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Abstract

Diabetes mellitus, a chronic disease of metabolism, is characterized by a disor-
dered production or cellular utilization of insulin. Diabetic foot disease, which
comprises the spectrum of infection, ulceration, and gangrene, is one of the most
severe complications of diabetes and is the most common cause of hospitalization
in diabetic patients. The aim of this study is to provide an evidence-based over-
view of diabetic foot complications. Due to neuropathy, diabetic foot infections
can occur in the form of ulcers and minor skin lesions. In patients with diabetic
foot ulcers, ischemia and infection are the main causes of non-healing ulcers and
amputations. Hyperglycemia compromises the immune system of individuals
with diabetes, leading to persistent inflammation and delayed wound healing. In
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addition, the treatment of diabetic foot infections is challenging due to difficulty in accurate identi-
fication of pathogenic microorganisms and the widespread issue of antimicrobial resistance. As a
further complicating factor, the warning signs and symptoms of diabetic foot problems can easily
be overlooked. Issues associated with diabetic foot complications include peripheral arterial
disease and osteomyelitis; accordingly, the risk of these complications in people with diabetes
should be assessed annually. Although antimicrobial agents represent the mainstay of treatment
for diabetic foot infections, if peripheral arterial disease is present, revascularization should be
considered to prevent limb amputation. A multidisciplinary approach to the prevention, diag-
nosis, and treatment of diabetic patients, including those with foot ulcers, is of the utmost
importance to reduce the cost of treatment and avoid major adverse consequences such as
amputation.

Key Words: Diabetic foot; Diabetes mellitus; Foot ulcer; Infection; Peripheral arterial disease

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

Core Tip: Diabetic foot disease is a common and debilitating consequence of diabetes mellitus. Unfortu-
nately, the recurrence rate of diabetic foot ulcers is exceptionally high, even after effective wound healing.
Risk factors for foot ulcers in diabetes include peripheral neuropathy, peripheral arterial disease, mild or
recurrent foot trauma, infection, foot abnormalities, history of diabetic foot ulcers or amputations, and
Charcot osteoarthropathy. However, poor wound healing is thought to be the major cause of long-term
diabetic wounds, while the presence of polymicrobial infections may further compound this issue.
Additional studies are needed to understand the underlying mechanisms and fill the knowledge gaps that
would ultimately lead to successful treatment.

Citation: Matijevi¢ T, Talapko J, Mestrovi¢ T, Matijevi¢ M, Eri¢ S, Eri¢ I, Skrlec I. Understanding the multifaceted
etiopathogenesis of foot complications in individuals with diabetes. World J Clin Cases 2023; 11(8): 1669-1683
URL: https://www.wjgnet.com/2307-8960/full/v11/i8/1669.htm

DOI: https://dx.doi.org/10.12998/wjcc.v11.i8.1669

INTRODUCTION

Diabetes mellitus (DM) is a chronic metabolic disease characterized by insufficient insulin production or
cellular insulin use, currently affecting around 537 million people worldwide. This number is forecasted
to grow to 693 million by 2045 if adequate preventive measures are not implemented[1,2]. The projected
increase in prevalence is higher in developing countries compared to developed, high-income countries
[3]. Diabetes mellitus types 1 and 2, despite having different pathogenic mechanisms, tend to have
similar associated complications[4]. One of the most severe complications of diabetes and the most
common cause of hospitalization in diabetic patients is diabetic foot disease, which is a term that
includes infections, diabetic foot ulcers (DFU), and gangrene[5,6]. The risk of developing DFU in
diabetic patients is 25%, and is similar for patients with DM type 1 or type 2[6,7]. Consequently,
diabetes is one of the leading causes of limb amputation worldwide, as it accounts for more than 60% of
non-traumatic lower extremity amputation, with approximately 80%-85% being preceded by DFU][8,9].
This statistic implies that annually, more than 1 million people with diabetes suffer limb loss. To put this
staggering number into perspective, every 20 s, there is a need for amputation somewhere in the world
due to diabetes[8,9]. People with diabetes and diabetic foot complications have a higher mortality rate
than those without foot complications[10,11]. Furthermore, individuals with diabetes have increased
mortality after incidence of DFU compared to people of the same age and duration of diabetes without
DFU[12]. This mortality is further increased in diabetic patients with foot disease necessitating
amputation[11]. Ischemic heart disease is a significant cause of premature mortality in patients with
DFU, and those with neuropathic DFU have even higher mortality[12,13]. Thus, it is evident that
diabetes represents a substantial public health and economic burden; more specifically, financial costs
related to the treatment of diabetes reach up to 673 million dollars (USD) annually, and 20%-40% of the
healthcare budget spent on diabetes is related to foot complications[5,14,15]. Apart from financial
burden, diabetic foot disease (particularly DFU) is a major personal tragedy with a significant impact on
quality of life for patients and their families, and can represent a major burden for health care profes-
sionals and institutions as well. Despite the generally accepted need for a multidisciplinary approach in
the prevention, diagnosis, and management of individuals with diabetes, including patients with DFU,
data related to financial cost and the sequelae of diabetic foot complications (especially major
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amputations) is still insufficient[9]. Although guidelines related to diabetic foot management are
available, there is only limited high-quality evidence to address remaining critical questions. Therefore,
a better understanding of diabetic foot complications is fundamental for further improvement in the
care of this group of patients.

PATHOPHYSIOLOGY

Foot ulcers in individuals with diabetes arise via a specific given pathophysiologic mechanism, which
can affect clinical presentation and management. Ischemia and neuropathy are two key pathological
components that can lead to diabetic foot complications, while infection usually arises as a secondary
phenomenon. Nevertheless, all three components often have a synergistic role in the etiologic triad[6].
Peripheral neuropathy is present in around 50% of diabetic patients, who often gradually develop
"high-pressure" zones on foot with decreased protective sensation, a phenomenon considered the
leading cause of DFUJ[16]. Although it seems changes are arising with respect to the accepted
etiopathology, ischemia has an increasingly prominent role. Recent large-scale studies have shown that
in high-income countries, almost half of DFUs are neuroischemic or ischemic in origin, and patients
presenting with manifest peripheral arterial disease (PAD) and frank neuropathic ulcers are still more
prevalent in low-income countries[3,17-22].

The pathogenesis of diabetic neuropathy is still not fully understood, but it is known that diabetes
and associated aberrant glucose metabolism can affect sensory, motor, and autonomic fibers[14]. Two
accepted potential mechanisms include ischemic injury to the nerve due to changes to vasa nervorum
and oxidative stress in the nerve caused by increased activity of the sorbitol pathway[6]. Sensory
neuropathy causes decreased pain and pressure sensation, vibratory perception, proprioception, and
altered temperature sensation. Motor neuropathy causes atrophy of foot muscles with secondary foot
deformity and impaired gait, leading to high plantar pressure and elevated mechanical stress[23].
Finally, autonomic neuropathy causes anhidrosis, which makes dry skin susceptible to minor fissures
and causes impaired microcirculation through arteriovenous shunts[6,24,25].

Microvascular dysfunction in patients with diabetes is also caused by structural and functional
changes in endothelial cells, resulting in impaired vasodilatory response, hypercoagulation, and inflam-
mation in the vessel wall[23,26]. Although ischemic complications in diabetes have long been attributed
to changes in microcirculation, which mistakenly led to the pervasive opinion that people with diabetes
will not benefit from revascularization, today it is known that microvascular dysfunction and PAD are
the leading cause of vascular impairment in patients with diabetes[6,27]. Also, PAD and infection
impair healing of DFU, and are two main factors leading to amputation in people with diabetes[17,28,
29]. PAD in diabetes has some specific charateristics compared to that in the general population. For
example, atherosclerotic plaques are usually multisegmental, bilateral, located in infrapopliteal vessels,
and involve anterior and posterior tibial arteries with relative sparing of foot arteries. Impaired
collateral formation has also been documented[23,27,30].

People with diabetes are more susceptible to infections due to neuropathy, PAD, microcirculation
dysfunction, and immunopathy[6,29]. Diabetic foot infections (DFI) can occur in sites of minor skin
breaks caused by neuropathy, but most often occur within ulcers[31]. Infection can be uncomplicated
and superficial; however, compared to infection in the general population, DFI are more prone to rapid
spread to deep structures of the foot, including the fascia, tendons, muscles, joints, and bones. In
addition, because of the anatomic compartments of the foot, infection usually spreads along the
tendons. At the same time, the ensuing inflammatory response can cause high pressures in these
compartments and further impair circulation, leading to a more rapid progression of infection[32-34].
Therefore, DFI can easily become a foot- and life-threatening condition and is a direct cause of
amputation in 25%-50% of individuals with diabetes, especially if it arises in the setting of PADI5,23,
31]. Risk factors for developing DFI include neuropathy, limb ischemia, chronic or recurrent deep foot
ulcer, traumatic ulcer, chronic renal failure, and poor glycemic control[31,35].

Finally, it should be emphasized that not all patients with diabetes are at risk for DFU[8]. Established
neuropathy, foot deformity, and PAD are the main risk factors. Additional risk factors are history of foot
ulceration or any limb amputation[36,37]. Patients who develop DFU are usually those with long-
standing diabetes (> 10 years), who are male, have poor glycemic control, and have other diabetes-
related comorbidities[38]. An incipient trigger for foot ulcer is often a minor injury caused by repetitive
trauma while walking in patients with decreased protective sensation, changed biomechanics, and foot
deformity with high-pressure zones resulting from neuropathy. Furthermore, the skin of individuals
with diabetes is often dry due to autonomic neuropathy and as such is more prone to breakdown and
fissure[5,6]. Although foot ischemia as the causative factor in DFU was once underestimated, it is now
known that at least half of DFU is neuroischemic or ischemic in origin[17,19]. Ischemia and infection are
the main contributing factors in non-healing ulcer and amputation in patients with DFU[17,28].
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IMMUNE RESPONSE TO HYPERGLYCEMIA

The immune system regulates inflammation and works to maintain homeostasis[39]. In addition, the
innate and adaptive immune systems have an essential function in promoting all stages of wound
healing[40]. The innate immune system consists of different types of cells (e.g., macrophages, mon-
ocytes, lymphocytes, basophils, natural killer cells, granulocytes, and mast cells)[40]. It is activated
quickly, but with limited specificity[40]. On the other hand, the adaptive immune system includes T-
and B-lymphocytes and is activated more slowly with long-term memory and high specificity[40].

The immune system of individuals with diabetes is weaker than in those without diabetes, and
hyperglycemia increases the number of macrophages and pro-inflammatory cytokines, directly affecting
phagocytosis, chemotaxis, and leukocyte activity[40,41]. The imbalance of immune cells leads to the
deterioration of the immune environment of the wound, propagating the inflammatory phase and
impairing wound healing[39]. This delayed and incomplete wound healing process leads to impaired
healing is thought to underlie development of DFU[42]. Acute wounds typically heal with time, while
chronic wounds do not due to continuation of the early inflammatory reaction[40]. Non-healing wounds
act as entry points for microorganisms implicated in wound infection[43]. Adequate control of
hyperglycemia can accelerate wound healing and help to avoid adverse effects on cellular immunity
and infection[41].

Dysfunction of immune cells like neutrophils and monocytes can lead to oxidative stress and inflam-
mation during diabetic wound healing[42]. Diabetic wounds are permanently arrested in the inflam-
matory phase, which promotes wound infection. Deficits in the innate immune response can also
contribute to infection[43]. In addition, hyperglycemia can impair the proliferation and migration of
fibroblasts and keratinocytes, resulting in unsuccessful epithelization[43].

Neutrophils participate in the early stages of wound healing[42]. At the wound site, there are high
levels of neutrophil elastase, which originates from neutrophil extracellular traps (NETs) and
contributes to the degradation of the wound matrix, thus delaying wound healing especially in diabetic
patients[42].

Macrophages comprise two main types, namely inflammatory macrophages (M1) and wound-healing
macrophages (M2)[42]. During the normal wound healing process, there is a predominance of M1
macrophages in the initial stages, followed by polarization of these cells into M2 macrophages[39].
Macrophages initiate the inflammatory phase of diabetic wound healing, while the delayed polarization
of macrophages from pro-inflammatory (M1) to the anti-inflammatory (M2) type leads to aberrant
wound healing and chronic inflammation[42]. M1 macrophages eliminate pathogenic bacteria, cellular
debris, and damaged matrix, promoting inflammation[39]. M2 macrophages are anti-inflammatory and
have the ability to suppress the inflammatory response by releasing IL-4 and IL-10[39]. Hyperglycemia
prevents the polarization of macrophages from the M1 to the M2 phenotype[39]. This is important, as
the polarization from M1 to M2 enables the timely restoration of damaged skin[42]. Furthermore,
hyperglycemia and an immunosuppressive environment in individuals with diabetes lead to
macrophage dysfunction and reduce phagocytic capacity[42]. The proportion of M1 macrophages in
diabetic wounds is increased, and impaired polarization to the M2 phenotype in diabetic wounds is
associated with reduced angiogenesis, poor collagen deposition, and decreased wound closure[42].
Depletion of anti-inflammatory M2 macrophages in the wound causes further tissue damage[42].

Diabetic patients, especially those with DFU, have a significantly lower number of naive T-cells and
an increased number of memory and effector T-cells[40,42,44]. In addition, the expression of inflam-
matory chemokine receptors is significantly reduced in individuals with diabetes[40,44]. The decrease in
the diversity of T-cell receptors and the proliferation of effector T-cells can be seen as biomarkers of
inflammation due to chronic DFU[42]. A subpopulation of regulatory T-cells (Treg) promotes the repair
and regeneration of various tissues, including the skin[40]. Treg plays an essential role in angiogenesis
and tissue regeneration in diabetic wounds, and people with diabetes have impaired function of these
cells[40,42]. Specifically, diabetes sustains a constant pro-inflammatory environment with elevated
levels of IL-1, TNF-0, and IL-6 and regulation of regular T cell expression[42].

In a nutshell, wound healing is a complex process that results in the establishment of normal
physiological function[43]. The wound healing process involves several overlapping phases (coagu-
lation, inflammation, proliferation, and remodeling)[40,43]. During the normal wound healing process,
there is an initial recruitment of platelets that create a fibrin clot, followed by the recruitment of inflam-
matory cells (monocytes and neutrophils) that release pro-inflammatory cytokines[40,43]. After the
inflammation subsides, a proliferative phase follows, characterized by angiogenesis (i.e. the creation of
new blood vessels) and the polarization of M1 macrophages into M2 macrophages[43]. M2 macrophages
promote the secretion of anti-inflammatory cytokines and angiogenesis, as well as the proliferation of
fibroblasts and the formation of extracellular matrix[40]. Consequently, scar tissue formation and
remodeling into healed tissue ensues[40].

In diabetic wounds, this process is somewhat different. Diabetic wounds demonstrate impaired
recruitment of platelets and increased recruitment of neutrophils and M1 macrophages, resulting in an
increased pro-inflammatory response and damage to the surrounding tissue[40]. Due to the increased
secretion of inflammatory cytokines, this phase is prolonged in DFU, making it more difficult to
progress to the next stage of healing[43]. As the inflammatory phase is prolonged, angiogenesis does not
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occur. Poor microcirculation then creates a hypoxic environment, leading to oxidative stress, inflam-
matory polarization of M1 macrophages, and damage to fibroblasts[40]. Polarization to M2 macrop-
hages is very weak, and as a result damaged cells remain in an inflammatory state and re-epithelial-
ization does not occur, ulceration of the skin occurs, and the wound fails to heal[40,43].

MICROBIOLOGICAL PROFILE OF DIABETIC FOOT INFECTIONS

The microbiological causes of diabetic foot infection, which is a frequent complication of DFU, have
been increasingly clarified with the pervasive utilization of both classical microbiological and molecular
methods. One of the most important challenges is to delineate microorganisms that are purely incidental
from those which are true pathogens, as it is known that the infections of diabetic foot may harbor a
plethora of different species[45,46]. There may also be a question of contamination, where the microbio-
logical analysis of the diabetic foot is further hindered by the potential presence of commensal bacteria
in clinical samples[46]. On the other hand, conventional culturing methods may also give rise to false
negative results, as more than 37% of samples are considered culture-negative[45].

In accordance with the guidelines published by the Infectious Diseases Society of America (IDSA),
diabetic foot infections can be classified into three distinct categories: Limited superficial infections
presenting with mild symptoms; deeper moderate infections leading to more pronounced symptoms;
and severe infections with metabolic changes and true systemic response[47,48]. These various clinical
presentations warrant different approaches in treatment, as superficial and moderate infections
necessitate the administration of narrow-spectrum antimicrobials orally or intravenously for only a
short period of time, whereas severe infections require parenteral administration of broad-spectrum
antibiotics[49]. However, the exact characterization of a causative pathogen enables a more targeted
treatment approach, as antimicrobial sensitivity testing can be pursued in this scenario[49].

A recent meta-analysis has shown that the most frequent aerobic microorganisms isolated from
diabetic foot infection are Staphylococcus aureus (23.4%), Escherichia coli (11.5%), Pseudomonas spp.
(11.1%), Proteus spp. (8.3%), Klebsiella spp. (6.9%) and Enterococcus spp. (5.4%)[46]. There was also a high
frequency of coagulase-negative staphylococci observed in this study, likely indicating a combination of
true pathology and sample contamination when commensals are introduced into damaged and
dysfunctional tissues. Among those infections caused by S. aureus, a significant prevalence of
methicillin-resistant S. aureus (MRSA) was observed (18%), which is in line with previous estimates[46,
50,51]. Other studies have shown that harbingers of protracted infections and frequent relapses are
usually of two bacterial genera: Acinetobacter spp. and Enterococcus spp.; however, Citrobacter spp.
predominate in DFU affecting women[49,52,53]. Interestingly, a higher prevalence of Gram-positive
microbial isolates in diabetic foot wounds is generally observed in high-income countries when
compared to low- and middle-income countries, where Gram-negative isolates predominate. This may
reflect differences in hygiene, sanitation, and footwear usage[46,54,55].

In any case, the monomicrobial vantage point is rather narrow. The use of molecular techniques in
recent studies have corroborated the assumption of a polymicrobial nature of chronic wounds including
diabetic foot ulcers[56-58]. More specifically, bacteria and other organisms found in foot infections may
demonstrate specific non-random polymicrobial patterns that can correlate with clinical factors and
wound chronicity[59,60]. This could have direct clinical implications for the optimization of antimi-
crobial treatment (particularly if the aim is to cover all potential organisms pertinent for such processes)
and understanding further evolution of polymicrobial diabetic foot infections (from the perspective of
interactions that could have a synergistic or alleviating effect on microbial burden, expression of genes,
or pathogenicity)[61-63].

A recent study by Barshes et al[63] suggested three species co-occurrence patterns: (1) The most
pervasive S. aureus-dominant pattern (characterized by the absence of Staphylococcus epidermidis and
other coagulase-negative or nonspeciated staphylococci); (2) A coagulase-negative staphylococci
dominate pattern (i.e. the inverse of the S. aureus-dominant pattern with the absence of S. aureus); and (3)
A so-called “pattern C,” characterized by the absence of Bacteroides spp. and Corynebacterium spp. and
the presence of two or more of alpha-hemolytic streptococci, E. coli, Klebsiella spp., Enterobacter spp.,
Proteus spp., or Enterococcus faecalis. Simply put, these co-occurrence patterns show that S. aureus is
rarely seen with coagulase-negative staphylococci, while Proteobacteria can be seen with enterococci
and alpha-hemolytic streptococci, but not with corynebacteria. In addition, patients that have a polymi-
crobial diabetic foot infection belonging to the aforementioned “pattern C” group have substantially
higher rates of treatment-resistant osteomyelitis[63].

Similar patterns have been reported in other studies. Gardner et al[59] discerned a Staphylococcus-
dominated pattern, a streptococci-dominated pattern, and a high-diversity pattern, the latter typically
including members of the phylum Proteobacteria. This means that diabetic foot infections are more
commonly polymicrobial in nature when compared to bone and soft tissue infections in other locations,
and that the spectrum of microorganisms isolated from foot bone and soft tissue can be comparable
among different individuals but distinct from that isolated from other locations in the body[63,64]. This
is not simply an academic exercise, as the recognition of specific microbial profiles and patterns has
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important clinical implications. For example, recognizing either polymicrobial “pattern C” or isolating
P. aeruginosa can be considered high risk for treatment failure, and a recent study showed that 15% of
patients with infection caused by P. aeruginosa ultimately required amputation[49]. Understanding these
nuanced interactions might prompt specific intervention; for example, probiotics may be used to fill the
niche with beneficial bacteria and eliminate hazardous ones[65,66].

Finally, the frequency of antimicrobial resistance is becoming a true public health concern and is
essential to consider in the treatment of diabetic foot infections[67,68]. Even studies published 10 years
ago have demonstrated a high prevalence (up to 33%) of resistant bacteria present in diabetic ulcers[69,
70]. The fact that diabetic patients are prone to developing foot infections and that PAD and cigarette
smoking may increase the risk of diabetic foot infection[47,49,53], the control of these infections may
become increasingly difficult with the continued rise of resistant microorganisms. As a result, there will
likely be many negative downstream effects for the healthcare system.

Bacterial biofilm formation also plays a major role in the development of chronic DFU. Biofilms form
when commensal and pathogenic bacteria symbiotically merge, perpetuating chronic infection[71]. The
presence of biofilms often necessitates complex treatment, which contributes to antibiotic resistance[71].
The most common reason for unsuccessful treatment of biofilm infections with conventional antibiotics
is the inability of drugs to pass through the exopolysaccharide matrix formed by sessile cells[72,73]. The
seriousness of such infections is demonstrated by the fact that 80% of lower limb amputations in
patients with diabetes and foot ulceration are caused by biofilm-forming species. Overall, biofilm is
present in 60% of chronic wounds and 6% of acute wounds associated with DFU[74]. For the detection
of biofilm in deep tissues, the appropriate sample is a tissue biopsy. Techniques for quantifying biofilm
in biopsy specimens include fluorescence in situ hybridization, scanning electron microscopy, and
confocal laser scanning microscopy[75-79]. Due to the presence of biofilm, treatment of DFU with
conventional antibiotics is problematic, as resistance to these drugs quickly develops[14,71].
Accordingly, new strategies must be developed to solve this problem. Phage, silver nanoparticle, and
antimicrobial peptide therapies are being introduced as alternatives to antibiotic drugs[72,80-82].

Fungal pathogens may also compound the issue of diabetic foot infection. Their prevalence varies
between 5% and 27%, with Candida spp. being the most frequently isolated organisms[83-85]. Mold
infections are much less prevalent, but can be more menacing in comparison to infections in which only
Candida is implicated. However, there are just a handful of case reports documenting infections with
Aspergillus ochraceus or species of the genera Blastomyces or Fusarium, with skin and nails being the main
entry portals[84,86,87]. In any case, consideration of fungal or mold infection must be included in the
approach to diabetic foot infection in order obtain a full microbiological profile to guide treatment.

CLINICAL PRESENTATION

The diabetic foot at first glance may have a seemingly normal appearance, and symptoms and signs of
complications can easily be missed. However, the clinical presentation of the diabetic foot has some
specific characteristics that are important for every clinician to recognize, especially those actively caring
for the diabetic patient population.

Due to atrophy of lumbrical and interosseus muscles caused by motor neuropathy, the anatomy of
the diabetic foot changes such that the arch and toes are pulled in a "claw" position with prominent
metatarsal heads, hammertoe contracture of digits, and other bony prominences. These deformations
can create focal areas of high pressure at which susceptibility for ulcer development is increased.
Charcot neuroarthropathy (CN) is a severe diabetic foot complication that significantly increases
morbidity and mortality, and primarily is seen in patients with concomitant DFU. Patients with CN
have a life expectancy reduced by an average of 14 years. CN is characterized by bone and joint
destruction, and can be asymptomatic or can mimic other more common conditions such as cellulitis,
osteomyelitis, deep vein thrombosis, inflammatory arthritis, or ankle sprain. Due to variability in the
presence of symptoms and the variety of potential mimickers, CN is often overlooked in the evaluation
of the diabetic foot. In the acute phase, this condition presents as a warm, swollen red joint, often in the
absence of pain. In the early stages of CN, there are no clinical signs of bone fracture, but radiological
examination usually shows microfractures. Up to 58% of patients with CN also have DFU on initial
presentation. Additionally, CN can lead to mid-foot collapse, rocker-bottom foot (collapse and inversion
of the plantar arch), acute fracture, and joint dislocation if left untreated[6,23]. With or without extreme
deformities such as those seen in CN, the skin of the diabetic foot is usually dry and cracked and often
has calluses indicative of increased pressure. In addition, pre-ulcerative signs such as localized redness,
blisters, fissures, or hemorrhage may be present[36,37] (Figure 1).

If concomitant with PAD, the diabetic foot appears pale and cold. However, in an ischemic setting,
the foot may conversely be warm and pink due to the presence of arteriovenous shunts, the early stages
of CN, or fracture. Moreover, tissue ischemia can manifest as pain at rest, claudication, gangrene, or
ulceration. However, classical signs and symptoms of PAD may not always be present in diabetic
patients with PAD[20]. Therefore, the assessment of vascularization in diabetes should not be
performed by clinical examination only. Moreover, clinical signs and symptoms of DFI are often
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Figure 1 Clinical presentation of the diabetic foot.
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diminished due to PAD, neuropathy, and immunopathy[31]. These signs and symptoms include
redness, warmth, swelling, pain, and purulent secretion. Furthermore, even in the presence of deep
infection, usual systemic signs of infection (e.g., fever, elevated white blood cell count) may or may not
be apparent. C-reactive protein (CRP) concentrations can be absent or diminished, also contributing to
delayed diagnosis. If CRP levels are elevated, this could indicate severe infection, potentially limb- or
life-threatening[5,31,88]. Sometimes, the only sign of infection in the setting of DFU can be unexplained
hyperglycemia[6]. If a foot ulcer is present, the most common infection symptom is excessive exudate.
However, an accurate clinical assessment of an ulcer can be hampered by the presence of a superficial
eschar, which must be removed to reveal possible abscess and involvement of deep structures[6,89,90].

