center of
Foshan City, Guangdong Province, and it is famous for its orthopedics department. Its comprehensive
strength has been ranked first among TCM hospitals in prefecture-level cities for many years in China,
and the trauma center of the emergency department is particularly prominent. This study enrolled all
patients who visited the emergency trauma center from January 23 to February 24 in 2019 and 2020. All
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data were obtained from the Electronic Registration Database of Trauma Institutions in the emergency
department of our hospital. There were 1582 cases in 2019 and only 785 cases in 2020. The study was
approved by the Institutional Review Board of our hospital, and the need for informed consent was
waived.

We collected data on demographics, daily visits, injury type, injury mechanism, injury severity score
(ISS), and patient management. Demographic characteristics included gender, age, occupation, and
marital status. The injury type was defined to include blunt, penetrating, burns, and others. The injury
mechanisms were divided into the following categories: (1) Traffic accident-related, including motor
vehicle collisions, motorcycle collisions, and other pedestrian accidents; (2) falls greater than or less than
1.5 m; (3) machine-related; (4) cuts; (5) assault; (6) bites, including bee stings and animal and snake bites;
(7) suicidal tendencies; and (8) reasons other than those mentioned above. The severity of the injury was
set according to the international ISS scoring standard. Patient management included emergency
surgery, hospitalization, leave granted, death, and others. We obtained complete data for all patients,
and no one was excluded from the analysis.

Statistical method

Categorical data were described as number (percentage) and compared using Chi-squared and Fisher’s
Exact test, as appropriate. Continuous variables were expressed as mean (standard deviation, SD) and
compared using the two-sample t-test. p < 0.05 was considered statistically significant. Statistical
Package for the Social Sciences version 22.0 was used for statistical analysis.

RESULTS

As shown in Table 1, our hospital enrolled a total of 2367 trauma patients in both phases, none of whom
had been diagnosed with COVID-19. There were 1582 trauma cases in 2019 and only 785 in 2020,
indicating a 50.38% overall decline in trauma cases in 2020 compared to the same period in 2019. Besides
the significant difference in employment status in the occupational classification between 2020 and 2019
(21.81% and 18.22%, p = 0.042), there was no significant difference in the remaining demographic
characteristics (p > 0.05).

As shown in Figure 1, the data were combined into the total number of cases over 3 d. The daily
intake of trauma patients in our hospital during the lockdown phase in 2020 was less than that in 2019,
with an average of 47.94 trauma patient visits per day in 2019 compared to 23.79 in 2020.

As shown in Figure 2, there was not significant difference in injury type, including blunt injury
(74.02% vs 72.10%, p = 0.320), penetrating injury (21.18% vs 23.31%, p = 0.237), burns (1.52% vs 1.66%, p =
0.797), and others (3.29% vs 2.93%, p = 0.641), between the 2020 and 2019 periods, and there was no
association between injury type and the government blockade policy in 2020 (all p > 0.05).

As shown in Table 2, the number of all injury mechanisms decreased in 2020 compared with 2019, but
their proportions varied in the same period. The proportion of traffic accident-related injury (20.51% vs
24.72%, p = 0.023), fall (> 1.5 m) injury (6.75% vs 9.73%, p = 0.016), and mechanical injury (18.09% vs
22.06%, p = 0.025) showed a significant decreasing trend from 2019 to 2020. However, the proportion of
fall (< 1.5 m) (18.34% vs 15.04%, p = 0.040), cut (14.90% vs 10.81%, p = 0.004), assault (3.69% vs 2.28%, p =
0.047), bites (3.18% vs 2.28%, p = 0.189), suicidal tendencies (1.66% vs 1.52%, p = 0.797), and other injury
mechanisms (12.87% vs 11.57%, p = 0.360) all increased. Among them, there was a significant difference
in fall (< 1.5 m), cut, and assault (p < 0.05), but there was no significant difference in the other three
injury mechanisms (p > 0.05).

Regarding the assessment of trauma severity (shown in Table 3), the overall mean ISS level in 2020
was lower than that in 2019, and the difference was statistically significant (p < 0.05). Further division of
ISS according into degrees showed that the proportion of patients with ISS score <15 (81.91% vs 78.13%,
p = 0.032) in 2020 was significantly higher than that in 2019, while the proportion of patients with ISS
score > 25 (1.40% vs 2.72%, p = 0.043) was significantly higher in 2019 compared with 2020. There was no
difference in the proportion of patients with ISS score between 15 and 25 (p > 0.05).

In terms of disposal methods (shown in Table 4), the rates of emergency surgery (37.07% vs 33.63%, p
= 0.098) and hospitalization (18.47% vs 12.20%, p < 0.01) in 2020 were both higher than those in 2019, but
with no statistical difference in the former (p > 0.05). However, there was a decrease in the proportion of
leave granted (41.27% vs 50.63%, p < 0.01), death (0.25% vs 0.38%, p = 0.908), and others (2.93% vs 3.16%,
p = 0.760) in 2020 compared with 2019, with a significant difference only in the rate of leave granted (p <
0.05).

DISCUSSION

It is well known that trauma places a heavy burden on global healthcare systems[11]. The COVID-19
pandemic poses an even more serious challenge to trauma centers, similar to a relentless mass casualty
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Table 1 Demographic comparison of patients, n (%)

2019, n= 1582 2020, n =785 Pvalue
Age, mean (SD) 34.01 (22.13) 32.84 (23.57) 0.236
Age groups <18 396 (25.03) 195 (24.84) 0.92
18-45 712 (45.01) 348 (44.33) 0.756
46-60 237 (14.98) 107 (13.63) 0.38
> 60 237 (14.98) 135 (17.20) 0.163
Gender Male 1052 (66.50) 505 (64.33) 0.296
Female 530 (33.50) 280 (35.67)
Occupation Employed 345 (21.81) 143 (18.22) 0.042"
Unemployed 759 (47.98) 377 (48.02) 0.982
Not recorded 478 (30.21) 265 (33.76) 0.08
Marital status Married 554 (35.02) 282 (35.92) 0.665
Unmarried 727 (45.95) 368 (46.88) 0.671
Minor 301 (19.03) 135 (17.20) 0.28

P < 0.05, indicating the statistical difference.

Table 2 Comparison of injury mechanisms, n (%)

2019, n = 1582 2020, n =785 P value

Traffic accident-related 391 (24.72) 161 (20.51) 0.023"
Fall-greater than 1.5 m 154 (9.73) 53 (6.75) 0.016"
Fall-less than 1.5 m 238 (15.04) 144 (18.34) 0.040"
Machine-related 349 (22.06) 142 (18.09) 0.025"
Cut 171 (10.81) 117 (14.90) 0.004°
Assault 36 (2.28) 29 (3.69) 0.047¢
Bites 36 (2.28) 25 (3.18) 0.189
Suicidal tendencies 24 (1.52) 13 (1.66) 0.797
Other 183 (11.57) 101 (12.87) 0.36

P < 0.05, indicating the statistical difference.

JBaishideng®

event[12]. In addition, the morbidity and mortality caused by COVID-19 prompted the government to
institute an unprecedented and severe lockdown policy to control the spread of the virus[13]. Some
scholars reported that the COVID-19 outbreak has increased the pressure of medical care, and that
many facilities have exceeded their original resource capacity load and will be exhausted[14]. Another
study suggested that the burden of trauma during COVID-19 can be reduced by social distancing and
the advice to stay at home[15]. Based on the above findings, it is unclear how these lockdown policies
have affected our trauma center.

Our study showed an overall decline of 50.38% in the number of trauma patients treated in the
trauma center of our hospital during the lockdown period from January 23 to February 24, 2020,
compared to the same period in 2019. Both daily and total visits decreased, which is similar to the
results in most countries[16-20]. Young and middle-aged individuals accounted for the highest
proportion of the trauma patients, and the injuries were observed mainly among males. In addition, we
found that the number of employed patients declined significantly during the COVID-19 outbreak. This
may be due to the disproportionate combined influence of various socioeconomic factors. For instance,
most high-income individuals have transitioned to working at home, while most unemployed persons
may continue to work outside due to economic pressure[21]. Such employees include taxi drivers,
construction workers, teachers, technicians, and civil servants. However, our study did not make this
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Table 3 Comparison of patient’s injury severity score, n (%)

ISS 2019, n = 1582 2020, n =785 P value
Mean (SD) 9.87 (8.31) 9.15 (7.11) 0.038°
<15 1236 (78.13) 643 (81.91) 0.032"
15-25 303 (19.15) 131 (16.69) 0.145
>25 43 (2.72) 11 (1.40) 0.043°

P < 0.05, indicating the statistical difference.
ISS: Injury severity score.

Table 4 Comparison of patient’s management, n (%)

Management 2019, n = 1582 2020, n =785 P value
Emergency surgery 532 (33.63) 291 (37.07) 0.098
Hospitalization 193 (12.20) 145 (18.47) <0.001"
Leave granted 801 (50.63) 324 (41.27) <0.001"
Death 6 (0.38) 2 (0.25) 0.908
Other 50 (3.16) 23 (2.93) 0.76

4P < 0.05, indicating the statistical difference.
Death, it refers to deaths that occur in-hospital on arrival at the emergency room.
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Figure 1 Line chart of the daily number of patients.

comparison.
Although the injury types in these two periods were similar to those in other studies[22], there was no

significant difference after analysis of the results. However, there are certain rules in the mechanism of
injury. We found that the lockdown period significantly reduced injuries due to traffic accident, falls
greater than 1.5 m, and machine-related injuries, whereas other injury mechanisms such as falls less
than 1.5 m, cuts, and assault increased. The Chinese government’s lockdown policy reduced travel,
construction works, and manufacturing operations, while home quarantine measures were
implemented to limit the spread of the virus. As a result, traffic accidents, high fall injury, mechanical
injury, and other types of injury were greatly reduced. Global studies have similarly shown a significant
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Figure 2 Comparison of injury types.
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decrease in the number of transportation-related traumas during the COVID-19 pandemic[23-24].
However, the risk of indoor injury did not decrease[8]. For instance, some studies[25-26] showed that
injuries caused by falling from a height and using tools at home increased during the lockdown period.
The incidence of domestic violence caused by economic pressure, loneliness, and psychological pressure
was also much higher during the COVID-19 pandemic than before[27-29]. Regarding trauma severity,
we observed that the mean ISS score during the lockdown period was lower than that of the same
period in 2019, with the main significant difference being an increase in the proportion of low scores (<
15) and a decrease in the proportion of high scores (> 25). This is consistent with the studies of
Andreozzi et al[30] and Qasim et al[12], considering that factors such as family injury and penetrating
injury increase the proportion of emergency surgery, but the risk of death is also small due to the low
severity of this type of injuries[12,30]. The proportions of emergency surgery and mortality in the two
periods were not significantly different. However, the hospital’s demand for emergency surgery and
inpatient wards remained unchanged[31]. This indicates that a lockdown period can indeed reduce the
overall severity of injuries, and that mainly minor injuries occur during such periods[32,33]. Moreover,
our study found that hospitalization rates increased significantly during lockdown periods. Trauma is
still an important cause of many hospitalizations[11].

Limitations and prospects

Our study has some limitations. First, the data were only from the trauma center of one hospital, and
the sample size was small, which did not satisfy the needs of other regions in China. Second, results of
retrospective studies based on electronic medical records have a certain degree of subjectivity, which
may increase the information error. However, we believe that COVID-19 Lockdown regularly has a
negative impact on humans, and this study certainly adds to existing evidence. It is hoped that we can
conduct a national multi-center study to confirm similar findings and further evaluate the impact of the
Chinese government’s lockdown policy on hospital trauma centers to provide information and allocate
trauma medical resources for the prevention of the next catastrophic infectious disease.

CONCLUSION

The lockdown policy during the COVID-19 outbreak significantly changed the number and mechanism
of traumatic events in our hospital, which can be monitored regularly. Mandatory prevention and
control measures by the government can reduce the occurrence and severity of traumatic events and
significantly reduce the incidence of traffic accidents, falling injuries, and machine injuries. However,
high rates of emergency surgery, mortality, and hospitalizations have led to the need for better staffing
of health care personnel. Finally, there is a need to focus on indoor trauma, which is particularly
important in terms of prevention strategies, to reduce the medical burden of the next catastrophic
epidemic.

ARTICLE HIGHLIGHTS

Research background
Coronavirus disease 2019 (COVID-19) was spread rapidly worldwide and emerged as a pandemic,
posing a major threat to the health of all populations.
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Research motivation

It is unknown whether these lockdown policies reduced the demand on the health care system and the
occurrence of trauma injuries. As a result, we conducted a study to investigate the impact of the
lockdown policies on the level I trauma center of a tertiary comprehensive hospital of traditional
Chinese medicine (TCM).

Research objectives
This study aimed to investigate the impact of China’s lockdown policies during the COVID-19 outbreak
on the level I trauma center of a tertiary comprehensive hospital of TCM.

Research methods

All patients admitted to our trauma center during a lockdown in 2020 and the same period in 2019 were
enrolled. We collected data on demographics, daily visits, injury type, injury mechanism, injury severity
score, and patient management for comparative analysis.

Research results

The total number of patients in the trauma center of our hospital decreased by 50.38% during the
COVID-19 Lockdown in 2020 compared to the same period in 2019. The average number of trauma
visits per day in 2019 was 47.94, compared to 23.79 in 2020. Comparing the patients” demographic data,
loss of employment was the most predominate characteristic in 2020 compared to 2019, while there was
no significant difference in gender, age, and marital status between both periods. During the lockdown
period, the proportion of traffic accident-related injuries, injuries due to falls greater than 1.5 m, and
mechanical injuries decreased significantly, whereas the proportion of injuries caused by falls less than
1.5 m, cuts, assault, bites, and suicidal tendencies and other injuries increased relatively. In addition, the
proportion of patients with minor injuries increased and serious injuries decreased during the
lockdown. The hospitalization rate increased significantly, and there was no significant difference in
emergency surgery and death rates.

Research conclusions

The lockdown policies during the COVID-19 outbreak significantly altered the number and mechanism
of traumatic events in our hospital, which can be monitored regularly. Our results suggest that
mandatory public health prevention and control measures by the government can reduce the incidence
of traumatic events and the severity of traumatic injuries. Increased due to factors such as family injury
and penetrating injury, emergency surgery and death rates remain high, and hospitalization rates have
increased significantly.

Research perspectives

Therefore, our trauma center still needs to be fully staffed. Finally, from the perspective of the injury
mechanism, indoor trauma is a major risk during a lockdown, and it is particularly important to
develop prevention strategies for such trauma to reduce the medical burden of the next catastrophic
epidemic.
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Abstract

BACKGROUND

Coronary artery stenosis (CAS) is the most common type of heart disease and the
leading cause of death in both men and women globally. CAS occurs when the
arteries that supply blood to the heart muscle harden and become narrower due
to plaque buildup - cholesterol and other material - on their inner walls. As a
result, the heart muscle cannot receive the blood or oxygen it needs. Most heart
attacks happen when a blood clot suddenly cuts off the hearts' blood supply,
causing permanent heart damage.

AIM
To analyze the relationship between the left ventricular ejection fraction (LVEF),
left ventricular strain (LVS), and coronary stenosis.

METHODS

A total of 190 participants were enrolled in this trail. The control group comprised
93 healthy individuals, and observation group comprised 97 patients with
coronary heart disease who were hospitalized between July 2020 and September
2021. Coronary lesions were assessed using the Gensini score, and the LVEF and
LVS were measured using magnetic resonance imaging (MRI). The interaction
between the LVEF and LVS was examined using a linear regression model. The
relationship between LVEF and coronary stenosis was examined using Spear-
man’s correlation.

RESULTS

The LVEF of the observation group was lower than that of the control group. The
left ventricular end-systolic volume (LVESV) and left ventricular end-diastolic
volume (LVEDV) of the observation group were significantly higher than those of
the control group (P < 0.05). The longitudinal and circumferential strains (LS, CS)

2246 April 6,2023 | Volumel1l | Issuel0 |


https://www.f6publishing.com
https://dx.doi.org/10.12998/wjcc.v11.i10.2246
mailto:shuwenl007@yeah.net

Jaishideng®

Gui HY et al. Correlation between LVEF, LVS, and CAS

of the observation group were significantly higher than those of the control group; however, the
radial strain (RS) of the observation group was significantly lower than that of the control group (P
< 0.05). LVS, LS, and CS were significantly negatively correlated with the LVEF, and RS was
positively correlated with the LVEF. There were significant differences in the LVEF, LVESV, and
LVEDV of patients with different Gensini scores; the LVEF significantly decreased and the LVESV
and LVEDV increased with increasing Gensini scores (P < 0.05). In the observation group, the
LVEF was negatively correlated and the LVESV and LVEDV were positively correlated with
coronary stenosis (P < 0.05).

CONCLUSION
The LVEF measured using MRI is significantly linearly correlated with LVS and negatively
correlated with coronary stenosis.

Key Words: Magnetic resonance imaging; Left ventricular ejection fraction; Left ventricular strain;
Coronary stenosis; Left ventricular end-diastolic volume; Left ventricular end-systolic volume

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study aimed to analyze the relationship between the left ventricular ejection fraction
(LVEF), left ventricular strain (LVS), and coronary artery stenosis (CAS), 93 healthy individuals were
selected as the control group, while 97 patients with coronary heart disease were selected as the
observation group. Through the analysis of the Gensini score, magnetic resonance imaging, a linear
regression model, and Spearman’s correlation, we found that LVEF is significantly linearly correlated
with LVS and negatively correlated with CAS.

Citation: Gui HY, Liu SW, Zhu DF. Interaction between the left ventricular ejection fraction and left ventricular
strain and its relationship with coronary stenosis. World J Clin Cases 2023; 11(10): 2246-2253

URL: https://www.wjgnet.com/2307-8960/full/v11/i10/2246.htm

DOI: https://dx.doi.org/10.12998/wjcc.v11.i110.2246

INTRODUCTION

Coronary artery stenosis (CAS) is a common clinical disease. As the condition worsens, myocardial cells
are damaged to varying degrees, resulting in abnormal myocardial blood perfusion and changes in
ventricular function and structure[1]. Therefore, a timely and effective clinical evaluation of the left
ventricular function is necessary to assess the risk of coronary heart disease[2]. Currently, magnetic
resonance imaging (MRI) is widely used in clinical practice as a non-invasive examination method
because it can effectively assess the function and structure of the left ventricle and coronary arteries[3];
thus, MRI has gradually become the gold standard for this purpose[4]. However, there are few clinical
studies on the correlation between left ventricular ejection fraction (LVEF) and other cardiac function
indicators. Therefore, this study included patients with coronary heart disease admitted to our hospital
and analyzed the relationship between the LVEF measured using MRI, left ventricular strain (LVS), and
coronary stenosis.

MATERIALS AND METHODS

General materials

This study was approved by the ethics committee of Harbin No. 4 Hospital. The observation group
comprised 97 patients with coronary heart disease who were hospitalized between July 2020 and
September 2021, while the control group comprised 93 healthy individuals. The observation group
included 52 men and 45 women (age, 56.21 + 7.32 years; heart rate, 64.93 + 6.33 beats/min), while the
control group included 51 men and 42 women (age, 55.91 + 8.13 years; heart rate, 64.56 + 7.43 beats/
min). The clinical data of the groups were comparable, with no discernible differences (P > 0.05). The
inclusion criteria were as follows: (1) Fulfilled the coronary computed tomography angiography
diagnostic criteria for coronary heart disease; (2) available imaging results with satisfactory image
quality; (3) no history of coronary intervention; and (4) provided a signed informed consent form. The
exclusion criteria were as follows: (1) Congenital heart disease or valvular heart disease; (2) severe
arrhythmia; (3) cardiomyopathy; (4) liver and kidney insufficiency; (5) history of hypertension (grade 3
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or higher); and (6) pregnancy or breastfeeding.

Methods

All participants were examined using a Philips Ingenia 3.0 T MRI machine with a 12-channel phased-
array coil while in the supine decubitus position. Sagittal, coronal, and axial scans were performed. The
four-chamber long-axis view, two-chamber view, short-axis view, and the entrance and exit of the left
ventricle were obtained; the heart axis was centered during imaging. The images of each slice were
collected at the end of expiration, and the steady-state free precession (SSFP) scanning parameters were
as follows: Left ventricular short-axis slice thickness, 8 mm; echo time (TE), 1.7 ms; repetition time (TR),
51.5 ms; field of view (FOV), 340 mm x 360 mm; matrix, 256 x 192; flip angle, 70°; and total number of
plies, 8 to 10. Delayed enhanced images were obtained using Gd-DTPA as the contrast agent, which was
injected via the peripheral vein with a high-pressure syringe at a rate of 4 mL/s; the contrast agent dose
was 0.2 mmol/kg. An equal volume of physiological saline was also injected at the same rate. At 7 min
after the injection, phase-sensitive inversion recovery (left ventricular short-axis thickness, 8 mm; TE, 2.6
ms; TR, 750 ms; FOV, 340 mm x 360 mm; matrix, 256 x 192) was performed. The inversion time (TI) was
determined in real time according to the darkest layer of the myocardium. A total of 8 to 10 Layers were
collected, and the slices were the same as those used for SSFP.

Image processing

All images were transmitted to the supporting workstation. Two radiologists with more than 3 years of
experience judged the results and post-processed the images. Using the post-processing standards
published by the American Cardiovascular Magnetic Resonance Committee, the epicardium and
endocardium were delineated using the SSFP images to determine the LVEF, left ventricular end-
systolic volume (LVESV), and left ventricular end-diastolic volume (LVEDV). Patients with coronary
artery lesions were evaluated using the Gensini score and CAS scoring standards [5]. Scores based on
the degree of stenosis were as follows: 1%-25%, 1 point; > 25%-50%, 2 points; > 50%-75%, 4 points; >
75%-90%, 8 points; > 90%-< 100%, 16 points; and 100%, 32 points. Scores based on the lesion site were
scored as follows: left main artery, 5 points; left anterior descending branch or proximal circumflex
branch, 2.5 points; intermediate section of the left anterior descending artery, 1.5 points; distal segment
of the left anterior descending artery, 1 point; intermediate and distal segments of the left circumflex
artery, 1 point; right coronary artery, 1 point; and small branches, 0.5 points. The total score was the sum
of the stenosis degree and lesion site scores, and patients were categorized as follows: score < 30, mild
disease group; score > 30-60, moderate disease group; and score > 60, severe disease group. Supporting
software of Philips Ingenia 3.0T magnetic resonance instrument was used to detect myocardial strain
parameters, and the epicardial and endocardial displacements were automatically tracked to quantify
the left ventricular myocardial motion and analyze three-dimensional longitudinal strain (LS), circum-
ferential strain (CS), and radial strain (RS).

Statistical analysis

Statistical analysis was performed using SPSS version 20.0 (Armonk, NY: IBM Corp). The enumeration
data were expressed as percentages, and y? test for comparisons. The measurement data of the two
groups were expressed as the mean + SD, and a f-test was used for comparisons. Differences in
measurement data among multiple groups were evaluated using an analysis of variance. The linear
regression model was used to analyze the interaction between the LVEF and LVS. Spearman’s
correlation was used to analyze the relationship between LVEF and coronary stenosis. P < 0.05 indicated
a statistically significant difference.

RESULTS

MRI results of the left ventricular function

The LVESV and LVEDV of the observation group were substantially greater than those of the control
group; however, the LVEF of the observation group was lower than that of the control group (P < 0.05;
Table 1). The typical case diagram is shown in Figure 1.

Left ventricular stress test results
The LS and CS of the observation group were much greater than those of the control group; however,
the RS of the observation group was lower than that of the control group (P < 0.05; Table 2).

Interaction between the left ventricular ejection fraction and left ventricular strain
The LVS, LS, and CS were significantly negatively correlated with the LVEF, and the RS was
significantly positively correlated with the LVEF (Table 3, Figure 2).
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Table 1 Magnetic resonance imaging results of the left ventricular function

Group Participants LVEF, % LVESV, mL LVEDV, mL
Observation 97 4419+9.71 88.51 +17.52 147.32 +18.32
Control 93 66.92 +10.23 33.64 +10.23 100.03 + 23.19
t value 15.713 26.215 15.613

P value 0.000 0.000 0.000

LVEDV: Left ventricular end-diastolic volume; LVEF: Left ventricular ejection fraction; LVESV: Left ventricular end-systolic volume.

Table 2 Left ventricular stress test results

Groups Participants LS, % CS, % RS, %
Observation 97 -11.21 +3.87 -14.85 +5.96 31.44 +10.45
Control 93 1543 +2.42 -19.83 +4.09 45.43 +6.12
t value 8.969 6.684 11.194

P value 0.000 0.000 0.000

CS: Circumferential strain; LS: Longitudinal strain; RS: Radial strain.

Table 3 Interaction between the left ventricular ejection fraction and left ventricular strain

Independent variable Model R?

LS y = -2.5269x +17.285 0.9805
cs y = -1.6514x + 21.462 0.9836
RS y = 0.9325x + 16.356 0.9848

CS: Circumferential strain; LS: Longitudinal strain; RS: Radial strain.

DOI: 10.12998/wjcc.v11.i10.2246 Copyright ©The Author(s) 2023.

Figure 1 Magnetic resonance imaging results of a 56-year-old woman with hypertension, diabetes, chest tightness, and shortness of
breath. A: Functional imaging shows decreased left ventricular end-diastolic systole; B: The perfusion scan shows extensive subendocardial ischemia; C: The
delayed scan shows partial myocardial fibrosis. Extensive myocardial ischemia was considered. Partial myocardial infarction causes abnormal cardiac function.

Left ventricular function of participants with different degrees of coronary stenosis

There were significant differences in the LVEF, LVESV, and LVEDV of patients with different Gensini
scores. The LVEF significantly decreased and the LVESV and LVEDV significantly increased with
increasing Gensini scores (P < 0.05; Table 4).
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Table 4 Left ventricular function of participants with different degrees of coronary stenosis

Gensini score Participants LVEF, % LVESV, mL LVEDV, mL
<5 12 5493 +8.12 70.94 + 1534 12549 +17.43
5-<25 41 45.67 £7.92 85.21+17.83 142.85 +12.93
>25-< 60 36 40.88 + 8.87 95.09 +13.21 155.93 + 16.54
>60 8 35.39 +9.05 102.17 +11.09 164.23 +13.82
F value 11.755 10.027 17.025

P value 0.000 0.000 0.000

LVEDV: Left ventricular end-diastolic volume; LVEF: Left ventricular ejection fraction; LVESV: Left ventricular end-systolic volume.
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Figure 2 Interaction between the left ventricular ejection fraction and left ventricular strain. A: Longitudinal strains; B: Circumferential strain; C:
Radial strain. LVEF: Left ventricular ejection fraction; LS: Longitudinal strain; CS: Circumferential strain; RS: Radial strain.
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Relationship between left ventricular function and coronary stenosis
In the observation group, the LVEF (r = -0.754) was significantly negatively correlated with and the
LVESV (r = -0.682) and LVEDV (r = 0.701) were significantly positively correlated with coronary

stenosis (P < 0.05).
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DISCUSSION

Coronary heart disease is a prevalent clinical illness and major cause of disability and death[6]. Patients
with coronary heart disease often have coronary obstruction or stenosis, which can lead to angina
pectoris and myocardial infarction, reduce cardiac compliance, and cause heart failure and cardiac
enlargement[7,8]. Moreover, when CAS exceeds 40%, the blood flow reserve function is significantly
reduced; furthermore, when the degree of vascular stenosis exceeds 75%, the coronary resting blood
flow decreases significantly because of increased vascular stenosis, resulting in impaired myocardial
contractility[9]. Although coronary angiography has been used as the gold standard for evaluating and
analyzing coronary heart disease, clinical use and patient acceptance rates are low because of its
invasiveness[10,11]. Furthermore, the rapid development of medical science has resulted in the
development of additional methods of evaluating left ventricular function. For example, MRI is a non-
invasive method that is widely used in clinical practice, and it is one of the most accurate methods of
evaluating the left ventricular volume[12].

The LVEF, LVEDV, and LVESV are the main indicators of the ability of the heart to pump blood;
furthermore, they are important for evaluating coronary heart disease and predicting the survival rate
of such patients[13,14]. The LVEEF is the ratio of the left ventricular stroke volume to the end-diastolic
volume, and it is one of the core values used for the basic evaluation of cardiac function in clinical
practice[15]. MRI is the gold standard for assessing the LVEF and left ventricular function in clinical
practice[16]. Myocardial strain, which has received much attention, is a quantitative measurement used
to analyze myocardial deformation and to evaluate changes in the myocardial segment length[7]:
positive myocardial strain indicates prolonged myocardial thickening, while negative myocardial strain
indicates that the myocardium is thinning and shortening. Myocardial strain is expressed as a
percentage[17]. Tissue tracking technology can be used to calculate myocardial strain during cardiac
MRI and echocardiography; these results have good reproducibility and high clinical value[18]. The LS
and CS of the observation group were higher than those of the control group; however, the RS of the
observation group was lower than that of the control group. The results of the linear regression model
analysis showed that LVS, LS, and CS were significantly inversely correlated with the LVEF; however,
the RS was positively correlated with the LVEF. Further analysis demonstrated that the LVEF of the
observation group was lower than that of the control group; however, the LVESV and LVEDV of the
observation group were higher than those of the control group. Patients with different degrees of
coronary stenosis had significantly different LVEF, LVESV, LVEDV, and Gensini scores. The LVEF
significantly decreased and the LVESV and LVEDYV increased with increasing Gensini scores. In the
observation group, the LVEF was significantly negatively correlated with and the LVESV and LVEDV
were positively correlated with coronary stenosis. This research suggested that the degree of coronary
artery disease can be systematically estimated by using MRI to detect the LVEF. Myocardial ischemia
and hypoxia in patients with CAS induce degeneration and necrosis of myocardial cells and lead to
impaired myocardial contractility[19]. With weakened myocardial contractility of the left atrium, the
ejection capacity decreases, which causes blood to remain in the left atrium and left ventricle, resulting
in increased end-systolic and end-diastolic volumes, left ventricular remodeling, and reduced cardiac
systolic function. Therefore, the LVEF decreased significantly with increasing Gensini scores.

CONCLUSION

The LVEF, when measured using MRI, showed a significant linear correlation with LVS and a negative
correlation with coronary stenosis. This study did not conduct a long-term follow-up of the patients,
and did not include patients from other institutions. Therefore, further exploration and research are
necessary in this regard.

ARTICLE HIGHLIGHTS

Research background

Coronary artery stenosis (CAS) is a common term for the buildup of plaque in the heart’s arteries that
could lead to a heart attack. However, the relationship between various cardiac function indicators and
CAS is rarely studied.

Research motivation

CAS is one of the major cardiovascular diseases affecting humans worldwide. This disease has been
shown to be the leading cause of death in both developed and developing countries. Exploring the
correlation between cardiac function indicators and CAS will benefit the patients.
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Research objectives
The purpose of our study was to analyze the correlation between the left ventricular ejection fraction
(LVEEF), left ventricular strain (LVS), and coronary stenosis.

Research methods

The control group comprised 93 healthy individuals, while the observation group comprised 97 patients
with coronary artery disease who were hospitalized between July 2020 and September 2021. Coronary
artery disease was assessed using the Gensini score, and LVEF and LVS were measured using magnetic
resonance imaging. The interaction between LVEF and LVS was investigated using a linear regression
model, while the relationship between LVEF and CAS was examined using Spearman’s correlation.

Research results

The LVEF of the observation group was lower than that of the control group. The left ventricular end-
systolic volume (LVESV) and left ventricular end-diastolic volume (LVEDV) of the observation group
were significantly higher than those of the control group. The longitudinal strain (LS) and circumfer-
ential strain (CS) of the observation group were significantly higher than those of the control group;
however, the radial strain (RS) of the observation group was lower than that of the control group. LVS,
LS, and CS were significantly negatively correlated with the LVEF, while RS was positively correlated
with the LVEF. There were significant differences in the LVEF, LVESV, and LVEDV of patients with
different Gensini scores. The LVEF significantly decreased and the LVESV and LVEDV increased with
increasing Gensini scores. In the observation group, the LVEF was negatively correlated and the LVESV
and LVEDV were positively correlated with coronary stenosis.

Research conclusions
The LVEF showed a significant linear correlation with LVS and negative correlation with coronary
stenosis.

Research perspectives
This study did not follow patients over time and did not include patients from other institutions.
Therefore, further exploration and research are necessary.
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Abstract

BACKGROUND

Neonatal hyperinsulinism can result from perinatal stress, genetic disorders, or
syndromes, which can lead to persistent or intractable hypoglycemia in newborns.
Mutations in the ABCC8 gene result in abnormal functioning of potassium
channel proteins in pancreatic p-cells, leading to an overproduction of insulin and
congenital hyperinsulinemia.