DIAGNOSTIC EVALUATION

All patients with diabetes should be screened annually to assess the risk of foot complications (Figure 2).
These patients should be stratified into high-risk and no-risk using the International Working Group on
the Diabetic Foot IWGDF) risk stratification system to establish the necessary frequency of further visits
and examinations. This basic evaluation is part of the prevention strategy and includes foot inspection,
evaluation of loss of protective sensation (i.e. neuropathy), and assessment of PAD. For full risk
assessment, the primary evaluation should also include taking of a general medical history as well as a
foot-specific history to include instances of previous foot ulceration or amputation. Special attention
should be given to assessment of pertinent comorbidities, especially end-stage renal disease[90].

Foot inspection should establish any presence of foot deformities, bony prominences, limited joint
mobility, and pre-ulcerative signs. Also, the clinician should actively and thoroughly search for other
signs of ulceration or infection, which often can be hidden (e.g., between the toes). The clinician should
also inspect for and document any fissures, fungal infections, calluses, or nail problems[90].

Almost all working groups agree that the Semmes-Weinstein test is the most important in the
evaluation of neuropathy, as studies have shown that it has high sensitivity for identifying patients at
risk and is predictive of foot ulceration[5,9,91]. This test is performed by applying pressure stimulation
to defined areas on the foot with nylon monofilaments[6,9]. Other tests (e.g., tuning fork and
neurothesiometer tests) can also assess for the presence of neuropathy, but studies have shown that
these are less predictive of foot ulceration[6]. The deep tendon (Achilles) reflex should be also examined
[5,23].

In all patients with diabetes, vascularization should be assessed annually by taking the relevant
history (i.e. rest pain, claudication) and palpating foot pulses. The most valuable noninvasive diagnostic
method for diagnosing PAD is the ankle-brachial index (ABI)[20]. ABI should be performed in all
individuals with diabetes aged 50 or older, regardless of the presence of other risk factors. If other risk
factors are present, this test should be performed annually. This approach should also be used for all
patients with diabetic foot ulcers[9], as it will not only aid in the diagnosis of PAD but also in evaluating
the potential for ulcer healing, the need for revascularization, and the risk for limb amputation[92]. ABI
is usually combined with ankle and pedal arterial Doppler assessment[20]. Because of frequent
advanced arterial calcification in people with diabetes, ABI can be falsely elevated. Therefore, it is often
recommended to measure toe or transcutaneous oxygen pressure, both of which have been shown to be
good predictors of ulcer healing potential or the need for revascularization[5,20]. If the ulcer is not

WJCC | https://www.wjgnet.com 1675 March 16,2023 | Volume1l | Issue8 |



Matijevi¢ T et al. Foot complications in diabetes

‘ Person with diabetes ‘
|

Foot inspection

Loss of protective sensation
(neuropathy)

Peripheral arterial disease

Osteomyelitis

Diabetic foot infection

Foot deformities

Semmes-weinstein test
Tuning fork test
Neurothesiometer

Deep tendon (achilles) reflex

Bone prominences
Limited joint mobility
Pre-ulcerative signs
Fissures between
toes

Fungal infections
Calluses

Rest pain

Claudication

Palpating foot pulses —
ABI in individuals with
diabetes over 50 yr

Metallic probe bone test
X-ray

MRI

Microbiological evaluation

ABI + ankle and pedal arterial
Doppler

Measure of TcPO2

Vascular imaging (color duplex

Redness

Warmth

Swelling

Pain in the foot
Laboratory examination
(CRP, ESR, and sometimes
procalcitonin)

Nail problems

ultrasound, CT, or MR angiography

and DSA)

DOI: 10.12998/wjcc.v11.i8.1669 Copyright ©The Author(s) 2023.

Figure 2 Flow diagram for screening for foot complications in persons with diabetes. ABI: Ankle-brachial index; CRP: C-reactive protein; DSA:
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healing, when considering revascularization or when critical ABI is present, vascular imaging should be
ordered. Useful imaging modalities include color duplex ultrasound, computed tomography,
methicillin-resistant angiography and, in some instances, digital subtraction angiography[20].

For the diagnosis of diabetic foot infection, including infection of DFU, it is recommended to start
with appraising classical clinical signs of infection such as redness, warmth, swelling, pain in the foot,
and possible entry of pathogens through minor skin fissures[31]. Additionally, the most common sign of
an infected ulcer is increased exudate. However, the severity of infection should be assessed after
wound debridement and evaluation of the extent and depth of infection with consideration of any
masking superficial eschar[5,88]. If clinical findings are unclear, laboratory examination with CRP, ESR,
and sometimes procalcitonin should be performed. However, diagnosis of infection in individuals with
diabetes can be challenging as signs and symptoms are often subtle.

Further difficulties include diagnosing deep tissue infection, osteomyelitis, and CN, which can mimic
infection. If osteomyelitis is suspected, a metallic probe bone test should be performed[31]. If a sterile
probe hits the bone, the diagnosis of osteomyelitis is highly likely, with a positive predictive value of
89%[93]. A positive probe test, elevated CRP or procalcitonin, and plain X-ray findings compatible with
osteomyelitis are sufficient for diagnosis. However, further diagnostic procedures should be performed
in the case of equivocal findings. The plain X-ray has low sensitivity and specificity for osteomyelitis.
Still, it should always be performed in patients with new DFI to detect possible foreign bodies, soft
tissue gas, bone destruction, fracture, or deformity[9,94]. To diagnose osteomyelitis, it is better to
perform two X-ray studies with an interval of at least 2 wk to detect changes in radiologic appearance
[48]. At the moment, magnetic resonance is considered the best imaging modality, with 90% sensitivity
and 79% specificity for osteomyelitis[94]. It is rarely necessary to obtain a bone specimen by
debridement or biopsy for diagnosis. Still, an appropriate sample of the infected wound should always
be collected for culture and microbiological evaluation before starting empirical therapy. Wound swabs
should be avoided; the preferred method for sample collection is curettage or biopsy of the ulcer[31].

If a DFU is present, not only potential limb ischemia and infection should be assessed, but the charac-
teristics of the ulcer should also be described. The most significant are the localization, size, and depth
of the ulcer, as well as any presence of gangrene. Following reduction in the size of the ulcer, it is
possible to predict treatment outcomes[95,96].

MANAGEMENT

In consideration of the complexity of diabetic foot pathophysiology, the necessity of a multidisciplinary
approach to treating its complications is very evident (Figure 3). Studies have shown that adequate
glycemic control with a glycosylated hemoglobin (HbAlc) goal of less than 6.5%-7% is important in
preventing DFU and other complications, and can also significantly decrease the risk of amputation and
improve the rate of wound healing[9,97,98]. Management should be directed towards all established
contributing etiological factors to achieve adequate healing of the DFU. In the case of purely
neuropathic ulcers, offloading and local wound care is most likely sufficient. Still, in the case of
concomitant ischemia and infection, treatment may be more complicated.
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for management of diabetic foot ulcer. ABI: Ankle-brachial index; TcPO2: Transcutaneous oxygen pressure.

Offloading strategies aim to relieve pressure on the extremity and prevent high-pressure focal zones,
the most common site of ulcer development. A simple debridement of nonviable tissue or callus around
the ulcer is often the best starting point for distributing the pressure. There are many offloading
techniques available. If non-surgical offloading fails to promote healing of the ulcer, even with
appropriate standard wound care, surgical offloading must be considered. The site of the ulcer
determines the selection of the appropriate offloading device. For example, if the ulcer is located on the
plantar side of the foot, a non-removable knee-high device like a total contact cast or non-removable
knee-high walker are usually recommended. Removable knee- or ankle-high devices are recommended
in case of contraindication or patient intolerance. Additionally, the offloading strategy should be
determined accordingly if moderate or severe infection or ischemia are present[16]. Plantar heel ulcers
are less prevalent than plantar forefoot or mid-foot ulcers. These ulcers are characterized by higher
pressures, longer healing time, and more cumbersome pressure decrease via offloading[16,17,99]. If the
ulcer is localized on the dorsal foot, removable ankle-high devices or footwear modifications, orthoses,
or toe spacers can be used. It is extremely important to address patient compliance, as patients
frequently forgo wearing recommended offloading devices[9,100]. Surgical techniques can help offload
pressure from the ulcer and promote healing in selected patients. In patients with plantar metatarsal
head ulcer, Achilles tendon lengthening, metatarsal head resection, or joint arthroplasty, surgery should
be considered. Moreover, in patients with apex or digital plantar ulcers, digital flexor tenotomy can help
decrease pressure to the ulcer site[16]. Also, surgical correction should be considered if there are foot
deformities that cannot be managed with therapeutic footwear[5].

In patients with DFU and PAD, revascularization should always be considered, especially in those
with a severe degree of ischemia as established by one or more appropriate test (i.e. ABI, toe pressure,
ankle pressure, TcPO2) or in patients with non-healing ulcer and PAD regardless of test results. An ABI
of 0.9-1.3 suggests that PAD is less likely, and an ABI less than 0.8 is associated with an increased risk of
limb amputation[92]. Usually, it is recommended to use wound, ischemia, and foot infection classi-
fication to predict which patients with diabetes and PAD are more likely to require and benefit from
revascularization[9,20]. There are two approaches to revascularization: Endovascular therapy and open
surgical bypass. Randomized clinical trials providing evidence favoring one technique over the other
are lacking[5,101]. However, there has been significant progress in endovascular medicine, and there are
emerging endovascular techniques such as drug-eluting technologies for PAD management.
Nevertheless, high-quality randomized studies to evaluate the efficacy of these techniques in diabetic
foot patients are still lacking[102]. Furthermore, recent reports suggest an innovative treatment
alternative for patients without endovascular or surgical options. Intravascular ultrasound (IVUS), a
guided percutaneous deep vein arterialization with the creation of an arteriovenous fistula between the
posterior tibial artery and its satellite deep vein, has shown promising results in such patients with
critical limb ischemia[103]. Special consideration should be given to patients with DFU and PAD who
are candidates for revascularization but have invasive foot infections, as they are at exceptionally high
risk of amputation. In that case, the infection should be controlled before revascularization is pursued to
avoid sepsis. Appropriate and aggressive therapy (i.e. surgical interventions and antibiotics) usually
takes a few days to stabilize the patient. After stabilization, prompt revascularization should be
considered to help resolve infection and improve circulation to avoid limb amputation[20].

Antibiotics are key to treating DFI, but they are often insufficient in controlling the infection,
especially in the presence of polymicrobial infection, as described above. Hence, surgical treatment in
managing DFI is often required due to the special features of DFI. Indications for surgical interventions
include the involvement of deep tissues (especially bone), abscess formation, the presence of necrotic
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tissue, compartment syndrome, and extensive gangrene. In such cases, prompt surgical incision
allowing abscess drainage and debridement of necrotic tissue must be performed. Uncomplicated
osteomyelitis can be initially treated with antibiotics for no longer than 6 wk. However, his strategy has
limited long-term results in controlling infection[104,105]. Thus, surgical intervention such as partial
bone resection or minor amputation is often necessary to manage infection. Selection, duration, and the
route of antibiotic administration in treating DFI should be based on the likely causative pathogen and
the clinical severity of infection. It is always preferable to prove a causative pathogen by tissue culture
[31]. Using IDSA /IWGDF infection classification is also recommended to guide the management of DFI
[9,106]. Finally, amputation below the knee may be necessary if minor amputation is insufficient to
control infection or in the case of extensive tissue loss or severe tissue ischemia after failed revascular-
ization[5,107]. Generally, surgeons should try to preserve the knee joint if possible as ambulation is
significant in successful rehabilitation[6].

Finally, appropriate standards of local wound care should be followed to promote DFU healing. This
involves frequent clinical evaluation with irrigation and debridement and use of modern dressings.
There are different debridement methods available, but sharp surgical debridement is usually
recommended to remove necrotic tissue in DFU[9,108]. Other possible techniques are hydrogels,
occlusive dressings, larval therapy, enzymes, ultrasound, and hydrotherapy, but studies have yet to
prove that any method is better than the others[109]. Dressings should provide optimal conditions for
wound healing, including maintenance of a moist wound bed, exudate control with prevention of
maceration of the surrounding skin, prevention of infection, and promotion of granulation tissue. They
should also be comfortable for the patients and enable atraumatic dressing changes. Modern (advanced)
non-adherent dressings usually meet these requirements. The most commonly used dressings are
hydrogels, hydrofiber dressings, hydrocolloids, foam dressings, and alginates. Still, studies showed that
none of these is superior to the others in promoting wound healing, and the choice is usually made
based on the assessment of wound characteristics, comfort, and cost[9,108].

If improvement in DFU healing is not seen after a minimum of 4 wk of treatment with the standard of
care, adjuvant methods should be considered. Hyperbaric oxygen therapy and negative pressure
therapy are most often recommended[110]. However, before any other treatment modality is used,

reevaluation of vascular status, the presence of infection, and high-pressure zones should be pursued[9,
108].

CONCLUSION

Although knowledge of diabetic foot problems has grown tremendously in recent years, there are still
unmet therapeutic needs. DFU, often associated with infection or ischemia, is thought to precede the
majority of diabetes-related lower extremity amputations and is the leading cause of non-traumatic
lower extremity amputation worldwide. In patients with peripheral neuropathy or PAD, DFUs mainly
result from mild or recurrent trauma to the foot. The pathophysiology of diabetic wound healing is
complex, multidimensional, and remains to be fully understood. In addition, more than half of DFUs
become infected, which impairs wound healing and increases the likelihood of foot amputation. The
management of the diabetic foot is complex for any healthcare provider; however, as the number of
people with diabetes increases, so does the need for DFU treatment. Hence, more targeted research
endeavors are needed for establishment of an evidence-based approach to diabetic wound healing and
improving patient quality of life.
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Abstract

Diabetic foot ulcer (DFU) is a debilitating and severe manifestation of
uncontrolled and prolonged diabetes that presents as ulceration, usually located
on the plantar aspect of the foot. Approximately 15% of individuals with diabetes
will eventually develop DFU, and 14%-24% of them will require amputation of
the ulcerated foot due to bone infection or other ulcer-related complications. The
pathologic mechanisms underlying DFU are comprise a triad: Neuropathy,
vascular insufficiency, and secondary infection due to trauma of the foot.
Standard local and invasive care along with novel approaches like stem cell
therapy pave the way to reduce morbidity, decrease amputations, and prevent
mortality from DFU. In this manuscript, we review the current literature with

focus on the pathophysiology, preventive options, and definitive management of
DFU.

Key Words: Diabetes; Ulcer; Foot; Antibiotics; Revascularization; Cell therapy
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Core Tip: Diabetic foot ulcer: Pathophysiology: - Neuropathy including sensory and
motor - Vascular insufficiency leading to ischemia - Secondary infection with inflam-
mation. Overview of management: (1) Preventive care including self-screening, health
care screening, insoles, podiatric care; (2) Noninvasive modalities including wound
dressing, human skin equivalent, topical growth factors, shock wave therapy, stem cell
therapy, hyperbaric oxygen, negative pressure, shock wave therapy, maggot therapy,
antibiotics; and (3) Invasive modalities including debridement, revascularization, skin
grafting, amputation.
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INTRODUCTION

Diabetes mellitus affects approximately 422 million people worldwide and is responsible for an
estimated 2 million deaths per year[1]. It affects 11.3% of the United States population[2]. Diabetic foot
ulcer (DFU) is a debilitating and severe manifestation of uncontrolled and prolonged diabetes that
presents as an ulceration, usually located at the plantar aspect of the foot. Approximately 15% of
individuals with diabetes will eventually develop one of these ulcers, and out of these individuals, 14%-
24% of them will require amputation of the ulcerated foot due to bone infection or other ulcer-related
complications[3]. With such a high level of morbidity stemming from debilitating osteomyelitis and
amputation in patients with DFU, it is of the utmost importance to properly address and treat the
underlying causes of DFU. In this paper, we review the current literature with focus on the
pathophysiology, preventive options, and definitive management of DFU.

PATHOPHYSIOLOGY

DFU comprises a full-thickness wound involving the dermis, located in the weight-bearing or exposed
area below the ankle. The Wagner system aids in categorizing the severity of the ulcer, ranking it on a
scale of 1 to 5 (Table 1). The pathologic mechanisms of DFU are described in terms of a triad. This triad
includes neuropathy, vascular insufficiency, and secondary infection due to trauma of the foot[4]
Figure 1).

( lé;irst, t)he lack of protective sensation in the feet predisposes patients with diabetes to developing
trauma and ulcers. This sensory impairment occurs due to hyperglycemia-induced upregulation of
aldose reductase and sorbitol dehydrogenase, which in turn increase the production of fructose and
sorbitol. These glucose products accumulate and induce osmotic stress, thereby reducing nerve cell
myoinositol synthesis and nerve conduction[5]. Also, from a pathological stance, advanced glycation
end-products (AGEs) must be considered. AGEs are non-enzymatic protein, amino acid, and DNA
adducts which form from dicarbonyls and glucose. AGE formation is enhanced in diabetes and is
associated with the development of diabetic complications[6]. In addition to sensory neuropathy,
diabetes can induce neuronal autonomic dysfunction that results in impaired sweat production, leaving
the foot susceptible to dryness, skin cracking, and fissuring[7]. Furthermore, motor neuron dysfunction
can give rise to muscle wasting and structural abnormalities of the foot[8]. This causes focally elevated
pressures at various zones of the plantar foot and increases the risk of ulceration[9].

In addition to the triad, impaired wound healing has been established as a key means of DFU
progression[10]. Importantly, molecular changes at the site of DFU precede the grossly visualized tissue
abnormalities[11]. In fact, the route from hyperglycemia to DFU involves complex molecular
dysfunctions in wound healing. Ordinarily, wounds undergo several healing stages involving
hemostasis, inflammation, proliferation, and remodeling. Acute wounds advance linearly through these
stages; however, chronic nonhealing DFUs stall in 1 or more phases. In the early phases of wound
healing, neutrophils normally release granular molecules to kill foreign pathogens in a process known
as neutrophil extracellular traps (NETosis)[12]. However, in a diabetic microenvironment, NETosis
becomes dysregulated, causing a proinflammatory cascade and overproduction of cytokines and
superoxide, which delay wound healing[13,14]. Moreover, hyperglycemia induces formation of AGEs
that cause structural and functional changes in key proteins[15]. Specifically, AGEs can bind to the
receptor of advanced glycation end-products (RAGE), which is normally minimally expressed in
normoglycemic conditions[16]. This in turn activates nuclear factor kappa-B (NF-xB). Ultimately,
cytokine release is enhanced with a self-sustaining cascade that prolongs inflammation and favors
apoptosis[17]. Overall, hyperglycemia induces a proinflammatory environment largely due to the
dysregulation of cytokine release, NETosis, and AGE production.

Along with inflammation, substantial alterations of the extracellular matrix (ECM) also play a
significant role in perpetuating the non-healing DFU. In cases of normal wound healing, the production
and degradation of ECM proteins such as collagen and fibrin are tightly regulated[18]. Collagen
comprises most of the soft tissue ECM, and thus, abnormalities of collagen metabolism have significant
consequences on wound healing. Specifically, collagen-degrading enzymes known as matrix metallo-
proteinases (MMPs) become hyperactive, resulting in a highly-proteolytic environment with reduced
collagen content[19,20]. Overall, the ECM becomes disorganized and insufficient to support wound
healing. Alongside elevated MMP activity, the accumulation of AGEs results in a reduction of fibroblast
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Table 1 Wagner’s classification of diabetic foot ulcers

Grade Characteristic

Wagner grade 1 Partial- or full-thickness ulcer (superficial)

Wagner grade 2 Deep ulcer extending to ligament, tendon, joint capsule, bone, or deep fascia without abscess or OM
Wagner grade 3 Deep abscess, OM, or joint sepsis

Wagner grade 4 Partial-foot gangrene

OM: Osteomyelitis.

Diabetes

Neuropathy Vascular insufficiency Secondary infection
Sensory loss Ischemia Inﬂam.mation .
Motor neuron dysfunction | | =~ o L Imparied W°l_-|nd hea.lmg
Autonomic dysfunction P 9 Reduced angiogenesis

Diabetic foot ulceration
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Figure 1 Pathophysiology of diabetic foot ulceration.

Jaishideng®

growth factor (FGF) and transforming growth factor-beta[21,22]. This has a similar effect of reducing the
collagen content via the induction of fibroblast apoptosis[23].

Lastly, impaired angiogenesis plays a key role in the disruption of diabetic wound healing.
Angiogenesis ordinarily occurs during the proliferative phase of wound healing, and is responsible for
both the formation of granulation tissue and delivery of nutrition and oxygen to the wound[24]. In the
case of DFU, there is a reduction of angiogenic growth factors such as vascular endothelial growth
factor (VEGF) 20 and FGF-2[25]. Essentially, VEGEF initiates angiogenesis and mediates endothelial cell
proliferation while FGF-2 facilitates migration of new blood vessels through the ECM[26,27]. When
VEGF and FGF-2 expression is compromised, wound healing declines. Furthermore, endothelial
progenitor cells (EPCs) have been implicated as expressors of proangiogenic factors and receptors
including VEGF and FGF[28]. A deficiency of function and number of EPCs has been demonstrated in
patients with type 2 diabetes mellitus, which is attributed to AGE accumulation[29-31]. Overall, the
dysfunction of EPCs and circulating growth factors contributes significantly to the development and
progression of DFU by way of disrupting angiogenesis.

MANAGEMENT

The management of DFU involves preventative care as well as various treatment modalities, including
both noninvasive and invasive measures (Figure 2).

Preventative care

Due to diabetes being a risk factor for the development of underlying peripheral vascular disease, the
majority of DFUs are asymptomatic until advanced enough to recognize more severe signs and
symptoms. During the diagnosis of DFU, neuropathy may mask ischemia and vice versa. Therefore, the
primary preventative strategy is regular diabetic foot screening to allow early identification of DFU,
followed by initiation of treatment if appropriate. Ultimately, early detection and management work to
avoid further complications such as gangrene and amputation[32]. Screening comprises the patient
checking his or her own feet for trauma or ulceration every day and routine screening during health
care visits.
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Figure 2 Overview of management of diabetic foot ulceration.
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Noninvasive care

The most prevalent management modality for DFU is local care, in which many potential avenues of
treatment can be utilized. These include wound dressings, human skin equivalents (HSEs), pressure
offloading, total-contact casting (TCC), systemic hyperbaric oxygen, larvae therapy (maggot therapy),
and topical growth factors.

Wound dressings

Wound dressings are the most basic and common treatment measure, and although they serve a vital
purpose in the management of DFU, other methods have proven vastly more effective in comparison to
or in adjunct with wound dressings.

Human skin equivalent

HSE is more effective compared to the standard treatment of saline-moistened gauze in reducing the
rates of amputation and infection and in improving the rate of ulcer healing. One randomized
controlled trial (RCT) assessed the effectiveness of Graftskin, a living skin equivalent indicated for use
in noninfected, nonischemic DFU. In this study, Graftskin was applied weekly for a maximum of 4 wk
or until complete healing occurred. The results of the trial highlighted the increased effectiveness of HSE
in comparison to the control group, in which ulcers were treated only with saline-moistened gauze. The
use of HSE resulted in an 18% increase in complete wound healing when compared to the control group
[33]. Despite these impressive results, one limitation to this treatment is that HSE may have limited
availability or accessibility.

Offloading, TCC

Pressure offloading serves as one of the primary treatments of DFU, primarily in ulcers accompanied by
neuropathy, with many variants being utilized. For ischemic DFUs, however, revascularization is more
commonly used. Common methods of offloading include bed rest, wheelchair use, implementation of a
crutch-assisted gait, total contact casting, use of felted foam, use of therapeutic shoes, and use of
removable cast walkers[34]. The most effective offloading treatment is TCC, in which full casts are
applied by an experienced physiotherapist and are changed weekly for 2-3 wk or until healing has
occurred. One RCT found that TCC was extremely effective in increasing ulcer healing and reducing
infection when compared to traditional dressing changes and other offloading methods. The study
reported a 91% rate of healing within the TCC population, compared to a 32% rate of healing in the
control group. This rate was reported following a 65 d period. Furthermore, the TCC group reported a
0% incidence of infection, with the same in the control group reported as 26%[35]. Multiple other studies
have reported similar results, with TCC being an extremely effective treatment to DFU, particularly
when compared to traditional dressing changes. One adverse effect of this treatment, however, is fungal
infection, but this was addressed with topical treatment and did not prevent continued casting. Despite
the evident success of TCC, one national survey in the United States evaluating 901 foot clinics in 48
states and the District of Columbia indicated that TCCs were used only by 1.7% of centers; this is
potentially due to the tedious nature of this treatment option. TCC requires an experienced physio-
therapist, and constant replacement and care. The application of the cast is a timely and intricate
endeavor, and tends to cause patients discomfort according to the survey. The survey also indicated that
the primary treatment across the foot clinics was shoe modifications.

Hyperbaric oxygen therapy
Another treatment for DFU is systemic hyperbaric oxygen therapy (HBOT), which is reserved for
advanced cases and aimed at reducing the risk of amputation. This treatment is prevalent particularly in
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the treatment of infected DFU, where 1 systematic review identified 6 RCTs that evaluated chronic DFU.
Systemic HBOT sessions are usually conducted in 45 to 120 min sessions once or twice daily at pressures
between 1.5-3.0 ATA. This method resulted in significantly reduced rates of major amputation
compared with usual care of DFU. HBOT is typically used as an adjunctive therapy to normal wound
care measures[36]. However, this treatment modality is quite expensive, is still not fully researched, and
may warrant further trials.

Larvae therapy (maggot therapy)

Maggot therapy is another well-researched technique with respect to the treatment of chronic wounds
in which maggots are placed on the wound area. This treatment method has been shown to significantly
facilitate debridement. In one study, maggot therapy also enabled faster development of granulation
tissue and more significantly decreased wound surface area compared to other topical treatments such
as hydrogel dressings. Maggot therapy also had no effect on disinfection or complete healing rate for the
wound|[37].

Topical growth factors

Topical growth factors, particularly platelet-derived growth factors, have also proven effective in
increasing ulcer healing rates when compared with placebo. Growth factors serve as principal
immediate mediators of wound healing, and when applied in the setting of DFU, accelerate ulcer
healing. One meta-analysis evaluated 26 RCTs with 2088 participants, and focused on recombinant
epidermal growth factor, autologous platelet rich plasma, and recombinant human platelet-derived
growth factor. Overall, each of the 3 treatments significantly improved rate of healing when used
alongside standard treatment, with recombinant human epidermal growth factor slightly favored when
compared to other growth factors[38].

Shock wave therapy

Extracorporeal shockwave therapy (ESWT) has been reported to accelerate the healing of soft tissue
wounds when treating DFU. ESWT is utilized to stimulate osteoblasts and in turn facilitate soft tissue
healing. There have been promising clinical trial results, indicating that ESWT is more effective in the
treatment of DFU when compared to traditional methods. Two multi-national RCTs were conducted to
compare the efficacy of ESWT when used adjunctively with standard care and other DFU treatments.
The trials both lasted 12 wk and showed reduction of wound volume by more than 50% with the use of
ESWT when compared to standard treatment alone[39].

Stem cell therapy

The cornerstone of available treatment options currently includes treatment of infection, surgical
debridement, and revascularization[40]. Better understanding of the tissue remodeling process, which
comprises inflammation, cell migration, neovascularization, and tissue proliferation, has paved the way
for stem cell-based therapy to become viable for the treatment of DFU[41]. Stem cells aid wound healing
by secretion of cytokines that play an important role in cell migration, angiogenesis, remodeling of
extracellular matrix, and regeneration of nerves[42]. Also, stem cell capacity for differentiation into
various cell types, including myofibroblasts and endothelial cells, optimizes wound healing[43].

The stem cell types that have been studied to aid in diabetic foot treatment are mainly adult stem cells
(ASCs). Bone marrow-derived mesenchymal stem cells (BM-MSC) are the most extensively studied
among the different ASCs; other types include adipose-derived stem cells, umbilical cord-derived
mesenchymal stem cells (UC-MSC), and peripheral blood-derived mesenchymal stem cells[44] (Table 2).
The use of BM-MSC in the treatment of DFU demonstrated more effective ulcer healing, with
improvements in Ankle-Brachial Index (ABI), angiogenesis, and blood flow when compared to local
treatment[45-47]. Even functional improvement with a decrease in rest pain and an increase in
claudication distance was demonstrated. Decreased amputation when compared to conventional
treatment was also seen. Furthermore, combining UC-MSC stem cell therapy with traditional
angioplasty resulted in improvements in ABI, claudication distance, and skin temperature[48].

Embryonic stem cells (ESCs) are usually derived from blastocysts from the inner cell mass grown via
in vitro fertilization[49]. The controversial ethics behind obtaining ESC and their inherent high rate of
proliferation and the risks of tumor formation or immunological rejection has limited them from
widespread research[50]. However, in one study using an animal model, the use of ESCs did not
increase chances of tumor formation in rats[51]; however, further clinical studies are required to test the
efficacy of ESC treatment in diabetic feet. Stem cell therapy shows promise as a viable therapeutic
option in the treatment of DFU. Stem cells can be used alongside conventional therapies like angioplasty
to achieve more desirable outcomes.

Systemic and local antibiotics

The use of systemic and local antibiotics serves as a noninvasive treatment in the management of DFU.
Antibiotics can be administered topically through sponge applications or through gauze wrapping, as
well as with use of a circulator boot. The presence of infection is defined by the presence of more than 2
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Table 2 Stem cell therapies available for diabetic foot treatment

Stem cell
type

Stem cell sub-types Administration route

Adult stem
cell

Embryonic
stem cell

(1) Bone marrow-derived mesenchymal stem cells; (2) Adipose-derived stem cells; Human  Local: Intramuscular and subcutaneous;
umbilical cord-derived; (3) Mesenchymal stem cells; and (4) Peripheral blood-derived Systemic: Intravenous and intraarterial
mesenchymal stem cells

Cell mass of blastocyst by in vitro fertilization Proposed local or systemic administration

Jaishideng®

classic findings of inflammation or purulence. There are 3 classifications of infection severity: (1) Mild
(superficial and limited in size and depth); (2) moderate (deeper and larger in area); and (3) severe
(overexpressed and beginning to affect metabolic perturbations). Most DFUs have a microbial cause,
with aerobic Gram-positive cocci and staphylococci being the most common implicated microbes.
Wounds that lack signs of infection typically do not require antibiotic therapy. If the wound is infected,
a post-debridement specimen must be collected for both aerobic and anaerobic cultures. Following
testing and potential imaging (including radiographs and MRI, if necessary), antibiotics may be
prescribed[52]. If the infection is mild or moderate, narrow-spectrum oral antibiotics may be
administered. If infection severity is moderate, high, or severe, broad-spectrum parenteral antibiotics
should be utilized[53].

Negative pressure wound therapy

One of the most recent developments in DFU treatment is the utilization of negative pressure wound
therapy (NPWT). NPWT utilizes vacuum pressure to draw fluid from the wound and increase blood
flow to the affected area, thus stimulating the healing process. While primarily used in burn patients,
NPWT has also recently been used in DFU patients with promising results. NPWT results in 2 primary
types of tissue deformation: Macro deformation, which is exemplified by wound contraction; and micro
deformation, which occurs on the microscopic level. Both deformations stimulate blood flow and
promote a wound healing cascade that includes tissue granulation, vessel proliferation, neoangio-
genesis, epithelialization, and excess extracellular fluid removal. NPWT also results in increased anti-
inflammatory conditions in the patient. Clinical studies in DFU patients have shown that NPWT is more
efficient compared to standard therapy, particularly when observing wound healing and amputation
rates, without a rise in adverse events[54].

INVASIVE TREATMENT STRATEGIES

Debridement

Debridement is a major component in the treatment of DFU, particularly due to its ability to alter the
environment of the chronic wound through the removal of necrotic and nonviable tissue and foreign
debris, which impede the healing process. Debridement may not always lead to complete healing of the
DFU, but it serves as an important preliminary step in the treatment. Following debridement, the
wound is further analyzed and if necessary, other treatment paths are pursued[55]. Debridement is
commonly used in conjunction with other treatment modalities.

Revascularization (angioplasty)

When patients with DFU also have a history of peripheral arterial disease (PAD), delayed healing,
higher complication rates, and an increased chance of potential amputation may be observed. Thus,
when patients have both DFU and chronic limb ischemia, revascularization can serve as a promising
treatment option. According to various studies, the ulcer healing rate following revascularization ranges
from 46% to 91%, representing a higher rate of healing compared to PAD patients that do not undergo
revascularization[56]. Revascularization options include stenting and surgical bypass if other
intervention is not possible. Atherectomy, shockwave treatment for calcified lesions, and balloon
revascularization (cutting, drug coated, cryoplasty) can also be used alone or with stenting[57]. In a
clinical trial in which 80 patients who underwent foot revascularization procedures, promising results
were also shown. All patients in this study underwent an endovascular procedure (balloon angioplasty).
The patients were followed for 12 mo after the procedure, and results showed that 56.2% of the patients
fully recovered, 58.7% had minor amputations, and only 16.2% required major amputations. Overall,
revascularization is an effective treatment for DFU, especially when the patient is at risk of amputation
[58]. However, the effectiveness of the vascular procedure differs among patients, and it also does not
reduce the risk of death associated with PAD. It is important to consider the role of complex therapy
(including medical management) in conjunction with revascularization in the treatment of DFU. This
includes close monitoring of glucose, lipids, and blood pressure, and the use of antiplatelet therapy
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Table 3 Overview of diabetic foot management strategies

Treatment modality Level of evidence Strength of recommendation

Non-invasive modalities

Wound dressing

Antibiotics

High Strong recommendation

Low to moderate Strong recommendation

Total-contact casting and pressure offloading techniques High Strong recommendation

Maggot therapy

Hyperbaric oxygen

Low Weak recommendation

Low Weak recommendation

Topical growth factors Moderate Could be beneficial

Cell therapy
Invasive modalities
Debridement

Skin grafting

Revascularization

Low (more studies required) Weak recommendation

Moderate to high Strong recommendation
Moderate Could be beneficial

Moderate Strong recommendation

Jaishideng®

following the surgical procedure. Compared with initial supervised exercise training (SET) alone,
endovascular therapy in combination with SET is associated with significant improvements in total
walking distance, ABI, and risk of future revascularization or amputation. On the other hand,
endovascular therapy alone was not associated with an improvement in functional capacity[59]. It is
also important to note that post-endovascular procedure patients must be started on dual antiplatelet
therapy, including aspirin plus clopidogrel or ticagrelor for several months. Statin therapy has also been
proven to stabilize any plaques present before and after revascularization.

Skin grafting

Skin grafting may serve as a solution when DFUs become more severe, offering a chance to replace the
infected skin and promote the healing process. There are a variety of skin grafting techniques that may
be used, including bioengineered or artificial skin, autografts (taken from the patient), allografts (taken
from another person), or xenografts (taken from animals). A review article that analyzed 17 RCTs
concluded that skin grafting and tissue replacement when used in conjunction with standard treatment
led to an increase in the healing rate of DFU and slightly lowered the chance of amputation. However,
evidence of long-term effectiveness is uncertain[60].

Amputation

Amputation represents the final management option when treating DFU and is reserved for the most
chronic levels of infection or deformity that render the foot nonfunctional. Amputation can be classified
as either minor or major, with minor amputation being the removal of a smaller area (e.g., removal of a
toe or a part of the foot). Major amputation, however, can be performed above or below a major joint
such as the knee or elbow. In a clinical trial, minor amputation was performed for 38.4% and major
amputation was performed for 6.8% of patients with DFU[61].

CONCLUSION

DFU results in substantial morbidity and mortality in patients with diabetes. It also often leads to longer
hospitalizations and associated increases in health care spending. Thus, prompt diagnosis and catered
management is essential to management of this prevalent consequence of diabetes. Standard local and
invasive care along with novel approaches like stem cell therapy pave the way to reduce morbidity,
decrease the need for amputation, and prevent mortality due to DFU (Table 3). Further research into
newer modalities that aid in prompt and effective management will further help alleviate the healthcare
burden of DFU.
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Abstract

To optimize the efficiency of ileocolic anastomosis following right hemicolectomy,
several variations of the surgical technique have been tested. These include
performing the anastomosis intra- or extracorporeally or performing a stapled or
hand-sewn anastomosis. Among the least studied is the configuration of the two
stumps (i.e., isoperistaltic or antiperistaltic) in the case of a side-to-side
anastomosis. The purpose of the present study is to compare the isoperistaltic and
antiperistaltic side-to-side anastomotic configuration after right hemicolectomy by
reviewing the relevant literature. High-quality literature is scarce, with only three
studies directly comparing the two alternatives, and no study has revealed any
significant differences in the incidence of anastomosis-related complications such
as leakage, stenosis, or bleeding. However, there may be a trend towards an
earlier recovery of intestinal function following antiperistaltic anastomosis.
Finally, existing data do not identify a certain anastomotic configuration (i.e.,
isoperistaltic or antiperistaltic) as superior over the other. Thus, the most
appropriate approach is to master both anastomotic techniques and select
between the two configurations based on each individual case scenario.

Key Words: Isoperistaltic side-to-side anastomosis; Antiperistaltic side-to-side anasto-
mosis; [leocolic anastomosis; Right hemicolectomy; Scenario
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Core Tip: This review assesses and compares two side-to-side anastomotic configurations (isoperistaltic
and antiperistaltic) following right hemicolectomy. Current literature does not identify any anastomotic
configuration as superior over the other. Thus, the most appropriate approach is to master both
anastomotic techniques and select between the configurations based on each individual case scenario.
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INTRODUCTION

Colorectal cancer is one of the most common cancers globally, with an increasing incidence in
developing countries and stabilizing trends in highly-developed countries[1]. For right-sided colon
cancer, right hemicolectomy is the surgical treatment of choice[2]. Following resection, an anastomosis is
performed between the terminal ileus and the transverse colon. For example, an ileocolic anastomosis
may be performed to reestablish gastrointestinal tract continuity. Over the past decades, two major
advances in the field of colon cancer surgery have been observed: The development of the laparoscopic
approach and the concept of complete mesocolic excision (CME). Several studies have demonstrated
superior short-term results and similar long-term oncological outcomes with the laparoscopic approach
as compared to the traditional open approach[3,4]. Similar to the concept of total mesorectal excision for
rectal tumors, Hohenberger et al[5] proposed CME for the surgical treatment of colon cancer. A recent
meta-analysis has shown that a right hemicolectomy with CME is not inferior in terms of safety.
Furthermore, this approach is associated with a greater lymph node yield, as well as better overall and
disease-free survival as compared to traditional surgery[6]. Additionally, apart from colon cancer,
terminal ileitis seen with Crohn’s disease is a common indication for a more limited type of resection (
i.e., ileocecal resection) including the affected part of the small bowel, followed by an ileocolic
anastomosis[7,8].

Following the resection, the efficiency and functionality of the ileocolic anastomosis influence
operative outcomes and patient recovery. In the quest for optimal results, several variations of the
surgical technique have been extensively tested, with studies often reporting conflicting results[9-11].
Some of the tested alternatives include conducting the anastomosis intra- or extracorporeally when the
laparoscopic approach is followed, using a side-to-side or an end-to-end configuration and performing a
stapled or hand-sewn anastomosis[9-11]. Parameters of success in the early postoperative period (e.g.,
incidence of anastomosis-related complications, time to first flatus, time to recommencing oral feeding)
as well as parameters reflecting long-term results (e.g., functional recovery of the gastrointestinal tract,
post-resection quality of life scores) have been commonly used as comparison end points. However,
among the least-studied surgical technique aspects is the configuration of the stumps in the case of side-
to-side anastomosis, (i.e., isoperistaltic or antiperistaltic stump configurations). The purpose of the
present article is to assess and compare the isoperistaltic vs antiperistaltic side-to-side anastomotic
configurations following a right hemicolectomy by reviewing relevant literature.

Factors influencing the healing of the anastomosis

Anastomotic leakage is a clinical manifestation of a failing anastomosis. With a reported prevalence
ranging between 1% and 19%, it is considered the most dramatic complication following colorectal
surgery[12]. Several factors negatively influencing the physiological healing of the anastomosis have
been identified. For prevention and early detection, risk factors for anastomotic leakage have been
classified into preoperative, tumor-related, and intraoperative risk factors[13]. Table 1 displays
potentially modifiable risk factors for anastomotic leakage, which are of the utmost importance in the
preoperative setting[12,13]. From a technical perspective, the three most important factors for mastering
a bowel anastomosis include: (1) Meticulous surgical technique, taking extra care to prevent hematoma
formation and to achieve optimal seromuscular apposition; and (2) Adequate blood supply of the two
bowel stumps; and (3) Elimination of tension at the anastomosis[14-16].

TYPES OF ANASTOMOSES

After right hemicolectomy, a favorable operative outcome depends primarily on the efficiency of the
ileocolic anastomosis. A functional, complication-free anastomosis can guarantee an uneventful
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Table 1 Risk factors for anastomotic leakage

Preoperative Tumor related Intraoperative

Non- modifiable Male sex Distal tumor site Excessive blood loss
ASA score > 11 Tumor size > 3 cm Need for transfusion
Chronic renal disease Advanced stage disease Duration > 4 hours
History of radiotherapy Non-elective surgery

Modifiable

Metastatic disease
Smoking
Obesity
Poor nutrition
Alcohol abuse

Immunosuppressant use

ASA: American Society of Anesthesiology.
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postoperative course and improved quality of life in the long-term. To identify the optimal approach,
various anastomotic techniques altering several technical parameters have been proposed. In general,
anastomosis can be performed either by the use of sutures (i.e., hand-sewn anastomosis) or by the use of
stapling devices (i.e., stapled anastomosis).

Hand-sewn anastomosis can be performed with the use of various suture materials. Materials such as
silk, linen, catgut, and nylon were traditionally utilized for colorectal anastomosis. Generally, the use of
absorbable or multi-filament sutures can increase tissue reaction and damage, without the guarantee of
uneventful anastomosis healing[17]. Today, most gastrointestinal anastomoses are performed using
slowly absorbable monofilament polydioxanone sutures[17]. In earlier decades, a double-layer inverting
anastomotic technique was the standard for gastrointestinal anastomosis[18]. However, single-layer
anastomosis became popular following favorable results reported by various studies[18,19]. More recent
studies have failed to demonstrate a difference between the double- and single-layer techniques[20,21].
However, a single-layer continuous anastomosis costs less and can be constructed in significantly less
time, with a similar complication rate as compared to the two-layer technique[22]. The dilemma in
choosing between interrupted or continuous sutures arose when single-layer anastomoses became the
standard of practice. As existing literature on the subject is limited and does not show obvious trends, a
continuous suture may be preferable to interrupted sutures for creating intestinal anastomosis, since it is
less time-consuming and technically simpler[23,24].

Conversely, stapled anastomosis can include the use of different types of stapling devices. These
include linear, transverse, and circular staplers with two- or three-row stapling line systems. Following
the introduction of stapled colorectal anastomosis in the 1980s, both techniques (hand sewn and stapled
anastomosis) have become available for the majority of surgeons. Several studies have compared these
techniques[25]. A Cochrane review conducted by Choy et al[11] concluded that stapled functional end-
to-end ileocolic anastomosis after right hemicolectomy is associated with fewer leaks as compared to
hand-sewn anastomosis. However, the difference was not considered statistically significant when the
clinically significant anastomotic leaks were used as the comparison endpoint[11]. In general,
superiority of the stapled over the hand-sewn anastomosis has not been documented in the available
literature[26].

Irrespective of the use of sutures or stapling devices, anastomoses can be further classified based on
the configuration of the two stumps, (i.e., end-to-end, end-to-side and side-to-side)[15] (Figure 1).
Specifically for the side-to-side configuration, an additional distinction is made between isoperistaltic
and antiperistaltic anastomoses, depending on the configuration and orientation of the two stumps. In

the isoperistaltic variant, the peristaltic flow in both parts is towards the same normal, aboral direction
(Figure 1).

DISCUSSION

Several technical parameters influence the final form of an intestinal anastomosis. In the case of a side-
to-side anastomosis, one of these parameters is the configuration of the two bowel stumps as isoperi-
staltic or antiperistaltic. In attempt to identify the optimal configuration, interpretation of the reviewed
studies is muddied by the modification of additional technical parameters in addition to the selection of
an anastomotic configuration alone. The field becomes even more unclear with increased prevalence of
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Figure 1 Possible anastomotic configurations. A: End-to-end anastomosis; B: End-to-side anastomosis; C: Isoperistaltic side-to-side anastomosis; D:
Antiperistaltic side-to-side anastomosis.
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laparoscopic surgery and incorporation of CME principles in colorectal cancer surgery, which have
notably increased heterogeneity of the comparison groups|3,4,6]. Moreover, the endpoint of functional
recovery following colonic resections, time to first flatus, which has been used to compare the two
configurations, seems to be influenced by the presence of other confounding factors.

Pros and cons of the different anastomotic configurations

Generally, the ideal intestinal anastomosis is one that can be easily performed from a technical
perspective, can be reproduced by surgeons without advanced surgical skills, is associated with low or
no rate of complication due to leakage or stenosis, and is aligned with the physiological function of the
gastrointestinal tract. To date, no single technique or anastomotic form can guarantee success with
respect to these desired characteristics. Traditionally, a hand-sewn end-to-end anastomosis has been
considered the standard approach for reestablishing gastrointestinal tract continuity after colonic
resection[27]. However, this approach was associated with an increased incidence of anastomosis-
related complications, mainly stenosis, particularly if a notable discrepancy occurred in the luminal
diameter of the two stumps and in the setting of significant prolongation of operative time[27,28].

After the introduction of stapling devices, a shift in surgical trends was seen from the use of hand-
sewn towards stapled anastomosis[29]. A side-to-side stapled anastomosis became the new standard as
a rapid and easier alternative, and it allowed surgeons to overcome technical difficulties posed when a
significant discrepancy in the luminal diameter of the two stumps was present[30]. Increased safety due
to lower anastomotic failure rates was attributed to the stapled approach, at least in early comparative
studies[28,29,31-35]. As more colorectal cancer resections are performed laparoscopically, another
surgical dilemma has emerged; namely, whether to perform the anastomosis intra- or extracorporeally.
In 2003, Casciola et al[36] reported the first intracorporeal ileocolic anastomosis after a laparoscopic right
hemicolectomy. Generally, performing an intracorporeal anastomosis following laparoscopic right
hemicolectomy appears to be associated with quicker recovery of postoperative bowel function,
decreased infection rates, and overall postoperative complications when compared to the extracorporeal
anastomotic approach[36-38].

Side-to-side anastomoses are considered to have certain advantages over end-to-end anastomoses,
including better blood supply and wider diameter. In addition, the detrimental effect of increased
intraluminal pressure on the healing process of an anastomosis seems to be more efficiently addressed
by the side-to-side configuration[39,40]. A side-to-side ileocolic anastomosis appears to be the preferred
anastomotic configuration by the majority of colorectal surgeons[41]. The end-to-side ileocolic config-
uration following right hemicolectomy has recently gained popularity due to the favorable results
reported from retrospective cohort studies comparing end-to-side with side-to-side anastomosis[42-44].
Lower leakage rates and faster recovery at the expense of increased technical difficulty were reported
after end-to-side anastomosis as compared to side-to-side anastomosis[42-44]. Several theoretical
advantages have been attributed to the end-to-side configuration. This configuration resembles the
physiological entry point of the ileum into the cecum lumen, results in less damage to luminal muscle
fibers, and has been shown to withstand higher intraluminal pressures than end-to-end anastomosis[45,
6]. However, these results were not confirmed in a study by Kim et al[47] which is the only available
prospective randomized trial in the field, nor by any large retrospective cohort studies.

A side-to-side anastomosis can be performed either with an isoperistaltic or antiperistaltic orientation
of the two stumps[48] (Figure 1). In 2005, Tewari et al[49] proposed the isoperistaltic, stapled, side-to-
side ileocolic anastomosis after right hemicolectomy, rather than the antiperistaltic side-to-side
anastomosis which was most common at the time. Despite being the most anatomical anastomotic
configuration (as it is consistent with the physiological flow of the intestinal contents), a theoretical
limitation of the isoperistaltic side-to-side configuration is that it requires additional mobilization to
achieve adequate overlap of the two stumps. Therefore, challenges may arise in cases where the location
of the anastomosis precludes such maneuvers, such as in low rectal anastomosis. However, as the
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isoperistaltic orientation has already proven valid in other anatomical locations such as the biliary tree,
esophagus, and stomach, it could represent the optimal approach to reestablish gastrointestinal tract
continuity following colonic resection[48].

Conversely, it has been postulated that the antiperistaltic orientation could reduce the incidence of
postoperative ileus, since an ileocolic anastomosis could prevent the mesentery twist seen with the
isoperistaltic variant[49]. After the resection of the ileocecal valve in right hemicolectomy, reflux of
colonic contents in the terminal ileus may occur. The disruption of the physiological direction of colonic
content flow may be associated with secondary bacterial overgrowth in the small bowel lumen[50]. The
prolonged small bowel transit times attributable to this increasingly recognized syndrome appear to be
more adequately prevented with antiperistaltic anastomosis[50]. This certain anastomotic orientation
likely acts through a functional pseudovalvular mechanism, diminishing ileocecal reflux and
postoperative ileus[49].

Comparison of isoperistaltic vs antiperistaltic side-to-side ileocolic anastomosis

Few studies have directly compared the two anastomotic orientations. In 2003, Ibafiez et al[51] published
a narrative review on intracorporeal anastomosis and analyzed the configuration as a possible risk
factor for leakage. The authors concluded that there was no difference in anastomotic breakdown when
isoperistaltic and antiperistaltic anastomoses were compared. Nevertheless, various studies have
utilized different surgical techniques depending on the configuration type (i.e., the isoperistaltic
orientation was achieved with stapled and hand-sewn intracorporeal anastomoses, while the antiperi-
staltic anastomoses were all stapled).

To our knowledge, only three studies have directly compared the isoperistaltic and antiperistaltic
orientations for ileocolic anastomoses. The first was a study by Chander Roland et al[52] in which the
authors conducted a randomized controlled trial comparing isoperistaltic vs antiperistaltic stapled side-
to-side ileocolic and colocolic anastomoses in colon cancer patients. There were 20 elective resection
patients in each study arm. While the antiperistaltic anastomoses were all stapled, the authors used a
running suture to close the stapling device entry hole in the isoperistaltic anastomoses to prevent
iatrogenic stenosis of the ileum stump. The primary endpoints were rates of anastomotic leakage,
hemorrhage, and stenosis. Across all endpoints, no significant differences were observed between the
two groups. Specifically, anastomotic leakage was seen in 2 patients from the isoperistaltic group,
compared to none from the antiperistaltic group (P = 0.487). One patient from the antiperistaltic group
had anastomotic stenosis, while there was no stenosis in the isoperistaltic group (P = 1.000). Median
postoperative length of hospital stay was similar between the two groups (P = 0.313). However, the
study was suspended due to excess morbidity detected in the isoperistaltic group. While the study did
not show any short-term differences between the isoperistaltic and antiperistaltic side-to-side
anastomoses, considering that anastomotic leakage occurred only in the isoperistaltic group, study
authors suggested that additional modifications to the isoperistaltic technique may be justified. This
study had several limitations that must be considered, including small sample size, the different
anastomotic types included in the analysis (both ileocolic and colocolic anastomoses), the use of both
open and laparoscopic approaches, and the dissimilar technical parameters used between the groups (
i.e., the author used additional sutures to reinforce the antiperistaltic anastomosis).