CASE SUMMARY

We report a case of a high-birth-weight infant with postnatal hypoglycemia and
hyperinsulinemia, whose mother had pregestational diabetes mellitus with poor
glycemic control and whose sister had a similar history at birth. Whole-exome
sequencing revealed a new mutation in the ABCC8 gene in exon 8 (c.1257T>G),
which also occurred in his sister and mother; thus, the patient was diagnosed with
neonatal hyperinsulinism with an ABCC8 mutation. With oral diazoxide
treatment, the child’s blood glucose returned to normal, and the pediatrician
gradually discontinued treatment because of the child’s good growth and
development.

CONCLUSION
We report a new mutation locus in the ABCCS gene. This mutation locus warrants

attention for genetic disorders and long-term prognoses of hypoglycemic
children.

Key Words: Newborn; Hypoglycemia; Congenital hyperinsulinism; ABCCS,
Hyperglycemia in pregnancy; Case report

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.
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Core Tip: Neonatal hyperinsulinemia can have multiple causes. Persistent hypoglycemia caused by a
genetic mutation is difficult to correct by conventional glucose and hydrocortisone infusion treatments,
which may lead to adverse outcomes. In this case, the newborn had a family history of hypoglycemia and
hyperinsulinism, was exposed to perinatal stress, and exhibited a mutation locus in the ABCCS8 gene in
exon 8 (c.1257T>G), which has not been previously reported. With diazoxide treatment, the child
recovered well, and family genetic examinations showed a good prognosis.

Citation: Liu MT, Yang HX. Neonatal hyperinsulinism with an 4BCCS8 mutation: A case report. World J Clin
Cases 2023; 11(10): 2254-2259

URL: https://www.wjgnet.com/2307-8960/full/v11/i10/2254.htm

DOI: https://dx.doi.org/10.12998/wjcc.v11.i110.2254

INTRODUCTION

Neonatal hyperinsulinemia occurs in three types: Perinatal-stress-related, monogenic, and syndromic (
e.g., Beckwith-Wiedemann syndrome). Primarily resulting from single gene defects, congenital
hyperinsulinism (CHI) can cause infants to be large for their gestational age and can lead to persistent or
intractable hypoglycemia, seizures, and potentially hypoglycemic encephalopathy. This condition can
arise from mutations in common genes such as ABCC8 and KCN1, which can be autosomal recessive or
dominant[1]. In the general population, the prevalence of CHI is approximately 1/50000-1/28000,
reaching up to 1/2700 in consanguineous couples[2].

The ABCC8 gene, located on chromosome 11p15,1, encodes the sulfonylurea receptor 1 subunit of the
pancreatic p-cell ATP-sensitive potassium channel protein (KATP), which regulates the flux of K+ ions
and binds glucose via membrane electrical activity and insulin release. Mutations in the ABCC8 gene
result in abnormal functioning of the potassium channel protein, such as the deletion of membrane
surface proteins and closure of potassium channels, causing pancreatic p-cells to overproduce insulin[3,
4], which results in CHI. Prognoses vary widely, ranging from adverse neurodevelopment and the need
for lifelong medication to situations requiring no intervention[5].

Consequently, a better understanding of neonatal hypoglycemia and hyperinsulinism is needed.
Quickly identifying the underlying genetic abnormalities in patients and improving genetic testing may
be helpful for future treatments and prognoses. However, many reported genetic abnormalities remain
undetected, and their genetic characteristics are unclear. Herein, we report a case of neonatal
hyperinsulinism in a macrosomia male newborn with an ABCC8 mutation located in exon 8
(c.1257T>G), which has not been previously reported. The effects of this mutation require further
elucidation, but we propose that this genetic mutation combined with perinatal stress caused severe
hyperinsulinism and hypoglycemia in this patient. We also present a review of previous studies,
summarize clinical features and treatment methods, and identify potential prognostic factors for this
mutation.

CASE PRESENTATION

Chief complaints

A large-for-gestational-age male newborn was brought to the neonatal intensive care unit because of
mild asphyxia, with an APGAR score of 7/10/10. After two hours, the infant presented intractable
hypoglycemia and hyperinsulinism.

History of present illness

This term male infant was born to nonconsanguineous parents on February 22, 2021, with a birth weight
of 5020 g. This baby represented his mother’s second gestation. The mother was 38 years old and was
diagnosed with pregestational diabetes mellitus at 25 wk of gestation, with an oral glucose tolerance test
value of 6.28-12.63-14.11 mmol/L, which was unsatisfactorily controlled by diet and treated by insulin.
Her glycosylated hemoglobin changed from 6.10% (2020-12-16) to 6.40% (2021-1-20) and 6.10% (2021-2-
18), and her glycosylated albumin changed from 17.52% (2020-12-16) to 15.19% (2020-12-28), 14.88%
(2021-1-20), and 13.70% (2021-2-18).

History of past illness
The patient’s mother had previously developed gestational diabetes (controlled with diet) during her
first gestation, which occurred eight years ago.
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Personal and family history
The patient’s older sister was also large for her gestational age, with a birth weight of 4000 g. She
presented severe hypoglycemia with brain damage after birth, but is currently in good condition.

Physical examination

The child showed an appearance of macrosomia with a ruddy complexion and good crying but a poor
mental response. The oxygen saturation level was 70%-89%. The patient’s breath sounds were mildly
rough in both lungs. A pair of ears was visible on the right. The remainder of the physical examination
showed no obvious abnormalities.

Laboratory examinations
The child had a minimum postnatal terminal glucose level of 2.70 mmol/L, minimum intravenous
glucose level of 2.66 mmol/L, maximum insulin level of 122.60 pIU/mL, and C-peptide level of 17.08
ng/mL during this period. His blood and urine amino acid and organic acid metabolic screening
showed no abnormalities.

The persistent hypoglycemia and hyperinsulinemia state of the child could not be explained by
perinatal stress alone; thus, whole-exome sequencing was performed and identified a missense hetero-
zygous mutation in the ABCC8 gene in exon 8 (c.1257T>G), resulting in amino acid p.N419K
(p-Asn419Lys). Unsurprisingly, genetic examinations of the family revealed similar mutations in the
mother and sister but no variation in the father (Figure 1).

Imaging examinations

On day 1, the patient’s postnatal electrocardiogram showed mild abnormalities: Multifocal spike and
spike-wave issuance during sleep QS. Postnatal re-examinations on days 4 and 12 showed normal
neonatal electroencephalography findings. A cranial ultrasound showed mild enhancement of cerebral
white matter echogenicity; the ultrasound was later repeated and showed a reduction compared with
the previous ultrasound. The ultrasound showed mild enhancement of bilateral paraventricular white
matter echogenicity 11 d after birth. Cranial MRI did not show any significant abnormalities (Table 1).

FINAL DIAGNOSIS

The child was diagnosed with neonatal hyperinsulinism with an ABCC8 mutation.

TREATMENT

The child was given endotracheal intubation and mechanical ventilation and was withdrawn from
ventilator assistance 23 h after birth. He was initially treated with glucose and hydrocortisone infusion,
but his blood glucose was still not well controlled. Next, he was treated with octreotide and glucagon,
which did not provide satisfactory results; thus, he was treated with diazoxide, which was effective. The
patient’s condition was stable 25 d after birth, and he was discharged from the hospital and continued to
take diazoxide orally.

OUTCOME AND FOLLOW-UP

After discharge, the patient was treated at a local hospital, and the medication was tapered off.
Currently, his blood glucose level is average, and his growth and development are acceptable. His
mother’s fasting glucose level is impaired.

DISCUSSION

A variety of CHI cases caused by mutations in the ABCCS8 gene have been previously reported in
multiple countries. Snider et al[6] reviewed genetic variants in 417 children with CHI and reported 160
mutations in the ABCC8 gene, 91 of which resulted in single-amino-acid changes. The mode of
inheritance of CHI due to mutations in the ABCC8 gene is primarily autosomal recessive. However,
cases of paternal gene mutation with maternal chromosome deletion in the tissue of the pancreatic
lesion often respond poorly to diazoxide treatment and require surgical resection treatment. The
features of dominant KATP hyperinsulinemia differ substantially from those of recessive inheritance,
including a retention of normal subunit transport and impaired channel activity. This mild
hypoglycemic phenotype can usually be effectively treated by diazoxide and may even go undetected in
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Time Incidents

8 yr ago The patient’s mother was diagnosed gestational diabetes (controlled with diet) during her first gestation, and deliver a girl with
a birth weight of 4000 g, who presented severe hypoglycemia with brain damage after birth

At the mother’s 25" wk  The mother was diagnosed with pregestational diabetes mellitus and was treated by insulin

of gestation

20 min after birth

2 h after birth

During hospitalization

The patient was diagnosed mild asphyxia, with an APGAR score of 7/10/10, and was brought to the neonatal intensive care
unit

The infant presented intractable hypoglycemia and hyperinsulinism
He was initially treated with glucose and hydrocortisone infusion. Next, he was treated with octreotide and glucagon. whole-

exome sequencing was performed because the upper treatments are ineffective. Thus, he was treated with diazoxide, which was
effective

25 d after birth The patient was discharged from the hospital and continued to take diazoxide orally, and the medication was tapered off
30 d after birth The whole-exome sequencing identified a missense heterozygous mutation in the ABCC8
Now The patient’s blood glucose level is average, and his growth and development are acceptable. His mother’s fasting glucose level
is impaired
Subject ABCC8 gene chr11:17470138-17470138 c.1257(exon8)T>G
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Figure 1 Sanger sequencing results of the ABCC8 gene in the child, his sister, and his parents. A ¢.1257 mutation (thymine displacement in
coding region no. 1257) occurred in the ABCC8 gene in the child and his sister. The mutation derived from the patient's mother.
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the absence of clinical symptoms. This phenotype also has a better prognosis, with the hypoglycemic
component resolving spontaneously, and in some cases, treatment can be stopped altogether[7]. From a
histopathological viewpoint, CHI is roughly divided into diffuse and focal types, with surgical lesion
resection being the treatment of choice for the latter. For diffuse CHI, which appears to predominantly
arise from paternally inherited mutations[8], a pharmacological approach is considered as the first line
of treatment[5].
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In this case, the child’s mother had gestational diabetes mellitus with poor glycemic control and
macrosomia. The intrauterine fetus was exposed to high glucose levels during development, which led
to an excessive activation of pancreatic islet cells and overproduction of insulin. Research has shown
that these conditions result in a significantly higher incidence of hypoglycemia among newborns; thus,
it was considered that the child was born with hypoglycemia and high insulin due to perinatal stress
and his mother’s poor glycemic control during pregnancy. However, theoretically, the mother’s blood
glucose did not reach a sufficiently high level to cause the degree of hyperinsulinemia observed in the
child. Moreover, the child’s sister showed similar symptoms at birth, despite her mother having
reasonable glycemic control during her pregnancy; therefore, familial CHI could not be excluded. The
child was found to have an ABCC8 missense heterozygous mutation [c.1257(exon8)T>G]. Both his
mother and sister had similar mutations, and diazoxide was effective in treating the child’s
hypoglycemia with a good follow-up prognosis. Hence, it was considered that maternal autosomal
dominant inheritance may have led to CHI.

Similar cases of macrosomia combined with transient CHI have been attributed to dominant
mutations in ABCC8[9,10]. A mild form of CHI channel activity with a reduced KATP pathway in
infancy can be effectively treated with the potassium channel opener diazoxide, with a good prognosis;
however, by the time these patients reach adulthood, this mutation leads to decreased insulin secretion
capacity and glucose intolerance, and long-term prognoses may be associated with diabetes[10-12].
Kassem et al[13] studied 23 children with CHI and found that the natural disease course may lead to
progressive glucose intolerance and diabetes mellitus. It has also been recently reported that
multifarious ABCCS8 genetic variants cause early-onset diabetes in Chinese individuals[14]. This
condition may be caused by increased B-cell apoptosis and slow progressive loss of insulin secretory
function. These findings suggest that attention should be given to the long-term glycemic situation of
this child and his sister, although the effects of the mutation locus in exon 8 (c.1257T>G) are not yet
clear.

Upon searching the Human Gene Mutation Database, we found no previous reports related to
mutations at the c.1257 Locus similar to the mutation in this child; thus, the effect of such mutations on
protein expression requires further investigation. A total of approximately 180 variants of unknown
significance (VUSs) have been reported for the ABCC8 gene[3], accounting for approximately 15% of the
clinically reported variants found in CHI. It has been proposed that variant-induced splicing alterations
may be the primary mechanism of inheritance. Therefore, functional analysis may be required for
further pathogenicity assessment to clarify VUSs or phenotype-associated ABCC8 mutations[15].

This case report provides insights for perinatal medicine practitioners when neonatal hypoglycemia
or hyperinsulinemia is not easily corrected. Apart from considering the association with maternal
glycemic control, the possibility of a single gene defect should be considered to inform the long-term
prognosis of the child and subsequent pregnancies of the mother.

CONCLUSION

Neonatal hyperinsulinemia can arise from multiple causes. Genetic causes such as ABCC8 mutations
should be considered when a persistent hypoglycemic state cannot be explained by perinatal stress
alone. In such cases, genetic testing is recommended. Moreover, genetic testing may help in developing
individual treatment plans and predicting outcomes and future impacts for these newborns and their
families.
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Abstract

BACKGROUND

Contrast-induced encephalopathy (CIE) is a rare transient, reversible abnormality
in the structure or function of the nervous system caused by the intravascular use
of contrast agents. CIE can present with a range of neurological manifestations,
including focal neurological deficits (hemiplegia, hemianopia, cortical blindness,
aphasia, and parkinsonism) and systemic symptoms (confusion, seizures, and
coma). However, if not accurately diagnosed and treated in a timely manner, CIE
can cause irreversible damage to patients, especially critically ill patients.

CASE SUMMARY

A male in his 50 s, 2 h after digital subtraction angiography, had a progressive
disorder of consciousness, mixed aphasia, bilateral pupillary sluggish light reflex,
and right limb weakness. Seven hours after the procedure, he developed
unconsciousness, high fever (39.5 °C), seizures, hemiplegia, neck stiffness (+), and
right Babinski signs (+). computed tomography (CT) findings 2 h postprocedure
were very confusing and led us to misdiagnose the patient with subarachnoid
hemorrhage. Brain CT was performed again 7 h after the procedure. Compared
with the CT 2 h after the procedure, the CT 7 h after the procedure showed that
the manifestations of subarachnoid hemorrhage in the left cerebral hemisphere
had disappeared and were replaced by brain tissue swelling, and the cerebral
sulci had disappeared. Combined with the clinical manifestations of the patient
and after the exclusion of subarachnoid hemorrhage and cerebrovascular
embolism, we diagnosed the patient with CIE, and intravenous fluids were given
for adequate hydration, as well as mannitol, albumin dehydration, furosemide
and the glucocorticoid methylprednisolone. After 17 d of active treatment, the
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patient was discharged with no sequelae.

CONCLUSION

CIE should be taken seriously, but it is easily misdiagnosed, and once CIE is diagnosed, rapid,
accurate diagnosis and treatment are critical steps. Whether a follow-up examination using a
contrast agent can be performed should be closely evaluated, and the patient should be fully
informed of the associated risks.

Key Words: Contrast agents; Diagnosis; Encephalopathy; Mechanisms; Treatment

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Contrast-induced encephalopathy (CIE) is a rare disease induced by the injection of contrast
agents. In this case, unilateral CIE was caused by a long time of internal carotid arteriogram on left side
and a large amount of contrast agent. The onset was misdiagnosed as subarachnoid hemorrhage at an early
stage, and he was discharged without sequelae after 18 d of diagnosis and treatment of CIE. The main
treatment measures are corticosteroids, dehydration and diuresis, and adequate hydration. Rapid, accurate
diagnosis and treatment are critical steps. Whether the follow-up examination using contrast agent can be
done should be closely evaluated and fully informed.

Citation: Zhang ZY, Lv H, Wang PJ, Zhao DY, Zhang LY, Wang JY, Hao JH. Unilateral contrast-induced
encephalopathy with contrast medium exudation: A case report. World J Clin Cases 2023; 11(10): 2260-2266

URL: https://www.wjgnet.com/2307-8960/full/v11/i10/2260.htm

DOI: https://dx.doi.org/10.12998/wjcc.v11.i10.2260

INTRODUCTION

Contrast-induced encephalopathy (CIE) is a rare, transient, reversible abnormality in the structure or
function of the nervous system caused by the intravascular use of contrast agents. It can present with a
range of neurological manifestations, including focal neurological deficits (hemiplegia, hemianopia,
cortical blindness, aphasia, and parkinsonism) and systemic symptoms (confusion, seizures, and coma)
[1,2]. In general, the severity of the clinical manifestations of CIE varies, ranging from mild headache
symptoms to severe clinical manifestations such as coma and even death. We report a case of severe
unilateral contrast-induced encephalopathy characterized by acute unilateral hemispheric neurological
dysfunction. The incidence of CIE is less than 1%, and unilateral concentration of lesions is less
commonly reported. Compared with bilateral lesions, unilateral lesions are more confusing and need to
be distinguished from subarachnoid hemorrhage and cerebrovascular embolism or spasm. This case is
special in that the lesion was concentrated on one side (left side), the symptoms lasted for a long time,
and the condition was misdiagnosed during the initial course of treatment. Our report aims to improve
the awareness of this condition so as to provide early diagnosis and active treatment and effectively
prevent the occurrence of irreversible damage to patients.

CASE PRESENTATION

Chief complaints
A male in his 50 s was admitted to the hospital because of “headache for 1 d”.

History of present illness

The patient had episodic headache 1 d before without obvious causes. At that time, he recorded his
blood pressure at 178/100 mmHg, and he took “valsartan”. He had no rotatory vision and no nausea or
vomiting.

History of past illness

A middle-aged male with a 10-year history of hypertension who was taking “valsartan” orally for
treatment. He had a 3-year history of diabetes and was treated with oral “metformin” with unknown
glycemic control.
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Figure 1 Angiography of the intracranial aneurysm. A and B: The right middle cerebral artery aneurysm; C and D: Digital subtraction angiography showing
the left internal carotid artery terminal aneurysm.

JBaishideng®

Personal and family history
The patient and his family had no relevant medical history.

Physical examination

Vital signs: R 22 times/min P 90 times/min H 170 cm T 36.2 °C W 75 kg BP 118/81 mmHg. The patient
was conscious, with fluent speech and equal-sized and round pupils with a diameter of 3 mm. The
presence of light reflex, flexible eye movements in all directions, bilateral nasolabial fold symmetry, and
tongue protrusion to the left was noted. Other cranial nerves were normal. His limb muscle strength
was grade 5 and muscle tension was acceptable, tendon reflexes (++), and bilateral pathological signs
were negative. His sense of depth and lightness was normal, and motor function was normal.

Imaging examinations

Digital subtraction angiography (DSA) confirmed the diagnosis of a middle cerebral artery aneurysm
(Figure 1). Two hours later, the patient suddenly had slurred speech, accompanied by right limb
weakness. An emergency CT scan (within 15 min of onset) showed that the density of the interhemi-
spheric cistern, the left fissure cistern, and the left part of the sulcus was increased (Figure 2).
Subarachnoid hemorrhage was considered first and treated accordingly. Seven hours after DSA, the
patient’s condition significantly deteriorated, and the nervous system examination findings are shown
in Table 1. A re-examination of the brain computed tomography (CT) showed significant changes: the
temporal, parietal, and occipital lobes of the brain were swollen, the high-density shadows in the sulci
and gyri had disappeared, and the sulci and gyri had become shallow and disappeared (Figure 2).

FINAL DIAGNOSIS

The patient was diagnosed as contrast-induced encephalopathy.

TREATMENT

CIE was considered at this time, and then the patient was given intravenous fluid for full hydration,
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Table 1 Patient’s nervous system physical examination during hospitalization

Preoperative 2 h after 7h 3d 6d On discharge
DSA
Vital signs R 22 times/min; P 90 High fever (39.5 °C)
times/min; H170 cm; T
36.2 °C; W 75 kg; BP
118/81 mmHg
Nervous The patient was conscious, He suddenly =~ He developed His consciousness The patient The patient was conscious
system with fluent speech and had slurred unconsciousness, gradually improved, he was clearly and in good spirits. He
examination equal-sized and round speech, high fever (39.5 °C), was able to open eyes conscious, had fluent speech. Both
findings pupils with a diameter of ~ accompanied  seizures, voluntarily, and he could  but his pupils were of equal size
3 mm. The presence of by rightlimb  hemiplegia of the answer simple questions speech was and were round, 3 mm in
light reflex, flexible eye weakness right limb, neck even though he was not still not diameter. The presence of
movements in all stiffness (+), and fluent in speech. His fluent. The the light reflex, flexible eye
directions, bilateral right Babinski signs  pupils were equal in size ~ seizures did ~ movements in all
nasolabial fold symmetry, +) and round, with a not recur.The directions, bilateral
and tongue protrusion to diameter of 3 mm. His muscle nasolabial fold symmetry,
the left was noted. Other light reflex was sluggish,  strength of and tongue protrusion to
cranial nerves were his eyes moved flexibly in  the healthy the left (same as prepro-
normal. His limb muscle all directions, and his limb cedure) was noted. The
strength was grade 5 and bilateral nasolabial folds recovered to  remaining cranial nerves
muscle tension was were symmetrical. His grade 4 were not (see exception).
acceptable, tendon reflexes muscle tension of the four The muscle strength of the
(++), and bilateral limbs was acceptable, the limbs was grade 5, the
pathological signs were left limb movement was muscle tension was
negative. His sense of acceptable, the right limb acceptable, the tendon
depth and lightness was muscle strength was grade reflex (+), and the bilateral
normal, and motor 3, tendon reflexes (+), and Babinski signs were
function was normal right pathological signs (+) negative

DSA: Digital subtraction angiography; R: Respiratory; P: Pulse; H: Height; W: Weight; BP: Blood pressure.

DOI: 10.12998/wjcc.v11.i10.2260 Copyright ©The Author(s) 2023.

Figure 2 Computed tomography of the brain before and 2 h and 7 h after the procedure. A: The normal occipital lobe of the left cerebral hemisphere
on the preprocedure computed Tomography (CT); B: The increased density of the interhemispheric cistern, left fissure cistern and part of the left sulcus on CT 2 h
after digital subtraction angiography (DSA); C: Seven hours after DSA, indicating the swelling of the left frontal, temporal, parietal and occipital lobe brain tissue, the
disappearance of the high-density shadow of sulci and gyri, the shallow appearance of the sulci and gyri, and the higher density of the left cerebral hemisphere than
the right cerebral hemisphere.

including 20% mannitol 250 mL Q6H, albumin 10 g bid for dehydration and furosemide 20 mg bid to
accelerate the excretion of contrast media and reduce cerebral edema; the glucocorticoid methylpred-
nisolone 40 mg bid was given to protect the blood-brain barrier. However, the patient was still restless,
with limb convulsions and grand mal seizures. After intravenous injection of diazepam 10 mg, the
seizures stopped; continuous intravenous pump dexmedetomidine was continued, and continuous
intravenous pump sodium valproate 1.2 g was added to combat epilepsy symptoms.
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OUTCOME AND FOLLOW-UP

Three days after the treatment, the patient’s consciousness gradually improved, and the nervous system
examination findings are shown in Table 1. A repeat cranial CT showed that the swelling of brain tissue
was significantly reduced, and there was no significant difference in the density of the bilateral cerebral
hemispheres (Figure 3). On the 6™ d, the patient was clearly conscious, but his speech was still not
fluent, and his muscle strength level was 4. On the 17" d, there was no obvious abnormality in cranial
magnetic resonance imaging (MRI) examination (Figure 3). When the patient was discharged on the 18*
postprocedure day, there were no sequelae.

DISCUSSION

The first documented case of CIE was reported in 1970, and the patient presented with transient cortical
blindness after coronary angiography|[3]. According to a systematic review published in December 2020,
the total number of CIE cases recorded after coronary angiography was 75[4].

It has been reported in the literature that contrast-induced encephalopathy usually occurs 2-12 h after
the injection of contrast agent and disappears within 24-72 h, with a reported incidence of 0.06%[5]. Our
department has conducted more than 3000 DSA procedures, and this is the first case of CIE. The
pathogenesis of contrast-induced encephalopathy is still unclear, and potential mechanisms include: (1)
Blood-brain barrier disruption: Normally, iodine compounds do not cross the blood-brain barrier. It is
speculated that the integrity of the blood-brain barrier is destroyed during CIE, and the contrast agent
penetrates into the central nervous system[6,7]; (2) neurotoxic effects: The blood-brain barrier is
destroyed, and the contrast agent extravasation and direct stimulation of nerve cells caused by it led to
neurotoxicity; however, the mechanism of the direct toxicity of contrast agents to neurons has not been
elucidated; and (3) iodinated contrast agents can promote transient vasoconstriction. Animal studies
have shown that iodinated contrast agents can increase the release of endothelin from endothelial cells
and reduce the production of nitric oxide[8].

The clinical manifestations of CIE vary in severity, ranging from mild headache symptoms to severe
clinical manifestations such as coma and even death. The clinical manifestations of CIE reported in the
literature include transient cortical blindness and neurological symptoms such as restlessness, visual
hallucinations, and deafness. Physical examination shows delirium state, increased muscle tone, tendon
hyperreflexia, and positive pathological signs.

Based on the CT 2 h after DSA, we misdiagnosed the patient with subarachnoid hemorrhage (SAH).
The disturbance of consciousness rapidly and progressively worsened 7 h after DSA. To exclude
increased bleeding, new intracranial hemorrhage and cerebral infarction, the cranial CT was re-
examined, and CIE was confirmed. Subarachnoid hemorrhage-like changes on CT in CIE have not been
reported before. CIE imaging contrast enhancement, bleeding 40-60 (HU), CIE 100-300 (HU). MRI: T2,
DWI and FLAIR high signal, MRI-derived apparent diffusion coefficient (ADC) in acute ischemic stroke
ADC decreased, normal in CIE, can serve to differentiate from intracranial hemorrhage[9]. The
diagnosis of CIE has to be based on both clinical symptoms and neurological signs: It appears within
minutes to hours after the injection of an iodinated contrast agent. It usually recovers completely within
48-72 h. Other pathological processes, such as cerebral ischemia, etc., should be excluded. In this case,
the neurological deficit lasted for a significantly longer time, and the symptoms began to resolve on the
3 d after DSA. On the 6 d, there was still a lack of fluency in speech and poor calculation skills, but
there were no sequelae at the 3-mo follow-up.

In this case, the lesions in this patient were mainly concentrated on the left side. This patient was a
male with a history of hypertension, hyperlipidemia, and diabetes. Combined with intracranial
aneurysm, the patient is prone to blood-brain barrier damage and belongs to the CIE risk group. In
addition to common risk factors, the surgeon considered that the procedure time of angiography on the
left side was longer than that on the right side, and the amount of contrast agent used was higher than
that on the right side.

The patient did not undergo further interventional therapy for the aneurysm after DSA. Regarding
the risk of CIE recurrence, Law reported a patient with binocular vision impairment following a
previous cardiac catheterization who was prescribed antihistamines and corticosteroids as prophylaxis
before a second procedure, but seizures and hemianopia occurred after the second angiography using
iodixanol; these symptoms resolved after 24 h[10]. Spina reported a 65-year-old man with transient limb
weakness after angiography. After a second coronary angiography two years later, he showed complete
aphasia postprocedure despite preprocedure corticosteroids[11]. However, patients with a previous
history of CIE who undergo repeat cardiac catheterization without adverse reactions after limiting the
amount of contrast agent used and providing adequate hydration have also been reported. Therefore,
the relevant reports show inconsistent conclusions on the recurrence of CIE.
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CONCLUSION

In view of the large number of procedures in which contrast agents are used every year worldwide, CIE
should be taken seriously. In patients with neurological and psychiatric symptoms after angiography,
the possibility of CIE needs to be considered, but CIE must be distinguished from acute cerebrovascular
accidents, including subarachnoid hemorrhage. Treatment measures include mainly corticosteroids,
dehydration and diuresis, and adequate hydration. Patients with a history of contrast-induced enceph-
alopathy should be carefully evaluated before any subsequent intravascular injection of contrast media
and should be fully informed of the relevant risks.

DOI: 10.12998/wjcc.v11.i10.2260 Copyright ©The Author(s) 2023.

Figure 3 Computed tomography 3 d after digital subtraction angiography and magnetic resonance imaging 17 d after digital subtraction
angiography. A: The brain computed tomography (CT) 3 d after digital subtraction angiography (DSA), which showed that brain tissue swelling in the left cerebral
hemisphere was significantly reduced, and there was no significant difference in the density of bilateral cerebral hemispheres; B-E: Brain magnetic resonance

imaging re-examination 17 d after DSA. The signals of T1, T2, and diffusion-weighted imaging in bilateral brain tissues were symmetrical without significant
differences.
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Abstract

BACKGROUND

Primary seminoma of the prostate (PSP) is a rare type of extragonadal germ cell
tumour that is easily misdiagnosed, owing to the lack of specific clinical features.
It is therefore necessary for clinicians to work toward improving the accuracy of
PSP diagnosis.

CASE SUMMARY

A 59-year-old male patient presenting with acute urinary retention was admitted
to a local hospital. A misdiagnosis of benign prostatic hyperplasia led to an
improper prostatectomy. Histopathology revealed PSP invading the bladder neck
and bilateral seminal vesicles. Further radiotherapy treatment for the local lesion
was performed, and the patient had a disease-free survival period of 96 mo. This
case was analysed along with 13 other cases of PSP identified from the literature.
Only four of the cases (28.6%) were initially confirmed by prostate biopsy. In these
cases, imaging examinations showed an enlarged prostate (range 6-11 cm)
involving the bladder neck (13/14). Of the 14 total cases, 11 (78.6%) presented
typical pure seminoma cell features, staining strongly positive for placental
alkaline phosphatase, CD117, and OCT4. The median age at diagnosis was 51
(range 27-59) years, and patients had a median progression-free survival time of
48 (range 6-156) mo after treatment by cisplatin-based chemotherapy combined
with surgery or radiotherapy. The remaining three were cases of mixed
embryonal tumours with focal seminoma, which had clinical features similar to
those of pure PSP, in addition that they also had elevated serum alpha-
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fetoprotein, beta-human chorionic gonadotropin, and lactose dehydrogenase.

CONCLUSION

PSP should be considered in patients younger than 60 years with an enlarged prostate invading
the bladder neck. Further prostate biopsies may aid in proper PSP diagnosis. Cisplatin-based
chemotherapy is still the main primary therapy for PSP.

Key Words: Prostatic neoplasms; Seminoma; Germ cell and embryonic neoplasms; Diagnosis; Case report

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Primary seminoma of the prostate (PSP) is a rare type of extragonadal germ cell tumour that is
easily misdiagnosed, owing to the lack of specific clinical features. To the best of our knowledge, there
have been only 13 cases of PSP reported in the literature, and there is a lack of systemic research on the
condition. Through this case report and literature review, we suggested that PSP should be considered in
patients younger than 60 years with an enlarged prostate invading the bladder neck. This symptom occurs
in 92.9% of PSP patients, and has a high sensitivity but low specificity for diagnosis. However, additional
prostate biopsies may aid diagnosis, and histopathological studies are the most effective diagnostic
technique. The prognoses of PSP patients are often good. While cisplatin-based chemotherapy remains to
be the first-line treatment, surgery or radiotherapy may also be important options, depending on each
patient’s response to chemotherapy and the location of the residual tumour.

Citation: Cao ZL, Lian BJ, Chen WY, Fang XD, Jin HY, Zhang K, Qi XP. Diagnosis and treatment of primary
seminoma of the prostate: A case report and review of literature. World J Clin Cases 2023; 11(10): 2267-2275
URL: https://www.wjgnet.com/2307-8960/full/v11/i110/2267.htm

DOI: https://dx.doi.org/10.12998/wjcc.v11.i10.2267

INTRODUCTION

Germ cell tumours (GCTs) are growths of cells that form from reproductive cells. Most GCTs occur in
the testicles or ovaries; however, some GCTs, named extragonadal germ cell tumours (EGCTs), occur in
other areas of the body via mechanisms that remain unclear[1]. EGCTs are rare, and most of them occur
in the midline of the body, such as mediastinal tumours, thymus tumours, retroperitoneal tumours, and
pineal tumours[1]. Seminoma is the most common form of GCT, and one of the rare malignant tumours
that can be cured by chemotherapy[2]. Primary seminoma of the prostate (PSP) without any primary
testicular lesions is extremely rare. To the best of our knowledge, only 13 cases have been previously
reported in the literature. The clinical symptoms of EGCTs are non-specific and vary according to
tumour location. In the prostate, EGCTs may cause urinary symptoms. The clinical manifestations of
PSP may include progressive dysuria, haematuria, and an enlarged prostate invading the bladder[3-7].
The diagnosis of PSP is difficult based on these non-specific clinical features alone, and the standard of
treatment remains controversial[8-12]. We herein report the case of a patient with primary seminoma
arising from the prostate. We also systematically review the previous literature on PSP and summarize
potential optimal diagnostic and clinical management options for this tumor.