The second study was the ISOVANTI trial published by Tewari et al[49]. This was a double-blind,
randomized, prospective trial in colon cancer patients undergoing laparoscopic right hemicolectomy
and isoperistaltic or antiperistaltic ileocolic anastomosis. A total of 108 patients were randomized either
to isoperistaltic or antiperistaltic configuration groups. No differences in surgical time, anastomotic
time, or postoperative complication rates (37.0% isoperistaltic vs 40.7% antiperistaltic, P = 0.693) were
identified. In addition, there were no differences in postoperative ileus or anastomotic leakage rates
(3.7% vs 5.56%, P = 1.00). However, the antiperistaltic configuration was associated with decreased "time
to first flatus" and "time to first deposition" (P = 0.004 and P = 0.017, respectively). In the long-term,
there were no differences between the groups at 1, 6 or 12 mo. There was also no difference in the rate of
chronic diarrhea rate. The authors concluded that the isoperistaltic and antiperistaltic ileocolic
anastomosis configurations present similar results in terms of performance, safety, and functionality.

The third study by Tarta et al[53] retrospectively reviewed 214 consecutive patients who underwent
laparoscopic right colectomy with gastrointestinal tract continuity reestablished either by an isoperi-
staltic side-to-side anastomosis or an antiperistaltic side-to-side anastomosis. These anastomotic config-
urations proved similar in all short-term comparison categories, including operating time, intraop-
erative bleeding, length of resected intestine, number of harvested lymph nodes, length of incision, time
to first flatus, time to first defecation, postoperative complications, and length of hospital stay. Similarly,
at a median follow-up time of 35.6 mo, there were no differences in the long-term outcomes. The
authors concluded that both configurations are safe, and are associated with similar short- and long-
term outcomes. Despite the fact that this study has the larger sample size than the studies discussed
above, it is limited by its retrospective nature. However, it is the only study that assessed oncological
outcomes following the use of different anastomotic orientations.

Relevant, high-quality data are scarce, making it difficult to draw definite conclusions regarding
optimal anastomotic configuration. None of the three aforementioned studies reported any significant
differences between the configurations, including no differences in the incidences of anastomosis-
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related complications such as leakage, stenosis, and bleeding[49,52-55]. There may be a trend towards
shorter intestinal function recovery time following antiperistaltic anastomosis; however, the small
sample size and associated lack of statistical significance render any such conclusion unclear. High-
quality, prospective randomized trials are needed to fully elucidate the optimal anastomotic config-
uration after a right hemicolectomy.

CONCLUSION

In conclusion, existing data are insufficient to favor either isoperistaltic or antiperistaltic anastomotic
configuration. Thus, the most appropriate approach is to master both anastomotic techniques and select
the appropriate configuration based on each individual case scenario.
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Abstract

Thrombolytic therapy has been the mainstay for patients with pulmonary
embolism (PE). Despite being linked to a higher risk of significant bleeding,
clinical trials demonstrate that thrombolytic therapy should be used in patients
with moderate to high-risk PE, in addition to hemodynamic instability symptoms.
This prevents the progression of right heart failure and impending hemodynamic
collapse. Diagnosing PE can be challenging due to the variety of presentations;
therefore, guidelines and scoring systems have been established to guide
physicians to correctly identify and manage the condition. Traditionally, systemic
thrombolysis has been utilized to lyse the emboli in PE. However, newer
techniques for thrombolysis have been developed, such as endovascular
ultrasound-assisted catheter-directed thrombolysis for massive and intermediate-
high submassive risk groups. Additional newer techniques explored are the use of
extracorporeal membrane oxygenation, direct aspiration, or fragmentation with
aspiration. Because of the constantly changing therapeutic options and the
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scarcity of randomized controlled trials, choosing the best course of treatment for a given patient
may be difficult. To help, the Pulmonary Embolism Reaction Team is a multidisciplinary, rapid
response team that has been developed and is used at many institutions. Hence to bridge the
knowledge gap, our review highlights various indications of thrombolysis in addition to the recent
advances and management guidelines

Key Words: Pulmonary embolism; Thrombolytics; Systemic; Catheter-directed; Pulmonary embolism
reaction team; Guidelines

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

Core Tip: There are now many treatments to treat acute pulmonary embolism (PE). Patients are divided
into low, moderate, and high-risk PE groups to identify those needing more advanced treatment. Unless
contraindicated, systemic thrombolysis is advised for high-risk pulmonary embolism. Other than systemic
thrombolysis, a number of treatment options for PE are being investigated, such as catheter-directed
thrombolysis, extracorporeal membrane oxygenation, direct aspiration, or fragmentation with aspiration.
Choosing the appropriate course of treatment for a certain patient may be challenging due to the plethora
of therapeutic choices that are continually evolving and the paucity of randomized controlled trials.
Therefore, the Pulmonary Embolism Reaction Team, is a multidisciplinary, rapid response team has been
developed and is employed by various institutions to customize therapeutic options according to the need
of the patient to address the ever-evolving therapeutic care.

Citation: Ochani RK, Aibani R, Jatoi HN, Anwar M, Khan SA, Ratnani I, Surani S. Evolving paradigm of
thrombolysis in pulmonary embolism: Comprehensive review of clinical manifestations, indications, recent
advances and guideline. World J Clin Cases 2023; 11(8): 1702-1711

URL.: https://www.wjgnet.com/2307-8960/full/v11/i8/1702.htm

DOI: https://dx.doi.org/10.12998/wjcc.v11.i8.1702

INTRODUCTION

Pulmonary embolism (PE) is a common and potentially fatal form of venous thromboembolic disease
with an estimated incidence of 1 case per 1000 persons per year in the United States. It is the third most
common cause of cardiovascular death, with a diverse presentation from asymptomatic disease to
death; diagnosis and sometimes challenging diagnosis[1]. Massive PEs necessitate immediate treatment
to reestablish pulmonary circulation and blood flow.

Anticoagulation as a treatment for venous thromboembolism (VTE) dates back less than a century,
and thrombolysis was only recently introduced, despite the fact that the thrombotic origin of PE has
been extensively recognized for about two centuries. In patients with acute PE with hemodynamic
compromise, thrombolytic therapy is used to lyse the emboli; however, new applications for
thrombolysis emerge as the field of medicine advances[2].

In 1962, according to Browse and James, streptokinase was found to be able to lyse pulmonary emboli
in both people and dogs. Four patients who received various dose regimens showed remarkable clinical
improvement[3]. According to a randomized controlled trial conducted by Goldhaber and colleagues,
recombinant tissue-type plasminogen activator (rtPA), introduced for the treatment of acute PE in the
late 1980s, was found to act more quickly and be safer than urokinase[4].

rtPA (such as alteplase), streptokinase, and urokinase are three different thrombolytic agents that are
effective in breaking up clots[5,6]. However, these agents came with considerable risks, including the
potential for frequent severe bleeding and intracranial hemorrhage[7,8]. Although most of the research
concurs that thrombolytic drugs accelerate the lysis of pulmonary thromboemboli better than heparin
alone, their benefits for decreased PE death rates, influence on survival, and dangers of related
hemorrhagic sequelae are still unclear. Therefore, this review article discusses the clinical manifest-
ations, recent advances, and management guidelines to address the knowledge gap of the evolving
treatment regimens for PE.

CLINICAL MANIFESTATIONS OF PE

Understanding and acknowledging the variable clinical manifestations amongst patients with PE is key
to their identification and prompt medical intervention. The inability to accurately diagnose the patients
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is considered an error that can potentially result in mortality; among patients with PE, 30% die due to a
delay in their management[9]. Hence, devising an algorithm sensitive to the clinical picture of PE
becomes essential to reach a diagnosis.

The clinical presentation of patients with PE can vary from an asymptomatic state to sudden death,
and hence reaching a diagnosis can be challenging, limiting the physicians to mostly rely on history and
physical examination[9]. Most of the signs and symptoms are broad-spectrum and typically non-
specific; some of the non-specific signs may include tachycardia, dyspnea, chest pain, shock, and
hypoxemia which are also found in patients presenting with other complaints such as myocardial
infarction (MI), congestive heart failure and pneumonia[9]. Based on the Prospective Investigation of
Pulmonary Embolism Diagnosis II (PIOPED II) trial, patients with PE frequently presented with some of
these nonspecific signs; 54% of patients presented with tachypnea, 24% with tachycardia, 73% presented
with dyspnea (at rest or on exertion), 44% with pleuritic pain, and 34% complained of cough[9].
However, since this trial did not include patients with serious risk factors such as recent MI and chronic
kidney disease, the pertinence of these values is limited; hence, an evaluation of the patient's risk factors
at the time of diagnosis becomes crucial[9]. It is researched that 80 to 90% of the patients have
comorbidities that serve as risk factors for PE and that the absence of certain signs and symptoms,
including dyspnea and tachypnea, indicates that the likelihood of the patient having PE is low[10].

Hamad et al[11] state that the clinical probability of PE relies on two elements. These include the risk
factors and evidence of an alternative diagnosis. A low clinical probability is established in case of the
absence of risk factors along with an alternative diagnosis, while a high clinical probability is
established if there are no risk factors and there is no alternative diagnosis to explain the clinical
presentation of the patient[11].

PIOPED study by Lee et al[10] describes that a correct diagnosis for PE was reached in 91% of cases
where a low risk of PE was expected; however, in case of intermediate and high risk, a correct diagnosis
was reached only 64%-68% of times, suggesting that it is less challenging to predict the diagnosis in the
absence of PE and increasingly more difficult to predict the diagnosis when the underlying cause is PE.
Miniati et al[12] report that according to their survey of 800 patients, who were divided into 2 groups
based on their location, the frequently reported clinical symptoms included sudden-onset dyspnea (81%
and 78%), chest pain (56% and 39%), syncope (26% and 22%), and hemoptysis (7% and 5%) while the
reported asymptomatic patients were merely 1% of the study participants.

These results highlight the fact that transiently worsening dyspnea, especially sudden onset, is the
most common symptom amongst patients with PE. It could be caused by bronchospasm, reduced effort
of the diaphragm, or due to obstruction of the embolus, which results in reduced blood flow and hence
a ventilatory/perfusion (V/Q) mismatch in the lungs[10,13,14]. This then results in reduced oxyge-
nation of the blood and causes breathlessness or dyspnea[10,12]. Results also suggest that the second
most common presentation was chest pain with an angina-like character, further complicating clinical
diagnosis[14]. This could be associated with effects on pleura and the local impairment of blood
circulation in the lungs or the coronary arteries[13]. Based on the same study results, fever, tachycardia,
abnormal pulmonary signs, and peripheral vessel collapse are among the most common physical exam
findings[13]. Hemodynamic instability is another uncommon but noteworthy clinical sign since it
highlights the presence of central or extensive PE associated with a diminished hemodynamic reserve
[15]. Moreover, atrial arrhythmias, particularly atrial fibrillation, may present with acute PE[15].

With the challenging and varying set of features in each patient with PE, it is recommended that in
the setting of patients presenting with at least one of these four symptoms (sudden-onset dyspnea, chest
pain, syncope, and hemoptysis), the physicians should remain vigilant and must keep PE as one of the
differentials followed by appropriate investigations to confirm the diagnosis[13].

INDICATIONS OF THROMBOLYSIS

PE is categorized as high, intermediate, or low risk. According to European guidelines, massive PE, also
known as high-risk PE, is acute PE with hypotension, which is defined as a systolic blood pressure (SBP)
<90 mmHg or a decrease of > 40 mmHg that cannot be attributed to another cause. Unless it is contrain-
dicated, thrombolytic treatment should be given because this category of patients has a 30-d mortality
risk that is more than 15%[15,16].

According to some recommendations, PE that results in profound bradycardia or pulselessness (heart
rate < 40 bpm) should be regarded as massive[l7]. Although according to the statement by the
American Heart Association, thrombolytic therapy should be administered to patients with sub-massive
or intermediate-risk PE, the utilization in such scenarios is debatable. These are defined by right
ventricular dysfunction (RVD), including right ventricle (RV) hypokinesis, dilation, or elevated brain
natriuretic peptide, or cardiac injury defined by elevated troponin and without hypotension. The use of
thrombolytic, although, has a high efficacy, with a 30% reduction in mortality, however, the effect size
on mortality of submassive PE patients is < 1%. Furthermore, in patients with intermediate risk, none of
the patients treated adjunctively with alteplase showed an increase in right ventricular systolic pressure
on the 6-mo followup. Such patients' 30-d mortality rates are lower than those of massive PE, ranging
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from 3% to 15%[17,18]. The risk of bleeding could lessen this group's overall benefit[17].

In low-risk PE without hypotension, RVD, or cardiac damage, systemic thrombolytic treatment is not
advised because the 30-d mortality is often less than 2% when treated with conventional anticoagulation
[17,19,20]. We have also illustrated the indications in Figure 1.

CONTRAINDICATIONS TO THROMBOLYSIS

Absolute contraindications to thrombolytic therapy include an intracranial neoplasm, recent (within two
months) intracranial or spinal surgery or trauma, a history of a hemorrhagic stroke, active bleeding or
bleeding diathesis, or a non-hemorrhagic stroke within the previous three months. Pregnancy, non-
hemorrhagic stroke older than three months, surgery within the last ten days, and severe uncontrolled
hypertension (SBP > 200 mmHg or diastolic blood pressure > 110 mmHg) are all relative contraindic-
ations[21,22]. Contraindications to thrombolysis according to societal guidelines, have been
demonstrated in Figure 2.

In an attempt to improve outcomes in patients with PE, the European Society of Cardiology, along
with the European Respiratory Society, introduced certain changes to the 2014 guidelines for the
diagnosis and management of patients with PE in August 2019[14]. These are key alterations that have
ensured the appropriate management of this medical emergency. It has been noted in recent years that
deaths due to PE have significantly declined[16].

According to the updated guidelines, patients presenting with PE are initially divided into different
categories based on their clinical outcomes, symptoms, and risk factors for venous thromboembolism
[14]. As stated earlier, clinical presentations of our demographic are often variable, and hence much of
the diagnosis depends upon the knowledge of risk factors and the stability of the patient. Certain
systems have been devised that aid in the determination of the likelihood of the patient having PE[9].
These diagnostic scoring systems include the Wells criteria and the Geneva score, which help clinicians
determine the possibility of thrombosis[9].

The Wells criteria has a score assigned to specific clinical presentations. A score of greater than 4
indicates a higher likelihood of PE, while a score of less than or equal to 4 indicates a low likelihood of
PE. Similarly, the Geneva score also assigns scores to patients based on the absence or presence of
certain clinical indications. A score of greater than 5 would suggest a higher possibility of PE (Table 1).

Additionally, PE Rule-Out Criteria (PERC) is used by clinicians to rule out PE amongst low-risk
patients[9]. These criteria include eight clinical variables; if all of the PERC criteria are satisfied and the
patient has a low likelihood of PE based on the Wells criteria, the physician can satisfactorily rule out
PE, and no further tests are required[23]. These variables include age < 50 years, pulse < 100 bpm, SaO,
> 94%, absence of unilateral leg swelling, absence of hemoptysis, no history of recent trauma or surgery,
absence of any VTE history, and no use of oral hormones[14]. However, the use of these systems
amongst critically ill patients is limited as they merely serve as tools to assess the need for additional
investigations in a stable patient[9,14].

A D-dimer test is warranted among patients with low or intermediate risk of PE[24]. The elevated
levels of D-dimer indicate the existence of acute thrombosis due to concurrent coagulation and
fibrinolysis; however, in post-operative cases and critically ill patients such as those with cancer, D-
dimer levels are normally high due to an increase in coagulation and fibrinolysis, rendering the test
unproductive[14]. A normal level of D-dimer suggests there is no need for further testing as the
possibility of PE or deep vein thrombosis (DVT) is significantly low[9,14,24]. According to the updated
ESC guidelines, an age-adjusted cut-off value of D-dimers has replaced the fixed cut-off value of 500
ng/mL for excluding the diagnosis of PE in low or intermediate-risk patients[25]. An age-adjusted cut-
off value can be calculated using the patient's age and multiplying it by 10 for those > 50 years of age. In
patients < 50 years of age, the use of the fixed value of 500ng/mL is maintained[25].

If D-dimer levels are below 1000 ng/mL and clinical signs of Wells criteria (signs of DVT,
Hemoptysis, or PE) are absent or if the D-dimer level is less than 500 ng/mL, in patients with a low or
intermediate possibility of PE, the diagnosis of PE can be successfully excluded without chest imaging
since research suggests that in this group of patients, the post-test likelihood of PE is less than 1.85%[24,
25]. Patients with a high possibility of PE, however, must undergo chest imaging[24]. A multicenter
study suggests that in patients presenting during pregnancy or the post-partum period, a diagnosis can
be excluded after a thorough clinical assessment based on the likelihood of PE, D-dimer levels,
compression ultrasonography (CUS), and computed pulmonary tomography angiography (CTPA).
Clinical assessment for PE according to Well’s Criteria has been shown in Figure 3[26].

The 2019 guidelines by the European Society of Cardiology suggest that the management of a patient
must be planned based on positive lower limb CUS findings along with PE risk assessment[25]. In order
to identify DVT, CUS reduces the need for invasive procedures; however, it has some limitations in its
use in case of obesity and edema as well as identification of pelvic thrombosis, and it must only be used
in case of nondiagnostic V/Q scan or CTPA[9,11]. The updated guidelines also highlight the importance
of V/Q SPECT for establishing a PE diagnosis[25]. In patients who are unable to undergo CUS due to
the aforementioned limitations or due to intravenous contrast dye contraindications, a V/Q scan can be
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Table 1 Modified wells criteria

Features Score
Suspected DVT 3.0
No alternative diagnosis 3.0
Heart rate > 100 bpm 15
Immobilization or surgery in the previous 4 weeks 15
Previous DVT or PE 1.5
Hemoptysis 1.0
Malignancy 1.0

DVT: Deep vein thrombosis; PE: Pulmonary embolism.

DOI: 10.12998/wjcc.v11.i8.1702 Copyright ©The Author(s) 2023.

Figure 1 Indications for thrombolysis. #Systolic blood pressure < 90 mm Hg or drop of > 40 mm Hg not explained by another cause. ®Heart rate < 40 bpm

employed[9]. A normal scan excludes the diagnosis of PE effectively[9,11]. However, pulmonary
angiography remains the gold standard in investigation regardless of its invasive nature. Additionally,
in patients with low or intermediate clinical probability, anticoagulative therapy can be safely withheld
if they have a negative CTPA and CUS; however, vigilance is required before stopping therapy,
especially in cases of intermediate clinical probability[11]. A study by Hogg et al[27] concluded that
computed tomography (CT) pulmonary angiography, when used in conjunction with investigations for
DVT, provides substantial evidence to rule in or out the diagnosis of PE. Additionally, echocardio-
graphy or electrocardiogram can also be used to establish a diagnosis in cases of suspected PE. An
increase in right-sided stress on the heart and McConnell’s sign suggests a high possibility of PE[9].

Once the diagnosis is established, hemodynamically stable patients are urgently administered antico-
agulants parenterally in order to minimize the risk of deterioration, as the progression is rapid in severe
cases[9]. In case of SBP of greater than 90 mmHg, direct anticoagulants, apixaban, rivaroxaban, or
dabigatran are administered orally rather than heparin combined with a vitamin K antagonist as it has a
0.6% lower risk of bleeding[24]. In contrast, patients with SBP of less than 90 mmHg must be given
systemic thrombolysis, as it has shown a mortality reduction of 1.6%[24].

ADVERSE EVENTS

Comprehending the clinical risks of thrombolytic therapy is vital for patient selection. The adverse
events (AEs) due to use of thrombolysis can be divided into five broad categories: Intracranial
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American college of chest physicians

American heart association

European society of cardiology

Relative contraindications
Black race
Female
Diabetic retinopathy
Recent surgery
Ischemic stroke > 3 mo ago
Weight < 60 kg
Systolic BP > 180 or Diastolic BP > 110
Pericarditis or pericardial fluid
Recent non-intracranial bleeding
Traumatic CPR
Recent invasive procedure
Pregnancy
Anticoagulant therapy
Age > 75 yr

Relative contraindications
Major surgery within 3 wk
Ischemic stroke > 3 mo ago
Systolic BP > 180 or diastolic BP > 110
Dementia
Recent internal bleeding (within 2 to 4 wk)
Traumatic or prolonged CPR (> 10 min)
Noncompressible vascular punctures
Pregnancy
Anticoagulant therapy
Age > 75 year

Relative contraindications
Advanced liver disease
Refractory hypertension (systolic BP > 180)
Infective endocarditis
Active peptic ulcer disease
Traumatic resuscitation
Noncompressible puncture site
Pregnancy
Anticoagulant therapy
Transient ischemic attack in preceding 6 mo

Major contraindications
Recent head trauma with fracture or brain
injury
Recent brain or spinal surgery
Bleeding diathesis
Active bleeding
Ischemic stroke within 3 mo
Structural intracranial disease
Previous intracranial hemorrhage

Absolute contraindications
Recent closed-head or facial trauma with
radiographic evidence of bony fracture or
brain injury
Recent surgery encroaching on the spinal
canal or brain
Active bleeding or bleeding diathesis
Suspected aortic dissection
Ischemic stroke within 3 mo
Structural intracranial disease
Previous intracranial hemorrhage

Absolute contraindications
Known bleeding risk
Recent major trauma, surgery in the
preceding 3 wk
Gastrointestinal bleeding within 1 month
Ischemic stroke within 6 mo
Central nervous system damage or
neoplasms
Previous hemorrhagic stroke or stroke of
unknown origin

DOI: 10.12998/wjcc.v11.i8.1702 Copyright ©The Author(s) 2023.

Figure 2 Thrombolysis contraindications according to societal guidelines. BP: Blood pressure; CPR: Cardiopulmonary resuscitation.

Wells criteria

[ Clinical assessment for pulmonary embolism

l !

< 500 ng/mL

> 500 mg/mL

PE excluded

PE likely

Negative

Positive

PE excluded PE confirmed

DOI: 10.12998/wjcc.v11.i8.1702 Copyright ©The Author(s) 2023.

Figure 3 Diagnostic strategy in suspected cases of pulmonary embolism. PE: Puimonary embolism; CTPA: Computed pulmonary tomography
angiography.

hemorrhage, systemic hemorrhage, immunologic complications, hypotension, and myocardial rupture
[28]. These AEs are more commonly observed with streptokinase or agents with a streptokinase moiety,
including anistreplase (anisoylated plasminogen--streptokinase activator complex, APSAC), amongst all
fibrinolytic agents due to its antigenic properties. The most common AE reported is intracranial
hemorrhage. Furthermore, immunologic complications (anaphylaxis, immune complex diseases) are
also observed, in addition to systemic hemorrhage, which is usually reported in patients who have had
a major vascular puncture. Patients who have used streptokinase and anistreplase have also
experienced manageable hypotension. Lastly, cardiac rupture is a potential delayed complication in
patients taking thrombolysis.
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Table 2 Ultrasound-assisted catheter-directed thrombolysis use in patients with intermediate or high-risk proximal pulmonary

embolism

Study Ultima[32] Seattle II[33] Optalyse[34]

Aim of the study The aim of the study was to To evaluate the safety and efficacy of ultrasound- ~ To determine the lowest optimal tissue
investigate whether ultrasound- facilitated, catheter-directed, low-dose fibrinolysis  plasminogen activator (tPA) dose and
assisted catheter-directed delivery duration using ultrasound-
thrombolysis (USAT) is superior to facilitated catheter-directed
anticoagulation alone in the thrombolysis (USCDT) for the
reversal of RV dilatation in treatment of acute intermediate-risk
intermediate-risk patients (sub-massive) PE

Study design Two arms Single arm Single arm

Single-center/multi-
center

Completed/ongoing
Year of publication
Primary endpoint
Total number of
patients

Mean age of patients
% of males

Drug used

Results

Adverse effects

Multi-center

Completed
2014

The difference in the RV/LV ratio
at24h

59

63 +/-14

47%

UFH and USAT VS UFH alone
The mean difference in RV/LV
ratio from baseline to 24 h was 0.30

£0.20 95 0.03 £0.16 (P < 0.001),
respectively

4 minor bleedings. No major
bleeding

Multi-center

Completed
2015

The difference in RV/LV ratio at 48 h and bleeding
at72h

150

59
48.7
t-PA

The mean RV/LV diameter ratio decreased from
baseline to 48 h post-procedure (1.55 vs 1.13; mean
difference, -0.42; P < 0.0001)

17 major bleeding events within 30 d of the
procedure observed in 15 patients (10%). One of
these major bleeding events was a GUSTO
severe/ life-threatening hemorrhage (a right groin
vascular access site hematoma with transient
hypotension requiring vasopressor support). The
remainder (94%) were GUSTO moderate bleeds, 3
of which were related to vascular access

Multi-center

Completed
2018

reduction in RV/LV ratio on CT
imaging at 48 h

101

60
53
t-PA and heparin

Improvements in RV/LV ratio were as
follows: Arm 1 (4 mg/lung/2 h), 0.40
(24%; P = 0.0001); arm 2 (4 mg/lung/4
h), 0.35 (22.6%; P = 0.0001); arm 3 (6
mg/lung/6 h), 0.42 (26.3%; P = 0.0001);
and arm 4 (12 mg/lung/6 h), 0.48
(25.5%; P = 0.0001)

4 patients had a total of 5 major
bleeding events

CT: Computed tomography; DVT: Deep vein thrombosis; PE: Pulmonary embolism; RV: Right ventricle; LV: Left ventricular; t-PA: Tissue-plasminogen

activator.

WHAT'S NEW ON THE HORIZON?

Catheter-directed thrombolysis (CDT) is one of the evolving treatment options for PE. The American
College of Chest Physicians currently recommends CDT as a class 2C treatment for acute PE patients
with hypotension who have contraindications to thrombolysis, failed thrombolysis, or shock that is
likely to result in death before systemic thrombolysis can take effect (e.g., within hours), provided that
the necessary expertise and resources are available. This recommendation is for the massive and
intermediate-high sub-massive risk groups[29]. CDT comprises a variety of endovascular procedures to
eliminate or dissolve acute thrombus. It serves as an alternative to surgical embolectomy, transcatheter
embolectomy, and systemic thrombolysis for revascularization. Because of the synergistic effects of
higher local fibrinolytic medication concentrations and mechanical disruption with more exposed
thrombus surface area and decreased hemorrhagic complications, this therapy has the advantage of
improved thrombus-dissolving efficacy[30]. Theoretically, applying low-frequency sonic waves to the
thrombus causes the fibrin monomers to break down, allowing thrombolytic penetration.

The use of ultrasound-assisted CDT in patients with intermediate or high-risk proximal PE has been
studied in three recent trials (Table 2).

The popularity of catheter-directed thrombolysis is increasing in the United States as more and more
healthcare professionals are becoming trained in CDT. Overall, long-term data on right ventricular
function, exercise tolerance, quality of life, and the likelihood of developing chronic thromboembolic
pulmonary hypertension after CDT is still lacking. The optimal technique for catheter-based thrombus
removal will ultimately be determined by trials concentrating on novel devices in the future[31].
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When first-line therapy fails, and a patient has hemodynamic instability, mechanical hemodynamic
support is an option to investigate. Extracorporeal membrane oxygenation (ECMO), venovenous and
veno-arterial, and RV support devices are among the modalities.

Another alternative for patients with an unacceptably high risk of bleeding is mechanical disruption
or removal of the thrombus without thrombolysis. Direct aspiration or fragmentations with aspiration
are two methods of clot clearance. The FlowTriever (Inari Medical, Irivine, California, United States)
and the Penumbra Indigo (Penumbra Inc, Alameda, California, United States) system are two examples
of devices for this use that have received Food and Drug Administration (FDA) approval[32-34].

Selecting the best course of treatment for a given patient might be difficult because of the constantly
changing therapeutic alternatives and the paucity of randomized controlled studies. To assist, the
Pulmonary Embolism Reaction Team (PERT) type of multidisciplinary, fast response team has been
created and is used at many institutions[32,33].

When caring for patients with PE, PERT aims to deliver a quick, suitable, multidisciplinary, team-
based approach with the shared objective of customizing the best therapeutic decision-making while
always placing the needs of the patient first. As soon as a clinician encounters a patient with complex
acute PE, PERTs can be activated from anywhere in the hospital. A team member gathers pertinent
clinical data about patients after the referring doctor activates the PERT and offers it to the other team
members for quick consultation and decision-making. Along with managing and offering outpatient
follow-up, PERT can also act as a research platform for patient registries or clinical studies.

CONCLUSION

Acute PE can now be treated in a variety of ways. Individuals who may need more advanced therapy
are identified by risk stratifying patients into low, middle, and high-risk PE categories. In cases with a
contraindication, systemic thrombolysis are recommended for high-risk and part intermediate risk
pulmonary embolisms.

Endovascular treatment, including CDT, Medical Pulmonary Thromboendarterectomy, or catheter
aspiration with or without fragmentation is a promising method for high-risk PE, especially under the
support of ECMO. Further research is necessary to elucidate the significance of VA-ECMO in patients
with major pulmonary emboli. PERT is a multidisciplinary, fast-response team which can assist in
selecting the best treatment option for these patients and facilitate communication between various
specialists for individualized care.
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Abstract

Postoperative complications of phacoemulsification, such as corneal edema
caused by human corneal endothelial cell (CEC) injury, are still a matter of
concern. Although several factors are known to cause CEC damage, the influence
of ultrasound on the formation of free radicals during surgery should be
considered. Ultrasound in aqueous humor induces cavitation and promotes the
formation of hydroxyl radicals or reactive oxygen species (ROS). ROS-induced
apoptosis and autophagy in phacoemulsification have been suggested to
significantly promote CEC injury. CEC cannot regenerate after injury, and
measures must be taken to prevent the loss of CEC after phacoemulsification or
other CEC injuries. Antioxidants can reduce the oxidative stress injury of CEC
during phacoemulsification. Evidence from rabbit eye studies shows that ascorbic
acid infusion during operation or local application of ascorbic acid during
phacoemulsification has a protective effect by scavenging free radicals or reducing
oxidative stress. Both in experiments and clinical practice, hydrogen dissolved in
the irrigating solution can also prevent CEC damage during phacoemulsification
surgery. Astaxanthin (AST) can inhibit oxidative damage, thereby protecting
different cells from most pathological conditions, such as myocardial cells,
luteinized granulosa cells of the ovary, umbilical vascular endothelial cells, and
human retina pigment epithelium cell line (ARPE-19). However, existing research
has not focused on the application of AST to prevent oxidative stress during
phacoemulsification, and the related mechanisms need to be studied. The Rho
related helical coil kinase inhibitor Y-27632 can inhibit CEC apoptosis after
phacoemulsification. Rigorous experiments are required to confirm whether its
effect is realized through improving the ROS clearance ability of CEC.
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Core Tip: Ultrasound in aqueous solution induces cavitation and promotes the formation of hydroxyl
radicals or reactive oxygen species (ROS). ROS-induced apoptosis and autophagy in phacoemulsification
have been suggested to significantly promote corneal endothelial cell (CEC) injury. Antioxidants can
reduce the oxidative stress-induced injury to CECs during phacoemulsification.
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URL: https://www.wjgnet.com/2307-8960/full/v11/i8/1712.htm

DOI: https://dx.doi.org/10.12998/wjcc.v11.i8.1712

INTRODUCTION

Phacoemulsification has recently become an increasingly popular surgical procedure for cataracts, with
improvements in devices and surgical techniques. However, postoperative complications are still a
problem worthy of concern, such as infective endophthalmitis, retinal detachment, and corneal edema
due to damage to human corneal endothelial cells (CECs). Although several factors are known to cause
CEC damage, the effects of free radical formation by ultrasound waves during the procedure should be
considered. Ultrasound in aqueous humor induces acoustic cavitation[1] and promotes the formation of
reactive oxygen species (ROS)[2]. ROS-induced corneal endothelial damage has been demonstrated to
significantly promote apoptosis and autophagy during phacoemulsification[3]. CECs cannot regenerate
after injuries[4], and strategies must be taken to prevent CEC loss after phacoemulsification or other
endothelial injuries. This paper discusses corneal endothelial injury caused by oxidative stress
secondary to acoustic cavitation during phacoemulsification and also related protective measures and
implications for related fields.

THE IMPORTANCE OF PREVENTING CECS LOSS AND INJURY

Phacoemulsification surgery is the most commonly used surgery to treat cataracts. The complications of
phacoemulsification, which affect the prognosis of visual acuity, are still a matter of concern. These
complications include macular cystoid edema, infectious endophthalmitis, retinal detachment, and
corneal edema due to loss of CEC. Corneal edema caused by decompensation of CEC is one of the most
serious complications of phacoemulsification and can lead to severe visual loss and pain. CECs play a
crucial role in regulating the constant dehydration of the corneal stroma and transparency[5]. CECs play
a role mainly through active fluid pump and barrier function[6]. Both clinical and experimental studies
have shown that the proliferation ability of human CECs is limited[7]. CEC density (ECD) usually starts
from 4000 cells/ mm? at birth and gradually decreases with age. The average value for adults is approx-
imately 2500 cells/mm? while the average value for elderly individuals is less than 2000 cells/mm?.
Corneas with an ECD less than 1000 cells/mm? may not be able to tolerate intraocular surgery. When
ECD is less than 500 cells/mm? corneal edema and compensatory imbalance usually occur[8]. In
previous studies, uneventful cataract surgery has been proven to induce CEC loss ranging from 12% to
20%[9,10]. At present, the only effective option to treat corneal endothelial dysfunction is corneal
transplantation (e.g., full thickness penetrating keratoplasty or lamellar endothelial keratoplasty)[11]. In
phacoemulsification, CEC damage is caused by ultrasonic mechanical damage, such as turbulence of the
anterior chamber fluid and mechanical collision of bubbles and crystal fragments[12]. The application of
viscoelastic materials in ophthalmology can limit the CEC damage caused by this aspect. Studies have
confirmed that endogenous damage caused by oxidative stress plays a major role in CEC damage
caused by phacoemulsification[3,13]. Therefore, how to maximize the prevention of CEC loss and injury
during and after phacoemulsification and how to find the best effective safety strategy to protect CECs
is a research priority.
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ACOUSTIC CAVITATION AND ITS EFFECTS ON CECS

Ultrasonic energy is used in various surgical operations and is generated by the conversion of electrical
energy by piezoelectric crystals located in the casing head. The probe is a hollow or solid metal conduit
that directs ultrasonic vibration energy from the transducer to the target tissue (Figure 1). The low-
frequency and high-energy ultrasonic radiation from the transducer can lead to the periodic
compression and expansion of bubbles suspended in the liquid medium. Acoustic cavitation (that is,
bubble expansion and rapid adiabatic collapse in solution) can generate enough energy to generate free
radicals, sonoluminescence, high pressure and temperature rise in the bubble gas phase, bubble core
and liquid interface[14]. In a water medium, water molecules decompose to form H* and OH- radicals as
the main primary radicals. The generation of acoustic cavitation in a water medium is a random,
nonlinear, complex and multifactor-related phenomenon.

Bond[14] proposed a mechanical model to describe the interaction between phacoemulsification or
other ultrasonic operations and various tissues. In the process of phacoemulsification, the direct
mechanical vibration effect between the probe and the tissue will produce a large amount of heat
accumulation, so continuous synchronous irrigation can be used to reduce the heat effect. The
application of irrigating fluid in ophthalmic surgery can reduce friction and thermal effects; however,
the gas nuclei in these aqueous solutions may produce acoustic cavitation. Acoustic cavitation may
interact with tissues through chemical, electromagnetic radiation, thermal and mechanical effects and
reportedly cause cell and intracellular damage. The combined effects of acoustic cavitation on the
survival of damaged cells (that is, the generation of radiation, ultraviolet radiation, high temperature
and high pressure leading to acoustic perforation) may lead to ultrasonic energy damage and may
explain immediate cell damage, apoptosis and death[15,16].

In phacoemulsification, because monolayer endothelial cells cannot regenerate, the damage and
destruction of CECs should be minimized or eliminated. Aqueous humor contains natural antioxidants.
In phacoemulsification, the irrigating solution circulates through the anterior chamber of the eye at a
rate of approximately 20-30 mL/min to prevent heat accumulation. This effectively irrigates all aqueous
humor within a few seconds, thus removing all natural antioxidants that usually protect the anterior
chamber from oxidative damage. Therefore, ultrasonic emulsification in the irrigating solution
environment can produce acoustic cavitation, but it depletes the natural antioxidants of aqueous humor.

The main expected effect of phacoemulsification is to chop, emulsify and empty the cataractous lens
through the small clear corneal incision. To reduce heat accumulation and help lens fragmentation and
emulsification, as well as the removal of debris, synchronous irrigation must be carried out
continuously. However, for the generation of free radicals and sonoluminescence, cavitation may be
considered an undesirable byproduct of phacoemulsification. Free radicals have been shown to cause
toxic ocular oxidative damage, such as in the retina, lens and cornea[17]. The cytotoxicity of ROS to
photosensitizer-treated and light-treated bovine CEC has been proven to be mediated by a parallel
pathway leading to apoptosis and necrosis[18].

INHIBITING OXIDATIVE STRESS INDUCED BY ACOUSTIC CAVITATION PROTECTS
CECS

Studies have confirmed that endogenous damage caused by oxidative stress plays an important role in
CEC damage caused by phacoemulsification[3,16]. Therefore, some antioxidants can reduce the damage
to CECs in phacoemulsification.

Holst et al[18] determined the formation of free radicals by adding luminol to the buffer solution and
measuring the chemiluminescence in vitro and in rabbit eyes during phacoemulsification. They found
that free radicals were formed during the process of phacoemulsification, and the number of free
radicals was related to the power of ultrasound. In addition, the free radical scavenger superoxide
dismutase (SOD) can inhibit the formation of free radicals, indicating that adding SOD to the irrigating
solution during phacoemulsification can reduce the damage to CECs. Rubowitz et al[19] performed
long-term phacoemulsification in the anterior chamber on 17 rabbit eyes. In 9 eyes, balanced salt eye
solution was used in the phacoemulsification, and in 8 eyes, 0.001 M ascorbic acid was added to the
solution. All other parameters were the same between the two groups. They found that there was no
significant difference between the two groups in the number of CECs before the operation, but the ECD
of the ascorbic acid treated group was higher compared to the other group after the operation (P =
0.011). They believed that adding ascorbic acid in the irrigating solution could significantly reduce the
loss of CEC during phacoemulsification by approximately 70% and that it was due to the free radical
scavenging properties of ascorbic acid. M Padua et al[12] showed that during phacoemulsification
surgery in dogs, the application of ascorbic acid at a final concentration of 0.001 M in the irrigating
solution significantly reduced the loss of CEC, the loss of hexagonal cells, and the coefficient of variation
of CEC. Lee et al[20] reported the clinical application of ascorbic acid to prevent CEC damage related to
phacoemulsification surgery in 2 patients during the perioperative period. In addition to cataracts, 2
patients suffered from Fuchs corneal endothelial dystrophy and corneal endotheliitis. Nakamura et al
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Figure 1 Photograph of the probe and sleeve. A: Probe; B: Front of probe with sleeve; C: Side of probe with sleeve.
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[21] emphasized the protective effect of the antioxidant glutathione on CEC caused by ROS and found
that oxidized glutathione has a better effect. Both oxidized glutathione and reduced glutathione can
protect CECs.

The most relevant studies on acoustic cavitation and its effects on CECs are summarized in Table 1. A
figure describing acoustic cavitation and its effects on CECs is included (Figure 2).

IMPLICATIONS FOR RELEVANT FIELDS

Endogenous injury of CECs induced by oxidative stress is the main cause of CEC injury induced by
phacoemulsification. Reducing the damage to CECs during cataract surgery has been a hot topic in the
field of ophthalmology.

Astaxanthin (AST) is an orange red carotenoid pigment that is the strongest antioxidant in nature. It
has a variety of biological activities, including anticancer, anti-inflammatory, antiaging, antidiabetic,
immune regulation and neuroprotective activities. However, it is unclear whether AST can protect CECs
from endogenous damage caused by oxidative stress during phacoemulsification.

AST does not exist in human eyes and aqueous humor. At present, there are some studies on AST in
ophthalmology. Otsuka et al[22] found that AST can prevent retinal ischemic damage through its
antioxidant effect in a retinal ischemialreperfusion model. Dong et al[23] found that in the diabetes db/
db mouse model, AST can reduce the apoptosis of retinal ganglion cells, reduce the oxidative stress
pressure of retinal tissue in db/db mice, reduce superoxide anion, reduce malondialdehyde, reduce 8-
hydroxy-2-deoxyguanosine (8-OHdG) and increase manganese superoxide dismutase (Mn SOD)
activity. Hashimoto et al[24] conducted a clinical experiment to evaluate the antioxidant effect of AST
through changes in superoxide scavenging activity, hydrogen peroxide level and total organic peroxide
in human aqueous humor. The subjects were 35 patients who underwent bilateral cataract surgery
before and after taking AST (6 mg/day for 2 wk), and aqueous humor was taken during the surgery.
After AST intake, the superoxide scavenging activity increased significantly, and the total organic
peroxide level decreased significantly. The superoxide scavenging activity was significantly, negatively
correlated with the total organic peroxide level (R = -0.485, P < 0.01), indicating that AST intake
obviously enhanced the superoxide scavenging activity of human aqueous humor and inhibited the
production of total organic peroxide in aqueous humor.

Many scholars have conducted in-depth research on the mechanism of AST in various cells. In a
recent study, an ultraviolet (UV) B-induced oxidative stress model was used to evaluate the antioxidant
effect of AST on a human retina pigment epithelium cell line (ARPE-19). The results showed that 20 pM
and 40 pM AST can increase cell viability and have synergistic effects with ascorbic acid[25,26].
Increasing evidence shows that ROS production stimulates Phosphatidylinositol-3-kinase-serine/
threonine kinase Akt (PI3K-Akt) mediated autophagy, while AST improves cell survival under
oxidative inflammation conditions by activating the Akt signaling pathway[27]. Li Z and colleagues
have proven that AST plays a protective role in H,0,-induced oxidative damage by activating the PI3K-
Akt pathway, and then PI3K-Akt further activates several downstream signal transduction media, such
as mammalian target of rapamycin (mTOR) and the Nuclear factor erythroid 2-related factor 2-
antioxidant response elements (Nrf2-ARE) pathway[28].

However, no previous studies have focused on the role of AST in the oxidative stress injury of CEC
during phacoemulsification and its related mechanisms. In fact, in addition to phacoemulsification,
there are many risk factors for the increase in CEC, such as solar ultraviolet radiation, aging and
malnutrition. Therefore, local application of AST may contribute to the protection of patients with
fragile CEC.

Previous papers have suggested that Rho related helical coil kinase (ROCK) plays important roles in
cell cycle control because ROCK inhibits the premature separation of two centrioles in G1 period and is
indispensable for the contraction of the cleavage groove (a necessary step for the completion of
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Table 1 The most relevant studies about acoustic cavitation effects and its effects on corneal endothelial cells

Ref. Journal Key points

Hsueh et al[3] Cells ROS-induced CECs damage has been demonstrated to significantly promote apoptosis and autophagy during
phacoemulsification

M Padua et al Vet Ophthalmol Oxidative stress plays a major role in CECs damage and ascorbic acid significantly protected CECs during

[12] phacoemulsification

Ashush et al[13]  Cancer Res Acoustic cavitation can generate free radicals, sonoluminescence, high pressure and temperature rise

Holst et al[18] Curr Eye Res SOD can inhibit the formation of free radicals during phacoemulsification

Rubowitz etal ~ Invest Ophthalmol Vis ~ The number of postoperative CECs in the study group treated with ascorbic acid was significantly more
[19] Sci

Lee et al[20] World ] Clin Cases Clinical application of ascorbic acid can prevent CECs damage related to phacoemulsification

CECs: Corneal endothelial cells; SOD: Superoxide dismutase; ROS: Reactive oxygen species.

Probe leads ultrasonic vibration from transducer to

@ target tissue

Periodic compression and expansion of gas bubbles

02

Free radicals formation in the gas phase, core and liquid

@ interface of bubbles

Corneal endothelial cells apoptosis and autophage
@ induced by oxidative stress
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Figure 2 Acoustic cavitation and its effects on corneal endothelial cells.

cytokinesis)[29]. The ROCK inhibitor Y-27632 has been proven to increase proliferation and even
immortalize primary keratinocytes in the presence of feeder cells[30]. Achiron et al[30] divided the
corneal ring of a human donor into fragments, stored them in commercial storage medium with or
without 10 mmol/L ROCK inhibitor, and then exposed them to phacoemulsification. The sample was
separated into single cells by trypsin digestion. CEC was labeled with anti-CD166 antibodies to evaluate
the early and late apoptosis rate of survival of CEC by flow cytometry analysis of annexin V and
propidium iodide (PI) double staining. Six corneal and scleral rings from 4 donors were studied. After
phacoemulsification, compared with the control group, the CEC exposed to Y-27632 showed that the
early apoptosis rate decreased by 37.06%, and the late apoptosis rate decreased by 45.27%. The authors
believe that ROCK inhibitors can be used before cataract surgery, especially in high-risk patients. This
may be a promising new method to prevent pseudophakic bullous keratopathy. However, the author
has not clarified the mechanism behind the effect. Zhou ef al[31] found that the primary limbal epithelial
cells of rabbits treated with Y-27632 also showed improved colony formation efficiency by enhancing
the expansion of stem/progenitor cells. They proved that Y-27632 improved the cloning efficiency of
rabbit limbal stem/progenitor cells by improving their adhesion and ROS clearance ability. Therefore,
rigorous experiments are required to confirm whether the effect of Y-27632 on inhibiting the apoptosis
of CECs after phacoemulsification is realized through the mechanism of improving the ROS clearance
ability of CECs.
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CONCLUSION

Ultrasound in aqueous humor can induce cavitation and promote the formation of ROS. ROS-induced
apoptosis and autophagy have been suggested to significantly promote CEC injury during phacoemul-
sification. AST can inhibit oxidative damage, thus protecting different cells from most pathological
conditions. However, existing research has not focused on the application of AST to prevent oxidative
stress during phacoemulsification. Y-27632 inhibited CEC apoptosis after phacoemulsification. Further
experiments are required to confirm whether the effect is realized by improving the ROS clearance
ability of CECs.
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Abstract

The demand for procedures aiming to rejuvenate the upper third part of the face
and the periocular region has increased in the past several years. Blepharoplasty
is one of the most frequently performed procedures worldwide to date. Surgery is
currently the first choice in order to achieve permanent and effective results;
however, it is burdened by potential surgical complications feared by patients.
There is an increasing trend in individuals to request less invasive, non-surgical,
effective, and safe procedures for eyelid treatment. The aim of this minireview is
to present a brief overview of non-surgical blepharoplasty techniques that have
been reported in the literature in the past 10 years. Numerous modern techniques
that provide a rejuvenation of the entire area have been described. Numerous less
invasive methods have been proposed in the current literature and in modern-day
routine clinical settings. Dermal fillers are a commonly chosen option for
providing enhanced aesthetic results, especially considering that volume loss can
be one of the main underlying causes of facial and periorbital aging. Deoxycholic
acid use may be considered when the problem is represented by periorbital excess
fat deposits. The simultaneous excess and loss of elasticity of the skin can be
assessed with techniques such as lasers and plasma exeresis. Furthermore,
techniques such as platelet-rich plasma injections and the insertion of twisted
polydioxanone threads are emerging as viable methods to rejuvenate the
periorbital region.

Key Words: Non-surgical blepharoplasty; Laser treatment; Dermatochalasis; Aesthetic;
Non-invasive procedures; Hyaluronic acid; Plasma exeresis; Eyelids
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Core Tip: Non-surgical procedures represent a valid alternative to surgery in the rejuvenation of the
periorbital area. When the problem can be corrected by ‘filling” more and ‘removing’ less, fillers may be
of use. Laser treatment and microsurgical techniques can provide a viable solution when the main concern
is based on excess and/or inelasticity of the skin.
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INTRODUCTION

The periocular region represents one of the most fascinating and interesting elements of the face that
others usually first notice in us. The first signs of aging of the face are typically seen in this area[1]. The
search for a younger and “fresher” appearance of the face is one of the main reasons that individuals
search for clinical assistance, be it surgical or non-surgical. The demand for upper facial rejuvenation in
both females and males has dramatically increased in the past decade. Blepharoplasty, which is
performed for cosmetic and/or functional reasons, is one of the most performed procedures worldwide
[2]. In the last 10 years, blepharoplasty has been one of the top five most commonly performed surgical
procedures, along with facelift (rhytidectomy) and rhinoplasty[3].

Blepharoplasty can be defined as the surgical repair or reconstruction of the upper and/or lower
eyelids. These procedures are performed to correct the signs of aging that occur in the periorbital region
and enhance unaesthetic lids. The procedure typically involves the management of excess eyelid skin,
lid laxity, ptosis, orbital septum, and orbital fat. Upper and lower lid blepharoplasty can be performed
for cosmetic reasons and/or reconstructive reasons. Cosmetic and reconstructive procedures can be
undertaken at different times or can sometimes be performed during the same operation[4,5].

The upper and lower eyelids consist of the anterior, middle, and posterior lamellae. The anterior
lamella is composed of the skin and orbicularis oculi muscle of the eyelid, whereas the posterior lamella
refers to the retractors, superior or inferior tarsal muscle, tarsus, and conjunctiva. The orbital septum is
sometimes referenced as the middle lamella[6]. Despite being one of the most frequently performed
operations, surgical blepharoplasty tends to be an invasive and non-definitive procedure that can
produce scars and may require further surgical retouches in the future. Like all surgical procedures,
blepharoplasty involves risks that include infection, bleeding, and other postoperative complications. In
light of the fears and risks involved with traditional invasive surgery, there has been an increasing
demand for innovative cosmetic procedures that are less invasive and provide good outcomes with
fewer side effects compared to surgical procedures[2]. The aim of our minireview is to present a brief
overview of non-surgical blepharoplasty techniques, which have been reported in the literature and
used in clinical settings in the past 10 years.

MATERIALS AND METHODS

We conducted a search of the literature published from January 1, 2012 to December 1, 2022 using
MEDLINE (PubMed). The database was first searched using the key words “non-surgical blepharo-
plasty, blepharoplasty NOT surgery, non-surgical blepharoplasty techniques, non-invasive blepharo-
plasty, blepharoplasty AND fillers, blepharoplasty AND hyaluronic acid, blepharoplasty AND laser,
blepharoplasty AND peeling, blepharoplasty AND chemical peels, blepharoplasty AND plasma”. We
considered only studies in English and those referring to humans and with an abstract, thus reducing
the count to 538 papers. The reference lists of all retrieved articles were assessed to identify additional
relevant studies. The research of articles was performed using PubMed (https://pubmed.ncbi.
nlm.nih.gov) and Reference Citation Analysis (https:/ /www.referencecitationanalysis.com).