CASE PRESENTATION

Chief complaints
A 59-year-old man presenting with acute urinary retention was admitted to a local hospital in August
2014.

History of present illness
The patient had been diagnosed with benign prostatic hyperplasia (BPH) for the preceding three years,
with a chief symptom of progressive obstructive voiding.

History of past illness
The patient’s past medical history was unremarkable.
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Personal and family history
The patient denied any family history of related conditions.

Physical examination
Physical examination showed that the patient’s prostate was enlarged to more than twice the normal
size, and was slightly hard without any palpable nodule on a digital rectal examination.

Laboratory examinations
Microscopic haematuria was evident, but the patient’s serum prostate specific antigen (PSA) level was
within normal limits (1.412 ng/mL).

Imaging examinations
Ultrasound and computed tomography (CT) revealed an enlarged prostate (7.0 cm x 6.5 cm X 5.5 cm)
involving the bladder neck (Figure 1A).

Initial diagnosis and treatment

Due to the progression of the patient’s urinary symptoms despite medical treatment and lack of
necessary equipment for transurethral resection of the prostate at the local hospital, the patient was
initially submitted to traditional suprapubic prostatectomy. During the operation, it was confirmed that
the lesion was more than just BPH, with a neoplasm that involved the prostate capsule, seminal vesicles,
and bladder neck as well. Subsequently, the patient underwent prostatectomy, excision of the seminal
vesicles, and rectal surgical repair (due to intraoperative rectal injury).

Histopathology revealed seminoma of the prostate, invading the bladder neck and bilateral seminal
vesicles with a positive margin, but no involvement of the rectal wall. Postoperatively, careful
examination of the scrotum, mediastinum, and retroperitoneum by ultrasound, and CT/magnetic
resonance imaging (MRI) scanning revealed no neoplastic lesion. Serum GCT markers including alpha-
fetoprotein (AFP), beta-human chorionic gonadotropin (B-hCG), and lactose dehydrogenase (LDH) had
no abnormality.

All prostatectomy specimens were fixed in 10% neutral buffered formalin, embedded in paraffin, and
routinely processed. After referral to a tertiary hospital, histology sections were cut at 4 pm intervals
and stained with haematoxylin and eosin. Immunohistochemical stains were prepared using the
MaxVision™ method (MaxVision TM HRP-Polymer anti-Mouse IHC Kit, Maixin Biotech. Co. Ltd,
Fuzhou, China). Immunostains were performed for the following antibodies: AFP (polyclonal, Abnova,
Taipei, Taiwan), B-hCG (clone ZSH17), pan-cytokeratin (clone AE1/AE3), high molecular weight
cytokeratin (clone 34BE12), CD45RB/leukocyte common antigen (LCA) (clone PD7/26+2B11), vimentin
(clone V9), S100 protein (clone 4c4.9), epithelial membrane antigen (EMA) (clone E29), Bcl-2 (clone 8C8),
PSA (clone ER-PRS8), prostatic serum acid phosphatase (PSAP) (clone PASE/4LJ), placental alkaline
phosphatase (PLAP) (clone 8A9), CD117, and c-Kit (clone YR145) (B-hCG-CD117, c-Kit, all provided by
Maixin Biotech. Co. Ltd., Fuzhou, China). Periodic acid-Schiff staining (ab-150680, Abcam, Cambridge,
United Kingdom) was also performed. Microscopically, the prostatectomy specimen revealed a poorly
circumscribed infiltrative tumour with poorly-defined margins invading the prostate capsule, bladder
neck, and bilateral seminal vesicles. The neoplastic cells were arranged in ill-defined solid nests, had no
glandular structure, abundant clear cytoplasm, distinct cell membranes, and large hyperchromatic and
prominent nucleoli. Many lymphocytes and plasma cells infiltrated into the interstitial tissue (Figure 2).
Compared to common prostate adenocarcinomas, the atypical nests of the patient’s poorly-differen-
tiated tumour cells were more prominent, with various abnormal areas of necrosis. Immunohisto-
chemical studies demonstrated that the tumour cells were diffuse and showed strong expression of
PLAP (Figure 3) and CD117 as well as positive periodic acid-Schiff staining, but were negative for
cytokeratin AE1/AE3, 34BE12, PSA, PSAP, AFP, LCA, Bcl-2, vimentin, S100 protein, and EMA.

In addition, clustered data were also identified from other patients with seminoma involving the
prostate through PubMed (http://www.ncbi.nlm.nih.gov/pubmed/) and ISI Web of Knowledge (
http:/ /apps.isiknowledge.com/) with a cutoff date of August 2022, using the terms seminoma and
prostate (or “extragonadal”) (limitations “primary” and “English”). In addition to the current case,
another 13 cases of PSP previously reported in the literature are summarized in Table 1 for comparative
purposes. Of these, only four cases were initially confirmed by prostate biopsy (28.6%), and ten were
initially misdiagnosed (71.4%) as carcinoma/tumour, sarcoma, BPH, or abscess. The common clinical
manifestations were dysuria (10/14), haematuria (6/14), frequent urination (3/14), and lumbago (3/14).
Imaging examinations showed an enlarged prostate (range 6-11 cm) involving the bladder neck (13/14,
92.8%). Of these, 11 (78.6%) presented with pure PSP, with a median age at diagnosis of 51 (range 27-59)
years. Immunohistochemical examination showed that the typical seminoma cell components were all
strongly positive for PLAP, CD117, OCT4, and negative for epithelial markers. All 11 patients had
complete remission. Among the eight who received chemotherapy, three were treated just by
chemotherapy, three by chemotherapy combined with surgery, and two with chemotherapy followed
by further radiotherapy for the iliac lymph node. Of the remaining three, one received surgery and
radiotherapy, one received just radiotherapy, and the third lacked detailed treatment information. The
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Table 1 Clinical data of patients with primary seminoma of the prostate

Finding (max size .. . . e . Follow-
No. Age Symptoms 9 Initial diagnosis Treatment Final diagnosis Ref.
of the prostate) up (mo)
1 51  Lumbago, fatigue Large prostate (6 Adenocarcinoma CBC 4 cycles Prostate seminoma 6 (alive)  Arai et al[3],
cm) retroperitoneal involving BN' 1988
mass
2 58  Hematuria, urgency LPIBN (NA) Bladder neck and CBC 3 cycles Prostate seminoma 10 (alive) Khandekar et
prostate urethra tumor involving BN” al[4], 1993
3 31  Hematuria, dysuria, Large prostate Prostate abscess CBC 4 cycles + Prostate seminoma 156 Hayman et al
hematospermia (NA); lymph node radiotherapy 40 Gy  involving BN, (alive) [5], 1995
mass (NA) seminal vesicles”
4 27  Hematuria, dysuria, LPIBN (10 cm) Rhabdomyosarcoma’ Total pelvic Prostate seminoma 72 (alive) Kimura ef al
lumbago exenteration + CBC  invading BN, [6], 1995
3 cycles seminal vesicles and
rectal wall'
5 54  Dysuria LPIBN (NA) Prostate seminoma’ CBC 3 cycles Prostate seminoma 28 (alive) Hashimoto et
involving BN” al[7], 2009
6 54  Dysuria, nocturia LPIBN (9.5 cm) Prostate cancer’ Total pelvic Prostate seminoma 132 Zheng et al
exenteration + CTX  invading BN, (alive) [8], 2015
9 cycles seminal vesicles'
7 47  Dysuria, nocturia Large prostate (NA) BPH Transurethral Prostate seminoma' 48 (alive) Kazmi et al
frequency, urgency resection of prostate [9], 2019
+ CBC 4 cycles
8 46  Dysuria, frequency  LPIBN (7.5 cm) Prostate seminoma’ CBC 2 cycles + Prostate seminoma ~ NA Gundavda et
radiotherapy 36 Gy  involving BN, al[10], 2020
seminal vesicles'
9 56  Scrotal pain, LPIBN (10.2 cm) Prostate seminoma’ Radiotherapy 50 Gy =~ Prostate seminoma 24 (alive) Akingbade et
frequency, urgency involving BN, al[11], 2021
seminal vesicles'
10 35  Dysuria Large prostate mass Prostate seminoma’ NA Prostate seminoma ~ NA Hayasaka et
(NA) involving BN” al[12], 2011
11 59  Hematuria, dysuria LPIBN (7 cm) BPH Suprapubic Prostate seminoma 96 (alive) ~Current case
prostatectomy + invading BN and
radiotherapy 36 Gy  seminal vesicles'
12" 24  Microhematuria, LPIBN (6 cm) Prostatic tumor Total prostatectomy EST with seminoma 8 (dead)  Han et al[13],
lumbago + CBC 4 cycles in the prostate 2003
invading BN'
13" 47  Dysuria, hematuria LPIBN (11 cm) Adenocarcinoma® Radical Immature teratoma, 16 (alive) Liu et al[14],
prostatectomy + seminoma, EST 2014
CBC 4 cycles invading BN'
14" 47  Dysuria LPIBN (11 cm) BPH Bleomycin, Prostate with yolk 12 (alive) Antunes ef al
etoposide and sac tumor and [15], 2018

cisplatin 4 cycles

seminoma invading
BN'

IFinal diagnosis by imaging examination and histopathological examination.

Diagnosis by imaging examination.

®Initial diagnosis by biopsy.

*Mixed extragonadal germ cell tumor with focal seminoma.
CBC: Cisplatin-based chemotherapy; BN: Bladder neck; NA: Not available; CTX: Cyclophosphamide; BPH: Benign prostatic hyperplasia; LPIBN: Large
prostate invading the bladder neck; EST: Endodermal sinus tumor.

Jaishideng®

available follow-up for the 11 patients with pure PSP indicated a good prognosis with a median
progression free survival of 48 (range 6-156) mo (Table 1). The remaining three all had mixed
endodermal sinus tumours with focal seminoma of the prostate. Their ages at diagnosis were 24, 47, and
47 years, and their chief clinical findings were severe low urinary tract symptoms (dysuria, haematuria,
and lumbago) and signs of prostatic enlargement, with elevated serum AFP, p-hCG, and LDH.
Cisplatin-based chemotherapy was the main chemotherapy used for treatment. One patient died after 8

mo of chemotherapy, whereas the other two were still living after 16 and 12 mo, respectively.
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Figure 1 Computed tomography images of the patient before and after treatment. A: Pelvic computed tomography (CT) image reveals an irregularly
heterogeneity enlarged prostate with a rough surface involving the bladder neck and thickening of the bladder wall; B: Pelvic CT image shows no residue or
recurrence of the tumor (10 mo after postoperative radiotherapy).
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Figure 2 Histological image showing diffuse distribution of plasmacytoid/clear cytoplasm tumor cells with round to polygonal nuclei with
prominent nucleoli; note admixed lymphocytes (hematoxylin-eosin staining, scale bar represents 200 um).
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Figure 3 Immunohistochemical image showing strong membranous and cytoplasmic reactiveity for placental alkaline phosphatase in
seminoma tumor cells (scale bar represents 200 pm).

FINAL DIAGNOSIS

A diagnosis of PSP was made, which satisfied the diagnostic criteria of the absence of any demonstrable
tumour in either testis, and a tumour confined to the prostate and bladder neck, without regional lymph
node/ distant metastasis involvement.
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TREATMENT

Due to the positive margin and an apprehension over chemotherapy, image guided radiation therapy
was performed with a total prostate regional dose of 36 Gy over 18 fractions in a regional hospital, 2 mo
after the patient’s surgical operation.

OUTCOME AND FOLLOW-UP

Complete remission of the patient’s dysuria symptom was achieved, but frequency and urgency of
urination persisted. In July 2015, the patient was referred to our hospital (a tertiary hospital). CT/MRI
scanning showed no obvious mass at the surgical site (Figure 1B), and no evidence of para-aortic
lymphadenopathy or distant metastasis. Cystoscopy showed a slightly coarse urothelium, especially at
the posterior bladder neck and trigone. Histopathology by cystoscopy and biopsy revealed that the
bladder neck had inflammatory reactants, but there was no evidence of tumour recurrence. The patient
has been followed every 6 to 12 mo since that time, and has had a PSP disease-free survival for 96 mo so
far, at the time of writing this report.

DISCUSSION

EGCTs are very rare but well-known neoplasms, arising principally from the mediastinum, retroperi-
toneum, thymus, or pineal gland, of which seminoma accounts for more than 60%[1]. Based on the
current study, there have been a total of 14 cases of prostatic seminoma without testicular involvement,
including 13 reported previously, of which 11 had primary pure seminoma and 3 had malignant
embryonal tumour mixed with seminoma[13-15].

All PSPs in the patients had no specific symptoms, with progressive difficulty in urination being the
most common symptom[4-8]. Seminoma grows slowly and manifests concealed, slow, progressive
symptoms, so most tumours were bulky by the time when they were discovered, in late presentation.
An enlarged prostate (range 6-11 cm) that is tender/slightly hard and extends into the bladder neck,
may represent a significant clinical characteristic of PSP, especially for patients younger than 60 years.
Of the 11 cases of pure seminoma, the median age at diagnosis was 51 (range 27-59) years, whereas
patients with mediastinal or retroperitoneal primary seminoma were diagnosed at a median age of 33
(range 18-65) or 41 (range 23-70) years, respectively[16]. An initial misdiagnosis of PSP occurred in
71.4% of patients. This study highlights the notion that a prostate biopsy is crucial for an accurate
diagnosis and proper management strategy for PSP, with positive immunohistochemical staining for
PLAP, OCT4, and CD117, or negative biochemical tests such as PSA, AFP, f-hCG, and LDH, similar to
the case for testicular seminomal[16-18]. In the case that we described, a lack of prostate biopsy before
prostatectomy in the local hospital was a significant shortcoming. Operative morbidity including rectal
injury could have been avoided if a biopsy had been done, considering the patient’s CT findings.

Cytogenetically, most EGCTs are similar to their testicular counterparts[18]. The diagnosis of primary
extragonadal seminoma requires careful examination of the entire body, particularly in males, and the
condition should be considered as being primary in that area until the testes have been thoroughly
examined and excluded as a possible source[18]. It has been documented that metastases from occult
testicular tumours may masquerade as primary EGCTs if the original tumour site has already regressed,
leaving only a scar, referred to in the literature as a “burned-out” primary[13,16,19-21]. Approximately
1/3 of patients with EGCTs present with metachronous testicular carcinoma in situ[22]. As in the
current case, examination data often suggest normal testes, which implies that testicular biopsies should
not be recommended[23]. Clinical gonadal ultrasound examination and biochemical marker (AFP, B-
hCG, and LDH) tests should be routinely performed, however, and urinary cytology examination
should be considered[20-24].

Seminomas have been noted to be sensitive to both chemotherapy and radiotherapy. The relapse-free
rates in patients with stage 1 testicular seminoma managed with surveillance, radiotherapy, 1 x
carboplatin, and 2 x carboplatin were 91.8%, 97.6%, 95%, and 98.5%, respectively, after a 30-mo follow-
up, in one report[25]. Based on current data, the optimal treatment for PSP remains controversial due to
the limited number of cases. All 11 of the pure PSP cases that we described here, including our case,
achieved complete remission after treatment, with a specific progression free survival rate of 100%. Two
other cases with iliac lymph node metastases had a specific progression free survival rate of over 10
years. Of these two cases, one received cisplatin-based chemotherapy followed by radiotherapy[5],
while the other received nine cycles of cyclophosphamide after total pelvic exenteration[8]. Three other
cases received only cisplatin-based chemotherapy and had no relapses[3,4,7]. These results suggest that
cisplatin-based chemotherapy as a primary therapy for PSP has a good curative effect, consistent with
the efficacy of primary chemotherapy for patients with extragonadal seminoma (an objective remission
rate of 92% and a 5-year overall survival rate of 88%). Chemotherapy should therefore be considered as
the first-line therapy for these cases. In this case, radiotherapy was performed after prostatectomy,
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which found no evidence of distant metastasis and a positive tumour margin. This course of therapy
resulted in a complete remission lasting over 6 years. Another case with a suspicious iliac lymph node
was also treated with radiotherapy alone, and achieved complete remission for at least 2 years[11].
However, it should be noted that recurrence rates approach 50% in patients with mediastinal or bulky
retroperitoneal seminoma who are treated only by radiotherapy[16,24]. Because there are few cases
reported of patients treated only by radiotherapy, the use of radiotherapy alone in patients with PSP
should be considered carefully, and the most appropriate option still seems to be chemotherapy for
cases of PSP with extraprostatic invasion[16,24].

Regarding the issue of Klinefelter syndrome (KS), there are more than 50 cases of KS in patients with
EGCTs of the nonseminomatous subtype reported[26-30]. In the present study, one-tenth of the cases
with prostate pure seminoma also presented with KS. Bokemeyer et al[16,24] reported that all 103
patients who presented with extragonadal seminomas in their study (51 mediastinal and 52 retroperi-
toneal seminomas), however, had no KS[31-33]. Further studies are needed to clarify the role of KS in
this rare tumour type.

CONCLUSION

The clinical presence of an enlarged prostate invading the bladder neck, and laboratory examination of
prostate biopsies, may help in the diagnosis of the extremely rare pure PSP form of cancer. Cisplatin-
based chemotherapy seems to be the first-line treatment for this condition, and surgery or radiotherapy
may also represent important treatment options, depending on each patient’s response to chemotherapy
and the location of the residual tumour.
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Abstract

BACKGROUND

Paragangliomas are rare neuroendocrine tumors. We hereby report a case of a
localized paraganglioma found in the abdominal cavity, and review the relevant
literature to improve the understanding of this disease.

CASE SUMMARY

A 29-year-old Chinese female patient was referred to our hospital due to an
abdominal mass found on physical examination. Imaging revealed a mass in the
left upper abdomen, suggestive of either a benign stromal tumor or an ectopic
accessory spleen. Laparoscopic radical resection was subsequently performed,
and histopathological analysis confirmed the diagnosis of a paraganglioma. The
patient was followed up 3 months post-operation, and reported good recovery
with no metastasis.

CONCLUSION

Radical resection can effectively treat intra-abdominal paragangliomas, with few
side effects and low recurrence risk. In addition, early and accurate diagnosis and
timely intervention are essential for the prognosis of this disease.

Key Words: Abdominal cavity; Paraganglioma; Surgical treatment; Case report
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Core Tip: Intraperitoneal paraganglioma is clinically rare without characteristic imaging findings, and
many clinicians may never encounter it. However, clinicians must remain vigilant to suspect, identify,
locate, and remove the tumor, as the associated symptoms and hypertension can be cured by surgical
resection. If the tumor is not diagnosed and removed, there is a risk of death and heart disease. Therefore,
due to the small number of cases, the lack of understanding of its clinical features and imaging signs,
especially easy to miss diagnosis.
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INTRODUCTION

Paragangliomas are rare neuroendocrine tumors that can occur at any age. It represents an important
cause of secretory hypertension as it is often characterized by the excessive production of
catecholamines. This study aimed to report a case of an intra-abdominal paraganglioma, and improve
the understanding of this disease by elucidating the clinical features of the patient, while reviewing the
relevant literature.

CASE PRESENTATION

Chief complaints
A 29-year-old woman was referred to the Department of General Surgery of the Second Hospital of
Jiaxing on July 20, 2022 following findings of an abdominal mass 5 d ago.

History of present illness
Initial abdominal computed tomography (CT) revealed soft tissue nodules with central calcification in
the left upper abdomen, which warranted further imaging with contrast-enhanced CT.

History of past illness
The patient had no surgical or tumor history. Besides a 2-year history of Hashimoto’s thyroiditis and
hyperthyroidism, no other underlying diseases such as hypertension and diabetes were reported.

Personal and family history
The patient denied any family history of cancer.

Physical examination

Physical examination was grossly unremarkable. No gastrointestinal symptoms such as abdominal pain,
distension, nausea and vomiting, jaundice, abnormal bowel movements, or abnormal stool forms were
noted. Urinary symptoms such as gross hematuria, frequency, urgency, and dysuria were not noted as
well. The patient was not pyrexic, and denied any chest tightness or shortness of breath.

Laboratory examinations

Laboratory results were as follows: Thyroid stimulating hormone, 0.003 pIU/mL; anti-thyroglobulin,
282.92 IU/mL, anti-thyroid peroxidase antibody, 149.91 IU/mL (reference range, 0-34 IU/mL); and
CA19-9, 2.0 U/mL (reference range 0-37 U/m). The remaining laboratory test results were otherwise
unremarkable.

Pathological examination of the lesion suggested a paraganglioma (Figure 1). Immunohistochemical
staining was subsequently performed, which demonstrated the following: Syn (-), CgA (-), CD56 (-), Ki-
67 (+ 5%), CD10 (-), S-100 (+), NES (+), AE1/AE3 (-), SOX10 (-), and P53 (wild type). A diagnosis of an
intra-abdominal paraganglioma was thus confirmed.

Imaging examinations
Contrast-enhanced CT confirmed a mass in the left upper abdomen. At this stage, a benign stromal
tumor of mesenchymal origin or an ectopic accessory spleen was considered (Figure 2).
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Figure 1 Pathological result suggestive of a paraganglioma (HE x 400).
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Figure 2 Contrast-enhanced computed tomography showing a mass in the left upper abdomen, indicating either a benign mesenchymal
tumor or an ectopic accessory spleen.

FINAL DIAGNOSIS

The patient was diagnosed with a primary intra-abdominal paraganglioma.

TREATMENT

Laparoscopic radical resection of the abdominal mass was indicated. During the operation, the mass
was found adhered to the surrounding omentum in the left upper abdominal region, in close proximity
to the spleen, stomach, small intestine, and colon. The lesion was approximately 22 mm X 26 mm in size.
Postoperative chemotherapy was not indicated.

OUTCOME AND FOLLOW-UP

The patient recovered well without any discomfort. At 3 mo follow-up, no complications such as
recurrence or metastasis were observed.
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DISCUSSION

Paragangliomas are rare neuroendocrine tumors originating from either the adrenal medulla, or the
extra-adrenal sympathetic and parasympathetic ganglia. Symptoms involve the classic triad of
headache, palpitation, and sweating. Adrenal and extra-adrenal sympathetic paragangliomas are often
characterized by the excessive production of catecholamines, which can not only result in hypertension,
but also associate with the risk of acute cardiovascular complications. Diagnosis is often based on
plasma or urinary metanephrine measurements and nuclear imaging. Moreover, normal catecholamine
levels have been reported to virtually exclude the presence of a sympathetic paraganglioma[1]. Intra-
abdominal paragangliomas are particularly rare, with incidence of approximately 1 in 500000.

Parasympathetic paragangliomas are usually located in the head and neck, while sympathetic
paragangliomas are more commonly located in the abdomen, followed by the chest and pelvis[2]. And
the tumer that may present with cranial neuropathies when located along the skull base[3]. Head and
neck paragangliomas are usually painless and slow growing, and are thus often an incidental clinical
finding. They mainly manifest as carotid body tumors and vagal paragangliomas. As parasympathetic
paragangliomas are non-secretory, symptoms are usually secondary to mass effects. These may include
neck pain and dysphagia, conductive hearing loss and pulsatile tinnitus in cervical tympanic paragan-
gliomas, as well as lower cranial nerve defects in advanced tumors[4]. Paragangliomas located outside
of the head and neck may also be non-secretory, and are often accompanied by mild symptoms[5].

Due to the catecholamine-secreting nature of abdominal paragangliomas, the common clinical
symptoms may include malignant hypertension, palpitation, headache, dizziness, anxiety, metabolic
disorder syndrome, orthopnea, oliguria, anuria, and hepatic encephalopathy, among others. In rare
cases, patients may experience paraganglioma crises, an endocrine emergency resulting in life-
threatening hemodynamic instability and end-organ damage[6]. This can often be misdiagnosed as
septic shock, heart failure, thyroid storm, and malignant hyperthermia[7,8]. Given its mortality rate of
approximately 15%, early recognition of the signs and symptoms of paragangliomas is thereby critical[7,
9]. It was found that in patients with paraganglioma, the metaiodobenzylguanidine (MIBG) uptake
intensity ratio was significantly higher in malignant lesions than in benign lesions. Therefore, iodine-131
MIBG uptake was able to distinguish between benign and malignant diseases, which was not helped by
magnetic resonance imaging[10]. Furthermore, one study used radio-labeled MIBG and somatostatin
analogues for scintillation imaging for correct localization. The results showed that MIBG was more
accurate in imaging pheochromocytoma than somatostatin analogues. But somatostatin analogues are
more accurate than MIBGs in detecting neuroendocrine tumors[11]. While symptoms are often
paroxysmal, the clinical manifestations of paragangliomas can vary based on catecholamine subtypes,
and may range from asymptomatic to life-threatening[12]. As exemplified in our case, the lack of
obvious clinical abnormalities such as abdominal pain, abdominal distension, hypertension, and
dizziness could have led to misdiagnosis or missed diagnosis.

Paragangliomas are mostly benign in nature, with surgical resection being the main treatment of
choice. In contrast, malignant paragangliomas often warrant a multidisciplinary approach, involving
endocrinology, oncology, surgery, nuclear medicine, radiotherapy, interventional radiology, and
histology. So far, there are no standardized treatment regimens for metastatic diseases. Current
treatment measures mainly involve beta-blockers and catecholamine synthesis inhibitors (A-methyl-p-
tyrosine) to prevent tumor progression and minimize catecholamine-induced symptoms[13].

The diagnosis of paraganglioma in our case was mainly based on pathology, and was confirmed
upon findings of Syn (-) and 5-100 (+) on immunohistochemical staining. While morphologically similar
to malignant perivascular epithelioid cell and stromal tumors, S-100 played a role as a differentiating
factor. As a neurogenic index, the positive expression of S-100 observed in our patient was in keeping
with the origin of paragangliomas from chromaffin cells of the neural crest. In contrast, perivascular
epithelioid cell tumors are mostly malignant in nature, and are characterized by positive HMB45, SMA,
and Desmin, the latter 2 of which are myogenic indices. Stromal tumors are also commonly malignant,
and are distinguished by the expression of CD117. In our case, the low expression of Ki-67 indicated a
benign tumor.

CONCLUSION

In conclusion, intra-abdominal paragangliomas are clinically rare with no characteristic imaging
findings, and are, as such, easily missed. However, surgical resection can associate with good clinical
prognosis.
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Abstract

BACKGROUND

Bronchopleural fistula (BPF) is a relatively rare, but severe complication of
pulmonary tuberculosis. It is associated with significant mortality; however, its
management remains a major therapeutic challenge.

CASE SUMMARY

We present a 24-year-old man with BPF resulting from severe pulmonary
tuberculosis combined with mixed infections. The damaged right upper lobe and
concomitant empyema were demonstrated via computed tomography. After
undergoing open-window thoracostomy and tuberculosis treatment for 4 mo,
decortication and right upper lobectomy were subsequently performed, leading to
the resolution of tuberculosis and other concurrent pulmonary infections. Follow-
up, 6 mo after surgery, failed to reveal any evidence of infection recurrence
resulting in a good prognosis.

CONCLUSION
The disease course of tuberculous BPF is particularly challenging. Surgical
intervention serves as an effective and safe therapeutic strategy for BPF.

Key Words: Bronchopleural fistula; Tuberculosis; Surgery; Case report
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Core Tip: Bronchopleural fistula (BPF) is a relatively rare but severe complication of pulmonary
tuberculosis. However, no consensus has been reached on the ideal treatment modality. This article
presents a patient with a BPF resulting from severe pulmonary tuberculosis accompanied by mixed
infections. Strict preoperative evaluation of surgical indications, including standard preoperative anti-
tuberculosis treatment and controlling the infection through an open-window thoracostomy during surgery,
can achieve a satisfactory long-term prognosis for the treatment of BPF through this three-pronged
approach.
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INTRODUCTION

Tuberculosis is ranked as the second leading infectious killer after coronavirus disease 2019. In 2021,
10.6 million people were diagnosed with active tuberculosis, out of which 1.6 million cases resulted in
death[1]. Bronchopleural fistula (BPF) is a relatively rare but life-threatening complication of
tuberculosis, with a mortality rate varying between 18% to 67%[2]. BPF most commonly manifests as a
postoperative complication of pulmonary resection, particularly pneumonectomy[3]. Other common
causes of BPF include lung necrosis complicating infection, persistent spontaneous pneumothorax,
chemoradiotherapy, and tuberculosis[4]. The treatment of BPF involves various surgical methods, drug
therapy, or bronchoscopic procedures. However, due to limited studies on the condition, there is a lack
of consensus concerning its optimal treatment. The purpose of this article is to describe an effective
treatment strategy for BPF caused by serious pulmonary tuberculosis.

CASE PRESENTATION

Chief complaints

A 24-year-old man was referred to our hospital with a productive cough accompanied by expectoration
of purulent sputum, weight loss, and exertional polypnea. The patient was treated for tuberculosis but
he subsequently developed fever and chest pain, 2 mo after being discharged from our hospital.

History of present illness
When the severity of the clinical symptoms increasingly progressed, the patient was readmitted to our
hospital for further evaluation and treatment.

History of past illness
The patient had no significant medical history.

Personal and family history
The patient denied smoking previously and had no past history of lung disease. His family history was
unremarkable.

Physical examination

On physical examination, the patient was in poor general condition. The patient’s body mass index was
around 20. Lung auscultation indicated decreased breath sounds in the right lower lung. Chest wall
collapse was evident upon visual inspection.

Laboratory examinations

Laboratory analysis evidenced that sputum smears for acid-fast bacilli, sputum culture, GeneXpert
Mtuberculosis/RIF, and polymerase chain reaction were all positive for tuberculosis. Furthermore,
multidrug-resistant Klebsiella pneumoniae and Aspergillus fumigatus were isolated in the bacterial
culture of the effusion and sputum. The blood markers were as follows: White blood count: 13.67 x 10°/
L (81.1% neutrophils and 5.6% lymphocytes); C-reactive protein: 89.54 mg/L; ESR: 34 mm/h; procal-
citonin: 0.22 ng/mL. The patient's liver and kidney functions, electrolytes, myocardial enzymes, and
coagulation were normal.
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Imaging examinations

The chest computed tomography (CT) scan showed bilateral pulmonary infection with cavitary lesions
(Figure 1A). The right lung was completely compressed and atelectatic with severe air leakage; pleural
thickening of the right upper lung indicated right lung damage (Figure 1B). The coarctation of the right
intercostal space is noted on the chest CT (Figure 1D). Bronchoscopy at admission (Figure 2A) and 1 mo
after the anti-tuberculosis treatment showed a 5 mm fistula of the right upper bronchus (Figure 2B),
along with erythema, erosion, and hyperplasia of the apical bronchus, and a small amount of necrotic
material.

FINAL DIAGNOSIS

This patient was diagnosed with BPF, endobronchial tuberculosis, pulmonary tuberculosis, tuberculosis
lung damage, and pleural empyema.

TREATMENT

The timeline of management is shown in Figure 3. Closed thoracic drainage and anti-tuberculosis
therapy were conducted after the patient’s hospital admission. The patient’s anti-tuberculosis treatment
program included the following medications taken once daily: Isoniazid 300 mg qd; rifampicin 450 mg
qd; ethambutol 750 mg qd; levofloxacin 600 mg qd; amikacin 600 mg qd and linezolid 200 mg qd. The
patient was subsequently discharged to continue treatment at home. Despite anti-tuberculosis treatment
for 2 mo, the disease progressed leading to readmission. A previously installed chest tube from the
initial hospitalization was removed due to a complicated pleural infection. Due to difficulty finding an
appropriate location for closed drainage, the patient underwent a right open-window thoracostomy to
improve fluid drainage. The 7* and 8" partial ribs were removed to construct a window, 10 cm in
diameter. Surgery confirmed the presence of a thick pleural membrane surrounding the right lung and a
5 mm fistula with air leakage from the right upper lung. In addition, mold was found on the pleural
surface (Figure 4A). To address the pleural empyema, gauzes soaked in iodine were packed into the
pleural space through the window, once or twice a day after surgery. Voriconazole and intrapleural
irrigation of amphotericin B were administered for antifungal treatment. Amphotericin B (10 mg) was
diluted with 5% glucose solution to form a total volume of approximately 50 mL. Subsequently, the
aspergillosis-infected pleura was irrigated with this solution by packing amphotericin-soaked gauze
into the emphysematous space. Irrigation was performed once daily for 1 mo.