Only articles with an abstract were considered. After excluding all works in which only surgical
techniques were described and those that assessed non-surgical techniques as only complementary to
surgery, 40 studies were analyzed. A quality score was calculated for each article using a check list from
the American Society of Plastic Surgeons guidelines for therapeutic studies[7]. Each study was
independently assessed by at least two reviewers (Miotti G and Zeppieri M), and rating decisions were

based on the consensus of the reviewing authors. The results of the most relevant studies are shown in
Table 1.
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Table 1 Studies in current literature regarding blepharoplasty

Where
Type of the Number .
Ref. (upper/lower Conclusions
study . of cases
eyelid)
Balzani et al[21], Prospective Upper 20 Lift of 1.63 + 0.68 mm of the upper eyelid at 6 mo
2013
Bae-Harboe et al Review Both / Fractional ablative CO, laser is a valid solution to improve
[16], 2014 the appearance of periocular area
Toyos[20], 2017 Retrospective Upper 16 Increase in the measurements for dermatochalasis and skin
laxity at 6 mo follow-up and few side effects
Guida et al[23], Retrospective Both 20 Increase in the Global Assessment Improvement Scale;
2018 reduction of medium protrusions and depressions;
improved texture at 2 mo also at 3D image reconstructions
Garcia et al[22], Cohort, Lower 263 Improvement in the eyelid area characterized by fewer
2019 uncontrolled rhytids and a younger appearance at 6 mo
Rossi et al[30], Plasma exeresis ~ Prospective, Both 10 Change in the conformation of the collagen fibers from
2018 controlled, huddled and coalesce presentation to long and straight
evaluator-blinded fibers
Giroux et al[33], Prospective, single Upper 25 About 2.5 mm of mean reduction at 12 mo follow-up
2019 center
Theppornpitak et Prospective, Both 18 Effective and safe for treatment of mild-to-moderate
al[35], 2019 controlled, periorbital wrinkles and darkening
evaluator-blinded
Verner et al[32], Prospective, single  Upper 17 All patients had an improvement of dermathocalasis scale
2020 center
Baroni[2], 2020 Prospective, single  Upper 10 General satisfaction for the patients (8 or more on VAS scale)
center and the absence of permanent side effects
Ziade and Case report Both 2 Safe and efficient non-surgical option. Few complications;
Desiree[29], 2020 hyperpigmentation is the most common, preventable whit
small precautions
Ferreira et al[31], Observational Upper 16 General post-treatment satisfaction (modified Q-bleph) and
2021 limited adverse events
Martin-Oviedo et Retrospective Upper 26 Effective in reducing paralytic lagophthalmos and
al[38], 2013 controlling keratopathy in patients with temporary facial
palsy
Romero et al[42], Retrospective Lower 12 Retraction was completely corrected in 96.3% of patients;
2013 improvement of the standardized MRD2 of 0.84 mm
immediately after injection and 1.19 mm 9 mo later
Kohn et al[39], Prospective, non-  Upper 8 HA injection may be an effective and minimally invasive
2014 randomized method to improve upper eyelid position for patients with
mild eyelid retraction in both the active and inactive stages
of TED
Romeo[12], 2016 Cohort, Upper 154 Upper eyelid area filling with HA was compared to surgical
prospective blepharoplasty as means of reaching eye rejuvenation. The
study showed high patient satisfaction in regards of the
aesthetic endpoint and long lasting results in a 12 mo period
Jiang et al[47], Retrospective, Lower (tear- 78 Compared the use of HA to autologous fat injections. Fillers
2016 single center trough may be used alone in the treatment of TTD in patients with
clinical study deformity) mild to moderate periorbital volume loss without severe
orbital fat bulging
Romeol[46], 2019 Retrospective Upper 500 Upper eyelid area filling with HA was compared to surgical
blepharoplasty as means of reaching eye rejuvenation. The
study showed high patient satisfaction in regards of the
aesthetic endpoint and long lasting results in a 12 mo period
Xi et al[42], 2019 Retrospective Lower 27 Retraction was completely corrected in 96.3% of patients;
improvement of the standardized MRD2 of 0.84 mm
immediately after injection and 1.19 mm nine months later
Bladen and Retrospective, Upper 8 6 patients showed improvement; HA injection is considered
Malhotra[43], single center case a feasible option for treatment of epibleharon
2019 review
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Mani et al[49],
2013

Amore et al[50],
2019

Lee et al[51], 2020

Aust et al[52],
2018

PMMA Retrospective, Lower 289 Subdermal PMMA microspheres injection is a safe technique
single center in the correction of infraorbital rhytids

Deoxycholate Multi-center, Lower fat pads 120 Moderate to high patient satisfaction and therapeutic
observational success in 85.83% of the patients enrolled
prospective

Twisted polydi-  Retrospective, Lower 40 More than 77.5% of patients were satisfied with the outcome

oxanone threads  single center

Platelet rich Prospective Lower 20 Statistically significant increase in skin firmness and skin
plasma elasticity, high level of patient satisfaction, and progressive
improvement of the aesthetic outcome

PMMA: Polymethylmethacrylate; HA: Hyaluronic acid; MRD2: Marginal reflex distance 2; TTD: Tear trough deformity; TED: Thyroid eye disease; VAS:
Visual analogue scale.

Jaishideng®

BACKGROUND

Like any surgical procedure, blepharoplasty, especially performed on the lower one, is burdened by
potential complications such as dry eye syndrome, corneal abrasion, lid asymmetry, lagophthalmos (the
inability to close the eyelids completely), lacrimal gland injury, canthal webbing, postoperative
hemorrhage, diplopia or infection, blepharoptosis, wound dehiscence, scleral show, and ectropion[8-
11]. In the past several years, there has been an increasing demand in enhanced aesthetic outcomes with
procedures that can offer quicker operative and postoperative wound-healing times, and preferably
with fewer complications and discomforts with anesthesia. Non-invasive and less invasive procedures
have become relatively popular in providing effective and safe alternatives for eyelid treatment. There
has been great interest in those techniques that can guarantee good outcomes, while minimizing the side
effects usually associated with surgical procedures[2].

When we talk about non-surgical procedures for treating the periocular region, we must consider all
the emerging techniques that determine a rejuvenation of the entire area (i.e., techniques for volumizing
or reducing unwanted localized fat deposits), not only those based on surgical approaches to redundant
skin or fat pads. Techniques such as hyaluronic acid (HA) fillers, lasers, deoxycholic acid, and plasma
exeresis are considerably emerging, providing interesting and viable options in aesthetic treatments of
the eyelids[12].

The dynamics of eyelid aging are not completely known to date. They are characterized by various
physiological processes that lead to inelastic and excessive skin and/or subcutaneous soft tissue or bone
volume loss[1,13,14]. Due to the emerging evidence from studies based on the dynamics of periocular
aging and the concept of beauty (empty eyelid vs full eyelids), surgical approaches have evolved and
changed over time to meet the new demands of individuals. Plastic surgery in this specific field has
gone from a subtractive surgery approach to modern-day augmentation blepharoplasty techniques, in
which adipose tissue is repositioned or even increased (i.e., lipofilling, HAs, ect.) [1,15]. The following
sections of the manuscript will briefly deal with the different conservative options for eyelid
rejuvenation.

LASERS

One of the most characteristic aspects of eyelid aging is represented by the simultaneous excess and loss
of elasticity of the skin. Laser treatment has shown to provide interesting options to address these
morphological and functional changes of the lid. The objective of laser treatment is to ensure a
contraction of the skin, which can give rise to a smoother and toned appearance[16]. Before promoting
any treatment, it is fundamental to understand the mechanisms of aging and needs of each individual
patient seeking aesthetic procedures to enhance facial appearance. In addition to changes to the skin, fat
pads, muscle, or bone tissue can be affected by aging processes[1]. The laser approaches that are
typically considered in these patients include resurfacing and ablative or non-ablative techniques. Laser
treatments can also be used to complete and enhance traditional blepharoplastic surgical procedures
[16].

There are several different laser technologies that can be used for the treatment of the eyelid region,
which include: Ablative CO, laser; erbium-doped yttrium-aluminum-garnet (Er:YAG) laser; fractional
ablative CO, laser; fractionated erbium:YAG laser; and non-ablative fractional laser[16,17]. Fractionated
ablative laser treatments target water and cause selective photothermolysis[17]. The main differences
between ablative and non-ablative lasers are the layers of the skin affected, laser dosage, and efficacy,
which tends to be greater for ablative ones. Ablative lasers usually present a longer recovery time and
involve greater risks. The selection of the appropriate laser device is fundamental, which should be
based on the morphological and functional characteristics of the areas to be treated, the clinical needs of
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the patient, and the postprocedural recovery time. Fractionated lasers typically have a faster skin-
healing time and reduced risk of scarring, dyschromia, and postprocedural infections.

When dealing with patients that seek blepharoplasty for enhanced lid aesthetics, the clinician should
provide various pertinent options for each individual, by specifying all details regarding pros, cons,
risks, and expected outcomes and healing times. Complete clearly understood information is necessary
in obtaining written informed consent before surgery. Nguyen et al[18] nicely reported how patients
mistakenly believed that laser blepharoplasty was better than the traditional one (because it is
considered simpler, less painful, and with a shorter recovery). The study shows how the advice given by
physicians can have a huge impact on decisions made by patients. It is thus of utmost importance that
clinicians be careful and complete in explaining all options, and should avoid setting false expectations
when dealing with patients[18].

Historically, ablative CO, resurfacing has been the gold standard for skin resurfacing. This laser has
been described to provide an effective approach to treat the dermatochalasis of the eyelid skin because it
was believed to be better at giving tissue contraction and rhytid improvement than Erb:YAG ablation
[17]. Fitzpatrick et al[19] demonstrated that both CO, laser and Er:YAG laser have similar degrees of
tightening; however, Er:YAG laser showed 33% of scarring in patients and a lower ability of coagulation
when compared with CO,laser. The study by Bae-Harboe et al[16] provides a careful analysis of
advantages, disadvantages, and potential side effects of ablative, ablative-fractioned, and non-ablative
techniques. The study also shows that fractioned ablative CO, laser represents a valid solution to
improve the appearance of periocular area.

With regard to patients with eyelid skin excess, several studies have reported the positive use of laser
for mild or moderate cases of dermatochalasis. Toyos[20] published a study based on 16 patients
affected by mild dermatochalasis and treated with fractional continuous wave CO, laser. The study
showed an increase in the common lid measurements for dermatochalasis and skin laxity at the follow-
up at 6 mo and fewer side effects, which tended to be only minor. Balzani et al[21] provided satisfying
outcomes with CO, laser. The study was based on 20 patients treated at upper eyelid and eyebrow
regions with fractional ultrapulse CO, laser. The mean lid lift after treatment was 1.63 + 0.68 mm and
2.300 £ 0.67 mm at 6 mo, respectively. Fractional ultrapulse CO, laser reduces collateral thermal damage
through selective skin vaporization and causes tissue tightening and collagen shrinkage. This laser
technique tends to show low costs and low risks with short operative and recovery times. Garcia and
Badin[22] retrospectively analyzed 263 patients with mild inferior dermatochalasis treated solely with
ablative fractioned CO, laser. They showed an improvement in the eyelid area characterized by fewer
rhytids and a younger appearance 6 mo postoperatively. The treatment of the lower eyelid has also been
shown by Guida et al[23]. They retrospectively considered 20 patients treated with freehand CO,
ablative resurfacing, using the technique of resurfacing with ablation of periorbital skin. Results
demonstrated an increase in the Global Assessment Improvement Scale (subjective and objective) score
and a reduction of medium protrusions and depressions, with an improved texture at 2 mo that was
confirmed by 3D image reconstructions. The histological explanation of what happens to the skin after a
laser treatment has been reported in a recent article by de Filippi Sartori et al[24] published in 2022. The
study showed an increase of skin collagen I and III concentrations 30 d after resurfacing treatment
performed with fractioned CO, laser, with an evident improvement in periorbital rhytidosis.

Another element that patients typically seek consultation is for periorbital hyperpigmentation.
Various treatments can be performed for this unsightly condition, including laser. The etiology can be
linked to pigmentary, structural, vascular, and/or mixed causes[25]. Vrcek et al[26] and Samaan and
Cartee[27] have carried out a thorough analysis of the all-possible solutions for this problem, providing
three possible solutions using lasers. The first option exploits the Q-switched laser, which is ideal for
selectively treating melanosomes while causing minimal trauma to the surrounding structures. The
evolution of technology has led to the experimentation of the laser Nd:Yag, which can penetrate deep
into the skin and have minimal effects on melanosomes, allowing increased safety when treating more
pigmented individuals, such as Fitzpatrick types V and VI skin. The second treatment option is based
on pulsed dye lasers, which are useful for individuals that have dark circles with a vascular etiology.
The last option, which tends to be considered as the most effective, is based on ablative or fractioned
laser resurfacing. When comparing CO, and Erb:YAG technologies, the latter option tends to offer more
precision with a more limited depth of penetration and minimal thermal damage. Fractioned laser
technology reduces the confluent thermal damage when compared with ablative lasers. This determines
the presence of behind untreated skin, which allows for less downtime and a lower complication rate.
As already reported by other reviewers, such as Vrcek et al[26], the results of fractionated CO, laser
resurfacing have been shown to be comparable with traditional ablative resurfacing, but with a lower
rate of complications and less downtime. Given its bias of being an uncontrolled cohort study, similar
results have also been reported in a paper published by Garcia and Badin[22].

With regard to possible complications related to laser treatments, the incidence generally tends to be
low and minor. Patients should be informed of the possible onset of edema, swelling, hypo or hyper-
pigmentation, infections (bacterial or viral), and visible scarring (that can give rise to ectropion if
severe). One of the largest series in the literature that focuses on complications after laser treatment
includes the study by Kim et al[28] using fractional ablative CO, laser resurfacing. The results show a
low risk of infection, which was limited to less than 1%, with a prevalence of viral etiology (4 viral cases
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vs 2 bacterial cases). Hyperpigmentation caused by post-treatment inflammation was the most common
complication, which was found in about 10% of patients, but easily with topical medical therapy. Visible
scars were reported in 0.9% of cases that needed steroid injections. The study showed a grade of “very
satisfied” (or more) in global post-treatment satisfaction in about 97% of the patients treated.

PLASMA EXERESIS

When a patient refuses a surgical approach to correct the signs of eyelid aging, the plasma exeresis
technique can be proposed as a viable option. The plasma technique is becoming an increasingly
interesting non-surgical alternative for the treatment of dermatochalasis. It consists of a handpiece
producing ionized energy from an air gap that causes superficial tissue heating without any direct
contact. A controlled and limited thermal damage transforms solid tissue into a gaseous state that
creates mild coagulation, resulting in increased collagenosis and contraction of the skin.

Plasma technology is considered as a safe and efficient non-surgical option. There have been only a
few minor complications reported in the literature, which include delayed healing, skin bacterial
infection, herpes simplex virus infection, tissue scarring, and post inflammatory hyperpigmentation
(most common). Easy precautionary measures can be applied, such as those reported by Ziade and
Desiree[29] to reduce risks. Studies by Rossi et al[30] have given possible histological explanations as to
what happens to the skin after treatment with plasma technology. Treatment appeared to induce a
change in the conformation of the collagen fibers observed with confocal microscopy, going from
huddled and coalesce presentation to form long and straight fibers. There were no major side effects
observed.

Ferreira et al[31] showed promising results in a cohort of 16 patients that underwent upper blepharo-
plasty using plasma technology. What emerged in this prospective study is both a general post-
treatment satisfaction (calculated by modified Q-bleph) and a limited number of adverse events
(hyperpigmentation was one of the possible side effects in patients with Fitzpatrick III-IV phototype, but
was easily resolved). Rossi et al[30] and Verner et al[32] showed effective and comparable results in
patients treated with plasma exeresis for upper eyelid dermatochalasis. Hassan et al[10] found a statist-
ically significant decrease in eye lid laxity after treatment in a study based on 40 patients treated by this
method. Studies by Baroni[2] showing effective treatment and good aesthetic results were based on a
long-wave P-RF ablation plasma device to treat 10 patients affected by dermatochalasis. His protocol
consisted of two treatments distanced 1 mo apart. The general satisfaction of patients was quite good [8
> visual analogu scale (VAS)], with no reported permanent side effects. High levels of satisfaction
(about 80% of both patients and investigators) were reported in a prospective study by Giroux et al[33].
They treated 25 patients affected by moderate dermatochalasis, and obtained a mean lid reduction of
about 2.5 mm at the 12-mo follow-up.

Studies in the current literature also report the possible use of plasma technique for treating
periocular hyperpigmentation, as well as dermatochalasis and wrinkles[34]. A pilot study carried out by
Theppornpitak et al[35] reported effective and positive clinical outcomes in mild and moderate cases of
periocular hyperpigmentation.

DERMAL FILLERS

In the field of facial rejuvenation, dermal fillers have been widely used for numerous years. They have
recently become an alternative to surgical procedures for both aesthetic and functional indications, such
as upper and lower blepharoplasty, tear-trough deformity for the lower lid, lagophthalmos, orbital
volume deficiency, upper and lower eyelid retraction, and eyelid malposition. Dermal fillers represent a
valid alternative to surgery in aesthetic indications. Injectable fillers provide numerous advantages that
make them a suitable alternative to surgery, considering that they are minimally invasive, titratable,
repeatable and, in some cases, reversible. Soft tissue fillers/injectables can be classified based on their
source, which include autologous (fat), biological (collagen and HA), and synthetic [poly-L-lactic acid,
calcium hydroxyapatite and polymethylmethacrylate (PMMA)]. Fillers can also be classified according
to the duration of cosmetic benefit in short (< 3 mo, bovine collagen), medium (3-12 mo, HA), long
lasting (12-24 mo, calcium hydroxyapatite, poly-L-lacticacid), and very long lasting (PMMA, fat). There
is also a distinction that can be made based on their reversibility, which include fillers that are reversible
(bovine collagen, HA) and irreversible (PMMA, calcium hydroxyapatite, poly-L-lacticacid, and fat)[36].

HA

HA derivatives are the most commonly used dermal fillers especially considering that they derive from
a ubiquitous molecule in the human body and thus do not require allergy testing prior to use. HA
derivatives display a medium to long duration (6-12 mo) thanks to their cross-linking to other chemicals
that prevents biodegradation from enzymes. A wide variety of HA derivatives displaying different
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characteristics have been produced over the years, leading to the abundant use in a variety of fields of
surgery, such as in the management of periocular and orbital pathology[36].

Lagophthalmos is defined as the inability to fully close the eyelids due to paralysis of the orbicularis
oculi (paralytic), retraction of the upper or lower lids (restrictive), and proptosis. This important lid
disorder can result in exposure of the cornea and lead to severe dry eye syndrome and keratopathy.
Paralytic lagophthalmos can be treated using HA gel (such as Restylane or Juvéderm Ultra) injected in
the pretarsal and/or prelevator aponeurosis regions along the length of the upper eyelid and deep to
orbicularis oculi muscle in a feathered layered fashion, as demonstrated by two retrospective studies
conducted separately by Mancini et al[37] and Martin-Oviedo et al[38]. The use of HA gel in the
treatment of lagophthalmos is ideal for patients not suitable for surgery and those unable to tolerate an
external weight applied to the lid. HA provides a flexible and temporary approach that can be ideal to
treat reversible and non-permanent causes of lagophthalmos.

HA gel injections are an effective non-surgical treatment for upper eyelid retraction. Studies by Kohn
et al[39] showed how multiple subconjunctival injections of Restylane-L in the elevator aponeurosis
plane in patients with active thyroid eye disease, led to a reduction in marginal reflex distance-1 that
persisted for a mean of 15 mo post-injection. Leyngold et al[40] reported good clinical outcomes in
patients with sunken superior sulcus, in which injections of Juvéderm Ultra XC in the superior sulcus
deep to the orbital septum led to a 70% decrease of lagophthalmos at the longest follow-up with a mean
9.5 mo[40].

Lower eyelid retraction secondary to different aetiologias can also be treated with HA gel injections,
as demonstrated by Xi et al[41]. The study was based on injecting HA under the orbicularis muscle in 27
cases and evaluating the results by the standardized marginal reflex distance 2 (MRD2). The retraction
was completely corrected in 96.3% of patients with no recurrence at 9 mo post-injection, showing an
improvement of the standardized MRD2 of 0.84 mm immediately after injection and 1.19 mm 9 mo later
[41].

Romero et al[42] analyzed the effects of HA injections in the primary management of cicatricial
ectropion, which can be defined as the eversion of the eyelid away from the globe due to the shortening
of the anterior lamella secondary to many conditions including surgery and trauma. The authors
injected 1 mL of Restylane in each eyelid along the infraorbital rim, in preseptal area, and in the
infraciliary region, obtaining improvement in the eyelid position in all patients with at least partial
ectropion correction. Since this technique provided a poor cosmetic outcome in some of the cases
treated, the authors suggested to consider this treatment in patients who are poor surgical candidates.

A recent retrospective case review conducted by Bladen and Malhotra[43] considered the use of HA
in the treatment of epiblepharon in pediatric patients as an alternative to traditional surgery, since this
condition usually shows an improvement as the child grows older. Of eight eyelids treated with
Restylane, six showed improvements with an 87% success rate, making HA injection a feasible option
for the treatment of epiblepharon, with the advantage of avoiding or delaying surgery in selected cases.

The safety profile and variety of HA derivatives have rendered these dermal fillers suitable for
various aesthetic use, including periorbital area rejuvenation. There has been a paradigm shift over the
last two decades in this field of aesthetic medicine considering that volume loss has been recognized as
one of the main causes of facial and periorbital aging, determining symmetric or asymmetric hollowing,
excess upper lid showing, and dermatochalasis[12,44]. As a result, volume restoration has become a
preferred approach in order to achieve natural rejuvenate results. HA derivatives seem to ideal
candidates for this methodology, considering that they do not require surgery, are quick to perform,
reversible within minutes, and display medium to long lasting effects. HA injections in the upper eyelid
and superior orbital region are performed in order to improve the aesthetic appearance in patients
presenting with superior sulcus hollowness, which may be secondary to the aging process or iatrogenic
after excessive fat removal during surgical blepharoplasty[45]. Filling the upper eyelid can provide
improvements in eyelid closure and function in select cases. In two studies conducted by Romeo[46],
upper eyelid area filling with HA was compared to surgical blepharoplasty as means of reaching eye
rejuvenation in a cohort of 154 and 500 patients, respectively. Both studies showed high patient
satisfaction in regards of the aesthetic endpoint and long-lasting results in a 12-mo follow-up, defining
HA filling as an effective means of rejuvenation for the upper eyelid that can be used independently[12].

Another application of HA injection in the periorbital area is represented by the treatment of tear
trough deformity (TTD) of the lower eyelid. In these cases, the filler is placed at the preperiosteal plane
below the orbicularis muscle. The tear trough is composed of thin skin adherent to the orbicularis
muscle that is attached to the orbital rim. In young patients, the tear trough is located in the medial third
of the orbital rim, whereas in ageing individuals, it gradually extends laterally up to the lateral canthus
[44]. Jiang et al[47] compared the use of HA gel to autologous fat injections and fat repositioning surgery
via arcus marginalis release for the treatment of TTD in 78 patients. Results showed that HA fillers may
be used alone in the treatment of TTD in patients with mild to moderate periorbital volume loss without
severe orbital fat bulging. An observational study by Diaspro et al[48] involving 600 patients showed
that HA injection alone can be considered for the treatment of TTD in patients between 30 and 40 years
of age, based on the statistical analysis that showed an inverse correlation between age and aesthetic
outcome.
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Other injectables

PMMA is a synthetic, extremely long lasting, and potentially irreversible filler. In a retrospective case
series enrolling 289 patients, Mani et al[49] analyzed the use of PMMA microspheres in the infraorbital
eyelid area for the treatment of rhytids. Results showed subdermal PMMA microspheres injection to be
a safe technique in the correction of infraorbital rhytids, with results that seem to be predictable and
natural. Only four patients developed late minor complications in the form of small granulomas, which
resolved with the intralesional injection of triamcinolone. A correlation between granulomas formation
and previous lower blepharoplasty was found[49].

Sodium deoxycholate (DC) is another injectable substance that may be taken into account in
periorbital area rejuvenation procedures. DC has been widely used to reduce unwanted localized fat
deposits for many years. The treatment of lower eyelid fat pads with monthly injections of sodium DC
1.25% (DB125) was evaluated by Amore et al[50] in a multi-center observational prospective study on
120 patients with the aim of assessing the safety and effectiveness of DB125. Results showed a moderate
to high patient satisfaction and therapeutic success in 85.83% of the patients enrolled with no significant
differences between sex, a high degree of effectiveness, and minimal adverse events. This procedure,
however, should be considered for the treatment of lower eyelid fat pads in patients preferably under
the age of 40, since higher success rates in studies tend to be reported in the younger age groups[50].

Polydioxanone threads

Infraorbital groove correction may be achieved with different techniques, such as filler injections, lower
blepharoplasty, and microfat grafting. A new technique to achieve facial rejuvenation is represented by
the insertion of transcutaneous synthetic threads for infraorbital groove correction, such as multiple
twisted polydioxanone (PDO) threads. Lee et al[51] examined the efficacy and the risks of this technique
on a group of 40 patients aged 25-56 years old by assessing Barton’s grade and Global Aesthetic
Improvement Scale scores and patients” satisfaction. Results showed a significant and persistent
improvement in the mean Barton grade, hence indicating the effectiveness and the benefits of this
technique, with no significant concerns about safety. More than 77.5% of patients were satisfied with the
outcomes[51].

Platelet rich plasma

Another option available for the treatment of the lower eyelid area has been investigated by Aust et al
[52]. The authors evaluated the use of platelet rich plasma (PRP) in order to rejuvenate the skin of the
lower eyelid region and treat actinic elastosis. The study enrolled 20 patients who received three 2 mL
PRP injections per side in the lower eyelid area at monthly intervals. The endpoints were evaluated
using a cutometer to measure skin elasticity and questionnaires to objectify patients” satisfaction. Results
showed a statistically significant increase in skin firmness and skin elasticity, as well as a high level of
patient satisfaction and progressive improvement of the aesthetic outcomes. Side effects were minimal
and only represented by swelling after the PRP injection, while the procedure was reported to be pain-
free.

CONCLUSION

The eyelid region has always been and will continue to represent a fundamental part of the face that
provides treatment options geared at improving aesthetic outcomes and younger age-related effects.
There are numerous methods, techniques, and tools currently available, which can provide
improvements in mild and moderate cases. Surgery tends to be the first choice to provide radical and
long-term effects, especially in severe cases. Less invasive and non-surgical options have been of
increasing use in the past decade, especially considering the possibility of obtaining a comparable result
by limiting risks, complications, and healing times. New less invasive methods, lasers, innovative
technologies, and alternative tissue fillers are destined to pave the way to the future in modern aesthetic
medicine.
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Abstract

Inflammatory bowel disease (IBD) is often diagnosed during the peak reprodu-
ctive years of young women. Women with active IBD around conception are at a
significantly increased risk of disease relapse during pregnancy, which is
associated with poor pregnancy and neonatal outcomes. Given these substantial
risks, it is prudent that disease remission should ideally be achieved before
conception. Unfortunately, some patients may experience a disease flare-up even
if they are in a state of remission before pregnancy. Patients must continue their
IBD medications to reduce the risk of disease flare and subsequent poor outcomes
during the gestational and postpartum periods. When treating IBD flare-ups
during pregnancy, the management is quite similar to the therapeutic approach
for non-pregnant patients with IBD, including 5-aminosalicylate, steroids,
calcineurin inhibitors (CNIs), and biologic therapies. While the data regarding the
safety of CNIs in pregnant women with IBD is limited, the findings in our recent
meta-analysis suggest that CNIs may be safer to use in those with IBD than in
solid organ transplant recipients. There are several types of biologics and small-
molecule therapies currently approved for IBD, and physicians should thoroughly
understand their clinical benefits and safety profiles when utilizing these
treatments in the context of pregnancy. This review highlights recent studies,
including our systematic review and meta-analysis, and discusses the clinical
advantages and safety considerations of biologics and small molecules for
pregnant women with IBD.
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Core Tip: Anti-tumor necrosis factor monotherapy is safe during pregnancy in women with Inflammatory
bowel disease (IBD). However, their use in combination with thiopurines may be associated increased risk
of neonatal prematurity and infection, although these data are conflicting. According to meta-analyses,
vedolizumab and ustekinumab may be associated with early pregnancy loss; however, these data might be
biased by IBD activity or small sample sizes. Recent prospective studies have demonstrated these
biologics are generally safe during pregnancy. Janus kinase inhibitors are contraindicated during
pregnancy as animal studies have demonstrated harmful effects. Calcineurin inhibitors may be considered
for pregnant women with IBD who develop clinical relapse.
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INTRODUCTION

Pregnancy is a critical period requiring coordinated, specialized health care for many women during
their reproductive years. As most women with inflammatory bowel disease (IBD) experience the onset
of the disease in their 20s and 30s, physicians should understand the clinical benefits and safety profiles
of biologics and small molecules as they apply to pregnant women with IBD.

In general, patients with IBD have a higher incidence of adverse pregnancy outcomes, including
miscarriage, preterm delivery (a live birth before 37 wk of pregnancy), low birth weight (LBW: A birth
weight of < 2500 g), poor maternal weight gain, and complications of labor and delivery (e.g.,
preeclampsia, placental abruption, increased probability of delivery by cesarean section)[1-3]. Many
studies have previously confirmed that active or flaring IBD around conception increases the risk of
disease relapse and is associated with several poor outcomes, including increased risk of LBW, preterm
birth, small for gestational age, spontaneous abortion, and stillbirth[4]. These data imply that proactive
family planning with the goal of sustained disease remission before conception should be practiced
routinely. However, up to one-third of the patients with IBD in remission before pregnancy experience
flare-ups during pregnancy[5]. Given these findings and subsequent risks, patients should continue
their IBD medications throughout pregnancy, as there may be a clinical benefit in reducing the risk of
disease flare-ups during both the gestational and postpartum periods[6-9]. A prospective study
evaluating women with quiescent IBD at the time of conception reported that 38% of the patients
experienced clinical relapse during pregnancy and that disease flare-up was significantly associated
with higher rates of preterm delivery, hospitalization during pregnancy, and a lower gestational age at
delivery. This study further analyzed the contributing factors to disease relapse during pregnancy, and
reported that the use of biological therapies at the time of conception was negatively associated with the
risk of disease flare-up, suggesting that biologics may be protective against clinical relapse during
pregnancy[5].

There are several types of biologics and small molecules currently approved for treating IBD. While
tumor necrosis factor (TNF) inhibitors, including infliximab, adalimumab, golimumab, and certol-
izumab, have been used for patients with immune-mediated inflammatory diseases (IMIDs) for several
decades[10], vedolizumab, an «,f, integrin inhibitor, and ustekinumab, an interleukin- (IL-) 12/IL-23
inhibitor, are newer treatments for IBD[11,12]. In addition, Janus kinase (JAK) inhibitors, including
tofacitinib, filgotinib, and upadacitinib[13-15], calcineurin inhibitors (CNIs), including tacrolimus and
cyclosporine[16], as well as a sphingosine-1 phosphate receptor modulator, ozanimod[17], are small-
molecule therapies that can be used for treating moderate-to-severe ulcerative colitis (UC). It should be
noted that all biologics other than certolizumab pegol are actively transported across the placenta[18]
and theoretically could affect pregnancy and neonatal outcomes.

While there are concerns regarding the potential negative effects of IBD medications on pregnancy
and fetal development, previous retrospective studies with large sample sizes demonstrated that
pregnant women with IBD who continued their biologic therapy during pregnancy did not have
increased adverse fetal outcomes. A multicenter retrospective European TEDDY study including 841
children, 46% of whom had been exposed to anti-TNF agents, found that the incidence rate of severe
infection was similar between anti-TNF exposed and non-exposed children (2.8% vs 1.6% per person-
year)[19]. Also, another retrospective cohort study that evaluated 8726 pregnant women with IBD using
data from the French national health system database demonstrated no increased risk of infection in
children born to mothers exposed to anti-TNF agents during pregnancy. While this study concluded
that anti-TNF agents during pregnancy increased the risk of overall maternal complications, particularly
infections, compared to non-exposed patients, discontinuing anti-TNF agents before week 24 increased
the risk of a disease flare[8]. Several prospective studies published in the United States, France, Israel,
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and the Czech Republic have recently demonstrated the safety of IBD medications during pregnancy
[20-24]. The Pregnancy and Inflammatory Bowel Disease and Neonatal Outcome (PIANO) registry[20],
a national United States registry that prospectively enrolled pregnant women with IBD, demonstrated
that biologics and thiopurines do not increase the risk of maternal and neonatal outcomes in patients
with IBD.

The American Gastroenterological Association (AGA) IBD Parenthood Project Working Group
highlighted that most IBD medications, including aminosalicylates, biologics, and thiopurines, can be
safely continued during pregnancy and through delivery[18]. The European Crohn’s and Colitis
Organization (ECCO) guideline published in 2022 recommended the continuation of TNF inhibitors
before the third trimester for women in remission because discontinuation can increase the risk of
relapse and lead to unfavorable outcomes|[25]. Regarding newer therapies such as ustekinumab and
vedolizumab, the decision to discontinue treatment should be individualized for women in remission
on these therapies. Importantly, the continuation of biologics for patients in an active IBD disease flare
just before or during pregnancy is recommended throughout the pregnancy in these guidelines[18,25].
The ECCO guidelines also highlight that if a pregnant woman with IBD develops a flare, a multidiscip-
linary care team, including a gastroenterologist, an obstetrician, a pediatrician, and an experienced
surgeon, should be sought out to optimize outcomes[25].

In this review, we introduce recent investigations using large-scale national registry databases,
prospective studies, and updated systematic reviews and meta-analyses, including our research
findings, and discuss the clinical advantages and safety profiles of IBD medications during pregnancy.

SAFETY OF BIOLOGICS AND THIOPURINES FOR PREGNANCY IN IBD

The PIANO registry is the most extensive prospective observational multicenter study in the United
States, having enrolled 1712 pregnant women with IBD. In this registry, 1490 patients completed
pregnancies with 1431 Live births, and 869 patients were exposed to biologics (predominantly TNF
inhibitors) or combination therapies with thiopurines. Although the risk of cesarean section was higher
in patients exposed to biologics or combination therapies than that in the unexposed population, there
were no observed differences between the two groups in the rates of the following pregnancy-related
complications: spontaneous abortion, preterm delivery, LBW, intrauterine growth restriction, small for
gestational age, neonatal intensive care unit stay, and congenital malformations[20]. While combination
therapy of biologics and immunomodulators may be discouraged by some providers due to concerns of
an increased risk of infection, the PIANO registry data showed that the use of biologics, thiopurines, or
combination therapy was not associated with an increased risk of any infection in the first year of life
[20]. A recent systematic review and meta-analysis, including 48 studies with 6963 patients with IBD
exposed to biologics, showed their pooled prevalence of adverse outcomes, including early pregnancy
loss, preterm birth, stillbirth, LBW, and congenital malformations, was comparable with those found in
the general population[26]. This meta-regression analysis showed no significant association between
concomitant thiopurine use and adverse outcomes[26]. These data suggest that biologics and
immunomodulators can be safely continued throughout pregnancy in women with IBD.

TNF inhibitors and immunomodulators

A recent nationwide emulation trial utilizing a French population-based database demonstrated the
clinical benefits of continuing TNF inhibitors during pregnancy in patients with IBD[7]. This study
included 5293 pregnancies with subsequent births exposed to TNF inhibitors between conception and
week 24 of pregnancy. Among this group, TNF inhibitors were discontinued before 24 wk in 2890
pregnancies and continued beyond 24 wk in 2403 pregnancies[7]. This analysis revealed that patients
who continued TNF inhibitors after week 24 of pregnancy had decreased risks of maternal IBD relapse
[adjusted risk ratio (aRR) 0.93, 95% confidence interval (CI): 0.86-0.99] and neonatal prematurity (aRR
0.82, 95%CI: 0.68-0.99). Continuation of TNF inhibitors showed no differences in rates of stillbirths,
small for gestational age, or serious infection, supporting the recommendation of maintaining TNF
inhibitor therapy throughout pregnancy in patients with IBD[7].

Regarding the potential risks of TNF inhibitors in pregnancy and neonatal outcomes, a recent
systematic review and meta-analysis assessing the outcomes in women with IMIDs showed an
increased risk of preterm births and neonatal infections in those treated with TNF inhibitors compared
with diseased controls[27]. No significant differences in cesarean section, miscarriage, LBW, small for
gestational age, or congenital malformation were identified between the two groups. However,
subgroup analysis did show an increased risk of preterm births, LBW, and cesarian section in patients
with IBD treated with TNF inhibitors[27]. In this meta-analysis, diseased controls were usually exposed
to other medications, including azathioprine. Overall, the data regarding the effects of combination
therapy of TNF inhibitors with thiopurines on pregnancy outcomes are limited, and more studies are
needed to elucidate such risks further.

A recent French nationwide study compared pregnancy and neonatal outcomes among patients with
IBD treated with thiopurine monotherapy (n = 3554), anti-TNF monotherapy (n = 3525), combination
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therapy (n = 839), and unexposed controls (n = 19811). No significant differences in the risk of adverse
pregnancy outcomes were observed between pregnant women exposed to anti-TNF monotherapy and
unexposed controls. In contrast, those exposed to combination therapy were more likely to have
preterm birth[21]. Furthermore, a French nationwide study using the same data source included 26561
children born to women with IBD (3392 exposed to thiopurine monotherapy, 3399 exposed to anti-TNF
monotherapy, 816 exposed to combination, and 18954 unexposed controls) and showed no significant
difference in the risk of serious infection during the first five years of life between children exposed to
thiopurine or anti-TNF monotherapies and the unexposed population. However, children exposed to
combination therapies had a higher risk of serious infection during the first year of life (adjusted hazard
ratio, 1.36, 95%CI: 1.04-1.79)[22]. Considering these findings, the ECCO guidelines suggest that when
thiopurines are combined with biologics, discontinuation should be considered on an individualized
basis if the patient is in sustained, long-term remission. Testing for and ensuring adequate serum anti-
TNF levels may be helpful in this setting[25].

The PIANO registry predominantly included patients treated with TNF inhibitors. This study found
no increased risks of adverse maternal or fetal outcomes at birth or in the first year of life in pregnant
women treated with biologics and/ or thiopurines[20]. Given that the French nationwide studies suggest
that combination therapy of TNF inhibitors and thiopurines is associated with the risk of neonatal
prematurity and infection[21,22], further investigations are needed to more clearly understand whether
combination therapy is beneficial or harmful in the context of maternal and fetal outcomes in patients
with IBD (Tables 1 and 2).

Vedolizumab

A prospective multicenter study in Denmark and Canada examined vedolizumab levels in neonates’
umbilical cord blood, the rates of clearance after birth, and the risk of infection and delayed develop-
mental milestones. This study identified 50 vedolizumab-exposed pregnancies and found that the rates
of live births, miscarriages, and congenital malformations were 86%, 14%, and 0%, respectively. The
mean period of vedolizumab clearance was 3.8 mo, and the newborns” developmental milestones were
found to be normal or above average. No association was observed between the infants” vedolizumab
level and the risk of infection during the first year of life, suggesting that vedolizumab is generally safe
during pregnancy[28]. Another prospective comparison study including 24 pregnant women with IBD
treated with vedolizumab, 82 with TNF inhibitors, and 224 with conventional therapy showed that the
rate of spontaneous abortion was higher (21%) in the vedolizumab group than in the other groups.
However, conception in the setting of active disease flare-ups occurred in more than 30% of the
vedolizumab group, which was higher than the rates in the other groups, suggesting that disease
activity at conception may affect outcomes[29].

Systematic reviews and meta-analyses, including four studies, showed that women treated with
vedolizumab had an increased risk of preterm births and early pregnancy loss compared with those not
exposed to vedolizumab during pregnancy[26,30]. No differences were observed in the number of live
births or congenital abnormalities. However, there is concern regarding the number of included studies
having small sample sizes and that disease activity may have confounded these findings. Meanwhile, a
recent prospective multicenter observational study in the Czech Republic, including 39 pregnant
women with IBD exposed to vedolizumab during pregnancy, reported that 90% of pregnancies resulted
in a live birth, 5% in spontaneous abortion, and 5% in therapeutic abortion. However, no significant
differences in the risk of pregnancy outcomes were observed between the vedolizumab- and TNF
inhibitor-exposed populations[24].

Further prospective studies and meta-analyses with updated data are needed to confirm the safety of
vedolizumab in pregnant patients with IBD (Tables 1 and 2).

Ustekinumab
A previous systematic review and meta-analysis, including two case studies, showed that female
patients with IBD treated with ustekinumab had an increased risk of early pregnancy loss compared
with those treated with TNF inhibitors[26]. However, this meta-analysis's small number of studies may
have overestimated the prevalence of adverse pregnancy-related events. Recently, several prospective
studies focusing on ustekinumab safety during pregnancy have been published. A Czech prospective
study including 54 pregnant women treated with ustekinumab showed that 80% and 20% of
pregnancies resulted in live births and spontaneous abortions, respectively. No significant difference in
the risk of pregnancy outcomes was observed between ustekinumab- and anti-TNF-exposed controls
[24]. Furthermore, an Israeli prospective multicenter cohort study recruited 129 pregnant patients (27
pregnant women exposed to ustekinumab, 52 exposed to TNF inhibitors, and 50 unexposed controls)
and showed no significant differences among these groups in the rates of maternal obstetrical complic-
ations, preterm delivery, LBW, or newborn hospitalization during the first year of life[23]. These
findings are consistent with those of the Czech study and support the relative safety of ustekinumab in
the setting of pregnancy.

An investigation using the drug manufacturer’s global safety database prospectively identified 408
ustekinumab-exposed pregnant women with IMIDs, such as Crohn’s disease, UC, psoriasis, and
psoriatic arthritis. For the 408 prospective ustekinumab-exposed pregnancies, 420 pregnancy outcomes
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Table 1 Summary of prospective and nationwide studies regarding the safety of biologics and small molecules for pregnant women

with inflammatory bowel disease

Biologics/small

ECCO’
S Summary of recent prospective and nationwide studies

molecules guideline[25]

TNF inhibitors Low risk The PIANO registry predominantly including patients treated with TNF inhibitors found no increased risks of

(monotherapy) adverse maternal or fetal outcomes at birth or in the first year of life in pregnant women with IBD treated with
biologics[20]. Two French nationwide studies reported no significant differences in the risk of pregnancy
outcomes between pregnancies exposed to anti-TNF monotherapy and unexposed controls[21]. The risk of
serious infection during the first 5 yr of life was not significantly different between children exposed to anti-TNF
monotherapy and the unexposed population[22]

TNF inhibitors Thiopurine discon- The PIANO registry predominantly including patients treated with TNF inhibitors found no increased risks of

with thiopurines

Vedolizumab

Ustekinumab

JAK inhibitors

Ozanimod

Calcineurin
inhibitors

tinuation may be  adverse maternal or fetal outcomes at birth or in the first year of life in pregnant women with IBD treated with

considered biologics combined with thiopurines[20]. Two French nationwide studies reported that patients on combination
therapy were more likely to have preterm birth than unexposed controls[21]. Children exposed to combination
therapies had a higher risk of serious infection during the first year of life[22]

Low risk, limited ~ In 50 vedolizumab-exposed pregnancies, the rates of live birth, miscarriage, and congenital malformations were

data 86%, 14%, and 0%, respectively. Infant vedolizumab level was not associated with the risk of infection during
the first year of life[28]. The first prospective study comparing 24 pregnant women treated with vedolizumab,
82 with TNF inhibitors, and 224 with conventional therapy showed that the rate of spontaneous abortion (21%)
was higher in the vedolizumab group than in the other groups[29]. In this study, disease activity at conception
may affect the result. A Czech prospective study including 39 pregnant women with IBD exposed to
vedolizumab during pregnancy showed that 90% of pregnancies ended in a live birth, 5% in spontaneous
abortion, and 5% in therapeutic abortion. No significant differences in the risk of pregnancy outcomes were
observed between vedolizumab- and TNF inhibitor-exposed populations[24]

Low risk, limited A Czech prospective study including 54 pregnant women treated with ustekinumab showed that 80% and 20%

data of patients resulted in live births and spontaneous abortions, respectively. The risk of pregnancy outcomes was
not significantly different between ustekinumab- and anti-TNF-exposed controls[24]. An Israeli prospective
study including 27 pregnancies exposed to ustekinumab, 52 exposed to TNF inhibitors, and 50 unexposed
controls showed no significant differences in the rates of obstetrical maternal complications, preterm delivery,
LBW, and first-year newborn hospitalization[23]. The manufacturer’s global safety database including 408
ustekinumab-exposed pregnancies with IMIDs showed that the rates of adverse pregnancy outcomes were
comparable to those of United States general population[31]

Contraindicated Data from interventional studies of tofacitinib identified 11 patients with UC exposed to tofacitinib before/at the
(no mention of time of conception or during pregnancy and showed that 36% of patients delivered healthy newborns, 18% had
upadacitinib) a medical termination, and no cases of neonatal death, fetal death, or congenital malformation were reported[33]

Contraindicated N/A

Low risk, limited N/A
data

ECCO: European Crohn’s and Colitis Organization; IBD: Inflammatory bowel disease; IMIDs: Immune-mediated inflammatory diseases; JAK: Janus
kinase; LBW: Low birth weight; TNF: Tumor necrosis factor; UC: Ulcerative colitis; N/ A: Not applicable.
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were reported. The rates of live births, spontaneous abortions, elective/induced abortions, stillbirths,
and fetal congenital anomalies were 81%, 12%, 6%, 0.7%, and 0.2%, respectively. Among 340 Live births,
the percentage of preterm deliveries was 9.7%. The overall rates of pregnancy outcomes were consistent
across disease indications. These data suggest that the rates of adverse pregnancy outcomes in women
with IMIDs exposed to ustekinumab were comparable to those of the United States general population
[31].

Recent prospective studies have supported the safety of ustekinumab in relation to pregnancy and
neonatal outcomes in patients with IBD. However, further investigations are needed to validate the
safety profile of ustekinumab for pregnant women with IBD (Tables 1 and 2).

SAFETY OF SMALL MOLECULES FOR PREGNANCY IN IBD

JAK inhibitors

Tofacitinib is a JAK1/3 inhibitor approved for UC[13]. Studies on rats and rabbits showed that
tofacitinib is feticidal and teratogenic[32]. The teratogenic effects included external and soft tissue
malformations (e.g., anasarca and membranous ventricular septal defects) and skeletal malformations
[32]. Therefore, current recommendations suggest that tofacitinib be discontinued in female patients
with IBD who plan to start a family. However, human data regarding the safety profile of tofacitinib for
pregnant women with IBD is generally limited. Data from interventional studies of tofacitinib in
patients with UC identified 11 cases of maternal exposure to tofacitinib (5 mg or 10 mg twice daily)
before or at the time of conception or during pregnancy. Among these cases, 36% of patients delivered
healthy newborns, and 18% had a medical termination. While 18% of the patients experienced

WJCC | https://www.wjgnet.com 1734 March 16,2023 | Volume1l | Issue8 |



Akiyama S et al. IBD medications during pregnancy

Table 2 Summary of systematic review and meta-analyses regarding the safety profiles of biologics and small molecules for pregnant

women with inflammatory bowel disease

Biologics/small

ECCO’s guideline[25] Summaries of recent systematic review and meta-analysis

molecules

TNF inhibitors Low risk There was an increased risk of preterm births, LBW, and cesarian section in patients with IBD treated

(monotherapy) with TNF inhibitors[27]. This study was limited in its understanding of whether anti-TNF monotherapy
or its combination with thiopurines is associated with these risks

TNF inhibitors Thiopurine discon- Meta-analyses including recent prospective studies that assess the risk of combination therapy for

with thiopurines

Vedolizumab

Ustekinumab

JAK inhibitors

Ozanimod

Calcineurin
inhibitors

tinuation may be
considered on an
individualized basis

pregnant women with IBD are lacking

Low risk, limited data Women treated with vedolizumab had an increased risk of preterm births and early pregnancy loss
compared with those unexposed to vedolizumab during pregnancy. No differences were observed in the
number of live births or congenital abnormalities[26,30]. The systematic review and meta-analyses’
results may be biased by disease activity

Low risk, limited data A meta-analysis including two case studies showed that women treated with ustekinumab had an
increased risk of early pregnancy loss compared with those treated with TNF inhibitors[26]. The
prevalence of adverse pregnancy events was likely to be overestimated due to the small number of
studies in this meta-analysis

Contraindicated (no N/A
mention of upadacitinib)
Contraindicated N/A

A meta-analysis including 4450 CNI-treated patients (4372 solid organ transplant recipients and 78
patients with IMIDs including IBD) showed that the rates of preterm delivery, LBW, and preeclampsia
were 3-4 times greater than the rates in the general population. The risk of neonatal prematurity was
higher in solid organ transplant recipients than in patients with IMIDs due to the higher risk of
preeclampsia in solid organ transplant recipients. CNIs may be safer for pregnant women with immune-
mediated diseases than for solid organ transplant recipients[38]

Low risk, limited data

CNI: Calcineurin inhibitor; ECCO: European Crohn’s and Colitis Organization; IBD: Inflammatory bowel disease; IMIDs: Immune-mediated inflammatory

diseases; JAK: Janus kinase; LBW: Low birth weight; TNF: Tumor necrosis factor; UC: Ulcerative colitis; N/A: Not applicable.
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spontaneous abortion, no cases of neonatal death, fetal death, or congenital malformations were
reported[33]. Although these study sizes are small, these findings suggest that pregnancy and neonatal
outcomes in UC studies of tofacitinib are similar to those in the general population and clinical studies
of other indications (such as rheumatoid arthritis, psoriatic arthritis, and psoriasis). Regardless, current
best practice recommendations, including the ECCO guideline and the product labeling, state that
tofacitinib use is contraindicated in pregnancy due to the very limited data on pregnant women with
IBD[25].

Filgotinib is a small molecule that preferentially inhibits JAK1 and is approved for moderately to
severely active UC in Europe and Japan[14]. Animal studies have shown that filgotinib is associated
with decreased male fertility and impaired spermatogenesis. However, filgotinib exposure was not
associated with decreased female fertility[34]. The MANTA study is currently being conducted to
confirm the impact of filgotinib on male fertility[34]. Since filgotinib is considered harmful to the fetus,
according to animal studies findings, both the ECCO guideline and the product labeling state that this
drug is contraindicated during pregnancy[25] (Tables 1 and 2).

Upadacitinib is a selective JAK1 inhibitor approved for moderately to severely active UC in Europe,
the US, and Japan[35]. Although no human studies have assessed the safety of upadacitinib for
pregnancy, this drug was also found to be teratogenic in animal studies. Therefore, the product labeling
recommends against using upadacitinib during pregnancy[36].

Sphingosine-1 phosphate receptor modulators

Ozanimod is the first oral agonist of the sphingosine-1 phosphate receptor subtypes 1 and 5, which was
approved for moderately to severely active UC in the United States and Europe[17]. There is only very
limited data regarding the safety of ozanimod during pregnancy from the trials of multiple sclerosis[37]
and UC[17]. Due to the lack of human data, ozanimod is contraindicated during pregnancy according to
the ECCO guideline[25].