Infection was controlled remarkably after surgery, through continuous treatment with antibiotics and
antifungal agents over 4 mo. The patient underwent right upper lobectomy accordingly. Intraoper-
atively, thick, fibrotic pleural membranes were found and decortication was conducted. Bronchial
stump reinforcement was performed through the mediastinal pleura. Finally, the thoracic window was
closed. In order to prevent recurrence, postoperative antifungal treatment was continued for 3 mo, and
anti-tuberculosis treatment for 6 months.

OUTCOME AND FOLLOW-UP

Improvement of symptoms and postoperative examination demonstrated the positive effects of the
therapeutic strategy. Repeat cultures of sputum and bronchoalveolar lavage fluid were negative. Chest
CT at 6 mo after the treatment revealed diminished lung lesions. (Figure 1B). Repeat bronchoscopy also
demonstrated improvement of the right upper bronchial tuberculosis and the absence of any
abnormality in the middle and lower bronchus (Figure 2C). The pleural effusion were resolved and no
lesions were found on the pleural surface (Figure 4B). The patient’s physical strength returned after
dietary intervention. The right lung expanded well and the chest wall deformity resolved 6 mo after the
operation (Figure 1C). The patient showed a favorable long-term prognosis and no evidence of
recurrence at follow-up.

DISCUSSION

Many therapeutic strategies have been implemented in the treatment of BPF[5-11], but a consensus on
the best treatment modality has yet to be reached. The current therapeutic options can be comple-
mentary, and the treatment needs to be individualized[12]. Herein, we described the successful
treatment of tuberculous BPF through surgery. Favorable surgical outcomes for BPF depend on the
selection and timing of the operation, standard preoperative anti-tuberculosis treatment, full thoracic
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Figure 1 Chest computed tomography scans of patient. A: At admission and before surgery show bilateral pulmonary infection and complete compression
and atelectasis of the right lung. Postoperative chest computed tomography (CT) demonstrates right lung expansion; B: Chest CT scan showing the destruction of the
right upper lung; C: Both the presence of pus in the pleural cavity and iodine gauze in the emphysematous pleural space are observed. The residual cavity is
eliminated after surgery; D: The coarctation of the right intercostal space is noted on chest CT. The patient's right chest wall deformity has almost resolved, 6 months
after the operation.

drainage, and infection control.

Clinical treatment of tuberculous BPF complicated with multiple infections is a huge challenge. We
believe that preoperative standard anti-tuberculosis treatment combined with full thoracic drainage is
crucial[13,14]. For patients with Mycobacterium tuberculosis-positive sputum before surgery, a drug-
resistant tuberculosis test is needed to choose effective anti-tuberculosis drugs. In our case, however,
drug therapy for inflammation caused by Klebsiella pneumoniae spp. and Aspergillus fumigatus was not
effective. Full drainage of the thoracic cavity was eventually achieved through open-window
thoracostomy, which led to the significant improvement of chronic inflammation. Open-window
thoracostomy is a simple, certain, and last resort drainage procedure for thoracic empyema[15,16]. It is
the best means to drain purulent effusion caused by empyema from the pleural space and is an excellent
interim treatment for BPF[17,18]. Furthermore, intrapleural irrigations of amphotericin B have been
proven effective in preventing the recurrence of lung aspergillomas[19,20]. As prolonged air leaks
caused by BPF create ventilatory abnormalities through the ineffective gas exchange, packing iodine-
soaked gauzes into the empyema-affected pleural space through an open window can add positive
intrapleural pressure during inspiration. This procedure could decrease the air leaks caused by BPF.
Klebsiella pneumoniae spp. and Aspergillus fumigatus are opportunistic infections associated with
immunodeficiency. Accordingly, nutritional supplementation also plays a very important role in
recuperation from these infections.
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Figure 2 Bronchoscopic view of the right upper bronchus. A: Bronchoscopy at admission shows a 5 mm fistula (white arrows) of the right upper
bronchus, along with erythema, erosion, and hyperplasia of the apical bronchus, and a small amount of necrotic material; B: Bronchoscopy is performed 1 mo after
the anti-tuberculosis treatment; C: Bronchoscopy is performed 6 mo after the anti-tuberculosis treatment.

Closed thoracic drainage Open window Decortication and
and anti-TB treatment thoracostomy right upper lobectomy

June 2019 August 2019 December 2019 June 2020

BPF caused by Multidurg-resistant Infection control Long-term prognosis
pulmonary tuberculosis Klebsiella pneumoniae is good

and Aspergillus fumigatus
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Figure 3 The timeline of treatment and procedures. TB: Tuberculosis; BPF: Bronchopleural fistula.

DOI: 10.12998/wjcc.v11.i10.2282 Copyright ©The Author(s) 2023.

Figure 4 Intraoperative and postoperative findings. A: Open-window thoracostomy was performed on the patient; intraoperatively, mold was noted on the
pleural surface; B: No effusions were noted in the pleural cavity and no lesions were seen on the pleural surface.

The main challenge in BPF lies in closing the fistula and eliminating the cavitation. A variety of
surgical and bronchoscopic strategies for treating BPF have been described, although none of these
approaches has been successful or suitable for all patients. According to Li et al[10], the scope of
bronchoscopy makes it difficult to treat peripheral BPF. The size of BPF > 8 mm is generally unsuitable
for bronchoscopic treatment[12,21]. The degree of infection, timing of diagnosis, underlying disease,
localization and the size of the fistula may be the critical factors in choosing between surgical and
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bronchoscopic procedures for treatment[8,22,23]. In our case, as the bronchial stump was affected by
tuberculosis and the right upper lung was damaged, we did not select the minimally invasive broncho-
scopic method as a treatment strategy. In a patient with lobar lung damage combined with empyema,
especially in patients with BPF, aggressive radical therapy with lobectomy or thoracoplasty is
necessitated[24,25]. However, the effectiveness of surgery in the treatment of drug-resistant tuberculosis
remains unclear[26]. The advantages of bronchial stump reinforcement in preventing BPF are also still
controversial, and no consensus has been reached on the ideal buttressing tissue to use[27-29]. Patients
with empyema and bronchial tuberculosis undergoing lung resections are at increased risk for BPF
recurrence. Besides, preoperative bronchoscopy is used to exclude endobronchial tuberculosis. Hence,
we used the mediastinal pleura to cover the bronchial stump. However, as these procedures carries a
high risk of mortality and recurrence[30], it is not universally recommended and its indications should
be carefully considered. In our patient, chest CT and bronchoscopic images were reviewed regularly to
assess the progression of pulmonary and bronchial lesions, preoperatively. The disease course is even
more complicated for patients with tuberculous BPF. The key to the treatment of pulmonary
tuberculosis complicated with BPF is to have a continual and effective anti-tuberculosis treatment. The
preoperative anti-tuberculosis treatment regimen is complex. Clinicians should be ready to adjust the
regimen at any time according to its therapeutic effects and adverse reactions.

CONCLUSION

In summary, the treatment of tuberculous BPF has been a challenging issue in thoracic surgery. Surgery
is the modality of choice for tuberculous BPF, but it has many complications. Strict preoperative
evaluation of surgical indications is required, including standard preoperative anti-tuberculosis
treatment with medical therapy and full thoracic drainage to control the infection. The proper selection
of patients for surgical intervention can achieve a satisfactory long-term prognosis, and the procedures
are safe and efficient. Further research is required to obtain more definitive evidence.
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Abstract

BACKGROUND

Hypoparathyroidism, which can be sporadic or a component of an inherited
syndrome, is the most common cause of hypocalcemia. If hypocalcemia is
accompanied by other electrolyte disturbances, such as hypokalemia and
hypomagnesemia, then the cause, such as renal tubular disease, should be
carefully identified.

CASE SUMMARY

An 18-year-old female visited our clinic because of short stature and facial
deformities, including typical phenotypes, such as low ear position, depression of
the nasal bridge, small hands and feet, and loss of dentition. The lab results
suggested normal parathyroid hormone but hypocalcemia. In addition, multiple
electrolyte disturbances were found, including hypokalemia, hypocalcemia and
hypomagnesemia. The physical signs showed a short fourth metatarsal bone of
both feet. The X-ray images showed cortical thickening of long bones and
narrowing of the medulla of the lumen. Cranial computed tomography indicated
calcification in the bilateral basal ganglia. Finally, the genetic investigation
showed a de novo heterogenous mutation of “FAM111A” (c. G1706A:p.R569H).
Through a review of previously reported cases, the mutation was found to be the
most common mutation site in Kenny-Caffey syndrome type 2 (KCS2) cases
reported thus far (16/23, 69.6%). The mutation was slightly more prevalent in
females than in males (11/16, 68.8%). Except for hypocalcemia, other clinical
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manifestations are heterogeneous.

CONCLUSION

As a rare autosomal dominant genetic disease of hypoparathyroidism, the clinical manifestations
of KCS2 are atypical and diverse. This girl presented with short stature, facial deformities and
skeletal deformities. The laboratory results revealed hypocalcemia as the main electrolyte
disturbance. Even though her family members showed normal phenotypes, gene detection was
performed to find the mutation of the FAM111A gene and confirmed the diagnosis of KCS2.

Key Words: Hypocalcemia; Hypomagnesemia; Hypoparathyroidism; Kenny-Caffey syndrome type 2;
FAM111A gene; Case report

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The FAM111A mutation was more likely to be a de novo mutation. Since the patient was an adult
at the time of consultation, long-term follow-up treatment and observation of electrolyte status is
necessary. Moreover, the fertility of the patient and the genetics of her offspring should be determined.

Citation: Yuan N, Lu L, Xing XP, Wang O, Jiang Y, Wu J, He MH, Wang XJ, Cao LW. Clinical and genetic
features of Kenny-Caffey syndrome type 2 with multiple electrolyte disturbances: A case report. World J Clin
Cases 2023; 11(10): 2290-2300

URL: https://www.wjgnet.com/2307-8960/full/v11/i10/2290.htm

DOI: https://dx.doi.org/10.12998/wjcc.v11.i10.2290

INTRODUCTION

Calcium ions (Ca®") are essential to life, participating in many pathophysiological processes, such as the
synthesis and release of neurotransmitters, the synthesis and secretion of hormones, blood coagulation,
muscle contraction, nerve activity and bone mineralization. Under normal circumstances, parathyroid
hormone and vitamin D maintain normal serum calcium concentrations. One of the most common
causes of hypocalcemia is hypoparathyroidism, which can be transient or persistent. There are also
various causes, of which the most common cause of chronic hypoparathyroidism is thyroid surgery,
accounting for approximately 75% of cases[1]. Nonoperative causes include (1) autoimmunity:
Autoimmune polyendocrine syndrome type 1; and (2) genetic disorders: Familial isolated hypopara-
thyroidism, autosomal dominant hypocalcemia, and complex disorders, which include hypothyroidism
and abnormal magnesium metabolism. Hypothyroidism can be part of the following complex disorders:
DiGeorge syndrome, hypoparathyroidism, sensorineural deafness, renal dysplasia (HDR) syndrome,
Kenny-Caffey syndrome (KCS), Kearns-Sayre syndrome, mitochondrial encephalomyopathy with lactic
acidosis and stroke-like attack syndrome, mitochondrial trifunctional protein deficiency syndrome, and
Sanjad-Sakati syndrome (SSS). Hypoparathyroidism is often difficult to diagnose because of its
complicated and heterogeneous manifestations, which require careful differential diagnosis depending
on clinical manifestations, laboratory examinations and imaging features. DiGeorge syndrome type 1, or
22q11.2 deletion syndrome, is an autosomal dominant genetic disease caused by heterozygous microde-
letions on chromosome 22; it can lead to immunodeficiency, abnormal cardiac outflow tracts and
hypoparathyroidism. Deletion of the transcription factor TBX1 is necessary for parathyroid
development and is considered to be a cause of hypoparathyroidism[2]. HDR syndrome is an autosomal
dominant genetic disease caused by GATA3 gene deletion mutations. GATA3 is a transcription factor
that plays an important role in parathyroid organogenesis[3]. KCS is a rare disease characterized by
short stature, osteosclerotic bone dysplasia and hypoparathyroidism. The autosomal recessive form
(type 1) is caused by the mutation of tubulin-specific chaperone protein E (TBCE)[4], whereas the
autosomal dominant form (type 2) is caused by a FAM111A gene mutation[5]. This study presents a rare
case of Kenny-Caffey syndrome type 2 (KCS2) with short stature, skeletal deformities and multiple
electrolyte disturbances confirmed by genetic analysis. This study was approved by the Ethics
Committee of Nanchong Central Hospital, The Second Clinical College, North Sichuan Medical College,
and written informed consent was obtained from the patient.
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CASE PRESENTATION

Chief complaints
The proband was an 18-year-old female who was hospitalized with abnormal behavior for 3 d
beginning October 19, 2021.

History of present illness
Three days before she visited the local psychiatric hospital, she suddenly refused to eat, accompanied by
glazed eyes and with no definitive causes.

History of past illness

She was born by cesarean section at the 33" week of her mother’s second pregnancy. Her weight was 3.8
kg [+1 standard deviation (SD)], and her height was 48 cm (-1 SD) at birth. Fontanel closure was delayed
until she was 5 years old. During her childhood, she was always shorter than other children of the same
age, but her body weight was overweight. She had occasional muscle tetany and limb numbness. Her
studying ability in school was slightly poorer than that of her classmates. Menarche started at the age of
13 years, followed by irregular periods (cycle of 28-90 d).

Personal and family history
Her parents were not consanguineous and were in good health. The growth and development of her
two sisters were normal, and there was no family history of hereditary diseases.

Physical examination

The patient’s blood pressure was 104/78 mmHg; her height was 132 cm (-5 SD), weight was 40 kg (-2
SD), waist circumference was 80 cm, and head circumference was 48 cm; and some peculiar clinical
characteristics were observed, including cheek freckles, high anterior hairline, sparse scalp hair,
prominent forehead, depressed nasal bridge, low-set ears, partially absent dentition, small mandible,
slightly higher mandibular arch, increased quilt hair, stubby limbs, small hands and feet and short
bilateral 4™ toes (Figure 1). She had no cubitus valgus, no nail thickening or roughness and no scoliosis.
Gynecological examination showed breast development at Tanner stage 4 and pubic hair at Tanner
stage 4. Her Mini-Mental State Examination (MMSE) score was 28 points after her symptoms improved.

Laboratory examinations

The patient had low calcium, low potassium, low magnesium, and high phosphorus levels. Her serum
aspartate aminotransferase (AST) level was 94 U/L (reference range: 0 to 40), and her serum alanine
transaminase (ALT) level was 70 U/L (reference range: 7 to 40). Serum potassium was 2.57 mmol/L
(reference range: 3.5 to 5.3), chlorine was 96.4 mmol/L (reference range: 99.0 to 110.0), corrected calcium
level was 1.06 mmol/L (reference range: 2.11 to 2.52), magnesium was 0.45 mmol/L (reference range:
0.75-1.02), and phosphorus was 1.86 mmol/L (reference range: 0.85 to 1.51). Details of laboratory
findings are listed in Table 1. Therefore, she was referred to our hospital for further diagnosis and
treatment.

Imaging examinations

Ophthalmological examination revealed hyperopia. Visual acuity was 0.15 in the left eye and 0.8 in the
right eye. No evidence of cataract or papilledema was observed. Her hearing test results were normal.
Cranial computed tomography showed sporadic symmetrical calcifications in the cerebellar
hemisphere, frontotemporal parietal lobe, basal ganglia, and thalamus. Thyroid ultrasonography
showed a cystic-solid mixed nodule measuring approximately 2.3 mm X 1.2 mm in the right lobe, with a
Thyroid Imaging Reporting and Data System grade of 2. X-rays of the left knee, anteroposterior pelvis,
left hand, and both feet showed a smaller right ilium compared to the contralateral side, shallow
acetabular fossa on both sides, and no obvious abnormalities in the bone structure of the remaining
pelvis or the structures of the sacroiliac and hip joints on either side (Figure 2). No abnormal density
was observed in the pelvis. The phalanges of the left little finger were short, with thickening of the
cortex of the tubular bone and narrowing of the medulla. The 4" and 5" metatarsal bones and the corres-
ponding phalanges of both feet were short and small. Ultrasonography of the pelvic cavity showed an
anteverted uterus measuring approximately 2.7 cm x 1.9 cm X 3.0 cm. Uniform endometrial
echogenicity was observed with no obvious tumor-like structures. The endometrial thickness was
approximately 0.4 cm. The bilateral ovaries were normal in size, with no obvious space-occupying
lesions in the bilateral adnexal areas.

FINAL DIAGNOSIS

Peripheral blood samples of the patient as well as her parents (who had no abnormal manifestations)
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Tests Measured value Reference range
Serum potassium (mmol/L) 2.56 3.5-53
24-h urinary potassium (mmol) 46.82 25-100
PH 7.40 7.35-7.45
Blood HCO;™ (mmol/L) 25 22-27
ALD (pg/mL)’ 355.586 40-310
Renin (pg/mL)’ 300.452 4-38
Angiotensin II (pg/mL)’ 329.740 49-310
Serum cortisol (pg/dL)> 18.33 6.02-18.4
Serum ACTH (pg/mL)” 13.72 7.2-63.3
PTH (pg/mL) 10 15-65
25-hydroxyvitamin D (ng/mL) 17.61 30-100
Corrected serum calcium (mmol/L) 1.12 2.11-2.52
Serum P (mmol/L) 1.86 0.85-1.51
Serum Mg (mmol/L) 0.69 0.75-1.02
24-h urinary calcium (mmol/L) 3.66 <6.75
FT, (pmol/L) 16.2 12-22
FT; (pmol/L) 4.43 3.1-6.8
TSH (ulU/mL) 0.8 0.27-4.2
LH (ulU/mL) 4.08 24-12.6
FSH (ulU/mL) 3.57 3.5-12.5
PRL (ulU/mL) 644.2 102-496
E, (pg/mL) 52.93 12.4-233
P (nmol/L) 0.72 0.181-2.84
T (nmol/L) 1.76 0.29-1.67

'In sitting position.

28 am.

PH: Potential of hydrogen; ALD: Aldosterone; ACTH: Adrenocorticotropic hormone; PTH: Parathyroid hormone; P: Phosphorus; Mg: Magnesium; FT,:
Serum free thyroxine; FT5: Serum free triiodothyronine; TSH: Thyroid-stimulating hormone; LH: Luteinizing hormone; FSH: Follicle-stimulating hormone;

PRL: Prolactin; E,: Estrogen; P: Progesterone; T: Total testosterone.
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were collected, and DNA analysis was performed after obtaining informed consent. This study was
conducted according to the principles of the Declaration of Helsinki with the approval of the ethics
committee of Nanchong Central Hospital. The samples were subjected to Sanger sequencing by
polymerase chain reaction (PCR) and whole-exome sequencing,.

First, DNA was extracted from the blood samples. Libraries were then constructed, and sequencing
was performed on the Illumina platform. After obtaining the original sequencing results, analysis was
performed with the given reference sequence or genome (GRCh37/hg19). The analysis included the
following three steps: (1) Quality assessment of the sequencing data; (2) variation detection; and (3)
variation screening and prediction of disease associations. Burrows-Wheeler Aligner was used to align
the sequenced fragments to the reference genome, and Picard software was used to remove sequences
generated by PCR duplication. After analyzing the patient gene sequencing results for single-nucleotide
variants (SNVs) and insertions-deletions with reference to the hgl9 genome, somatic mutation
predictions were made on paired samples using MuTect, followed by annotation of the SNVs using the
ANNOVAR program combined with the refGene annotation in the UCSC Genome Browser. Finally, the
effects of SNV mutation sites in the exonic region on protein translation were annotated using SIFT and
PolyPhen.
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Figure 1 Special phenotypes of this 18-year-old female patient with Kenny-Caffey syndrome type 2. A: Small hands; B: Cheek freckles, high
anterior hairline, sparse scalp hair, prominent forehead, depressed nasal bridge, low-set ears, small mandible, slightly higher mandibular arch, increased quilt hair; C:
Feet and short in bilateral 4™ toes; D: Partially absent dentition.

JBaishideng®

Operating procedures
Sample collection: Peripheral venous blood was collected from the patient and her family members,
anticoagulated with sodium citrate, and stored at -20 °C for subsequent use.

Genomic DNA extraction: Genomic DNA was extracted using a blood DNA extraction kit (QlAamp
DNA Blood Mini Kit) per the manufacturer’s instructions.

PCR amplification: Exon 5 of FAM111A was amplified by PCR (Applied Biosystems Veriti® 96-Well
Thermal Cycler, Applied Biosystems, United States; ABI3130XL genetic analyzer, Applied Biosystems,
United States), and sequencing was performed. The primers were as follows: Forward, TGCTTGTGCT-
GTGATCCCTC; reverse, ATGCCTATGAAATAACAACTCC. The total volume of the PCR was 30 pL,
including 3 pL of template DNA, 1.5 pL each of the forward and reverse primers, 15 pL of 2 x HieffTM
PCR Master Mix (With Dye, Yeasen, China), and 9 pL of ddH,O.

Sequencing of the PCR products and analysis of DNA mutations: All sequencing results were
compared against the known sequencing results of the genomic DNA of FAM111A in the NCBI Blast
database.

PCR results

First, whole-exome sequencing showed a missense mutation in exon 5 (c.1706G>A) of FAM111A
(NM_001142519) of the patient (Figure 3), which resulted in an amino acid substitution (R569H). The
American College of Medical Genetics and Genomics rating of the variant was a variant of uncertain
significance. No mutation in TBCE was observed. Neither of her parents, who showed no clinical
manifestations, carried this gene mutation, indicating that this was a de novo mutation of a novel
nonsynonymous coding variant, consistent with three cases of novel KCS2 mutations reported in Japan

[6].
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Figure 2 The head computed tomography and skeletal X-ray features of the patient are indicated by arrows A-E, respectively. A: Head
computed tomography (noncontrast) showing symmetrical calcifications in the cerebellar hemisphere, frontotemporal parietal lobe, basal ganglia, and thalamus; B:
Digital radiography (DR) of the anteroposterior pelvis showing that the right ilium is smaller compared to the left side, as well as shallow acetabular fossa on both
sides; C: DR of the left foot showing short and small 4" and 5™ metatarsal bones and corresponding phalanges in both feet; D: The phalanges of the left little finger
are short, with thickening of the cortex of the tubular bone and narrowing of the medulla; E: DR of the left lower limb showing thickening of the cortex of the tubular
bone and narrowing of the medulla.

Father ACT CGT AGT Mother ACT CGT AGT

; O

O

ACT CG/AT AGT
R569H

DOI: 10.12998/wjcc.v11.i10.2290 Copyright ©The Author(s) 2023.

Figure 3 Genetic pedigree of the patient showing the chromatograms of Sanger sequencing results of the FAM111A mutation for the
patient and her parents. Data were obtained by Sanger sequencing during the confirmation of the diagnosis. Forward sequencing was performed for the
mutation. In the pedigree, the black symbols represent probands. Squares and circles represent males and females, respectively. In the chromatogram, the black
letters indicate the nucleotide sequence of the wild-type, while the nucleotides in red indicate mutations. R569H was identified in all probands but not in the parents
who received the sequencing tests. The younger and older sisters were phenotypically normal and did not agree to undergo Sanger sequencing.

TREATMENT

The patient was treated with calcium carbonate D3 (600 mg qd) and calcitriol (0.25 pg qd) after the
diagnosis of primary hypoparathyroidism.
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OUTCOME AND FOLLOW-UP

After intravenous treatment with magnesium sulfate improved the hypomagnesemia, the regimen was
changed to potassium magnesium aspartate (2 tablets tid for continued magnesium supplementation).
Follow-up after 2 mo of treatment showed a 24 h urinary calcium concentration of 1.69 mmoL (urine
volume: 1300 mL), ALT concentration of 51 U/L, AST concentration of 47.2 U/L, blood potassium
concentration of 3.41 mmol/L, blood calcium concentration of 2.10 mmol/L, blood phosphorus concen-
tration of 2.0 mmol/L, and blood magnesium concentration of 0.57 mmol/L. The patient was generally
in good condition, with no numbness of the extremities or muscle twitching.

Literature review

In addition to previously reported cases, the clinical features and gene mutation sites of the patient with
KCS2 are summarized in Table 2[5-17]. The 23 patients included 10 males and 13 females. The main
clinical manifestations were as follows: (1) Signs such as short stature, polydactyly, developmental
delay, abnormal liver function, eye abnormalities (hyperopia and pseudopapilledema), and normal
intelligence; (2) hypocalcemia, hypomagnesemia, hyperphosphatemia, and low parathyroid hormone
(PTH) level, with some patients showing abnormal liver function and hypothyroidism; and (3)
calcification in the basal ganglia, with thickening of the cortex and medullary stenosis. Abnormal head
circumference was also observed, combined with delayed closure of the anterior fontanelle. Sanger
sequencing analysis of FAM111A showed that c.1706G>A (p.R569H) is the hotspot in most reported
cases (16/23, 69.6%) and is more common in women (11/16, 68.8%). However, only three female
patients were followed up after the age of 18 years (22, 25, 40 and 56 years of age), two of whom carried
de novo mutations (the other was unknown).

DISCUSSION

In 1966, Kenny and Linarelli[18] reported a mother and child with severely short stature and hypo-
calcemia combined with hypomagnesemia, while Caffey[19] reported detailed imaging features of the
skeletal deformities of this mother and child, namely, long and thin bones and narrowing of the marrow
cavity. This rare teratogenic disorder was later referred to collectively as KCS, which is characterized by
severely short stature, thickening of the tubular cortex and medullary stenosis, delayed closure of the
anterior fontanelle, eye abnormalities (hyperopia, amblyopia, cataracts, pseudo papilledema, etc), and
hypocalcemia due to hypoparathyroidism. According to the inheritance mode, clinical manifestations,
and mutated genes, KCS is divided into two types: (1) KCS type 1 (OMIM #244460) is an autosomal
recessive disorder that manifests as intrauterine growth retardation and mental retardation in addition
to KCS symptoms. The pathogenic gene has mutations in TBCE; and (2) KCS2 (OMIM #127000) is an
autosomal dominant or de novo mutation disorder that usually manifests as postnatal growth
retardation without intellectual abnormalities. KCS2 is rarer than KCS1, with < 30 cases reported
worldwide up to date. The pathogenetic gene is a mutation (NM_001142519.1) in the FAM111A gene
proposed by Unger et al[5] in 2013, which is located on the long arm of chromosome 11 (11q12.1) and
encodes an unknown protein consisting of 611 amino acids. The C-terminal region of this protein is
homologous to a trypsin-like peptidase, and the catalytic triad specific for this peptidase is conserved
[20,21]. However, the specific role of FAM111A has not been determined, and observational findings
suggest that FAM111A regulates and interacts with the C-terminal region of the large T antigen in a cell-
dependent manner[20]. FAM111A appears to be critical for pathways that control parathyroid hormone
production, calcium homeostasis, and bone development and growth[5]. Here, we describe a case of
KCS2 caused by a de novo pathogenic variant of FAM111A. This patient fit the characteristic phenotypes
described for KCS2: Short stature; facial deformities, including low-set ears and depressed nose bridge;
short hands and feet; missing dentition; delayed anterior fontanelle closure; hypoparathyroidism;
hypocalcemia; hyperphosphatemia; hypokalemia; and hypomagnesemia. However, the patient had no
previously reported pseudo papilledema, hearing abnormalities, anemia, or spinal curvature.

Patients with KCS2 may also have different clinical manifestations due to different mutation sites in
FAM111A. Even for mutations at the same site, the described phenotypes may differ. This report
describes a case of a young woman who presented with a 3-d history of psychosis, in addition to
severely short stature, thickening of the tubular cortex and medullary stenosis, delayed anterior
fontanelle closure, hyperopia, missing dentition, hypokalemia, hypochloremia, uneven hip bone size,
and overweight on top of hypocalcemia as a result of hypothyroidism. The patient did not have
scoliosis. She also showed normal intelligence, with no familial genetic background. Whole-exome
sequencing was performed on the proband based on the high suspicion given her clinical manifestations
and laboratory imaging results. The relevant loci were also sequenced in samples from her parents. The
results showed that the patient had a missense point mutation (c.1706G>A, p.R569H) in FAM111A, with
no abnormal mutations in her parents. Therefore, the patient was considered to have a de novo mutation,
which was consistent with previous reports[6].
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Table 2 Summary of the clinical manifestations and genetic loci of previously reported patients with Kenny-Caffey syndrome type 2

Year Country Fellow-up age  Sex Inheritance patterns  Nucleotide change ~ Amino acid alteration  Ref.
1 2013 Switzerland 40 yr E De novo c.1706G>A p-R569H [5]
2 India 17 yr M NA c.1706G>A p-R569H [5]
3 Germany 10 yr M NA ¢.1706G>A p-R569H [5]
4 Italy 6 mo F De novo ¢1706G>A p-R569H [5]
5 India 7yr M NA ¢.1531T>C p-Y511H [5]
6 2014  Japan 10 yr F De novo ¢1706G>A p-R569H [6]
7 Japan 16 yr M De novo c.1706G>A p-R569H [6]
8 Japan 22 yr E De novo c1706G>A p-R569H [6]
9 Japan 38 yr M NA c.1706G>A p-R569H [6]
10 2014 Canada 3yr E AD c.1706G>A p-R569H [7]
11 Canada 25 yr F NA c.1706G>A p-R569H [7]
12 2014 America NA E De novo c.1706G>A p-R569H [8]
13 2017  Australia 6yr F NA c1622C> A p.S541Y [9]
14 2019 China 10 yr F NA c.1706G>A p-R569H [10]
15 2020  Brazil 18 yr M De novo c1706G>A p-R569H [11]
16 2020  China 23 yr M De novo ¢.1621T>C p.S541P [12]
17 China 23 yr M De novo ¢.1621T>C p.S541P [12]
18 2020 America 20 mo M De novo c.968G>A p-G323E [13]
19 2020 Brazil 10 yr E De novo c.1706G>A p-R569H [14]
20 2021  India 9yr F NA 8.58920847G>A p-R569H [15]
21 2021 Turkey NA M AR c.976T>A NA [16]
¢.1714_1716del

22 2021 China 18 yr F De novo c.1706G>A p-R569H Our patient
23 2023  Japan 56 yr F NA c1706G>A p-R569H [17]

F: Female; M: Male; NA: Not applicable; AR: Autosomal recessive; AD: Autosomal dominant.
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The patient also showed microcephaly. Cavole et al[11] reported a case in Brazil of an 18-year-old
male with a head circumference of 33 cm (ninth percentile) and suggested that microcephaly may be
due to a biological spectral overlap between FAM111A and the TBCE locus in SSS. However, no TBCE
mutation was detected in the present case. Moreover, when the patient’s electrolyte levels improved,
her language expression was clear, and she showed no intellectual impairment according to the MMSE.
Therefore, there was no evidence for SSS, which was consistent with the description of patients with
KCS2 showing no intellectual abnormalities. A report of a pair of adult twin males in China described
macrocephaly, ankylosing spondylitis, and scoliosis among the clinical manifestations of KCS2[12].
However, these characteristics were not observed in the present case. Inconsistent reports regarding the
head circumference of the upper third of the cephalofacial deformity of patients with KCS2 have been
noted, suggesting that imaging findings of calvarial thinning, sclerosis, or hypoplasia are more useful
for the confirmation of the diagnosis than measurements of head circumference[13].

Few studies have reported reproductive function in adult female patients with KCS2, with two
previous cases mentioning fertility. The mother reported by Kenny had normal intelligence and had
menarche at 12 years of age, followed by regular menstruation[18]. She had three pregnancies. The first
pregnancy led to the delivery of a normal boy without any skeletal abnormalities via cesarean section
due to her small pelvis. The second pregnancy with a baby girl was terminated at 7 mo, while the third
pregnancy, a son who had the same phenotype as his mother, was delivered by cesarean section at 37
wk. Although the woman had not received genetic testing, KCS2 was highly likely based on her
intelligence. Menstruation was not described for the Canadian mother with KCS2 reported with her
daughter[7]. Based on previous reports, KCS2 may have little effect on the gonadal axis. However, since
most of the previous patients were minors, additional reports on the effect of KCS2 on menstruation and
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pregnancy are required for analysis and summary. In the present case, the age of menarche was 13
years, with no obvious abnormalities compared to other young women of the same age and race.
However, the menstruation cycle of the patient was extremely irregular. Her testosterone level was
slightly increased, which indicated possible polycystic ovary syndrome (PCOS). Pelvic ultrasound did
not find features of polycystic ovarian changes. Further assessments, including basal body temperature
and oral glucose tolerance tests, have been recommended to determine the etiology of hyperandro-
genism during follow-up. Previous studies have suggested that, despite the equivalent prevalence of
KCS2 between male and female patients, male patients have microorchidism and infertility, resulting in
no father-to-son cases reported to date[11,12]. For patients with KCS2, in addition to hypocalcemia,
which requires long-term calcium supplementation, and biochemical disorders as a result of hypopara-
thyroidism, genetic counseling is required before pregnancy[12]. Previous case reports rarely mentioned
the presence of menstrual irregularity in female patients. According to the current literature, it is unclear
whether KCS2 is related to female hyperandrogenemia.

The differences between this patient and previous reports include the following: (1) Sudden onset of
psychiatric disorder. The patient was admitted to the hospital with hypokalemia, hypomagnesemia,
hypocalcemia, and hyperphosphatemia. However, her urinary calcium level was not low. Her
hypocalcemia, hypokalemia, and hypomagnesemia were corrected after treatment, suggesting the
presence of electrolyte abnormalities, especially the possible presence of a syndrome including hypopa-
rathyroidism, which has been reported in patients with severe hypocalcemia accompanied by hypomag-
nesemia. The fourth KCS2 patient mentioned in a report by Isojima et al[6] from Japan had hypopara-
thyroidism secondary to hypomagnesemia, as confirmed by magnesium load and calcium restriction
tests. The serum calcium levels of the patient were corrected when the calcium supplementation
regimen was changed from vitamin D and calcium lactate to magnesium supplementation with
magnesium sulfate. Support therapy for KSC2 may be associated with complex electrolyte disorders,
and the correction of low magnesium levels may be a critical step in the treatment of this condition; and
(2) this patient was more obese than patients in previous reports based on the patient's appearance,
waist circumference, and body mass index. These values were inconsistent with the normal or lean body
shapes in previous reports[6,9,12,14,15], suggesting that some patients with KSC2 may be obese or
overweight. The patient had no acanthosis nigricans, insulin resistance, or polycystic findings on color
Doppler ultrasound of the uterine appendage. PCOS was not supported despite the patient’s menstrual
disorders.

Exome sequencing of the four patients with KCS2 from Japan reported by Isojima et al[6] identified
FAMI111A as the pathogenic gene of KCS2. One of the patients showed a heterozygous de novo mutation
of FAM111A (R569H), which was the same mutation observed in the present case. The mRNA
expression levels of the individual with this mutation were comparable to those of the normal controls.
Thus, the FAM111A mutation may have caused atypical features of phenylalanine by altering the
intermolecular protein interactions. Five patients with clinical diagnoses of KCS2 in five different
countries reported by Unger et al[5] also showed de novo mutations in FAM111A, with four of them
having the c.1706G>A (p.Arg569His) mutation. Pathogenic mutations of FAM111A were also identified
in subsequently reported cases of KCS2 in different populations, with the R569H mutation being the
most common. There were no genetic relationships among these sporadic cases (Table 1). FAM111A is
located on the long arm of chromosome 11 (11q12.1) and encodes a protein whose C-terminal region is
homologous to trypsin-like peptidase[14]. The C-terminus is an evolutionarily conserved region of
proteins and appears to be a hotspot for mutations[9,11,22]. The cellular function of FAM111A remains
unclear. Previous studies have speculated that FAM111A may be involved in transcriptional regulation
owing to its cell cycle-dependent expression and nuclear localization. One plausible model to explain
these findings is that FAM111A is active when unbound but inactive when bound to an as-yet uniden-
tified chaperone[5]. A recent study suggested that alterations in peptidase activity and the acquisition of
functional mechanisms are the pathophysiological mechanisms of FAMI111A-related diseases.
Pathogenic mutations increase the proteolytic activity of proteins, resulting in decreased DNA
replication and transcription, ultimately leading to programmed cell death[22]. Furthermore, molecular
simulations showed that the reported variants were not located at the putative active site but rather at
or near the protein surface. Different mutation sites in FAM111A may lead to different phenotypes. For
example, Miiller et al[23] reported a case in the United States of a fetus whose prenatal ultrasound
showed skeletal dysplasia with edema, spleen dysplasia, and cerebellum deletion, as well as C.1685A>C
and p.Tyr562Ser/Y562S. FAM111A has also been proposed to lead to a phenotypic overlap with
osteocraniostenosis, which is associated with more severe perinatal mortality, cerebellar hypoplasia or
hypomineralization, wider metaphysis, and hypoplastic or absent spleen. FAM111A is expressed in the
bone and parathyroid glands and may play a key role in regulating intracellular pathways involved in
skeletal development, height growth, parathyroid development and regulation, and calcium
homeostasis[12]. However, the exact mechanism remains unclear. KCS2 is an extremely rare condition.
Among 173 patients with childhood-onset hypoparathyroidism reported in a 2019 single-center study
by the Peking Union Medical College, samples from 23 patients were subjected to next-generation
sequencing and multiplex ligation-dependent probe amplification analysis[20]. Only one patient (0.6%)
was diagnosed with KCS2[15]. Most of the reported patients were children with short-term follow-up.
Therefore, a detailed description of the phenotype and natural course of KCS2 in adults is lacking. In
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this case, due to the absence of obvious symptoms of hypocalcemia, the patient did not visit a doctor for
a definite diagnosis for a long time, resulting in a delay in the treatment of her conditions. It was not
until she developed a severe electrolyte disorder (hypocalcemia, hypomagnesemia, hypokalemia, and
hyperphosphatemia) requiring hospital admission that the patient first saw a doctor and was diagnosed
with KCS2 based on the results of genetic sequencing.

CONCLUSION

In conclusion, we detected a missense variant of FAMI111A in a patient with an acute onset of
psychiatric symptoms combined with short stature, electrolyte disorders including hypocalcemia and
hypomagnesemia, and abnormal skeletal manifestations consistent with KCS2. The clinical features in
this patient were consistent with those previously reported. Moreover, the R569H variant was similar to
other reported pathogenic variants and was consistent with the proposed pathophysiological
mechanisms. However, the patient showed different manifestations, including overweight, severe
electrolyte disorder, and psychiatric disorders. In addition, microcephaly was a relatively rare
manifestation, suggesting an overlap with SSS. This was a sporadic case, which suggested that the
FAMI111A mutation was more likely to be a de novo mutation. Since the patient was an adult at the time
of consultation, long-term follow-up treatment and observation of electrolyte status are necessary.
Moreover, the fertility of the patient and the genetics of her offspring should be determined.
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Abstract

BACKGROUND

Lichenoid amyloidosis (LA) is a subtype of primary cutaneous amyloidosis
characterized by persistent multiple groups of hyperkeratotic papules, usually on
the lower leg, back, forearm, or thigh. LA may be associated with several skin
diseases, including atopic dermatitis (AD). The treatment of LA is considered to
be difficult. However, as there is some overlap in the etiopathogenesis of LA and
AD, AD treatment may also be effective for LA.

CASE SUMMARY

Case 1: A 70-year-old man was diagnosed with severe AD with LA based on large
dark erythema and papules on the trunk and buttocks and dense hemispherical
millet-shaped papules with pruritus on the extensor side of the lower limbs. He
had a long history of the disease (8 years), with repeated and polymorphic skin
lesions. Given the poor efficacy of traditional treatments, this patient was
recommended to receive dupilumab treatment. At the initial stage, 300 mg was
injected subcutaneously every 2 wk. After 28 wk, the drug interval was extended
to 1 mo due to the pandemic. Follow-up observations revealed that the patient
reached an Eczema Area Severity Index of 90 (skin lesions improved by 90%
compared with the baseline) by the end of the study. Moreover, Investigator's
Global Assessment score was 1, and scoring atopic dermatitis index and numeric
rating scale improved by 97.7% and 87.5% compared with the baseline,
respectively, with LA skin lesions having largely subsided. Case 2: A 30-year-old
woman was diagnosed with severe AD with LA, due to dense and substantial
papules on the dorsal hands similar to changes in cutaneous amyloidosis, and
erythema and papules scattered on limbs and trunk with pruritus, present for 25
years. After 16 wk of dupilumab treatment, she stopped, and skin lesions
completely subsided, without recurrence since the last follow-up.

CONCLUSION
Dupilumab shows rational efficacy and safety in the treatment of severe AD with
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LA, in addition to benefits in the quality of life of the patients.
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Core Tip: Although cases of atopic dermatitis (AD) with lichenoid amyloidosis (LA) are not uncommon,
there are few reports on the use of AD treatment for LA. In this paper, two adult patients with severe AD
and LA are described. Treatment with dupilumab significantly improved the AD and LA skin lesions with
no adverse reactions, confirming the efficacy and safety of dupilumab in the treatment of AD with LA,
and providing a reference for clinically similar diseases.
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INTRODUCTION

Atopic dermatitis (AD), a chronic recurrent disease driven by type-2 inflammation, is clinically charac-
terized as chronic eczematoid manifestations[1]. Lichenoid amyloidosis (LA) is a subtype of primary
cutaneous amyloidosis, which is characterized by persistent multiple groups of hyperkeratotic papules,
usually in the lower leg, back, forearm, or thigh[2]. It has been demonstrated that primary cutaneous
amyloidosis is associated with AD, with an elusive mechanism[3-5]. Dupilumab, a human monoclonal
antibody targeting for interleukin (IL)-4/13 receptor a chain, can inhibit the development of type-2
inflammation, and has shown promising efficacy and safety in the treatment of medium and severe AD
[6,7]. Currently, there are cases reported that dupilumab may hold promise in the treatment of AD-
related LA, but with minor cases, and few studies focused on the changes of skin lesions after drug
withdrawal and the efficacy and safety of the long-term application. This paper reports two cases of
severe AD with LA in adults. The patients were treated with subcutaneous dupilumab injection after
ineffective traditional treatment. In case 1, the skin lesions of AD and LA virtually disappeared after
long-term application of dupilumab, with promising efficacy and safety. In case 2, the skin lesions of
AD and LA skin lesions disappeared after dupilumab treatment, without recurrence after discon-
tinuation.

CASE PRESENTATION

Chief complaints

Case 1: On August 12, 2021, a 70-year-old man was admitted to our department due to the appearance
of large dark erythematous papules on his trunk and buttocks, together with dense hemispherical millet
granular miliary papules with itching on the extensor sides of his lower limbs.

Case 2: On December 21, 2020, a 30-year-old woman was admitted to our department due to substantial
dense papules on the back of her hands and scattered erythema, papules, and itching on her limbs and
torso.

History of present illness

Case 1: A 70-year-old man developed erythema and papules on his lower limbs 8 years ago, and
pruritus. He was diagnosed with chronic eczema at a local hospital and treated with a Chinese medicine
decoction. He stopped taking this medicine after most skin lesions subsided. The patient subsequently
complained of mildly symptomatic recurrent skin lesions following the cessation of treatment. The
patient did not seek further treatment at this time. Three years ago, he was diagnosed with AD at the
Dermatology Department of the Second Hospital of Jilin University. Treatment with a topical glucocor-
ticoid and oral levocetirizine controlled the skin lesions and prevented recurrence. However, two years
ago, the skin lesions became aggravated without obvious inducement and spread to the entire body.
Dense, hemispherical, millet-shaped papules appeared on the extensor surfaces of both lower limbs. The
patient’s condition did not improve despite self-medication with traditional Chinese medicine and a
topical glucocorticoid and the patient experienced expanded skin lesions and sleep severely affected by
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pruritus. In August 2021, he visited our department for further treatment.

Case 2: A 30-year-old woman developed several coin-sized erythema lesions and papules on her hips
and both lower limbs along with pruritus without obvious inducement 25 years ago. She was diagnosed
with chronic eczema at a local hospital and was treated with a topical glucocorticoid and oral loratadine.
Following treatment, the skin lesions partially subsided, with occasional recurrence. Two years ago, the
patient developed dense erythema and papules covered by small scales, keratosis, and chapped skin on
the dorsal side of both hands. After self-medication with antihistamines and a topical glucocorticoid, the
skin lesions showed no improvement and gradually progressed to the elbows and trunk. Concom-
itantly, her pruritus severely affected her sleep. In December 2020, she visited our department for
further treatment.

History of past illness
Case 1: The patient’s past history was unremarkable.

Case 2: The patient had a history of allergic rhinitis for 5 years, which aggravated in autumn every year.
Oral loratadine or levocetirizine was required to relieve the allergic rhinitis.

Personal and family history
Case 1: There was no family history of similar disease.

Case 2: The patient’s grandfather and aunt suffered from allergic rhinitis.

Physical examination

Case 1: Systemic examination revealed no obvious abnormalities. The dermatological conditions
included dryness of the skin over the whole body, while the trunk and buttocks showed extensive dark
erythema and papules. The skin lesions were thickened, lichenized, and pruritic. Similarly, dense
hemispherical millet-shaped papules were observed on the lateral sides of both lower legs, with
scattered erythema and papules on both feet (Figure 1A and B). The scoring atopic dermatitis index
(SCORAD), Eczema Area Severity Index (EASI), numeric rating scale (NRS), and Investigator's Global
Assessment (IGA) scores were 60.8, 13.5, 8, and 4, respectively.

Case 2: Systemic examination revealed no obvious abnormalities. Dermatological conditions included
dry skin affecting the entire body, chapping erythema covered by a few scales affecting the palms of
both hands, densely filled millet grain-to-sorghum grain-sized papules on the dorsal surface of both
hands with keratinized surfaces reminiscent of cutaneous amyloidosis, thick and lichenized lesions on
both elbows and feet, erythema and papules scattered on the trunk, and scratches and blood scabs on
the buttocks (Figure 2A and B). SCORAD, EASI, NRS, and IGA scores were 53.1, 13.1, 7, and 4,
respectively.

Laboratory examinations
Case 1: Routine blood analysis showed an eosinophil count of 1.96 x 10°/L.

Case 2: Allergen-specific immunoglobulin E: Artemisia > 100 IU/mL, positive value: 6.0; ragweed: 9.4
IU/mL, positive value: 3.4.

Imaging examinations

Case 1: Histopathology of dense papules on the extensor surface of the lower leg showed amorphous
amyloid lump deposition with mild eosinophilic staining in the dermal papillary layer, which was
consistent with amyloidosis (Figure 3).

Case 2: No histological examination was performed because the patient refused invasive examination.

FINAL DIAGNOSIS
Severe AD accompanied by LA.

TREATMENT

A designated staff assigned to cases 1 and 2 independently collected the basic information, clinical
features, medical history, drug allergy history, and family history of the patients and established
personal AD files. Both patients received an initial subcutaneous injection of 600 mg dupilumab
followed by 300 mg every 2 wk. During the treatment period, the patients were followed regularly,
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Figure 1 Skin lesions at various follow-up time points of patient 1 after the application of dupilumab to the lesions. A: Skin lesions on the
back before the treatment of dupilumab; B: Skin lesions on both lower limbs before the treatment of dupilumab; C: Posterior trunk at 16-wk follow-up; D: Back at 55-
wk follow-up; E: Skin lesions on both lower limbs at 55-wk follow-up.

DOI: 10.12998/wjcc.v11.i10.2301 Copyright ©The Author(s) 2023.

Figure 2 Skin lesions at various follow-up time points of patient 2 after application of dupilumab to the lesions. A: Skin lesions of hands before
the treatment of dupilumab; B: Skin lesions of both lower limbs before the treatment of dupilumab; C: 16-wk follow-up; D: 16-wk follow-up; E: Hands 1.5 year post-
treatment follow-up; F: Lower limbs 1.5 years post-treatment follow-up.

during which the skin lesions were photographed, SCORAD, EASI, NRS, and IGA were recorded, and
the incidence of any adverse reactions was noted.

OUTCOME AND FOLLOW-UP

Case 1: The patient was first treated with dupilumab on August 21, 2021. The pruritus was relieved after
1 wk and the skin lesions improved after 4 wk. During the treatment, all scores continued to decline,
without adverse reactions. After 16 wk of treatment, most skin lesions had improved, and papules on
both legs had partially flattened. In the 28" week (February 8, 2022), most of the skin lesions had
subsided with some pigmentation remaining on the trunk and buttocks, without recurrence. The skin
over the entire body was still dry, and the patient was advised to use external moisturizing emollients
regularly. SCORAD, EASI, NRS, and IGA scores were 7.1, 2.3, 2, and 1, respectively (Figure 1C). Due to
the access limitations associated with the COVID-19 pandemic, the subcutaneous injection of dupilumab
was adjusted to 300 mg every month. The patient was treated with dupilumab for a total of 55 wk, after
which the skin lesions of the whole body had largely subsided, without adverse reactions during the
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Figure 3 Skin histopathology. A: Amorphous amyloid lump deposition with mild eosinophilic staining in the dermal papillary layer, consistent with amyloidosis
(hematoxylin-eosin staining, 100 x); B: Amorphous amyloid lump deposition with mild eosinophilic staining in the dermal papillary layer, consistent with amyloidosis
(hematoxylin-eosin staining, 400 x).
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treatment (Figure 1D and E). SCORAD, EASI, NRS, and IGA scores were 1.4, 1.2, 1, and 1, respectively,
reaching EASI90 (skin lesions improved by 90% from baseline). Notably, SCORAD and NRS scores
improved by 97.7% and 87.5% from baseline, respectively.

Case 2: The patient was first treated with dupilumab on December 21, 2020. The pruritus was relieved
after 1 wk, and the skin lesions improved after 2 wk of treatment. During the treatment, all scores
continued to decline, without adverse reactions. The final injection was administered on April 9, 2021,
by which the patient had received a total of eight dupilumab injections. At this point, the skin lesions
had completely subsided and with each score reaching 0 (Figure 2C and D). The last follow-up was
done 1.5 years since the termination of drug treatment, and no recurrence of skin lesions was observed.
The symptoms of allergic rhinitis were also significantly improved, and no further medical treatment
was deemed necessary (Figure 2E and F).

DISCUSSION

AD, a chronic recurrent disease driven by type-2 inflammation, is clinically characterized by chronic
eczematoid manifestations with pruritus, which can be diagnosed according to the previously reported
clinical criteria[1,8]. In addition to eczematoid manifestations, the skin lesions of the two patients in this
study exhibited lichen amyloidosis, a subtype of primary cutaneous amyloidosis which manifested as
numerous persistent groups of hyperkeratotic papules, usually on the lower leg, back, forearm or thigh
[2]. It was first proposed by Shanon et al[9] in 1970 that cutaneous amyloidosis was related to atopic
disease. Currently, studies have found that AD is related to primary cutaneous amyloidosis; however,
the exact mechanism remains elusive[3-5]. Primary cutaneous amyloidosis can be caused by the
deposition of skin amyloid protein through the "itching-scratching" cycle. Since AD patients generally
have pruritus, it is currently believed that the destruction of the skin barrier in AD through chronic
scratching and friction can lead to the damage and death of keratinocytes and the subsequent deposition
of amyloid protein, resulting in amyloidosis[10,11]. The treatment of AD is typically individualized and
different treatment methods are selected according to the severity of the disease. Moderate and severe
AD patients can be treated with topical drugs, systemic drugs, and immunosuppressants[12]. In our
study, two patients with a long history of repeated dermatological illness were selected and treated with
dupilumab based on the inefficacies of the traditional medicines that had been trialed in these patients
previously. Dupilumab is a human monoclonal antibody that targets the receptor for Th2 cytokines IL-
4/13 (IL-4 receptor o chain), thereby inhibiting type-2 inflammation by blocking the pro-inflammatory
effects of IL-4/13[6]. It has been demonstrated that dupilumab effectively inhibits type-2 pathway genes
as early as the 4th week of treatment, and significantly improves the clinical efficacy indexes of AD in
the 16th week of treatment[13].

Currently, several treatments exist for primary cutaneous amyloidosis associated with AD, including
oral antihistamines, CO,laser, cyclosporine, and acitretin. However, it is proven difficult to achieve
complete skin lesion regression through these methods[14-17]. Primary cutaneous amyloidosis is related
to pruritus, and IL-4 and IL-13 have been shown to promote pruritus via their role in the type-2 inflam-
mation pathway. Thus, dupilumab may relieve pruritus and inhibit the development of amyloidosis by
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blocking the effects of IL-4 and IL-13[18]. However, the specific mechanism of dupilumab in the
treatment of primary cutaneous amyloidosis has not been clarified. Previous studies have detected
increased expression of IL-31 in the skin lesions of patients with familial primary cutaneous
amyloidosis. IL-31 is also one of the pro-pruritus factors secreted by Th2 cells. Dupilumab can indirectly
inhibit the secretion of IL-31 by Th2 cells by inhibiting type-2 inflammation, and therefore may exert
beneficial effects in primary cutaneous amyloidosis through this mechanism[19,20]. To date, there is one
case where remission of AD-related lichen amyloidosis skin lesions was achieved after treatment with
dupilumab, indicating that dupilumab can have a therapeutic benefit in AD-related amyloidosis[11]. In
this study, case 1 experienced reduced pruritus after one week of dupilumab. To date, the skin lesions of
lichen amyloidosis have largely subsided in this patient, without adverse reactions, demonstrating that
dupilumab has a rational efficacy against AD-related lichen amyloidosis, and long-term treatment can
achieve skin lesion control with high safety. In case 2, the skin lesions of lichen amyloidosis completely
subsided 16 wk after dupilumab was applied, and have not recurred since the termination of treatment,
indicating that dupilumab may inhibit the recurrence of AD-related lichen amyloidosis on the basis of
its therapeutic effect.

CONCLUSION

In this study, the treatment of AD with dupilumab substantially reduced the appearance of skin lesions
in two patients with lichen amyloidosis. Long-term treatment of dupilumab for AD and lichen
amyloidosis in case 1 was deemed effective and safe. In case 2, there was no recurrence of skin lesions of
AD and lichen amyloidosis following termination of treatment. Moreover, compared to the previous
traditional treatments, dupilumab was more effective and deemed safe in the treatment of AD and its
associated amyloidosis. The above two cases further indicate that the treatments indicated for AD may
also have rational efficacy against AD-related lichen amyloidosis.
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Abstract

BACKGROUND
Conservative treatments have been reported to diminish or resolve clinical
symptoms of lumbar intervertebral disc herniation (LIDH) within a few weeks.
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CASE SUMMARY

Computed tomography and magnetic resonance imaging (MRI) of the lumbar region of a 25-year-
old male diagnosed with LIDH showed prolapse of the L5/S2 disc. The disc extended 1.0 cm
beyond the vertebral edge and hung along the posterior vertebral edge. The patient elected a
conservative treatment regimen that included traditional Chinese medicine (TCM), acupuncture,
and massage. During a follow-up period of more than 12 mo, good improvement in pain was
reported without complications. MRI of the lumbar region after 12 mo showed obvious
reabsorption of the herniation.

CONCLUSION
A conservative treatment regimen of TCM, acupuncture, and massage promoted reabsorption of a
prolapsed disc.

Key Words: Intervertebral disc degeneration; Traditional Chinese medicine; Reabsorption; Acupuncture;
Massage; Case report

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Lumbar intervertebral disc herniation is diagnosed worldwide. Generally, non-surgical
treatments are recommended and may consist of physical therapy, complementary and alternative
medicine options (e.g., acupuncture, acupotomy, Chinese massage, and Chinese herbal medicine), and
pharmacotherapy. The latter can include muscle relaxants, systemic steroids, and steroid injections. We
report a case of reabsorption of lumbar disc herniation following a conservative treatment regimen
involving traditional Chinese medicine, acupuncture, and massage.

Citation: Wang CA, Zhao HF, Ju J, Kong L, Sun CJ, Zheng YK, Zhang F, Hou GJ, Guo CC, Cao SN, Wang DD,
Shi B. Reabsorption of intervertebral disc prolapse after conservative treatment with traditional Chinese medicine:
A case report. World J Clin Cases 2023; 11(10): 2308-2314

URL: https://www.wjgnet.com/2307-8960/full/v11/i10/2308.htm

DOI: https://dx.doi.org/10.12998/wjcc.v11.i10.2308

INTRODUCTION

Lumbar intervertebral disc herniation (LIDH) affects approximately 9% of the population worldwide,
with 30%-40% of asymptomatic individuals diagnosed with LIDH upon imaging examination[1]. For
the majority of affected patients, non-surgical treatment can achieve varying degrees of pain relief, as
well as relief or cure of other symptoms[2]. Since Guinto et al[3] reported reabsorption of disc herniation
in 1984[3], cases involving reabsorption of the nucleus pulposus have been reported more frequently[4].
In contrast, reports of reabsorption of seriously prolapsed discs following conservative traditional
Chinese medicine (TCM) treatment have been rarer. The present case report describes a patient
manifesting obvious disc nucleus pulposus reabsorption. Conservative treatment with TCM, including
acupuncture, massage, and Chinese medicine, was elected and the results are described.

CASE PRESENTATION

Chief complaints
A 25-year-old man had low back pain with right lower limb pain for 15 d.

History of present illness
The patient presented with low back pain with right lower limb pain 15 d ago.

History of past illness
Past health denied any other medical history.

Personal and family history
The patient denied any history of genetic disease or infection.
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Physical examination

Vital signs for the patient upon admittance were: body temperature, 36.5 °C; blood pressure, 112/70
mmHg; heart rate, 84 beats per min; respiratory rate, 18 breaths per min. The patient presented in a
forced position, was limping, and exhibited slight straightening of lumbar curvature. Obvious limited
mobility of the lumbar region was noted, with marked tenderness present between the L4 and S1
spinous process and the right side of the spine. Radiating numbness in the right lower limb and
negative knocking pain were further reported. A neurological examination revealed no abnormalities.
Various physical tests were performed. Positive results were obtained for the right straight leg raising
test (Lasegue) to 30°, strengthening test, right piriformis muscle tension test, cervical flexion test
(Linder), and lying on the back with a straight stomach test. In contrast, the cross leg lifts test, right
femoral nerve stretching test, and Patrick test were negative. Patellar tendon reflex, Achilles tendon
reflex, and double lower limb muscle strength and tension were normal. There were no obvious
abnormalities in depth sensation. Grade five bilateral hallux dorsalis extension muscle strength was
observed and the bilateral Babinski sign was negative.

Laboratory examinations

Routine blood work was performed: Neutrophilic granulocyte percentage, 75.54%; percentage of
eosinophils, 0.24%; lymphocyte percentage, 17.92%; hypersensitive C-reactive protein, 11.89 mg/L.
Routine examination of urine and stool showed no abnormalities. Liver function, erythrocyte
sedimentation rate, and biochemical examinations were also within normal ranges.

Imaging examinations

A computed tomography (CT) scan of the lumbar region was conducted in October 2017 and revealed a
L5/S1 disc prolapse, nucleus pulposus detachment into the spinal canal, and compression of the right
nerve root (Figure 1). The scan indicated a serious condition where protrusion could potentially cause
damage to the spinal cord. To determine the extent of bone marrow compression, magnetic resonance
imaging (MRI) was also performed of the lumbar region. Stenosis of the right lateral recess and
compression of the right nerve root were found to be caused by a L5/S1 intervertebral disc prolapse
(Figure 1). The disc was 1.0 cm beyond the vertebral edge and hung along the posterior vertebral edge.
The effective sagittal diameter of the spinal canal was 0.7-0.8 cm (Figure 1). The patient was diagnosed
with LIDH and surgical resection was recommended. However, the patient elected to undergo conser-
vative treatment involving TCM.

FINAL DIAGNOSIS

The combination of symptoms and signs allowed the patient to be finally diagnosed as having LIDH.

TREATMENT

Intravenous medication

The patient received an injection of 4 mg Lornoxicam (Hangzhou Aoya Biotechnology Company
Limited; catalog No. H20043685) diluted in 250 mL 0.9% sodium chloride once daily for a total of six
days.

Massage manipulation

Multiple procedures were applied to the patient’s lumbar vertebra for a total of 10 d. (1) A palm rubbing
method was applied to the patient's waist, buttocks, and right lower limb repeatedly in that order for
approximately 5 min; (2) Pressure was applied to vertical pressure acupoints for 1 min with both hands
applied to Sanjiaoshu (BL22), Shenshu (BL23), Qihaishu (BL24), Dachangshu (BL25), Guanyuanshu
(BL26), Huantiao (GB30), and Weizhong (BL40), respectively (Figure 2); (3) A pulling and shaking
method was applied while the patient had both hands extended outwards and upwards to hold the
edge of the bed. The physician held the patient's ankles for 2 min to apply continuous traction. The
patient's lower limbs were then lifted slightly and shaken gently five times to apply force to the waist;
(4) A Pull waist method was applied with the doctor pressing on the lumbar area with both hands. The
pressing maintained a rhythm consistent with the breathing pattern of the patient for 1 min, with
pressing applied upon expiration and pressing relieved upon inspiration. The effect was to achieve a
vibration in the lumbar region. When pressing and fixing the affected waist, the lower limbs were
pulled backward (either one side was pulled back at a time, and then the same motion applied to the
other side, or both sides could be pulled back at the same time). This manipulation was performed three
times in succession; and (5) With the patient lying on their back, flexion and hip compression was
performed two to three times. This induced the spine to flex forward and leave the vertebral back
margin relatively open.
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Figure 1 Computed tomography scan of lumbar prolapsed intraforaminal right-sided L5/S1 disc obtained in 2017. A: Transverse position:
L5/S1 disc herniation; B: Sagittal position: L5/S1 disc herniation; C: Nucleus pulposus detached into spinal canal, right nerve root compression.
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Figure 2 Acupoint diagram for massage and acupuncture treatments performed. A: The points selected at the waist and back and the posterior side
of the lower limbs are indicated by red dots: Sanjiaoshu (BL22), Shenshu (BL23), Qihaishu (BL24), Dachangshu (BL25), Guanyuanshu (BL26), Huantiao (GB30),
Weizhong (BL40); B: The points selected at the back of the lower extremities are indicated by red dots: Weizhong (BL40), Sanyinjiao (SP6), and Taixi (KI3). BL22:
Sanjiaoshu; BL23: Shenshu; BL24: Qihaishu; BL25: Dachangshu; BL26: Guanyuanshu; GB30: Huantiao; BL40: Weizhong; SP6: Sanyinjiao; KI3: Taixi.

Acupuncture treatment

The acupuncture points used in this study were: Sanjiaoshu (BL22), Shenshu (BL23), Qihaishu (BL24),
Dachangshu (BL25), Guanyuanshu (BL26), Huantiao (GB30), Weizhong (BL40), Sanyinjiao (SP6), and
Taixi (KI3) (Figure 2). Briefly, the patient was placed in a prone position on the treatment bed and the
acupoints were disinfected with iodine. A total of 18 bilateral punctures were made using sterile
disposable acupuncture needles (34G, 0.25 mm x 40 mm, Hua Tuo, Suzhou Medical Supplies Factory
Co. LTD.,, Jiangsu, China). Each needle was kept in the acupuncture point for 30 min. In addition, the
waist and right hip were irradiated using a specific electromagnetic spectrum (TDP) magic lamp
(Hengming Medical LTD., Sichuan, China).

OUTCOME AND FOLLOW-UP

After the treatment period, the patient's lower back pain and numbness of the right lower limb were
alleviated. Discharge instructions indicated that the patient was to keep warm and rested. Instructions
for frequently exercising muscles in the lower back were also provided. For more than 12 mo, the
patient demonstrated good improvement in pain without any complications. A second lumbar MRI was

Bainnidenge WICC | https://www.wjgnet.com 2311 April 6,2023 | Volume1l | Issuel0 |



Wang CA et al. A case of herniated disc reabsorption

Figure 3 Lumbar magnetic resonance imaging obtained in 2018 showing prolapsed intraforaminal right-sided L5/S1 disc. A: Sagittal position:
Reabsorption of herniated intervertebral disc L5/S1; B and C: Transverse position: Reabsorption of nucleus pulposus previously protruding into spinal canal, relief of
right nerve root compression achieved.
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performed in November 2018. Significant reabsorption of the herniation was observed (Figure 3).

DISCUSSION

Both genetic and environmental factors can accelerate loss of nutrition and induce a mechanical
imbalance of an intervertebral disc. As a result, the structure of the intervertebral disc can be
compromised and lumbar disc herniation can occur[5]. Non-surgical treatment is primarily
recommended for lumbar disc herniation[6,7], and this can include drug treatment, physiotherapy,
acupuncture, and massage[6]. With advances in intervertebral disc imaging, an increasing number of
cases have demonstrated absorption of herniated lumbar discs[7]. Furthermore, it has been
demonstrated that the size of a herniation positively correlates with the symptoms of LIDH[7].

Disc prolapse can cause lumbar and leg pain. For prolapsed lumbar discs, surgery is a common
treatment[8]. However, negative effects can accompany the treatment effects achieved with surgery[9,
10]. Consequently, non-surgical treatment options have been more frequently considered. Hong and
Ball[7] reported a 29-year-old female patient with a prolapsed lumbar 4/5 intervertebral disc who
underwent physical therapy and epidural injections of glucocorticoids for treatment[7]. After five
months, the protruding nucleus pulposus was gradually absorbed[7]. Herniated nucleus pulposus
reabsorption has become an active and engaging topic in both clinical and basic research. It also
represents a new direction in conservative treatment. In the present case, the patient exhibited a much
more serious prolapse than previously reported cases, with the lumbar disc extending 1.0 cm beyond
the vertebral edge and hanging along the posterior vertebral edge. Nevertheless, the prolapsed lumbar
disc was reabsorbed after applying a treatment regimen that included TCM, acupuncture, and massage.

Massage is widely used in China and can have a significant effect. Massage as used in TCM involves
an acupoint massage manipulation that is based on the meridian theory. Briefly, massage mediates a
dredging of the meridians, thereby promoting blood circulation, invigorating qi, removing cold, and
relieving pain[11,12]. Modern medicine has ascribed three functions to massage of the waist area. First,
it can reduce pressure in an intervertebral disc, concomitantly it increases the pressure outside the disc,
and it promotes reinstatement of the protrusion and creates favorable conditions for repair of the
fibrous ring. Second, massage changes the position of the protrusion to release adhesions between the
protrusion and the nerve root, relieves or reduces compression, stimulates the nerve root affected by the
protrusion, and relieves symptoms[13]. Third, massage relaxes muscles in the waist and buttocks[14],
strengthens circulation of local qi and blood, and facilitates recovery of normal function in diseased
nerve roots[12]. However, the biological mechanisms mediating the effects of massage treatment of
LIDH and reabsorption of prolapsed intervertebral discs remain unclear and require further invest-
igation.

The present case demonstrates that it is possible for a prolapsed disc to be reabsorbed with
application of acupuncture and massage therapy in combination with TCM. Generally, prolapse is an
indication for surgical treatment. However, the present case expands the scope of non-surgical
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treatment and provides an example of successful conservative treatment of LIDH with TCM. It remains
for the possibility and probability of prolapsed intervertebral disc absorption to be evaluated in order to
ensure the effectiveness and safety of this type of conservative treatment. Further study is also needed
to provide a theoretical basis for this type of non-surgical treatment of a prolapsed lumbar disc. A large
sample epidemiological investigation could demonstrate the likelihood of disc reabsorption, while a
randomized controlled clinical trial could evaluate the effectiveness and safety of acupuncture and
massage as a conservative therapy.

CONCLUSION

In the present case report, conservative treatment including TCM, acupuncture and massage were able
to relieve a patient’s LIDH symptoms of waist and leg pain and numbness. The TCM regimen applied
also promoted significant reabsorption of the prolapsed intervertebral disc to its normal position. Thus,
TCM may represent an alternative non-surgical treatment for ruptured giant prolapse of an interver-
tebral disc that patients should consider.
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Abstract

BACKGROUND

Chronic subdural effusion is very common in the cranial imaging of middle-aged
and older people. Herein, we report a patient misdiagnosed with subdural
effusion, who was eventually diagnosed with chronic subdural empyema (SDE)
caused by Streptococcus pneumoniae.

CASE SUMMARY

A 63-year-old man was brought to our emergency room with a headache,
vomiting, and disturbed consciousness. Computed tomography (CT) revealed a
bilateral subdural effusion at the top left side of the frontal lobe. Cerebrospinal
fluid examination after lumbar puncture indicated suppurative meningitis, which
improved after anti-infective therapy. However, the patient then presented with
acute cognitive dysfunction and right limb paralysis. Repeat CT showed an
increase in left frontoparietal subdural effusion, disappearance of the left lateral
ventricle, and a shift of the midline to the right. Urgent burr hole drainage
showed SDE that was culture-positive for Streptococcus pneumoniae. His
condition improved after adequate drainage and antibiotic treatment.

CONCLUSION

Patients with unexplained subdural effusion, especially asymmetric subdural
effusion with intracranial infection, should be assessed for chronic SDE. Early
surgical treatment may be beneficial.
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Core Tip: Detection of chronic subdural effusion is very common in the cranial imaging of middle-aged
and older people. Herein, we report a patient misdiagnosed with subdural effusion, who was eventually
diagnosed with chronic subdural empyema (SDE) caused by Streptococcus pneumoniae. Patients with
unexplained subdural effusion, especially asymmetric subdural effusion with intracranial infection, should
be assessed for chronic SDE. Early surgical treatment may be beneficial.
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subdural effusion after suppurative encephalitis: A case report. World J Clin Cases 2023; 11(10): 2315-2320
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INTRODUCTION

Subdural empyema (SDE) is a rare but potentially fatal infection that involves collection of pus in the
subdural space between the dura and the arachnoid. This condition was previously termed a subdural
abscess, cortical abscess, purulent dura mater, mucoid meningitis, and subdural suppuration. Most
commonly, SDE is caused by sinusitis, otitis media, or upper respiratory tract infections. The infection
can spread directly from adjacent sources (most commonly meningitis)[1] or from distant blood sources
[2]. Because the subdural space is continuous and has no anatomical barrier, SDE can spread between
both cerebral hemispheres. Specific symptoms may include disturbed consciousness and/or other focal
neurological deficits, in addition to generalized underlying symptoms such as fever, headaches,
seizures, and altered consciousness[3]. Because the skull is a closed cavity, intracranial SDE can also
lead to severe symptoms and even death from direct compression and brain damage[4]. After reviewing
the current literature, only five cases of Streptococcus pneumoniae SDE have been reported worldwide
since 2006 (Table 1). Herein, we report a case initially diagnosed with meningoencephalitis caused by
streptococcus pneumoniae, but who was eventually found to have an SDE. The patient was treated with
burr hole drainage and intravenous antibiotics, and his condition improved.

CASE PRESENTATION

Chief complaints
A 63-year-old Chinese man presented with cognitive impairment, paralysis, and epilepsy for 1 h.

History of present illness
His symptoms started at 1 h before presentation, which included acute cognitive impairment, right limb
paralysis, and recurrent generalized epilepsy.

History of past illness

At 1 mo before visiting our hospital, he developed cold symptoms, including a cough and headache, for
which he received no treatment. He was brought to our emergency room with a headache, vomiting,
and confusion. Physical examination revealed confusion, a Glasgow coma score of 9, and fever
(maximum body temperature of 39.5 °C). Lung computed tomography (CT) showed scattered inflam-
matory lesions in both lungs, while head CT showed a bilateral frontal top subdural effusion that was
most obvious on the left side (Figure 1A). Cerebrospinal fluid (CSF) examination after SDE showed a
white blood cell count of 8157 x 10¢ cells/L, CSF protein of 3.78 g/L, and glucose < 0.2 mmol/L (blood
glucose of 8.91 mmol/L). Three blood cultures and sputum cultures were unremarkable, while two CSF
cultures suggested Streptococcus pneumoniae. The patient improved after intravenous anti-infective
treatment [vancomycin hydrochloride injection (1 g, q12h) + meropenem injection (2 g, q8h) for 12 d,
followed by levofloxacin hydrochloride injection (0.5 g, qd) + ceftriaxone sodium injection (2 g, q12h) for
10 d). CSF examination showed leukocytes of 10"10° cells/L, CSF protein of 0.61 g/L, and glucose of 1.68
mmol/L (blood glucose of 7.47 mmol/L). The patient was discharged from the hospital after 1 wk.
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Table 1 Summary of reported cases of subdural empyema infected by streptococcus pneumonia

.. Age . Causative
Ref. Publication  * Risk factor Symptoms . Surgery
(years)/gender organism
Hicdonmezet 1 1.5/Female Young age Fever, lethargy, and inability to walk Streptococcus Craniotomy
al[17], 2006 pneumoniae
Hoshina et al 2 1/Male Young age Fever, convulsions Streptococcus Burr
[18], 2008 pneumoniae holedrainage
Jorgensenetal 3 1.1/Male Young age, Diarrhoea, vomiting, coryzal symptoms, Streptococcus Craniotomy
[19], 2010 choroid plexus and persistent pyrexia pneumoniae
carcinoma serotype 6A
Kagami et al 4 68/Female Acute subdural Fever, headache, coma Streptococcus Burr hole
[20], 2011 hematoma pneumoniae drainage
Greveetal[21], 5 11/Female Sinusitis Headache, fever, vomiting, change of Streptococci Burr hole
2011 personality, paresis of the left foot and intermedius drainage
classical signs of infection of the right
upper palpebra

~ 7

DOI: 10.12998/wjcc.v11.i10.2315 Copyright ©The Author(s) 2023.

Figure 1 Clinical pictures of the patient. At his first hospital visit (February 3, 2022), the patient was diagnosed with suppurative meningitis and bilateral
subdural effusion (predominantly on the left side). A: At his second hospital visit (March 9, 2022), the left subdural lesion was significantly enlarged, the left lateral
ventricle had disappeared, and the midline had shifted to the right; B: He was diagnosed with subdural empyema; C: The dura mater was exposed during the
operation, and was colored yellow-green with high tension; D: Head computed tomography after left burr hole drainage (April 7, 2022) revealed a significant reduction
in the left subdural lesions, and recovery of the left lateral ventricle and the midline shift.

Personal and family history
The patient denied any family history of genetic disease or tumors.

Physical examination

On physical examination, his vital signs were body temperature of 36.4 °C, blood pressure of 180/103
mmHg, heart rate of 130 beats per min, and respiratory rate of 20 breaths per min. Acute cognitive
impairment, right limb paralysis, and recurrent generalized epilepsy were also observed.

Laboratory examinations

Drainage fluid examination showed a white blood cell count of 3487 x 10° cells/L, CSF protein of 10.27
g/ L, CSF glucose of 0.1 mmol/L (blood glucose of 6.88 mmol/L), and culture-positive for Streptococcus
pneumoniae.

Imaging examinations
Head CT revealed that the left frontal top subdural effusion had increased in size, the left lateral
ventricle had disappeared, and the midline was shifted to the right (Figure 1B).

FINAL DIAGNOSIS

Combined with the patient’s medical history, the final diagnosis was SDE.
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TREATMENT

After consultation between neurology, neurosurgery, and the infection departments, emergency burr
hole drainage was performed and the dura mater was exposed. The dura mater was yellow-green with
high tension (Figure 1C), a pus coating, extremely high pressure, and slow drainage of approximately 60
mL of green liquid. Numerous purulent floccules were seen under the dura, and there was obvious
brain tissue edema. The drainage tube provided adequate drainage for 3 d, and his condition improved
after antibiotic treatment [vancomycin hydrochloride injection (0.5 g, q8h) for 21 dJ.

OUTCOME AND FOLLOW-UP

Follow-up CSF testing showed a white blood cell count of 5 x 10° cells/L, CSF protein of 0.35 g/L, and a
CSF glucose of 3.3 mmol/L (blood glucose of 9 mmol/L). Head CT showed that the SDE was
significantly improved (Figure 1D), the left lateral ventricle was clearly visible, and the midline had
returned to the center. The patient’s condition improved and he was discharged home.

DISCUSSION

SDE is a rare and potentially life-threatening condition if not managed properly. SDE is characterized by
collection of purulent fluid between the dura mater and the arachnoid, which can be secondary to
meningitis in childhood, especially in infants. Sinusitis, mastoiditis, or otitis media can also cause SDE in
older children[5]. Meningitis caused by external infectious factors can cause local inflammation and
damage to the blood-brain barrier, which allows bacteria to enter the subdural space between the dura
and the arachnoid tissue. Inflammatory products and necrotic tissues can form subdural abscesses.

The most common pathogens in community-acquired bacterial meningitis were reported to be
Streptococcus pneumoniae, Neisseria meningitidis, and Haemophilus influenzae[6]-Streptococcus
pneumoniae was detected in the present case. An elevated CSF protein/glucose ratio > 4.65 was also
suggested to be an indicator of aggravation of meningitis or transformation into SDE[7]. The protein/
glucose ratio in the present case was 18.9, which was significantly higher than the reference estimate.
Thus, on the basis of our CSF results, we should have considered the potential for SDE.

SDE is often accompanied by signs and symptoms of infection. However, it can also be asymptomatic
in the early stages. Notable symptoms include fever, headache, nausea, vomiting, focal neurological
deficits, and altered mental status. Some patients also experience seizures. Physical examination can
detect fever, tachycardia, and respiratory failure, while neurological examination can detect meningeal
irritation, contralateral hemiplegia, cranial nerve palsy, pupillary disparity, and papilledema. Typically,
these symptoms are progressive and may worsen if left untreated. In severe cases, patients can enter a
coma or even die[8]. Our patient initially presented with headache, vomiting, and confusion, along with
fever and meningeal irritation, which can be easily confused with meningitis. SDE should be suspected
if treatment fails or local neurological findings are found during bacterial meningitis treatment.

On CT, SDE appears as a hypodense area at the edge of the hemisphere or at the edge of the falx
cerebri. Additional CT scans can improve delineation of the SDE margins. CT can also determine the
extent and size of the empyema, and visualize any mass effects associated with displacement of midline
structures. Magnetic resonance imaging may have advantages over CT because diffusion-weighted
imaging sequences have a high sensitivity for these lesions. SDE can also metastasize into the spinal
subdural space, requiring more precise imaging studies[9-11].

Laboratory tests are very important for detecting SDE. Blood analysis can detect leukocytosis, and
inflammatory infection can cause a left shift with associated neutropenia. An elevated erythrocyte
sedimentation rate, C-reactive protein, and procalcitonin are also potential indicators of SDE. However,
blood tests are only indirect indicators compared with biochemical CSF tests. Etiological examination is
also very important, especially blood culture and empyema stock solution culture, because sensitive
antibiotic treatment can markedly improve patient prognosis.

In our case, the first head CT revealed only a small amount of subdural fluid. However, CSF
examination suggested a severe intracranial infection. The second head CT showed significant
enlargement of the left subdural lesion, disappearance of the left lateral ventricle, and right midline
displacement. SDE was diagnosed by combining biochemical examination and the subdural lesion
cultures. SDE is easily missed or misdiagnosed, especially when the symptoms are atypical in the early
disease stage. With disease evolution, diagnosis can only be confirmed by combining imaging and
laboratory examinations[12].

Treatment of a subdural abscess requires multimodal monitoring and multidisciplinary participation,
including liaison and consultation with brain surgery, infectious diseases, neurology, rehabilitation, and
psychiatry departments[13]. The use of antibiotic treatments alone is rare in SDE. Generally, powerful
broad-spectrum antibiotics are used in combination, and the types and doses of antibiotics are then
adjusted on the basis of pathogenic microorganism cultures and drug susceptibility tests. Particular
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attention should be paid to bacterial resistance and the antibiotic treatment time, which generally takes
3-6 wk[14]. Surgical treatment consists of multiple drill holes or craniotomy for drainage and
debridement. Craniotomy usually provides better outcomes and fewer recurrences, but requires patient
and family consent[15]. Patient outcomes depend on the preoperative status, intervention duration, and
treatment aggressiveness. Most patients who are awake and alert have a good prognosis, while coma
and comatose patients have a high mortality rate[16]. Although our patient received a sufficient length
of antibiotic treatment, SDE gradually developed and aggravated his condition. Fortunately, a
craniotomy and drainage was performed in time (the patient’s family did not agree with the
craniotomy), and further antibiotics were administered. The patient’s condition improved after the
treatment course.

CONCLUSION

SDE is a neurosurgical emergency. For patients with unexplained subdural effusion, early identification
and management are required, especially when asymmetric subdural effusion is accompanied by
intracranial infection. Clinicians should consider the potential for chronic SDE, and early surgical
treatment may be beneficial.
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Abstract

BACKGROUND

Periprosthetic joint infection (PJI) and periprosthetic fracture (PPF) are among the
most serious complications following total knee arthroplasty. Herein, we present
one patient with these two complications with details on the characteristics,
treatment strategy, and outcome.

CASE SUMMARY

A 69-year-old female patient who suffered from PJI and PPF following total knee
arthroplasty was treated by a two-stage revision surgery. After thorough foreign
material removal and debridement, we used a plate that was covered with
antibiotic-loaded bone cement to link with a hand-made cement spacer to occupy
the joint space and fix the fracture. Although the infection was cured, the fracture
did not heal and caused bone defect due to the long interval between debridement
and revision. In the revision surgery, a cemented stem and cortical allogenic
splints were used to reconstruct the fracture and bone defect. At the final follow-
up 27 mo after revision, the patient was satisfied with postoperative knee
functions with satisfactory range of motion (104°) and Hospital for Special
Surgery knee score (82 points). The radiographs showed no loosening of the
prosthesis and that the bone grafts healed well with the femur.

CONCLUSION
Our two-stage revision surgery has proved to be successful and may be
considered in other patients with PJI and PPF.

Key Words: Knee arthroplasty; Periprosthetic joint infection; Periprosthetic fractures;
Complications; Surgical revision; Case report
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Core Tip: Periprosthetic joint infection (PJI) and periprosthetic fracture (PPF) are among the most serious
complications of knee arthroplasty. A two-stage revision surgery should be progressively performed in the
treatment of PJI and coexistent PPF with bone loss. In the first-stage operation, a T-shaped cement spacer
made from a rectangular vancomycin laden cement block and a cement coated plate was used after
debridement. In the second-stage operation, the combination of cemented prosthesis and freeze-dried
cortical allogenic splints were used for knee revision and fixation of PPF. Our approach offers an option
for successful treatment of PJI and PPF.

Citation: Hao LJ, Wen PF, Zhang YM, Song W, Chen J, Ma T. Treatment of periprosthetic knee infection and
coexistent periprosthetic fracture: A case report and literature review. World J Clin Cases 2023; 11(10): 2321-2328
URL: https://www.wjgnet.com/2307-8960/full/v11/i10/2321.htm
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INTRODUCTION

For patients with posttraumatic osteoarthritis, the presence of periarticular hardware complicates total
knee arthroplasty (TKA) and increases the incidence of periprosthetic joint infection (PJI)[1-3].
Meanwhile, PJI may significantly prolong the treatment period, resulting in longer hospitalization, more
complications, higher medical costs, and lower quality of life[4-6]. Periprosthetic fracture (PPF) is also
one of the most serious complications after TKA and usually results in joint dysfunctions or even
disabilities[7]. Patients may suffer from both PJI and PPF simultaneously, which makes a therapeutic
approach difficult to formulate because of different or contradicting treatment concepts. Once an
infection occurs, all foreign materials including prosthesis and internal fixation need to be removed;
however, PPF needs to be stabilized by internal fixation. Therefore, the most crucial question is how to
deal with both fracture fixation and infection treatment appropriately.

In this case report, we describe a patient with concomitant PJI and PPF who was successfully treated
and followed for 2 years.

CASE PRESENTATION

Chief complaints
A 69-year-old Chinese woman was admitted to our joint clinic with a complaint of right thigh pain and
swelling for 3 d.

History of present illness
Symptoms started 3 d before presentation with severe thigh pain and swelling (July 2019).

History of past illness

The patient fell and fractured her right distal femur in November 2017. She underwent an open
reduction and internal fixation (ORIF) at a local hospital. In December 2018, the patient was diagnosed
with posttraumatic osteoarthritis of the right knee, for which the removal of original internal fixation
implants and TKA were simultaneously performed (Figure 1A and B). In April 2019, the patient
suffered PJI of the right knee with a sinus formation and was treated with antibiotic suppression;
however, the infection did not improve.

Personal and family history
The patient had no personal or family history.

Physical examination
The right thigh was swollen and deformed. The right knee had a sinus tract and limited range of
motion.

Laboratory examinations

The serum erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), white blood cell (WBC)
count, and neutrophil percentage were elevated (97 mm/h, 126.19 mg/L, 12.18 x 10°/L, and 75.2%,
respectively). The synovial fluid WBC count and synovial fluid polymorphonuclear neutrophil
percentage were 12045/ul and 94%, respectively. Methicillin-resistant Staphylococcus aureus (MRSA)
was detected on the synovial fluid culture.
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Figure 1 X-ray and computed tomography images. A: Anterior—posterior and lateral X-ray images of the right knee before primary total knee arthroplasty
showing an end-stage osteoarthritis of the right knee with valgus deformity and a hardware fixed on right femur without signs of fracture (December 2018); B:
Anterior—posterior and lateral X-ray images of the right knee after the primary total knee arthroplasty showing satisfactory position of the knee prosthesis and that the
original hardware was completely removed without fracture (December 2018); C: Anterior—posterior and lateral X-ray images of the right knee after fall showing the
distal femur fracture with significant displacement and that the knee prosthesis was seemingly stable (July 2019); D: Three-dimensional computed tomography (CT)
images showing fractures of the right distal femur with severe displacement (July 2019); E: Coronal and sagittal CT images showing radiolucent lines around the
femoral and tibial prosthesis (July 2019).

Imaging examinations
The X-ray and computed tomography (CT) scan revealed a fracture of the right femur and loosening of
the knee prosthesis (Figure 1C-E).

FINAL DIAGNOSIS
The patient was diagnosed with PJI and PPF (Rorabeck and Taylor[8] type II) of the right knee.

TREATMENT

A two-stage revision surgery was planned with an interval of about 3 mo. The first-stage operation
(Figure 2) was performed in two steps. The first step was resection of the prosthesis and debridement.
The second step was the placement of an antibiotic cement spacer and fixation of PPF. We used a
rectangular vancomycin laden cement (Palacos R+G, Heraeus Medical GmbH) block linking with a
cement-coated plate (Limited contact dynamic compression plate, Synthes GmbH) to make a T-shaped
spacer. A longer plate was not selected to avoid the spread of infection. Five different specimens around
the prosthesis were sent for culture, and the detected pathogen was still MRSA. An infectious disease
specialist prescribed a regimen of anti-MRSA drugs, consisting of intravenous drip of vancomycin and
oral rifampicin at dosages of 1000 and 600 mg/d, respectively. After 2 wk, the regimen was changed to
300 mg/d of oral rifampicin and 500 mg/d of oral ciprofloxacin for 6 wk. After the operation, the
patient was instructed to walk without weight-bearing. However, the patient was lost to follow-up and
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Figure 2 X-ray and intraoperative images. A: Anterior—posterior and lateral X-ray images of the right knee after the first stage operation showing favorable
position of the cement spacer and satisfactory reduction and fixation of the femoral fracture (July 2019); B: A hand-made T-shaped antibiotic-laden cement spacer for
knee gap occupation and femoral fracture fixation.

did not undergo the second-stage operation (Figure 3) in October 2019 as planned. In May 2020, she
revisited our outpatient clinic. By this time, she had suffered severe functional impairment with a
Hospital for Special Surgery (HSS) knee score of only 23 points. She was admitted into the hospital.
After infection was ruled out through a series of blood tests and synovial fluid culture, the second-stage
operation consisting of ORIF of PPF and revision TKA was performed in three steps. First, we
performed debridement and removed any foreign material and sequestrum. Second, the fixation of
periprosthetic femoral fracture was done. Two pieces of freeze-dried cortical allogenic splint (Shanxi
Aorui Biomaterials Co. LTD) of approximately 10 centimeter in length were used for auxiliary fixation
of the femur. Then, cables (Synthes Cable System) and wires were used to bundle bone splits, and
autologous bone graft was applied to the bone defect. Finally, knee revision prosthesis (NexGen LCCK,
Zimmer Inc.) was installed. A 150-millimeter-long stem with a diameter of 14 millimeters was used on
the femoral side. A 100-millimeter-long stem with a diameter of 14 millimeters was used on the tibial
side. A 5-millimeter-thick metal pad was added to both medial and lateral sides of the distal femoral
prosthesis, and a 10-millimeter-thick metal pad was added to the posterior condyle of the femoral
prosthesis. X-rays were taken at 3 d postoperatively. Postoperative rehabilitation exercise consisted of
partial weight bearing of the right lower limb for 6 wk. The antibiotic therapy was continued according
to the instructions of the infectious disease specialist. A timeline of the clinical course and management
is provided in Table 1.

OUTCOME AND FOLLOW-UP

The patient was followed periodically (6, 12, and 24 wk and annually thereafter) after revision TKA. The
wound healed well without redness or swelling. The serum CRP and ESR decreased continuously and
returned to normal at 3 mo post-revision. The HSS score was 59, 69, and 85 points at 6, 12, and 24 wk
after revision, respectively. At the final follow-up 27 mo after revision (Figure 4), the range of motion
was 104°, the HSS score was 82 points, and the Western Ontario MacMaster Universities Osteoarthritis
Index score was 36 points. The patient was satisfied with the course of treatment and postoperative knee
function. There was no sign of infection recurrence or loosening of the prosthesis.

DISCUSSION

PJI and PPF are among the most serious complications following TKA and usually raise concern for
both patients and surgeons[9-11]. The incidence of PJI after primary TKA is 0.7%-2%[12,13], while that
after revision is 5.6%-35%[14-16]. Meanwhile, the incidence of PPF ranges from 0.3% to 2.5% after
primary TKA and 1.6% to 38% after revision TKA[17-19]. Each complication needs precise assessment
and specific care to prevent further serious issues. If PJI is simultaneous with PPF for one patient, it is
going to be a very tricky situation. There is no optimal management strategy regarding this issue due to
lack of standards and controversy over treatment effectiveness. The treatment of this patient for
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Table 1 Overview of the timeline of the clinical history, diagnosis, and treatment

Date Diagnosis Treatment

November 17 Right femoral fracture ORIF

December 18 Posttraumatic osteoarthritis of right knee Removal of internal fixation and TKA

April 19 PJI Antibiotic suppression

July 19 PJI and PPF Resection of prosthesis with placement of antibiotic spacer and fixation of fracture
May 20 Post-operation of prosthesis removal Revision knee arthroplasty and fixation of right PPF

ORIF: Open reduction and internal fixation; TKA: Total knee arthroplasty; PJI: Periprosthetic joint infection; PPF: Periprosthetic fracture.

DOI: 10.12998/wjcc.v11.i10.2321 Copyright ©The Author(s) 2023.

Figure 3 X-ray images. A: Anterior—posterior and lateral X-ray images of the right knee before the second stage operation showing that the cement spacer slightly
displaced to the medial side, the proximal end of internal fixator came out through the middle femoral shaft, callus formed at the previous fracture of the femur but not
healing yet, and bone defects existed in the distal femur and proximal tibia, which resulted in valgus deformity of the right knee (May 2020); B and C:
Anterior—posterior and lateral X-ray images of the right knee after the second stage operation showing no loosening of cemented revision knee prosthesis and that
the femoral fracture was fixed with intramedullary stem and extramedullary cortical splints (May 2020).

infection and fracture after TKA with periarticular internal fixators offers possible strategies for this
condition.

The incidence of PJI in patients with a history of ORIF who underwent TKA is similar to that after
revision[20]. Suzuki ef al[21] reported that previous ORIF and remnants of previous internal fixation
materials showed significant correlation with postoperative infections. A prospective matched cohort
study conducted by Lizaur-Utrilla et al[22] found that the incidence of surgical site infection was higher
in the posttraumatic group and recommended removal of hardware prior to TKA. In contrast, Klatte et
al[23] found that the risk of developing periprosthetic knee infection was not significantly increased
with pre-existing orthopaedic implants. In general, more and more studies identified previous fracture
history and remnants of pre-existing fixation-devices as major risk factors for PJI after TKA[21,22,24]
and suggested that complete removal of the fixators 4 to 6 mo before TKA could reduce the incidence of
PJI[22,25]. For clinical implication, surgeons should be conscious of the infection potential when
performing knee arthroplasty on patients with these risk factors.

From our point of view, fixing the fracture is the main difficulty for patients with both PJI and PPF
and also is an important factor to ensure fracture union and prevent postoperative infection. In this
study, the combination of antibiotic-laden cement spacer and cement-coated plate, which was used as
an intramedullary nail, provided a solution. Bonacker et al[26] presented a two-stage surgical strategy
conducted in a 69-year-old male patient with a periprosthetic tibia fracture, infectious nonunion, and
loosening of the TKA due to ascending infection. After removing all implants, a deep debridement was
performed, and a tibial nail connected with a hand-formed bone cement knee spacer including
antibiotics and two additional antibiotic-impregnated chains was implanted. In the revision surgery, the
tibial fracture site was stabilized with a long uncemented stem. Sanz-Ruiz et al[27] presented a
biarticular cement spacer, made from a cephalomedullary nail, to treat infected hip arthroplasty with
massive bone loss. They covered the nail with antibiotic-laden cement and obtained satisfactory results
of infection control and functional retention. In this case, a cement-coated plate which can slowly release
antibiotics, preventing bacterial adhesion and proliferation and biofilm formation, was also used to
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Figure 4 X-ray images. Anterior—posterior and lateral X-ray images showing a large amount of new bone formed between the cortical splits and femoral shaft with
no loosening of the knee prosthesis (August 2022).

Jaishideng®

substitute a metal-exposed plate as intramedullary nail for fracture immobilization. In addition, a
cemented femoral stem was used instead of cementless one during the revision, because a fully long
cementless stem could not be implanted due to the anterior femoral curvature and large defect of the
previous fracture. Meanwhile, the cemented one could stabilize the proximal and distal parts of femoral
fracture. What needs illustration is that cement smeared at the fracture was strictly prohibited and
measure of heat control was indispensable when the cement generate heat during solidification to avoid
affecting the union of fracture.

Miiller et al[28] reported a two-stage revision for the treatment of 8 patients with PPF and infection.
The fractures were fixed by three strategies: 2 patients by plate, 3 by intramedullary rod/pin, and 3 by
plate and rod/pin. At the final follow-up, one infection recurred, and three individuals developed
nonunion of fracture, getting a high nonunion rate. A systematic review conducted by Ebraheim et al
[29] concluded that the complication rate of PPF after TKA separately treated with intramedullary nail/
rod or locking plate is as high as 53% and 35%, respectively, and the most common complication is non/
delayed union. Therefore, to ensure fracture healing, it is necessary not only to cure infection, but also to
obtain the fixation stability of the fracture. In such revision surgery, extramedullary auxiliary fixation is
often required if intramedullary stem cannot guarantee the fixation stability of fracture. Except for
plates, bone splints are commonly used. Carta ef al[30] reported that cortical allogenic splints should be
considered the use instead of metal plates for the treatment of periprosthetic femoral fracture, which
usually has bone loss and/or a potential mechanical instability. In a cadaveric study, Peters et al[31]
concluded that allograft cortical splints offer biomechanical advantages as an alternative to metal plates
for the fixation of femur fracture below a well-fixed femoral component. In this study, we used titanium
cable and wires to fix the two splints which were placed on the medial and lateral aspects of the femur.
Then, bone graft was also performed. Comparing with using single metal plates, we could get potential
benefits from the use of cortical allogenic splints, which can increase bone quantity and quality, decrease
stress shielding, stabilize the entirety, so as to reduce fracture nonunion occurrence and other complic-
ations, and improve the patients” quality of life by accelerating function recovery. However, the
potential disadvantages of the customized transplant, such as transmission of infectious diseases, risks
of infections, longer surgical time, and more complex surgical procedures, must be taken into consid-
eration.

Another aspect that we have learned from this case is the importance of strengthening patients’
management and guidance to avoid similar incidents. In the future, we should establish a more
diversified and convenient follow-up system, strengthen the patient education on the post-discharge
process, urge patients who need special care to attend follow-up visits regularly, and involve family
members in the patient care.

The main limitation of this study is that it is a report of a single case, which is due to the low
incidence of the coexistence of PJI and PPF.

CONCLUSION

PJI, PPF, and nonunion with bone defect individually pose a challenge in orthopedics and trauma
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surgery. We present a highly complex case on account of the consecutive occurrence of these complic-
ations. The lack of standards resulted in the requirement of an individualized strategy under this
circumstance, and the key to success was synergistic execution of simultaneous fracture stabilization
and infection eradication. Our approach offers an option for successful treatment, upon which future
strategies can be developed. Highly specialized interdisciplinary centers are needed for desirable
therapeutic outcomes.
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Abstract

BACKGROUND

Thoracolithiasis is a rare benign condition that manifests with one or more small
nodules in the pleural cavity. In most cases, it is asymptomatic and found
incidentally on chest imaging or during thoracic surgery. The thoracolithiasis
formation process is rarely documented. Herein, we present a case of a rare, large,
curve-shaped thoracolith, the formation of which was documented on serial
computed tomography (CT) images.

CASE SUMMARY

A 46-year-old male patient who denied any prior systemic disease was evaluated
due to intermittent right-sided lateral chest pain lasting for a year. Chest
radiography and CT revealed a circumscribed calcified nodule measuring 3.5 mm
in the right lower lung lobe. Nodule biopsy revealed fungal infection, which was
treated with antifungal medication. After 2 years of follow-up, the patient
developed intermittent chest discomfort caused by pleural adhesions, and
underwent video-assisted thoracic surgery with pneumolysis. Postoperatively, he
developed empyema, which fully resolved with antibiotic therapy. Thereafter, he
was followed up at the outpatient clinic and underwent chest CT twice per year.
Over time, we observed thickening of the right distal pleura near the lower
posterior mediastinum, and several sporadic calcified nodules with gradually
increasing intensity, which eventually merged into a single calcified curve-shaped
thoracolith measuring approximately 9 cm in length during the 5-year follow-up.

CONCLUSION
This study documented the formation of a rare thoracolith shape observed for the
first time.
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Core Tip: Thoracolithiasis, a rare benign condition manifesting with one or more small nodules in the
pleural cavity, is usually asymptomatic and discovered incidentally on imaging or during surgery. We
present the case of a 46-year-old man who was treated for lung fungal infection and subsequently
underwent video-assisted thoracic surgery with pneumolysis due to pleural adhesions. The serial chest
computed tomography images obtained during the 5-year follow-up showed right pleural thickening near
the lower posterior mediastinum with formation of a large curve-shaped thoracolith from sporadic
calcified nodules. Thoracolithiasis formation is rarely observed, and this is the first case of such
thoracolith shape.

Citation: Hsu FC, Huang TW, Pu TW. Formation of a rare curve-shaped thoracolith documented on serial chest
computed tomography images: A case report. World J Clin Cases 2023; 11(10): 2329-2335

URL: https://www.wjgnet.com/2307-8960/full/v11/i10/2329.htm

DOI: https://dx.doi.org/10.12998/wjcc.v11.i10.2329

INTRODUCTION

Thoracolithiasis, also known as pleurolithiasis, intrathoracic calculosis, or pleural stones, is a rare
benign condition manifesting with one or more small nodules in the pleural cavity[1]. In most cases, it is
asymptomatic and is usually found incidentally on chest imaging or during thoracic surgery. To the best
of our knowledge, there have been no reported cases of symptomatic thoracolithiasis[2]. In addition, its
formation process has rarely been documented.

Herein, we report the formation of a curve-shaped thoracolith in a 46-year-old male patient over a 5-
year period, documented on serial computed tomography (CT) images.

CASE PRESENTATION

Chief complaints
A 46-year-old male patient presented with a complaint of intermittent right-sided lateral chest pain.

History of present illness

His symptoms started approximately 1 year previously and occurred intermittently. The patient
experienced mild dull pain that occurred occasionally with exertion or forced expiration over the right
lateral chest, but he was unable to point its exact location. The chest had no skin lesions and expanded
symmetrically. The discomfort increased in frequency within a month, which bothered his exercise
habit. No history of trauma was mentioned.

History of past illness
The patient denied any prior systemic diseases.

Personal and family history
The patient had smoked for a year but had quit for 30 years and denied using alcohol or medications.
The family history revealed nothing noteworthy.

Physical examination
The patient had clear breathing sounds with symmetrical chest wall expansion.

Laboratory examinations

A serum test revealed leukocytosis with elevated white blood cell and C-reactive protein levels of 15.73
(10°/uL) and 10 mg/ dL, respectively, during the course of the emphysema. All lab results were found to
be normal during the follow-up interval.
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Imaging examinations

Chest radiography showed increased lung markings with peribronchial wall thickening in the bilateral
lower lung fields (Figure 1), while chest CT revealed a circumscribed calcified nodule measuring 3.5 mm
in the right lower lung lobe (Figure 2). Since an infection with an unknown pathogen or malignancy was
suspected, a CT-guided biopsy was performed. The histopathological examination of the biopsy
specimen revealed a fungal infection.

FINAL DIAGNOSIS

Based on the clinical, imaging, and histopathological findings, the patient was diagnosed with fungal
infection of the lungs.

TREATMENT

The patient was prescribed an antifungal medicine, fluconazole 50 mg per day for 6 mo.

OUTCOME AND FOLLOW-UP

Following the completion of therapy, the patient regularly followed-up at the outpatient clinic every
month for the next two years. A follow-up chest CT was performed every 6 mo for 2 years due to
complaints of occasional chest discomfort with a mild pricking pain after the last discharge, which
revealed a thickening of the right pleura with focal atelectasis in the right middle lung lobe (Figure 3).
We suspected that the chest pain was caused by pleural adhesions and performed video-assisted
thoracic surgery with pneumolysis. Postoperatively, turbid pleural fluid was discharged from the chest
tube inserted into the right chest cavity. The culture test revealed methicillin-resistant Staphylococcus
aureus. The patient was administered antibiotic therapy, which resulted in resolution of the empyema.
He was discharged from the hospital and followed up at the outpatient clinic.

During the follow-up, the patient continued to experience intermittent chest discomfort, and
occasionally, a cough, which could be relieved with medicines. The follow-up chest radiographs showed
calcified shadows in the right lower lung field (Figure 4). Follow-up chest CT was performed twice per
year, with loss to follow-up from 2019 to 2021. In reviewing the serial CT images obtained during the 5-
year follow-up, we observed gradual thickening of the right pleura near the lower posterior
mediastinum, and several sporadic calcified nodules in the same region with increasing intensity, which
became intensive and curved calcified lesions, and eventually formed a large curve-shaped thoracolith
measuring approximately 9 cm in length (Figure 5). Despite the progression of thoracolithiasis on CT
images, the patient only reported intermittent chest discomfort and denied symptoms such as dyspnea,
dysphagia, or hemoptysis. Therefore, no further treatment was prescribed and the patient continued to
be followed up on outpatient basis.

DISCUSSION

Thoracolithiasis is a rare benign condition with a very low incidence in the general population of 0.086%
[3]. It was first reported in 1968 by Dias et al[4]. Since then, approximately 70 cases have been reported
in the literature, and in many of these the pleural nodules were surgically resected to rule out neoplasia
[3,5,6]. No age or sex preference has been reported, although a slight female advantage was observed in
a previous report by Kinoshita et al[3]. In most cases, thoracolithiasis is asymptomatic and discovered
incidentally on chest imaging or during surgery. Pleural stones are most commonly found in the
pendent portion of the pleural cavity, possibly as a result of gravity, particularly on the surface of the
diaphragm, along the chest wall near the lower lung fields, next to the left heart border, or near the
paravertebral spaces[8].

In a recent major series, all nodules with calcification were reported on CT images[3]. However,
although they can be calcified, in some cases, thoracoliths can be indistinguishable from intrapulmonary
nodules on CT images[9]. In fact, in one-third of cases, immobile nodules were preoperatively
diagnosed as peripheral pulmonary tumors[10]. In some cases, the nodules contained areas of
calcification with spotty, central, peripheral, or diffuse patterns[3]. Furthermore, some thoracoliths can
be difficult to distinguish from malignant lesions because they enlarge over time[4,11]. Less calcified or
immobile thoracoliths are often misdiagnosed, resulting in unnecessary surgical treatment; therefore,
accurate diagnosis is important[12].

WJCC | https://www.wjgnet.com 2331 April 6,2023 | Volume1l | Issuel0 |



Hsu FC et al. Serial images of thoracolithiasis formation

DOI: 10.12998/wjcc.v11.i10.2329 Copyright ©The Author(s) 2023.

Figure 1 Chest radiograph obtained after the initial examination. The image shows increased lung markings with peribronchial wall thickening in the
bilateral lower lung fields.
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Figure 2 Chest computed tomography images obtained after the initial examination. A: Axial and B: Coronal images obtained in a soft tissue setting
showing a circumscribed calcified nodule measuring 3.5 mm in the right lower lung lobe (blue and orange arrows).
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When thoracolithiasis is suspected, it is difficult to obtain a diagnosis by transthoracic or
endobronchial biopsy due to the firm consistency of thoracolith lesions and their loose fixation in the
pleural cavity[13]. Based on the unique radiological findings, major surgery is usually not required and
not recommended[14]. If they are not calcified or enlarged on follow-up images or the lesion nature is
indeterminate, surgical resection should be considered to confirm the diagnosis[4,11,15]. Thoracoscopy,
which has the advantage of a minimally invasive procedure that can be performed under local
anesthesia, can be used to confirm the diagnosis[16]. The differential diagnosis of thoracoliths includes
foreign body granulomas and, rarely, extravasated gallstones after laparoscopic cholecystectomy that
have migrated into the pleural cavity[17-19].

Although the etiology of thoracolithiasis is unknown, several hypotheses have been proposed
regarding the pathological processes underlying their formation: pericardial fat necrosis and shedding
in the pleural cavity, old tuberculosis lesions, or clusters of macrophages phagocytizing dust, which
over time form calcified lesions shaped under the impact of long-term breathing movements[10,11,15].
Thoracolithiasis may also develop from inflammation, which facilitates fibrosis[10].

In previously reported cases, thoracoliths ranged in size from 5 to 15 mm (mean size, 8 mm)[3], and in
most cases, presented as multiple small ovoid nodules located in the left pleura[3,4,11,20]. In our case,
the thoracolith measured approximately 9 cm in length. In addition, this case demonstrated the 5-year
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Figure 3 Follow-up chest computed tomography image obtained two years after the initial therapy. Axial image showing thickening of the right
pleura (blue arrow) and focal atelectasis (orange arrow) in the right middle lung lobe.

DOI: 10.12998/wjcc.v11.i10.2329 Copyright ©The Author(s) 2023.

Figure 4 Follow-up chest radiograph obtained two years postoperatively. The image shows calcified shadows over the right lower lung field (blue
arrow).

formation process of the large curve-shaped thoracolith. Multiple sporadic calcified nodules
accumulated in the pleura over time, abutting each other, and eventually assembled into a large
thoracolith. The sporadic calcified nodules increased in size on follow-up CT images and were seen in
the pendant portion of the pleural cavity, possibly secondary to gravity. Based on their growth pattern
and imaging characteristics, the lesions were not consistent with tumor lesions. In our patient, thoraco-
lithiasis may have resulted from pericardial or right mediastinal fat necrosis, reflecting the prior
episodes of fungal infection and empyema. The exact etiology of thoracolithiasis is unknown; we
hypothesize that a previous pleural infection, fungal or bacterial, could facilitate inflammation and
fibrosis, which would further lead to the formation of calcified masses.
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Figure 5 Serial computed tomography images obtained during a 5-year follow-up. Coronal images showing gradual thickening of the right pleura
near the lower posterior mediastinum and several sporadic calcified nodules (blue arrow) in the same region with increasing intensity over time, which eventually
formed a large curve-shaped calcified thoracolith measuring approximately 9 cm in length. A: 5-year follow-up in 2017; B: 5-year follow-up in 2018; C: 5-year follow-
up in 2019; D: 5-year follow-up in 2022.

CONCLUSION

The present case provided a rare opportunity to observe the formation process of a large curve-shaped
thoracolith. This thoracolith shape was observed for the first time as opposed to the commonly
encountered multiple small ovoid thoracoliths. Pericardial or right mediastinal fat necrosis may have
resulted in its formation.
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Abstract

BACKGROUND

Neurofibromatosis type 1 (NF1) is characterized by café-au-lait patches on the
skin and the presence of neurofibromas. Gastrointestinal stromal tumor (GIST) is
the most common non-neurological tumor in NF1 patients. In NF1-associated
GIST, KIT and PDGFRA mutations are frequently absent and imatinib is
ineffective. Surgical resection is first-line treatment.

CASE SUMMARY

A 56-year-old woman with NF1 was hospitalized because of an incidental pelvic
mass. Physical examination was notable for multiple café¢-au-lait patches and
numerous subcutaneous soft nodular masses of the skin of the head, face, trunk,
and limbs. Her abdomen was soft and nontender. No masses were palpated.
Digital rectal examination was unremarkable. Abdominal computed tomography
was suspicious for GIST or solitary fibrous tumor. Laparoscopy was performed,
which identified eight well-demarcated masses in the jejunum. All were resected
and pathologically diagnosed as GISTs. The patient was discharged on day 7 after
surgery without complications. No tumor recurrence was evident at the 6-mo
follow-up.

CONCLUSION
Laparoscopy is effective for both diagnosis and treatment of NF1-associated GIST.

Key Words: Neurofibromatosis type 1; Gastrointestinal stromal tumors; KIT; PDGFRA,
Laparoscopy; Case report
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Core Tip: A thorough medical history and physical examination are imperative in patients with
neurofibromatosis type 1 and gastrointestinal symptoms. Such symptoms may indicate the presence of one
or more gastrointestinal stromal tumors. Abdominal computed tomography, capsule endoscopy, or small
bowel endoscopy should be performed. Laparoscopy may also be performed for both diagnosis and
treatment.

Citation: Yao MQ, Jiang YP, Yi BH, Yang Y, Sun DZ, Fan JX. Neurofibromatosis type 1 with multiple
gastrointestinal stromal tumors: A case report. World J Clin Cases 2023; 11(10): 2336-2342

URL: https://www.wjgnet.com/2307-8960/full/v11/i10/2336.htm
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INTRODUCTION

Neurofibromatosis type 1 (NF1), also known as von Recklinghausen's disease, is an autosomal
dominant disorder with an incidence of 1/3000 to 1/4000[1]. Clinical diagnosis of NF1 is based on the
presence of at least two of the following criteria: (1) Six or more café-au-lait patches over 5 mm in
diameter in prepubertal children and over 15 mm in diameter in postpubertal individuals and adults;
(2) two or more neurofibromas or one plexiform neurofibroma; (3) freckles in the axilla or inguinal
region; (4) optic glioma; (5) two or more Lisch nodes; (6) osseous lesion; and (7) first-degree relative with
NF1[2]. Gastrointestinal stromal tumor (GIST) is a tumor of mesenchymal origin that usually arises in
the stomach (60%-70%) or small intestine (20%-30%). Multiple GISTs are uncommon[3]. We report an
NF1 patient with a pelvic mass who underwent laparoscopic examination of the abdomen and pelvis
and was diagnosed with multiple GISTs.

CASE PRESENTATION

Chief complaints
A 56-year-old woman with NF1 was hospitalized because of an incidental pelvic mass.

History of present illness

Ultrasonography of the pelvis performed at another hospital showed a mixed echoic mass approx-
imately 4.5 cm % 4.5 cm x 4.0 cm in size in the left lower abdomen. Boundaries were clear and shape was
irregular. No internal fluid echoes were visualized. Color Doppler flow imaging showed abundant
blood flow signals within the mass. Clinically, the patient denied any gastrointestinal symptoms.

History of past illness

The patient had multiple café-au-lait patches and cutaneous nodular masses on the head, face, trunk,
and limbs which had been increasing in number and size for more than 30 years. She had no symptoms
of itchy skin. Biopsy of a nodular upper limb mass 10 years previously was consistent with
neurofibroma. She had undergone laparoscopic cholecystectomy for a gallbladder stone 10 years
previously and partial ileal resection for a strangulated bowel obstruction associated with adhesions 8
years previously. She had no history of hypertension, diabetes mellitus, or heart disease.

Personal and family history
The patient had no history of smoking or drinking. One sister and one brother had NF1.

Physical examination

The patient exhibited soft cutaneous nodular masses of 0.2 to 3 cm in diameter on the head, face, trunk,
and limbs as well as multiple café-au-lait patches (Figure 1). Examinations of the eyes, lungs, and heart
were normal. Hearing testing was normal. Freckles were seen in the axilla and inguinal region. No
lymphadenopathy was detected in the neck, axilla, or inguinal region. The abdomen was soft and
without tenderness or palpable masses. Bowel sounds were normal. Digital rectal exam was
unremarkable.

Laboratory examinations

White blood cell count was 7.2 x 10°/L. Red blood cell count was 4.45 x 102/L. Hemoglobin concen-
tration was 136 g/L. Platelet count was 260.0 x 10°/L. C-reactive protein concentration was 3.65 mg/L.
Fecal occult blood testing was negative. Concentrations of carcinoembryonic antigen, cancer antigen
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Figure 1 Café-au-lait patches and cutaneous nodular masses. A: Multiple cutaneous nodular masses on the head and face; B: Multiple café-au-lait
patches and cutaneous nodular masses on the back.

JBaishideng®

125, and carbohydrate antigen 19-9 were all within normal range.

Imaging examinations

Contrast-enhanced computed tomography (CT) of the abdomen showed an irregular cystic mass with
an oblique diameter of approximately 44 mm in the left pelvis. Its solid component exhibited contrast
enhancement (Figure 2) and had no clear border with the adjacent intestinal wall. GIST of the small
intestine or solitary fibrous tumor was suspected.

FINAL DIAGNOSIS
NF1 with GISTs.

TREATMENT

After multidisciplinary team consultation, laparoscopy was performed. Eight well-demarcated
encapsulated masses were found in the jejunum between 20 and 120 cm from the Trietz ligament. The
remainder of the small intestine was free of masses. The largest mass was approximately 4.5 cm in
diameter and located 20 cm from the Trietz ligament. The others were 0.3 to 0.8 cm in diameter. The
small intestine was approximately 200 cm in length and the original small intestine anastomosis from
her previous surgery was open. Because resecting 100 cm of the intestine could cause short bowel
syndrome, we elected to perform resection of the jejunal masses. A 6 cm median upper abdominal
incision was made to raise the small intestine into the abdominal cavity. Partial jejunostomy was
performed 20 cm from the Trietz ligament and the masses were resected (Figure 3). Histopathology of
the 4.5 cm jejunal mass was consistent with GIST with hemorrhagic infarction. Mitosis count was <5 in
50 high-power fields. Based on the modified National Institutes of Health criteria, the tumor was
classified as low risk. The other masses were also diagnosed as GISTs. None exhibited invasive growth.
CD34, CD117, and DOG-1 staining was positive (Figure 4). S-100 staining was negative. Ki-67 index was
less than 5%. Genetic testing demonstrated wild type KIT and PDGFRA genes. The final diagnosis was
multiple NF1-associated GISTs.

OUTCOME AND FOLLOW-UP

The patient was discharged on day 7 after surgery. No complications occurred. No sign of tumor
recurrence or metastasis was present at the 6-mo follow-up. Annual follow-up by contrast-enhanced
abdominal CT or magnetic resonance imaging is planned. Any small recurrent tumors in the small
intestine will be removed enteroscopically.
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Figure 2 Abdominal computed tomography. A: A cystic solid mass with an oblique diameter of approximately 44 mm is seen in the left pelvis; B: The solid
component exhibits arterial enhancement.
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Figure 3 Intraoperative view. A: Multiple masses in the jejunal wall demonstrated clear borders; B: A 4.5 cm diameter tumor in the jejunum 20 cm from the Trietz
ligament; C: Large tumor with a grayish white, nodular, cystic surface; D: Small tumor with an oval shape and solid nodules.

DISCUSSION

The gene responsible for NF1 is located at chromosome 17q11.2. Mutations can result in inability to
produce the corresponding neurofibromin protein. Deletion leads to abnormal activation of the RAS/
RAF/MAP signaling pathway, which results in loss of neurofibromin’s tumor suppressor function and
increases susceptibility to development of tumors such as neurofibroma, optic glioma, malignant
peripheral nerve sheath tumor, neuroblastoma, pheochromocytoma, and breast cancer[1]. GIST is rare
and develops in approximately 7% of all NF1 patients[4]. It originates from mesenchymal tissue of the
gastrointestinal tract, usually in the stomach and small intestine, and pathology mainly shows spindle
cells and epithelioid cells. KIT mutations are detected in approximately 90% of GISTs, while PDGFRA
mutations are found in approximately 5%[5]. Mutations of these two genes are the main cause of GIST,
although BRAF mutations are present in some cases. GISTs are multiple in less than 5% of cases.
Multiple GISTs are frequently associated with NF1 and familial GIST. GIST is the most common non-
neurological tumor in NF1 patients. Incidence of GIST is 45 times higher in NF1 patients than in the
general population. Unlike sporadic GIST, NF1-associated GIST develops at a younger age and is more
common in women[6]; moreover, most tumors are multiple and located in the small intestine (90%)[7].
Pathologically, NF1-associated GIST consists predominantly of spindle cells and behaves as a low-grade
malignancy with slow progression. KIT and PDGFRA mutations are frequently not present, suggesting a
different pathogenesis from the sporadic form. Prognosis is better for NF1-associated GIST than the
sporadic form (Table 1). GIST may present with abdominal pain, nausea and vomiting, gastrointestinal
bleeding, anemia, abdominal mass, intestinal obstruction. However, it may be asymptomatic and found
incidentally. Since NF1-associated GIST is usually located in the small intestine, gastroscopy is often
negative. Therefore, middle-aged and elderly NF1 patients with gastrointestinal symptoms should
undergo abdominal CT or magnetic resonance imaging[8]. Abdominal CT can reveal tumor size,
location, border, and relationship with surrounding tissues, as well as metastases. Capsule endoscopy
and small bowel endoscopy are also commonly used for diagnosis, which is confirmed via pathologic
examination and immunohistochemical and genetic testing of a tumor specimen. CD117 and CD34 are
positive in most cases of NF1-associated GIST, which facilitates diagnosis[9]. Tumor location, size, and
mitotic activity are GIST prognostic factors. Ki-67 index is associated with recurrence and survival[10].
Imatinib is ineffective in most NF1-associated GISTs because of their lack of KIT and PDGFRA
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Table 1 Comparison of neurofibromatosis 1-associated and sporadic gastrointestinal intestinal stromal tumor

NF1 with GIST Sporadic GIST
Age of onset Young Older
Most common sites Small intestine (90%) Stomach (60%-70%)
Number of tumors Often multiple Often solitary
Nuclear fission rate Low High
KIT and PDGFRA gene mutation Rare Common
Imatinib treatment Ineffective Effective
Disease progression Slow Quick
Postoperative recurrence rate Low High
Prognosis Good Common

NF1: Neurofibromatosis 1; GIST: Gastrointestinal stromal tumor.
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Figure 4 Postoperative pathology and immunohistochemical results. A: Diffuse spindle cells with rod-shaped nuclei (hematoxylin-eosin, x 200); B:
Diffusely strong expression of CD117 (x 200); C: Diffusely strong expression of DOG-1 (x 200).

mutations[11]. Surgical resection of tumor or bowel segment is the first choice of treatment, depending
on tumor size. Usually a resection margin of 1 cm is sufficient[12]. Complete removal without lymph
node dissection is recommended[13]. Even after radical surgical treatment, approximately 50% of
patients experience relapse[14]. The recurrence rate in patients with NF1 is similar to that in patients
with sporadic GIST. Laparoscopic surgery is as effective as open surgery and associated with a similar
rate of recurrence; however, procedure-related pain is less, recovery is faster, and length of hospital stay
is shorter.

CONCLUSION

GIST should be suspected in NF1 patients with gastrointestinal symptoms. NF1 should be considered in
patients with multiple GISTs located outside the stomach. A thorough medical history and physical
examination are imperative, and abdominal CT, capsule endoscopy, or small bowel endoscopy should
be performed. Laparoscopy may also be performed for both diagnosis and treatment.
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Abstract

BACKGROUND

Clostridioides difficile (C. difficile) colitis is one of the most common infections in
hospitalized patients, characterized by fever and diarrhea. It usually improves
after appropriate antibiotic treatment; if not, comorbidities should be considered.
Cytomegalovirus (CMYV) colitis is a possible co-existing diagnosis in patients with
C. difficile infection with poor treatment response. However, compared with
immunocompromised patients, CMV colitis in immunocompetent patients is not
well studied.

CASE SUMMARY

We present an unusual case of co-existing CMV colitis in an immunocompetent
patient with C. difficile infection. An 80-year-old female patient was referred to the
infectious disease department due to diarrhea, abdominal discomfort, and fever
for 1 wk during her hospitalization for surgery. C. difficile toxin B polymerase
chain reaction on stool samples was positive. After C. difficile infection was
diagnosed, oral vancomycin treatment was administered. Her symptoms
including diarrhea, fever and abdominal discomfort improved for ten days.
Unfortunately, the symptoms worsened again with bloody diarrhea and fever.
Therefore, a sigmoidoscopy was performed for evaluation, showing a longit-
udinal ulcer on the sigmoid colon. Endoscopic biopsy confirmed CMYV colitis, and
the clinical symptoms improved after using ganciclovir.

CONCLUSION
Co-existing CMYV colitis should be considered in patients with aggravated C.
difficile infection on appropriate treatment, even in immunocompetent hosts.
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Core Tip: Cytomegalovirus (CMV) colitis is rare in immunocompetent patients, but colitis is the main
clinical manifestation. The Clostridioides difficile (C. difficile) infection and CMV colitis symptoms might
be indistinguishable clinically. Therefore, it is difficult to consider their co-existence in patients suspected
of C. difficile infection. If a patient treated with C. difficile infection does not show clinical improvement,
the possibility of co-existing CMV colitis should be considered as one of the differential diagnoses.
Sigmoidoscopy with biopsy is crucial in diagnosing co-existing CMV and C. difficile infection colitis.
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INTRODUCTION

Cytomegalovirus (CMV) is a member of the herpesvirus family and forms latent infection after the
resolution of the primary infection[1]. CMV primary infection can cause mononucleosis-like symptoms
in immunocompetent adults[1]. After the primary CMV infection, CMV remains in host cells and CMV
replication is controlled by the immune system in immunocompetent patients[1]. Immunodeficiency is
the leading risk factor for invasive CMV diseases[2]. Invasive CMV diseases can occur in immunocom-
promised patients, including transplant recipients or patients with HIV, by primary infection or
reactivation and could have significant morbidity and mortality[3]. This mostly affects the
gastrointestinal tract, comprising 30% of tissue-invasive CMV diseases in immunocompromised patients
[4]. Clinical manifestation of CMV colitis in immunocompromised patients varies and depends on the
site of involvement which could cause odynophagia, abdominal pain, hematochezia, and fever[4].

CMV colitis in immunocompetent patients was previously considered very rare. However, there has
been an increasing number of case reports in immunocompetent patients[5,6]. The symptoms of CMV
colitis in immunocompetent patients also present odynophagia, abdominal pain, hematochezia, and
fever[5,6]. However, its epidemiology, clinical features, and outcomes in immunocompetent patients are
not completely understood[4-8].

Clostridioides difficile (C. difficile) colitis is a cause of diarrhea in hospitalized patients and is one of the
most common causes of nosocomial infections[9]. C. difficile infection is usually suspected when hospit-
alized patients develop diarrhea and fever[9]. CMV colitis symptoms are clinically indistinguishable
from those of C. difficile infection. Therefore, if the immunocompromised status of patients who develop
C. difficile infection does not improve even with appropriate treatment, accompanying CMV colitis
should be considered. However, this may not be considered in immunocompromised patients because
cases of co-existing C. difficile infection and CMV colitis are rare in immunocompetent patients. We
report an unusual case of CMV colitis in an immunocompetent C. difficile infection patient with
literature review.

CASE PRESENTATION

Chief complaints

An 80-year-old female patient was referred for an infectious disease (ID) consult due to diarrhea,
abdominal discomfort, and fever for 1 wk during her rehabilitation treatment after spinal stenosis
surgery.

History of present illness

She underwent spinal stenosis surgery three weeks ago for back pain. She took methylprednisolone 250
mg per day for a week from the time of surgery due to paralysis of the lower extremities associated with
spinal stenosis. She was treated with piperacillin/tazobactam for 7 d and cefixime for 4 d for a urinary
tract infection before ID consultation. She had diarrhea, abdominal discomfort, and fever for 1 wk. C.
difficile toxin A, B polymerase chain reaction (PCR) tests were performed on stool samples. C. difficile
toxin B PCR was positive. Computed tomography (CT) of the abdomen/ pelvis showed diffuse wall
thickening in the rectum with mild perirectal infiltration in the upstream colon. The patient was treated
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with oral vancomycin 250 mg every 6 h for 10 d, after which fever and diarrhea improved for ten days.
However, the symptoms worsened again with bloody diarrhea and fever.

History of past illness
She had a medical history of hypertension and diabetes.

Personal and family history
The patient had no family history.

Physical examination

Vital signs were a temperature of 37.8 °C, blood pressure of 110/60 mmHg, pulse rate of 84 beats/min,
respiratory rate of 18 breaths/min on the consultation day. The patient’s Glasgow Coma Scale score was
15. She had hyperactive bowel sounds, no tenderness or rebound tenderness, no abdominal distension.

Laboratory examinations

On the consultation day, laboratory evaluation revealed anemia (Hb = 9.5 g/dL), an increased level of
C-reactive protein (7.3 mg/dL), and an increased erythrocyte sedimentation rate (61 mm/h) with a
normal white blood cell counts of 9730 cell/mm?® (neutrophils = 80%, lymphocyte = 15%). Stool culture
for Salmonella spp., Shigella spp., Campylobacter spp., and Escherichia coli O-157:H7 was negative. In
routine stool examination, there is no helminth or protozoa, and stool white blood cell counts are 1-5
cell/high power field.

Imaging examinations
Flexible sigmoidoscopy showed a longitudinal ulcer from the anal verge (AV) to 12 cm above the AV
(Figure 1). The biopsy was performed on the ulcer site. Cells with basophilic intranuclear inclusion body

surrounded by a clear halo on hematoxylin and eosin stain and positive immunohistochemistry for
CMV (Figure 2).

FINAL DIAGNOSIS
Co-existing CMYV colitis with C. difficile colitis.

TREATMENT

Antiviral treatment with intravenous ganciclovir (10 mg/kg/day) was initiated. Fever and bloody
diarrhea improved after 5 d of using ganciclovir, and the treatment was continued for 3 wk.

OUTCOME AND FOLLOW-UP

A sigmoidoscopy performed after the treatment showed an improvement in the ulcer lesion, and a
biopsy performed 1 mo after the treatment showed negative findings. The patient was discharged to a
nursing home after successful treatment with improved symptoms.

DISCUSSION

Although CMV infection in immunocompetent hosts has been considered rare, one review article
retrieved 89 articles reporting on severe CMV infection in immunocompetent adults from 1950 to 2007
[10]. They were mainly gastrointestinal and central nervous system diseases. Symptoms of CMV
infection in immunocompetent patients are not well documented; however, severe life-threatening CMV
infections in immunocompetent hosts might not be such a rare condition as was previously thought
[10]. Currently, a rapidly rising number of literature cases worldwide indicate that CMV infections can
also be observed in immunocompetent patients with altered immune status such as steroid use[8,11]. A
total of 51 immunocompetent patients were diagnosed with CMV colitis between January 1995 and
February 2014 at a tertiary care university hospital in South Korea, with 36 cases diagnosed after 2008,
suggesting the growing number of immunocompetent CMV patients[8]. Similarly, 42 immunocom-
petent patients were diagnosed between April 2002 and December 2016 at a hospital in Taiwan[11]. Ko
et al[8] reported that risk factors of CMV colitis in immunocompetent patients were steroid use and RBC
transfusion within 1 mo. Our patient also received steroid treatment, and this could be the risk factor of
CMV colitis. Wetwittayakhlang et al[5] compared clinical features and endoscopic findings of
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Figure 1 Sigmoidoscopy image. Sigmoidoscopy image shows presenting a longitudinal ulcer from the anal verge (AV) to 12 cm above the AV.
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Figure 2 Pathology findings. A: Red circle shows a cell with a basophilic intranuclear inclusion body surrounded by a clear halo (hematoxylin and eosin stain,
400 x); B: Black circle shows positive immunohistochemistry for cytomegalovirus (immunohistochemical stain, 400 x).
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gastrointestinal CMV diseases between immunocompetent and immunocompromised patients and
found that immunocompetent patients were older and had more GI bleeding and shorter symptom
period than immunocompromised patients[5]. Small bowel involvement was more frequent in the
immunocompetent group[5]. Chaemsupaphan et al[6] also reported that most immunocompetent
patients presented with gastrointestinal bleeding compared to immunocompromised patients[6]. In
another study by Yoon et al[7], CMV gastroenterocolitis of immunocompetent patients occurred in older
patients with comorbidities and had various endoscopic features such as discrete ulcer type and diffuse
edematous type with no association with clinical outcomes[7].

C. difficile infection is a common cause of colitis in hospitalized patients. Although there are variations
according to region and year by year, C. difficile infection occurs in approximately 10 cases per 1000
hospitalization days[12]. Clinical manifestations of C. difficile infection vary from mild diarrhea to life-
threatening conditions such as toxic megacolon and bowel perforation[12]. Patients with mild C. difficile
infection often recovered 5 to 10 d after stopping antibiotics[13]. However, fulminant C. difficile infection
could occur in approximately 1% to 3% of patients[13]. Generally, patients with C. difficile infection are
known to recover after 10-14 d of treatment[13,14]. Currently, the diagnosis of C. difficile infection is
based on detection of C. difficile toxins and glutamate dehydrogenase with enzyme immunoassay or
nucleic acid amplification test[13]. Endoscopy is not recommended in patients with typical C. difficile
infection confirmed by laboratory tests and clinical features[13]. However, endoscopic evaluation is
recommended if diagnostic problems occur such as clinically suspected C. difficile infection with
negative laboratory test, if there was no response to treatment, or when an alternative diagnosis is
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suspected[13]. Our patient underwent endoscopy because of worsening symptoms gained after the C.
difficile infection treatment for 10 d. As C. difficile infection and CMV colitis have similar symptoms, it is
difficult to differentiate them simply based on the symptoms. However, severe watery diarrhea is more
characteristic of C. difficile infection and bloody diarrhea or sometimes massive bleeding in CMV colitis
[15]. In our case, the patient developed worsening bloody diarrhea with fever; we performed endoscopy
and the biopsy confirmed CMYV colitis.

CONCLUSION

Clinicians should be aware of the possibility of co-existing CMV colitis in patients with C. difficile
infection, even in those with immunocompetent status, especially if patients do not respond to the C.
difficile infection treatment. Early endoscopy could help diagnose the possible co-existing CMV colitis in
patients with refractory C. difficile infection.
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Abstract

BACKGROUND

Functional vocal cord disorders can be a differential diagnosis for postoperative
upper airway obstruction requiring urgent intervention. However, this may be
unfamiliar to anesthesiologists who would favor inappropriate airway
intervention and increased morbidity.

CASE SUMMARY

A 61-year-old woman underwent cervical laminectomy, followed by laparoscopic
cholecystectomy 10 mo later. Despite adequate reversal of neuromuscular
blockade, the patient experienced repetitive respiratory difficulty with inspiratory
stridor after extubation. After the second operation, the patient was diagnosed
with paradoxical vocal fold motion (PVFM) by an otolaryngologist based on the
clinical features and fiberoptic bronchoscopy results, and the patient was
successfully treated.

CONCLUSION
PVEM should be considered a differential diagnosis if a patient presents with
stridor after general anesthesia.

Key Words: Anesthesiology; Vocal fold; Paradoxical motion; Postoperative respiratory
distress; Case report
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Core Tip: Postoperative upper airway obstruction after general anesthesia requires urgent airway
intervention. Postoperative stridor is a common cause of laryngeal spasm, but functional vocal cord
disorders may also be a cause. However, anesthesiologists may be unfamiliar with functional vocal cord
disorders, and this may lead to inappropriate interventions. We present the case of a patient with post-
extubation repetitive stridor who was postoperatively diagnosed with paradoxical vocal fold motion
(PVFM) by an otolaryngologist and discuss the diagnosis and treatment of PVFM. Our case presentation
showed that PVFM should be considered in the differential diagnosis of postoperative stridor.

Citation: Baek J, Jee DL, Choi YS, Kim SW, Choi EK. Paradoxical vocal fold motion masquerading as post-
anesthetic respiratory distress: A case report. World J Clin Cases 2023; 11(10): 2349-2354

URL: https://www.wjgnet.com/2307-8960/full/v11/i110/2349.htm
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INTRODUCTION

Postoperative upper airway obstruction after general anesthesia is a significant problem that can cause
severe complications that require urgent airway intervention. In addition to common causes, such as
laryngeal spasm induced by residual muscle relaxants, a functional vocal cord disorder can also be a
differential diagnosis of postoperative stridor[1,2]. However, as this cause may be unfamiliar to those in
anesthesiology, it could lead to inappropriate airway interventions and increased morbidity.

Here, we present the case of a patient with repetitive stridor after extubation who was postoper-
atively diagnosed with paradoxical vocal fold motion (PVFM) by an otolaryngologist.

CASE PRESENTATION

Chief complaints
A 61-year-old woman (weight, 70 kg; height, 155 cm; body mass index, 29.14) developed respiratory
difficulties with inspiratory stridor after extubation for each of her surgeries.

History of present illness

First surgery: The patient underwent a cervical laminectomy to resect an extradural tumor at the C2 to
C3 vertebral level. No premedication was administered, and standard anesthetic monitoring, including
electrocardiogram, non-invasive blood pressure, and pulse oximetry, was conducted after arriving at
the operating room. Anesthesia was induced with propofol and rocuronium, and a 7.5 mm armored
endotracheal tube was used, without difficulty, during intubation. The Cormack-Lehane grade observed
on laryngoscopy during intubation was grade 1. Anesthesia was maintained with desflurane and 50%
oxygen for 3 h and 30 min. There were no notable intraoperative events. Pyridostigmine and
glycopyrrolate were injected to reverse the neuromuscular blockade, and the patient was extubated
without difficulty. Spontaneous breathing was maintained immediately after extubation, and no
abnormal respiratory signs were observed. However, 5 min after arriving at the post-anesthesia care
unit (PACU), breathing difficulties and tachypnea were observed. The patient developed respiratory
difficulty with inspiratory stridor.

Second surgery: Ten months after the first surgery, the patient was scheduled to undergo laparoscopic
cholecystectomy for gallstones and polyps. Preoperative evaluations conducted by an otolaryngologist
revealed normal structure and movement of the vocal cords. Intravenous propofol and rocuronium
were administered to induce anesthesia. Before intubation with the endotracheal tube, intravenous
lidocaine was administered to attenuate airway reflexes and hemodynamic fluctuations. As a vocal cord
disorder developed after the previous operation, a 6.5 mm cuffed endotracheal tube was used with
special caution, and dexamethasone 5 mg was administered 30 min before extubation. Anesthesia was
maintained with desflurane, 50% oxygen, and an infusion of 0.5-1.5 pg/kg/min of remifentanil for 50
min. There were no special intraoperative events. After clinical confirmation of adequate neuromuscular
blockade reversal using train-of-four (TOF), the endotracheal tube was removed. Shortly after
extubation, the patient developed respiratory difficulty, and stridor was heard again. An O, mask was
applied with 100% oxygen, and breathing was assisted with a bag-valve mask. Despite these efforts, the
respiratory distress and inspiratory stridor did not improve.

History of past illness
There were no abnormal findings in the preoperative evaluation, including physical examination,
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laboratory tests, electrocardiogram, and chest X-ray. The patient had an average-sized neck, and the
preoperative Mallampati score was grade 1.

Personal and family history

Three years before the present admission, the patient was diagnosed with thyroid cancer and had
undergone total thyroidectomy. No perioperative complications related to anesthesia were observed at
that time. The patient’s medical history was unremarkable. The patient did not smoke or drink alcohol
and had no history of allergies.

Physical examination

First surgery: Immediately after extubation, the patient’s oxygen saturation (SpO,) in the operating
room was 99%. After arriving at the PACU, 100% oxygen was administered at 2 L/min via a nasal
cannula; SpO, was 99%. Complete clinical reversal was confirmed by observing a TOF (peripheral nerve
stimulator) after the development of inspiratory stridor.

Second surgery: Adequate reversal of neuromuscular blockade was clinically confirmed by TOF
immediately before extubation. Oxygen saturation was maintained above 98% by providing 100%
oxygen immediately after the stridor started.

Laboratory examinations

The preoperative laboratory test results were within normal limits. However, mild hyperventilation
(pH, 7.48; PaCO,, 31.6 mmHg; PaO,, 106 mmHg) was observed in arterial blood gas analysis when
reintubation was performed due to postoperative stridor.

Imaging examinations

After the second surgery, an otolaryngologist performed a nasal fiberoptic bronchoscopy to resolve
these repetitive episodes. No laryngeal trauma, edema, or vocal cord paralysis was observed. However,
the vocal cords moved paradoxically during inspiration (Figure 1).

FINAL DIAGNOSIS
The patient was finally diagnosed with PVFM by the otolaryngologist.

TREATMENT
First surgery

Although complete clinical reversal was confirmed, reversal agents for neuromuscular blockade were
additionally administered for suspected laryngeal spasm. Intravenous lidocaine, dexamethasone, and
intraoral salbutamol spray were administered to relieve respiratory distress, and the patient’s head was
elevated. Her vital signs, including SpO, remained stable, but the inspiratory stridor lasted for approx-
imately 10 min. No other lung parenchymal sounds were noted on auscultation except for stridor. The
decision to perform re-intubation was made, and intravenous propofol was given. After intubation, the
patient’s breathing patterns improved, and arterial blood sampling showed mild hyperventilation (pH,
7.48; PaCO,, 31.6 mmHg; PaO,, 106 mmHg). The SpO, remained at > 98% without oxygen support. After
discussion with the neurosurgery department, the patient was transferred to the intensive care unit for
close observation. The otolaryngologist suspected that her symptoms were due to underlying
asymptomatic vocal cord paralysis after total thyroidectomy, which was not recognized before the
operation, or vocal cord irritation caused by intubation. A few hours later, the patient was extubated
under close observation. She developed mild hoarseness; however, her breath sounds were normal, and
her SpO, was 99% with no stridor. The patient was discharged without further evaluation based on her
wishes.

Second surgery

After fiberoptic bronchoscopy, 2 mg of midazolam was administered with reassurance for suspected
PVFM. The stridor intensity was reduced, and the patient was moved to the PACU. The patient did not
develop respiratory distress, and her oxygen saturation was maintained at 98%-100% on 2 L/min of
oxygen via a nasal cannula.
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Figure 1 Nasal fiberoptic bronchoscopy image of paradoxical vocal cord motion during inspiration.
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OUTCOME AND FOLLOW-UP

The patient was discharged three days after the second surgery without complications. One month later,
the patient revisited the otorhinolaryngology department because of laryngeal symptoms, including
chronic cough, the sensation of a lump in her throat, and repeated throat clearing. Furthermore, the
patient experienced three episodes of dyspnea with stridor lasting for several minutes, similar to the
events that occurred after the two surgeries while sleeping or eating. The otolaryngologist suspected
PVEM clinically and prescribed a proton pump inhibitor and laryngeal control therapy. After two
months of treatment, all symptoms improved, and the patient was finally diagnosed with PVFM by the
otolaryngologist.

DISCUSSION

After the first surgery, the patient did not receive a timely and proper diagnosis and treatment. Because
the patient had no previous respiratory or psychiatric history, and there was no increased awareness of
the functional causes of upper airway obstruction, PVFM was not recognized as a cause of sustained
stridor and dyspnea. Consequently, the patient was reintubated in the PACU without additional
fiberoptic bronchoscopic examinations to diagnose this disorder.

Postoperative upper airway obstruction presenting with inspiratory stridor is a common
phenomenon in anesthesiology. Depressed laryngeal muscle activity due to residual effects of
anesthetics and muscle relaxants, laryngeal edema caused by the prolonged placement of the
endotracheal tube, and laryngeal stimulation by secretions such as blood and mucus can precipitate
laryngospasm in partially awake or, rarely, fully awake patients[3]. In addition to the aforementioned
causes, vocal cord paralysis and laryngomalacia can be considered identifiable organic etiologies of
postoperative upper airway obstruction[3]. Although some cases of post-extubation stridor do not
require urgent intervention, others can result in disastrous clinical symptoms requiring resuscitation,
which increases patient morbidity and mortality. Therefore, accurate diagnosis and adequate treatment
are necessary.

Stridor management should be directed toward the underlying cause. Stridor is usually inspiratory
and is a sign of upper airway obstruction. However, not all stridor has organic cause. Typically, PVFM
is a functional stridor. This condition shows paradoxical adduction of vocal cords during inspiration
and occasionally during early expiration[4]. Other names for PVFM include functional inspiratory
stridor, factitious asthma, and emotional laryngismus[5]. Owing to clinical presentations that mimic
serious upper airway obstruction, PVFM is often misdiagnosed as several pathological states, including
croup, subglottic stenosis, traumatic airway edema, laryngomalacia, and asthmal[3], leading to inappro-
priate treatment, extensive investigation, and considerable delay in making a proper diagnosis.
According to one case series, 28% of 95 patients with PVFM were intubated, and some underwent
tracheostomy[6]. In this case, the patient presented with sustained respiratory difficulties with
inspiratory stridor, although oxygen saturation remained within the normal range. After excluding the
residual effects of muscle relaxants and anesthetics, the patient was initially treated conservatively
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without improvement. After the first surgery, we had not yet considered PVFM as a differential
diagnosis related to postoperative airway obstruction, and the patient was eventually reintubated to
resolve severe respiratory distress. If there was an awareness of functional vocal cord disorders,
fiberoptic bronchoscopy could have been performed to determine the cause of inspiratory stridor, and
other treatment options such as sedation and reassurance would have been performed instead of
reintubation.

PVFM can occur at any age but is more common in adult females[7]. A history of recent respiratory
tract infection and stress-related psychiatric disorder is often present in PVFM. Moreover, upper airway
obstruction features such as dysphonia, accessory muscle use, and stridor can be present, often resulting
in a misdiagnosis of asthma[8]. The most important consideration for anesthesiologists is that PVFM can
occur after general anesthesia. PVFM is a rare condition in anesthesiology and has only partly been
reported in the respiratory and otorhinolaryngology fields. Therefore, clinicians should suspect PVFM
in patients presenting with postoperative stridor. In other words, the differential diagnosis of
postoperative stridor should include PVFM, laryngeal spasm, laryngeal edema, and vocal cord
paralysis. Some case reports have discussed functional stridor after anesthesia[9,10]. A confirmative
diagnosis of PVFM can be obtained by fiberoptic laryngoscopy, which reveals abnormal adduction of
the vocal cords on inspiration and normal vocal cord motion during expiration[11]. However, organic
disorders related to upper airway obstruction should be excluded first. Once diagnosed, short-term
sedation and reassurance may help control symptoms in the acute phase, and definitive treatment
includes psychotherapy, speech therapy, and patient education.

CONCLUSION

PVEM should be considered a differential diagnosis if a patient presents with an episode of upper
airway obstruction after general endotracheal anesthesia without organic airway disorders. An
increased awareness of functional vocal cord disorders will help make timely diagnoses and avoid
potentially harmful treatments.
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Abstract

BACKGROUND

We report a rare case of full neurological recovery from severe nonexertional heat
stroke in a 67-year-old woman with an initial Glasgow Coma Scale of 3. This
report raises awareness among doctors that when heatstroke is diagnosed,
comprehensive treatment should be implemented as soon as possible. Moreover,
targeted temperature management, combination therapy with hemodialysis and
hemoperfusion, and hyperbaric oxygen therapy may alleviate multiorgan failure
and prevent neurological sequelae caused by heatstroke.

CASE SUMMARY

A previously healthy 67-year-old woman with an initial Glasgow Coma Scale of 3
was found lying prone on the road at noon on a summer day. Laboratory tests
revealed multiorgan failure. As soon as heatstroke was diagnosed, comprehensive
treatment was implemented. On hospital Day 3, the patient was extubated. Her
initial Sequential Organ Failure Assessment score at hospitalization was 14 and
decreased to 2 on hospital Day 4. On the seventh day following hospital
admission, as the patient’s general condition improved, the levels of laboratory
test findings decreased rapidly. Finally, the patient gradually recovered with no
other neurological symptoms (the Glasgow Coma Scale at discharge was 15, and
her ability to walk independently was restored).

CONCLUSION

This case demonstrated that targeted temperature management, combination
therapy with hemodialysis and hemoperfusion, and hyperbaric oxygen therapy
may alleviate multiorgan failure and prevent neurological sequelae caused by
heatstroke.
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Core Tip: We report a rare case of full neurological recovery from severe nonexertional heat stroke in a 67-
year-old woman. As soon as heatstroke was diagnosed, comprehensive treatment was implemented.
Laboratory tests revealed multiorgan failure. However, the patient gradually recovered consciousness with
no other neurological symptoms. This case demonstrated that targeted temperature management,
combination therapy with hemodialysis and hemoperfusion, and hyperbaric oxygen therapy may alleviate
multiorgan failure and prevent neurological sequelae caused by heatstroke.

Citation: Du F, Zheng JW, Zhao YB, Yang K, Li HN. Full neurological recovery from severe nonexertional heat
stroke with multiple organ dysfunction: A case report. World J Clin Cases 2023; 11(10): 2355-2362

URL: https://www.wjgnet.com/2307-8960/full/v11/i10/2355.htm

DOI: https://dx.doi.org/10.12998/wjcc.v11.i10.2355

INTRODUCTION

Among all heat-related illnesses, heatstroke is the most severe and is defined by a condition in which
the core body temperature exceeds 40°C following a tremendous environmental heat load that overrides
the body’s heat dissipation efforts[1]. It is accompanied by clinical central nervous system dysfunction
(such as delirium, convulsions, or coma) and/or multiorgan failure[2]. With delayed therapy, the
mortality rate can be as high as 70%, especially among elderly patients. Early diagnosis and
management with immediate cooling can reduce the mortality rate to 10%[3].

There are no therapeutic strategies to prevent further injury after the rapid cooling of the core body
temperature to 39°C following heat stroke. Studies have demonstrated that early initiation of the
targeted temperature management (TTM) technique can reduce free radicals that are produced during
the cerebral hypoxia ischemia and reperfusion process, as well as the energy expenditure and metabolic
rate of the brain[4,5]. Most researchers believe that the target temperature should be set at 32 to 34°C,
and the duration of TTM is usually < 72 h[6]. However, there are no standard guidelines or unified
management methods for TTM. Thus, the previous cooling method of just falling below 39°C may not
be adequate to treat heatstroke, and more aggressive cooling measures, similar to the TTM (< 36°C for
24 h) that is routinely administered to patients in postcardiac arrest, are recommended. Continuous
renal replacement therapy can effectively lower body temperature, inhibit the inflammatory cascade
reaction, and reduce the concentration of toxic metabolites in serum[7]. Hyperbaric oxygen therapy
utilizes high-pressure oxygen to create a therapeutic effect for ischemia reperfusion injury in cells.
Through hyperbaric oxygen therapy, the oxygen content and diffusing capacity of brain tissue are
increased[8]. Consequently, for the management of heatstroke patients, we propose a method that
includes inducing TTM (34°C) for 24 h, hemodialysis in combination with hemoperfusion, and
hyperbaric oxygen therapy to prevent neurological sequelae and alleviate multiorgan failure caused by
heatstroke. It is possible that patients who suffer from heatstroke would have a better prognosis by
implementing this approach.

CASE PRESENTATION

Chief complaints
Unconsciousness, accompanied by high fever and convulsions for more than 5 h.

History of present illness
The patient denied a history of present illness.

History of past illness
The patient denied a history of medical illness.

Personal and family history
The patient had no relevant personal or family history.
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Physical examination

Upon arrival of the emergency physician, the patient suffered from convulsions and dyspnea; at that
time, the axillary temperature was measured at 42°C. She was immediately transferred to our
emergency department (ED) by an ambulance. Physical examination revealed a deep coma with a
Glasgow Coma Scale of 3, blood pressure of 91/55 mmHg, heart rate of 120 beats/min, respiratory rate
of 28 breaths per minute, and her rectal core temperature was as high as 41°C.

Laboratory examinations

The initial laboratory test findings are shown in Table 1 and Figure 1. Abnormal findings included
elevated white blood cell count 22.82 x 10°/L, serum creatine kinase (CK) 4379 IU/L, as well as elevated
creatine-kinase-MB (CK-MB), procalcitonin (PCT), blood urea nitrogen (BUN), and positive troponin-T.
Her initial Sequential Organ Failure Assessment score at hospitalization was 14 and decreased to 2 on
hospital Day 4.

Imaging examinations
Head computed tomography (CT) and magnetic resonance imaging (MRI) scans did not reveal any
abnormal findings (Figure 2A and B).

MULTIDISCIPLINARY EXPERT CONSULTATION

The patient did not undergo a multidisciplinary consultation.

FINAL DIAGNOSIS

Heat stroke, multiorgan failure.

TREATMENT

She was immediately transferred to our ED by an ambulance. Endotracheal intubation and ventilator-
assisted breathing were immediately performed. To decrease body temperature, intravenous cold saline
was administered, as well as external cooling by ice packs and water spray. After fluid and
norepinephrine administration, her cardiovascular status stabilized.

Based on these findings, the patient was admitted to the Emergency Intensive Care Unit (EICU).
Initial treatment in the EICU included intravenous fluid, cooling and antibiotic administration.
Consciousness disturbance and a Glasgow Coma Scale level of 3 were reported upon clinical evaluation.
Her rectal core temperature was 37.8°C. The laboratory test findings, shown in Table 1, suggested acute
hepatic injury, myocardial injury, and rhabdomyolysis, and the patient met the criteria for multiple
organ dysfunction syndrome[9,10].

On the first day in the EICU, immediate treatment included intravenous fluid administration, cooling,
combination therapy with hemodialysis and hemoperfusion, broad-spectrum antibiotics, tracheal
intubation and mechanical ventilation. The TTM protocol for the initial 24 h included monitoring of
continuous core temperature with a rectal probe, and cooling measures continued until the target
temperature of 34°C was reached. Therapeutic cooling methods included the use of cooling blankets,
cooling caps, ice packs, and bladder irrigation with ice-cold saline. In addition, the patient underwent
continuous renal replacement therapy because she showed rhabdomyolysis (hypercreatine kinase emia
18168 IU/L). Simultaneously, continuous renal replacement therapy can effectively lower body
temperature. We combined therapy with hemodialysis and hemoperfusion; this involved connecting a
perfusion device in series before the dialyzer.

On hospital Day 2, the patient was no longer receiving sedation with midazolam. Despite discon-
tinuation, she remained unconscious for the subsequent 24 h, and re-examination of the head MRI and
magnetic resonance angiography showed no obvious lesions (Figure 2C and D). At that point, enteral
nutrition was administered with nasal feeding of 300 mL short-peptide enteral nutrition and alanyl
glutamine and probiotics were added to promote the recovery of gastrointestinal function.

On hospital Day 3, the patient’s consciousness improved; however, she showed poor responses to
verbal stimuli. Re-examination of the head CT showed no cerebral hemorrhage or brain swelling, and
the condition of the lungs was acceptable. The patient was extubated and administered high-flow
oxygen. She was lying awake but unresponsive, except for head movements and eye blinking. Cranial
nerve examination was normal, with normal limb muscle strength and muscle tone but a positive
Babinski sign bilaterally. Sensation was unimpaired. Cerebellar examination was grossly abnormal, with
severe dysarthria and ataxic gait, requiring two people to assist wirh ambulation. Next, she was
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Table 1 Laboratory tests and results

Laboratory finding Day 1 Day 2 Day 3 Day 4 Day 6 Day 7 Day 10 Day 15 Day 30
WBC count (10° /L) ~ 22.82 12.52 13.23 15.74 13.69 11.65 12.83 6.14 7.34
Hemoglobin (g/dL)  10.5 11.2 10.4 10.4 10.0 9.6 9.4 9.6 10.0
Platelet count (10°/L) 169 115 79 80 9% 106 252 305 280
PCT (ng/mL) 1.77 2.32 1.84 0.73 0.13 0.25 0.06 0.03 0.02
PT (s) 17.2 221 16.7 121 = 11.1 12.1 10.9 11.1
APTT (s) 265 443 30.7 27.7 = 26.6 25.6 28.6 26.0
Fibrinogen (g/L) 3.02 291 3.07 4.83 = 435 3.85 2.95 3.08
D-dimer level (mg/L) 3.23 171 223 1.25 145 1.10 115 1.85 1.02
BUN (mmol/L) 4.95 154 3.73 4.07 4.09 = 3.67 3.67 434
Creatinine (umol/L)  129.6 47.0 69.2 57.4 467 = 36.0 36.0 617
AST (U/L) 48.0 314.0 588.0 781.0 506.0 349.0 74.2 41.0 39.0
ALT (U/L) 23.0 90.0 161.0 252.0 240.0 230.0 145.0 127.0 46.0
TBil (umol/L) 35.1 437 25.6 271 271 228 14.0 11.0 15.0
LDH (IU/L) 453.0 792.0 671.0 1311.0 773.0 637.0 464.0 366.0 185.0
CK (IU/L) 4379 18168 13563 16520 12171 9384 2139 434 120
CK-MB (U/L) 63 268 314 482 197 157 41 17 10
cTnl (ng/mL) 0.58 0.21 0.29 0.14 0.10 0.07 0.02 0.11 0.08
SOFA score 14 9 5 2 0 - - - -

AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; APTT: Activated partial thromboplastin time; BUN: Blood urea nitrogen; CK: Creatine
kinase; CK-MB: Creatine kinase-MB; cTnl: Cardiac troponin I; LDH: Lactate dehydrogenase; PCT: Procalcitonin; PT: Prothrombin time; SOFA: Sequential
Organ Failure Assessment; WBC: White blood cell.
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scheduled to undergo hyperbaric oxygen therapy once a day.

On hospital Day 8, the elderly patient complained of abdominal pain, and physical examination
revealed abdominal distention, abdominal softness, abdominal tenderness, negative shifting dullness,
and weak bowel sounds. Whole abdominal CT showed pneumatosis and effusion in the small intestine.
She was given a 120 mL glycerin enema (bid), and mosapride (5 mg per tablet, one tablet each time, tid)
was administered to promote intestinal peristalsis.

OUTCOME AND FOLLOW-UP

After 15 d, the patient was discharged and was able to complete activities of daily living and walk
independently. She was scheduled for outpatient follow-up at one month following the acute event. At
the follow-up assessment, the patient's laboratory parameters were normalized, and the patient was
clinically stable.

DISCUSSION

Heat stroke (HS) is a life-threatening condition characterized by hyperthermia and multiple organ
failure. It can result from exposure to high environmental temperatures (classic HS), especially for
elderly or chronically ill patients, or from strenuous physical activity (exertional HS). While the
mechanisms underlying heatstroke remain largely unknown, a study has shown that high temperatures
can directly cause cytotoxicity and trigger sepsis-like inflammatory cascades that lead to systemic
complications and neurological sequelae in heatstroke[11]. Here, we report a case of an elderly patient
with severe heatstroke with multiple organ dysfunction.

To maximize the chances of survival after heatstroke, it is critical to rapidly lower the core body
temperature, support the central nervous system as well as the pulmonary, cardiovascular, and renal
systems, and effectively manage late or postcooling complications[12-14]. Prompt cooling is the
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Figure 1 Clinical course. Her initial Sequential Organ Failure Assessment score at hospitalization was 14 and decreased to 2 on hospital Day 4.
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cornerstone of treatment and seems to be the most important prognostic measure[15-17]. The patient’s
body temperature dropped to approximately 38°C 60 min after she was admitted to our ED. Our TTM
protocol involves administering cooling measures until the target core temperature of 34°C is achieved
for the subsequent 24 h. Upon completion of this maintenance phase, patients are rewarmed at a rate of
0.25°C/h with adequate sedation and analgesia for seizure prevention and shivering control.

Other mechanisms of heat stroke include heat stress, endotoxemia caused by heat exposure, systemic
inflammatory response syndrome, and immune dysfunction. This pathological process is defined as the
heat stroke “sepsis-like response”. In this case study, abnormal findings included an elevated white
blood cell count of 22.82 x 10°/L, a CK level of 4379 IU/L, elevated CK-MB, BUN, PCT, and positive
troponin-T. Laboratory investigations showed persistent metabolic acidosis with an increase in CK
levels (18168 IU/L). Thus, we administered a combination therapy of hemodialysis and hemoperfusion
with a perfusion device connected in series before the dialyzer. Hemodialysis removes small molecular
toxins, and the perfusion device removes medium and large molecular toxins, simulating the working
principle of the kidney. This approach to therapy can effectively lower body temperature, inhibit the
inflammatory cascade reaction, and reduce the concentration of toxic metabolites in serum. On the
seventh day following hospital admission, as the patient’s general condition improved, the levels of
creatine kinase, aspartate aminotransferase, alanine aminotransferase, lactate dehydrogenase, and white
blood cells decreased rapidly.

Heat adversely affects almost all organ systems; the central nervous system is particularly vulnerable,
and the cerebellum is most susceptible, followed by the cerebral cortex, spinal cord and brainstem[18]. It
was reported that patients with marked cerebellar dysfunction may be radiologically normal with
cerebellar atrophy appearing months or years later on CT or MRI scans[19]. In the current case, the
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Figure 2 Imaging examinations. A and B: Head computed tomography and magnetic resonance imaging (MRI) scans did not reveal any abnormal findings; C
and D: Despite discontinuation, she remained unconscious for the subsequent 24 h, and re-examination of the head MRI and magnetic resonance angiography
showed no obvious lesions.
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duration of exposure to hyperthermia in a 67-year-old woman was not well established, but was charac-
terized by gross cerebellar dysfunction with no acute radiographic changes. After early-stage targeted
temperature management and a period of hyperbaric oxygen and nutritional nerve therapy, the patient
had normal clinical and laboratory results and was clinically stable at discharge on Day 15, and
throughout the remainder of the month following the acute event; this outcome is suggestive of nonpro-
gressive cerebellar damage.

Myocardial damage caused by heatstroke has been well documented in the literature[3]. In our case,
laboratory data showed elevated serum CK, CK-MB, and positive troponin-T (Table 1). Electrocar-
diogram (ECG) results revealed tachycardia (sinus rhythm). ECG did not reveal significant subthemes
(ST) -T wave changes, and the echocardiogram showed normal left ventricular function without obvious
structural heart disease. After treatment, CK, CK-MB, and troponin-T levels gradually declined. It was
reported that ST elevation and positive troponin-T in heatstroke patients may not necessarily be the
result of atherosclerotic heart disease[20]. However, since most heatstroke patients do not undergo
coronary angiography, it is possible that some such patients complicated with atherosclerotic heart
disease are not assessed.

Mild to moderate liver injury is relatively familiar and reversible in heat stroke, and liver function
usually returns to normal in 2-16 d, but serious acute lung injury and acute liver failure are rare[21].
Hepatocellular injury may be delayed, as observed in some patients who presented with nonsuspicious
liver function tests on admission[22], similar to our case. During heatstroke, when blood is transferred
vigorously from core to peripheral circulation, reduction of splanchnic blood flow causes hypoxic/
ischemic injuries in the hepatocellular and gastrointestinal system[23]. On hospital Day 8, our patient
complained of abdominal pain and abdominal distension, and whole abdominal CT results showed
pneumatosis and effusion in the small intestine. Considering the possibility of gastrointestinal function
impairment, poor peristalsis, and intestinal obstruction caused by indigestion, the patient was given a
120-mL glycerin enema, and mosapride was administered to promote intestinal peristalsis.

Similar cases have been reported in the literature. Sagisaka et al[24] demonstrated that the prognosis
of patients with heatstroke may be unrelated to poor EEG findings, laboratory data, unknown causes of
sympathetic hyperactivity, or poor state of consciousness. Prompt cooling is the cornerstone of
treatment and seems to be the most important prognostic measure[16] as it has been shown that the
major determinant of outcome in heatstroke is the degree and duration of hyperthermia[2]. Sagisaka et
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al[24] initiated immediate cooling and intensive care after detailed examination. In the present case,
although the duration of exposure to hyperthermia in the elderly woman was not established, she
underwent rapid cooling. In the EICU, her rectal core temperature was 37.8°C. Therefore, the patient
recovered under our comprehensive management.

We recognize the limitations of our study. The primary limitation was whether our TTM process
could be improved (maintenance phase longer than 24 h and goal temperature lower than 34°C). This
requires more clinical research.

CONCLUSION

In conclusion, we report our first experience of full recovery of a nonexertional heatstroke case with
gross cerebellar dysfunction complicated by multiple organ dysfunction. For the management of
heatstroke patients, we propose the adoption of our novel method of inducing TTM (34°C) for 24 h, in
combination with hemodialysis and hemoperfusion, and hyperbaric oxygen therapy to prevent
neurological sequelae and alleviate multiorgan failure caused by heatstroke. Further clinical research is
needed to reduce complications and mortality caused by heatstroke.
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