CNis

Many studies have demonstrated the safety of CNIs for solid organ transplant (SOT) recipients during
pregnancy[38]. However, safety data for pregnant women with IMIDs are scarce[38]. A case series
assessed the clinical outcomes in 8 pregnant women with steroid-refractory UC who were started on
CNIs. All patients received oral steroid therapy and were treated with cyclosporine for UC. Of the eight
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patients treated with cyclosporine, 7 (88%) clinically improved, and the remaining patient who did not
respond to cyclosporine was started on infliximab and subsequently improved. Half of the patients
continued steroids at the time of delivery, and the other half stopped steroids. No patient underwent
colectomy during pregnancy. As for pregnancy outcomes, 7 (88%) out of 8 pregnancies were carried to
term, and one (13%) in-utero death occurred at 22 wk of gestation. Among the two premature
newborns, one had LBW (1820 g), and the other newborn’s weight was 3340 g[39]. This report suggests
that cyclosporine is effective and safe for pregnant women with UC. No prospective studies assessing
the safety of CNIs for IBD have been performed to date.

INTRODUCTION OF OUR CURRENT RESEARCH

How to manage IBD flare-ups during pregnancy

When pregnant women present with symptoms such as hematochezia, frequent bowel movements, or
rectal urgency, laboratory tests (e.g., fecal calprotectin), diagnostic imaging studies (e.g., magnetic
resonance imaging or ultrasound), and endoscopy may be considered for the assessment of IBD
recurrence. A flexible sigmoidoscopy should be considered and readily performed without sedation or
preparation, especially when the findings might change disease management[18]. The ECCO guideline
highlights that IBD flare-ups during pregnancy should be managed according to current guidelines for
non-pregnant patients with IBD using 5-aminosalicylate, steroids, cyclosporine, anti-TNF agents,
ustekinumab, or vedolizumab[25].

In the setting of pregnancy, physicians should be aware that there are several exceptions when
treating women with IBD flare-ups[18]. For instance, thiopurine initiation during pregnancy is not
recommended, particularly in thiopurine-naive patients, due to the potential risks of pancreatitis or
leukopenia, which can be devastating[18]. Furthermore, JAK inhibitors, including tofacitinib, filgotinib,
and upadacitinib, methotrexate, and ozanimod, cannot be used during pregnancy. As described above,
animal data have demonstrated an increased risk of congenital malformation with tofacitinib[18].
Methotrexate should be stopped at least three months before conception due to its well-described
teratogenic effects[40]. Ozanimod is also contraindicated due to the lack of human data on its safety
during pregnancy[25].

Our research findings

When treating pregnant women who develop acute severe UC, we must consider early hospitalization
and the initiation of rapid-acting therapies, including IV steroids, infliximab, or CNIs, to induce
remission. While previous investigations demonstrated the efficacy and safety of IV steroids[39] and
infliximab[41] in pregnant women with IBD flares, the number of studies focusing on the safety of CNIs
in this population is still limited, as previously described. CNIs are often used in SOT recipients to
prevent allograft rejection and to control disease activity in patients with IMIDs[38]. In general, CNIs are
indicated for patients with acute severe UC who fail to adequately respond to IV steroids within 3-5 d
[42]. CNIs can cause arteriolar vasoconstriction and endothelial injury, and CNI-associated hypertension
is a well-described adverse effect of this therapy[43]. Previous studies have shown that cyclosporine has
a more substantial vasoconstrictive effect than tacrolimus[44,45]. CNI-associated hypertension can be
managed by dose reduction and the addition of anti-hypertensive medications[38]. We recently
conducted a systematic review and meta-analysis to evaluate the effects of CNIs on pregnancy and
neonatal outcomes in SOT recipients and those with IMIDs, including IBD.

Our systematic review identified a total of 5355 pregnancies in 4450 CNI-treated patients (4372 SOT
recipients and 78 patients with IMIDs such as IBD, systemic lupus erythematosus, and rheumatoid
arthritis). Our meta-analysis showed that the rates of preterm delivery (33.2%, 95%CI: 29.2%-37.5%),
LBW (35.8%, 95%ClI: 27.7%-44.8%), and preeclampsia (13.5%, 95%CI: 9.4%-19.2%) in CNI-treated
patients were 3-4 times greater than the rates in the general population[38]. The subgroup analysis
revealed that the rates of gestational hypertension and preeclampsia in SOT recipients were higher than
in patients with IMIDs. Furthermore, the pooled rate of LBW in SOT recipients was higher than that in
patients with IMIDs. Notably, the meta-regression analysis showed a significant association between
preeclampsia and the risks of preterm delivery and LBW. These findings suggest that the risk of
neonatal prematurity with CNIs is higher in SOT recipients than in patients with IMIDs, due to the
higher risk of preeclampsia in SOT recipients[38].

Additionally, our meta-regression analysis showed that pre-pregnancy hypertension and
cyclosporine use significantly increased the risk of preeclampsia. The development of pre-pregnancy
hypertension in SOT recipients may be attributed to CNI use and other risk factors, including allograft
dysfunction, steroid use, volume overload, and particularly kidney transplantation[46]. On the other
hand, patients with IMIDs may have a lower risk of pre-pregnancy hypertension, as this population is
less likely to have such risk factors. Therefore, we suggest that risk stratification based on clinical
indications for CNIs may help enable and subsequently inform discussions around appropriate precon-
ception counseling and proactive blood pressure management in CNI-treated pregnant women.
Moreover, given the stronger vasoconstriction effect of cyclosporine as compared with tacrolimus, our
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findings also support that the vasoconstrictive effects of CNIs could be associated with the risk of
preeclampsia and suggest that tacrolimus may be the preferred CNI to use in pregnant patients, partic-
ularly for those with a high risk of gestational hypertensive disorders (such as SOT recipients)[38].

Overall, our data support that CNIs may be safer in patients with IBD than SOT recipients. Due to the
limited number of patients with IBD in our study, further studies with larger IBD sample sizes are
needed to validate our findings (Tables 1 and 2).

CONCLUSION

The PIANO registry demonstrated that biologics and thiopurines are generally safe and do not increase
the risk of adverse maternal and neonatal outcomes in patients with IBD. Recent prospective data have
also revealed that anti-TNF monotherapy is safe during pregnancy. However, their combination with
thiopurines may increase the risk of neonatal prematurity and infection. Nonetheless, the impact of this
risk is still unclear, given the conflicting data reported among these studies. Although meta-analyses of
a small number of studies showed that vedolizumab and ustekinumab could be associated with early
pregnancy loss, recent prospective studies have demonstrated that these biologics are relatively safe to
use in pregnant women with IBD.

On the other hand, there is a paucity of prospective data assessing the clinical benefits of the
continuation of biologics during pregnancy. For example, while a French nationwide emulation study
demonstrated that the continuation of TNF inhibitors after 24 wk of pregnancy decreased the risks of
maternal IBD relapse and neonatal prematurity[7], the clinical benefits of non-TNF biologics during
pregnancy remain to be elucidated. Further investigations are also needed to understand whether
biologics are to be used preemptively among patients in remission on conventional therapies before
pregnancy to reduce the risk of clinical relapse during pregnancy. Such analyses may provide
meaningful information to strengthen the current evidence that supports the continuation of biological
therapies during pregnancy in patients with IBD.

Regarding small-molecule therapies, JAK inhibitors are contraindicated for pregnancy as animal
studies have demonstrated harmful fetal effects. Due to the lack of human data, ozanimod should not be
used during pregnancy. Our meta-analysis assessing pregnancy and neonatal outcomes in CNI-treated
patients found a significant association between preeclampsia and neonatal prematurity in exposed
patients. The rate of preeclampsia was higher in SOT recipients than in patients with IMIDs, suggesting
that CNIs may be safer in patients with IBD. To better understand the efficacy and safety of CNIs in
pregnant women with IBD, our future research will include prospective and/or multicenter studies that
facilitate more significant numbers of patients to participate and enroll, strengthening the validity of our
findings further.
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Abstract

Achalasia cardia, type of esophageal dynamic disorder, is a relatively rare
primary motor esophageal disease characterized by the functional loss of plexus
ganglion cells in the distal esophagus and lower esophageal sphincter. Loss of
function of the distal and lower esophageal sphincter ganglion cells is the main
cause of achalasia cardia, and is more likely to occur in the elderly. Histological
changes in the esophageal mucosa are considered pathogenic; however, studies
have found that inflammation and genetic changes at the molecular level may also
cause achalasia cardia, resulting in dysphagia, reflux, aspiration, retrosternal pain,
and weight loss. Currently, the treatment options for achalasia focus on reducing
the resting pressure of the lower esophageal sphincter, helping to empty the
esophagus and relieve symptoms. Treatment measures include botulinum toxin
injection, inflatable dilation, stent insertion, and surgical myotomy (open or
laparoscopic). Surgical procedures are often subject to controversy owing to
concerns about safety and effectiveness, particularly in older patients. Herein, we
review clinical epidemiological and experimental data to determine the
prevalence, pathogenesis, clinical presentation, diagnostic criteria, and treatment
options for achalasia to support its clinical management.
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Core Tip: Achalasia is a relatively rare primary motility esophageal disorder characterized by loss of
function of the plexus ganglion cells of the distal esophagus and the lower esophageal sphincter.
Histological changes in the esophageal mucosa are considered pathogenic; however, studies have found
that inflammation and genetic changes at the molecular level may also cause achalasia cardia, resulting in
dysphagia, reflux, aspiration, retrosternal pain, and weight loss. This review article aims to conduct a
comprehensive literature review and present current knowledge about achalasia.

Citation: Li MY, Wang QH, Chen RP, Su XF, Wang DY. Pathogenesis, clinical manifestations, diagnosis, and
treatment progress of achalasia of cardia. World J Clin Cases 2023; 11(8): 1741-1752
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INTRODUCTION

As a core part of the digestive system, the esophagus plays a vital role in the transportation of nutrients.
The diseases of the esophagus can be classified as anatomical injuries to the organ cavity (e.g., digestive
or eosinophilic stenosis) or severe dysphagia in the progression of digestive tract injection (e.g., severe
dysphagia of neurological origin or achalasia cardia)[1]. Esophageal achalasia is a type of esophageal
dynamic disorder (EMD). It refers to esophageal outflow tract obstruction due to impaired lower
esophageal sphincter (LES) relaxation and loss of esophageal peristalsis or spasmodic contraction when
the esophageal body or esophagogastric junction (EGJ) is not structurally obstructed. There are primary
and secondary types of achalasia[2,3]. Achalasia cardia is characterized by the loss of functional muscle
ganglion cells in the distal esophagus and LES[4]. Although histological changes in the esophageal
mucosa have long been considered part of the pathogenesis of achalasia cardia, recent studies have
found that inflammation and genetic changes may also contribute to achalasia at the molecular level.
Currently, achalasia is a chronic, incurable condition. Different subtypes of achalasia respond differently
to drugs and surgical treatments[5], after which some patients develop submucosal fibrosis; this may
relapse and require additional treatment. In this study, we reviewed the clinical, epidemiological, and
experimental data on the prevalence, pathogenesis, clinical presentation, diagnostic criteria, and
treatment options for achalasia to support its clinical management.

PREVALENCE AND ETIOLOGY

Achalasia is a relatively rare disease of the esophagus, with an incidence of 2.92 per 100000 adults and
0.11 per 100000 children and a male-to-female ratio of approximately 1:1. However, recent studies have
shown that the incidence of achalasia is increasing, particularly in South America, and varies among
countries[6-8]. Achalasia has a bimodal age distribution, with most patients aged between either 20-40
or 60-70 years. Studies have also shown that the incidence of this disease increases with age[9,10].
However, there is a lack of clinical data on adult achalasia owing to the limited number of epidemi-
ological studies on adult achalasia and the fact that most of the data are 10 years old. van Hoeij et al[11]
surveyed 25% of Dutch residents from 2006 to 2014 and found that the average incidence of achalasia in
the Netherlands was 2.2 per 100000 people. In 2016, Tebaibia et al[12] found that the average annual
incidence of achalasia in Algeria increased from 0.04 [95% confidence interval (CI): 0.028-0.052] in the
1990s to 0.27/105 inhabitants per year in the 2000s (95%ClI: 0.215-0.321), and the incidence was 2.5 times
higher in the north and center than in the south of the country. Thus, additional research is required to
gain a better understanding of achalasia in adults.

A recent large cohort study based on the IBM MarketScan Commercial Claims and Encounters
database of the United States Medicare data showed that the median age of patients with achalasia was
52.70 years, and 56% of patients with achalasia cardia were female[13]. According to a recent large
multi-center database study conducted in Japan, male sex and family history may be risk factors for
achalasia[14]. One study found that socioeconomic status and lifestyle factors were associated with
achalasia, in addition to the highest risk of developing achalasia in individuals with low-level
occupations (OR = 1.88, 95%CI: 1.02-3.45)[15]. Foreign travel history and the presence of pets in the
household also increased the risk of achalasia[16].

PATHOGENESIS OF ACHALASIA

Currently, the etiology and pathogenesis of achalasia cardia remain unclear; however, it is generally
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believed that the histological changes of the esophageal mucosa caused by the loss of esophageal nerve
cell function play a key role in its pathophysiology. Autoimmune attack of esophageal myenteric nerves
through cell-mediated and possibly antibody-mediated mechanisms may lead to the inhibition of
esophageal smooth muscles, resulting in loss of nerve function and nerve fiber degeneration[2,16].

In addition, several pathological mechanisms have been proposed as possible triggers for this
immune disruption process, including underlying viral infections, idiopathic autoimmune triggers, and
genetic predisposition[17,18]. Enteric herpes zoster virus, herpes simplex virus, measles, and human
papillomavirus can impair the regulation of functional esophageal movement and LES control in
patients with achalasia, but not in all patients with viral infections[19]. According to a case-control study
by Naik et al[20], 80% of patients with achalasia had varicella-zoster virus DNA present in their saliva. A
small amount of data suggests that eosinophils and mast cells may play a role in the development of
achalasia and esophageal obstructive motility disorders. The aggregation of eosinophils and mast cells
in the esophagus causes an increased concentration of inflammatory cytokines; this leads to fibrosis
remodeling of the esophageal wall, ultimately causing esophageal dysfunction and related symptoms
[21,22]. In 2013, Cools-Lartigue et al[23] enrolled 96 patients with achalasia who underwent laparoscopic
Heller myotomy (LHM) and found that many patients with achalasia had esophageal eosinophilic infilt-
ration. However, other studies have not found a cause-effect relationship between eosinophils and
achalasia[24].

Sara et al[25] found a two-fold increase in the prevalence of autoimmune diseases in patients with
achalasia cardia, which is often associated with type I diabetes (47.80%) and thyroid diseases (19.60%).
In addition, patients with Sjogren’s syndrome, psoriasis, autoimmune uveitis, rheumatoid arthritis, and
Crohn’s disease are more prone to achalasia. In addition, autoantibodies against sarcomeres are present
in serum samples from patients with achalasia cardia, particularly in carriers of the HLA DQA1*0103
and DQB1*0603 alleles[16]. Of the comorbidities identified in this study, thyroid disease and Down
syndrome were the most common autoimmune and hereditary conditions, respectively. Familial
achalasia, achalasia with hereditary disease, and achalasia with autoimmune disease were present in
0.63%, 0.99%, and 2.40% of cases, respectively[14].

CLASSIFICATION OF ACHALASIA

Achalasia can be divided into three subtypes according to the Chicago classification criteria: Type I
achalasia accounts for 20%-40% of cases; type II achalasia, the most common, accounts for 50%-70% of
cases and has the highest levels of interleukin 4; type III achalasia, the rarest and most difficult to treat,
accounts for 10% of cases[26] (Table 1). Compared with types II and III, type I is associated with lower
concentrations of regulatory cells, pro-inflammatory cytokines, extracellular matrix converting proteins,
and Fas receptors and higher levels of transforming growth factor-B[7]. Achalasia can progress from one
type to another; this mainly relates to the pathological transition from ganglion inflammation to fibrosis
[27,28].

Pseudoachalasia, also known as secondary achalasia, refers to the esophageal motility disorder
caused by dysphagia and weight loss due to gastric cardia tumors or infiltrating intestinal plexus
tumors (gastroesophageal junction adenocarcinoma, pancreatic cancer, breast cancer, lung cancer, or
hepatocellular carcinoma)[29]. Pseudoachalasia is characterized by symptoms as well as manometry,
endoscopy, and barium swallow findings similar to those of achalasia. This condition is often caused by
tumors[30]. Moreover, in esophageal manometry, pseudoachalasia exhibits a lower incidence of
complete peristalsis loss, combined relaxation pressure, and EG]J systolic scores compared with those
observed in primary achalasia. Furthermore, invasive malignancies can be rapidly assessed using
endoscopy and endoscopic ultrasonography or cross-sectional imaging[7,31].

Notably, in addition to the Chicago classification for esophageal achalasia - regarded as the interna-
tional standard - there is also a Japanese classification system for this condition. In addition, three
endoscopic structures have been identified based on the Ling classification, including polycyclic,
crescent, and diverticular structures. The new Japanese Classification system for esophageal achalasia
aims for a more practical classification based on clinicopathology, and cases are divided into three types
based on their X-ray results: Straight (St), S-shaped (Sg), and advanced sigmoid (aSg)[32]. However, this
system has not been widely used in Japan and has not been fully validated in terms of its demographic
significance and ability to predict postoperative outcomes. The Ling classification system is a new type
of endoscopic classification of achalasia cardia used to select patients who are suitable for transoral
endoscopic myotomy [peroral endoscopic myotomy (POEM)] (Table 2). According to the Ling classi-
fication criteria, there are three types: Type I, smooth and without polycyclic, crescentic, or diverticular
structures; type II, with polycyclic or crescent structures; and type III, with diverticular structures. Type
IT has three subtypes: Ling Ila, Ling IIb, and Ling Ilc. Type III also has three subtypes: Ling III, Ling IlIr,
and Ling IIIIr[33].
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Table 1 Classification of achalasia in the Chicago classification system

Type Feature

I All failed without PEP

I All failed > 20%with PEP
I >20% premature + PEP

PEP: Pan-esophageal pressurization.

Table 2 Ling classification of achalasia cardia

Type Endoscopic presentation

I The lumen was slightly dilated and smooth without polyring, crescent-shaped structures, or diverticular structures
I The lumen was dilated and polycyclic or crescent-shaped structures appeared after inflation

1L, A thin ring, no crescent structure

1T, Crescent structure, not more than 1/3 of the lumen

II, Crescent structure, more than 1/3 of the lumen

111 The lumen was significantly dilated, with the diverticular structure-like structures

101 Diverticulum structure in the left wall of esophagus

III,. Diverticulum structure in the right wall of esophagus

11, Diverticulum structure in both the left and right walls of esophagus

CLINICAL PRESENTATION OF ACHALASIA

Dysphagia (solid or liquid) is a common symptom in patients with achalasia. This symptom is initially
intermittent; however, as the disease advances, it progresses along with significant dilation of the
esophagus, leading to burns and decompensation of the sigmoid esophagus with corresponding clinical
symptoms[34]. Notably, approximately 90% of people with achalasia experience the main symptoms of
progressive difficulty in swallowing liquids and solids[30].

Studies have shown that 70% of patients also experience reflux, which is the second most common
symptom of achalasia; in turn, this causes corresponding respiratory symptoms such as coughing and
burping, wheezing, hoarseness, and bronchitis[35,36].

In addition, patients with achalasia may experience chest pain[5]. There is also a risk of long-term
aspiration pneumonia and esophageal squamous cell carcinoma[17]. A study conducted using data
from a United Kingdom hospital and primary care database found that patients with achalasia had a
high incidence of, and mortality from, esophageal cancer, aspiration pneumonia, and lower respiratory
tract infections[37]. In addition, other studies have found that patients with achalasia have acute
respiratory failure and hemodynamic instability. End-stage achalasia with thoracoesophageal
enlargement may manifest as an acute disease[38].

Studies have found that achalasia often has an insidious onset with many subclinical features before
definitive diagnosis, which can lead to a delay between symptom onset and diagnosis[31,38]. The
Eckardt score can be used to assess the symptoms of achalasia (Table 3). This is a standardized and
verified scoring system that rates four symptoms of achalasia (dysphagia, reflux, chest pain, and weight
loss) based on severity, each on a scale of 0 to 3 on a final 12-point scale, where higher scores indicate
more severe symptoms. A score < 3 is used to define symptom remission or successful remission[39].
Studies have shown that an Eckardt score > 9 before treatment can predict the success of endoscopic
myotomy in patients with achalasia cardia[40]. There is also evidence that genetic susceptibility,
environmental triggers, and autoimmune enteromyelitis determine clinical phenotypes[41].

DIAGNOSIS OF ACHALASIA

Currently, achalasia cardia is mainly diagnosed using high-resolution manometry (HRM), endoscopy,
and barium meal examination[42]. A timed barium meal esophagogram or functional lumen imaging
probe (FLIP) is used only when achalasia cannot be diagnosed[43].
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Table 3 Eckardt rating table

Score Symptom
Weight loss Dysphagia Retrosternal pain Palirrhea
0 - - - -
1 <5 Occasional Occasional Occasional
2 5-10 Daily Daily Daily
3 >10 Every meal Every meal Every meal
HRM
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Manometry plays an important role in the differential diagnosis of dynamic esophageal disorders. HRM
is the gold standard for diagnosing achalasia cardia. HRM usually refers to performing a manometry
test with at least 21 pressure sensors scattered across the catheter. Each pressure sensor is spaced 1 cm
apart to record baseline resting measurements. The probe enters from the nose and passes through the
esophagus to the LES, allowing for the examination of the entire esophagus[3,34,44].

The essential condition for HRM diagnosis of achalasia cardia is a comprehensive relaxation pressure
(IRP) > 15 mmHg, which is defined as "impaired LES relaxation". A resting pressure > 45 mmHg is
defined as a high-pressure LES[45,46]. The IRP is the most important parameter for the assessment of
LES relaxation using HRM, which is measured after the relaxation of the EGJ in anticipation of the
arrival of peristaltic waves after upper sphincter relaxation[45]. Clinical studies have shown that when
LES-IRP is > 10 mmHg after treatment, repeated treatment is required[47].

In fact, HRM may not only confirm the diagnosis of achalasia but also identify specific subtypes that
have significantly different treatment outcomes[39]. An appropriate intraoperative HRM diagnosis can
help determine therapeutic approaches and predict therapeutic outcomes[42].

Endoscopy

Endoscopy is crucial for patients with digestive disorders although it is not very sensitive for achalasia.
Studies have shown that only one-third of patients can be diagnosed with achalasia using endoscopy
[48]. Typically, endoscopy is used to screen patients with gastrointestinal symptoms and to rule out
luminal malignancies in the esophagus and proximal stomach[49]. Endoscopy may be normal in
patients with early achalasia as curvatures or rose-like structures at the EGJ are characteristic of patients
with more advanced achalasia. In addition, Gomi et al[50] found that the Champagne glass sign
displayed by the endoscope could indicate achalasia. Notably, in 2020, Hoshikawa et al[51] found that
all patients with achalasia with “esophageal rota” had the “ginkgo leaf sign.” This is a new finding
regarding the diagnosis of achalasia. Therefore, further research is needed to confirm its sensitivity,
specificity, and interobserver consistency.

Barium meal esophagogram

Barium contrast is usually used to evaluate esophageal morphology before surgery. In patients with
achalasia cardia, barium meal esophagogram reveals esophageal dilation, EG] stenosis, beak formation,
intestinal peristalsis, and delayed barium emptiness[5] (Figure 1). Studies have shown that four stages
of achalasia cardia can be distinguished according to the maximum barium diameter and shape in the
esophagus (Table 4): Stage 1, < 4 cm; stage 2, 4-6 cm; stage 3, 2 6 cm, with a straight esophagus; stage 4, >
6 cm, with a sigmoid tube (end-stage disease)[5,48].

Timed barium ingestion (TBS) refers to the acquisition of static images of the esophagus at
predetermined time intervals after the ingestion of a fixed amount of barium sulfate. It is an improved
esophagography technique that can assess esophageal emptying more objectively[52]. TBS can be used
to evaluate treatment success. It is simple, economical, non-invasive, repeatable, and well-tolerated by
patients[45]. Notably, TBS is widely used for the preliminary evaluation of patients with suspected type
I, II, or III achalasia.

FLIP

FLIP is a novel catheter-based device that can be used to analyze the relationship between cross-
sectional area and pressure of the lumen, measure the EGJ and dilatation index (DI) in real time, and
provide supplementary information for HRM of EMDs, especially for achalasia cardia. FLIP has become
a potential tool for the diagnosis and real-time calibration of achalasia cardia[53,54]. This device is
generally suitable for patients with suspected achalasia but normal combined relaxation pressure, non-
diagnostic HRM results, and those who cannot tolerate HRM testing[55]. Ren et al[56] and Carlson et al
[57] found that FLIP could detect esophageal contractility in patients with achalasia that was not
observed using manometry. In addition, FLIP can accurately predict the immediate outcome of balloon
dilation and be used to guide the selection of balloon size for a single endoscopic balloon dilation.
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Table 4 Radiological stages of achalasia

Radiological stage Esophageal diameter Esophageal shape
I <4cm -

I 4-6 cm -

11 >6cm -

IV (End-stage disease) 26cm Sigmoid

DOI: 10.12998/wjcc.v11.i8.1741 Copyright ©The Author(s) 2023.

Figure 1 Impaired relaxation of the lower esophageal sphincter is usually characterized by "beak" narrowing at the lower esophageal

sphincter.

Other investigations

Studies have shown that chest computed tomography (CT), radiography, and ultrasound can also detect
achalasia cardia[58,59]. Imaging is often used in the diagnosis of achalasia. Most patients with achalasia
have esophageal dilation and mild symmetrical wall thickening on CT. Additionally, chest CT can be
used to distinguish between primary and secondary achalasia cardia. Distal esophageal wall thickening
(nodular/Lobular and asymmetrical); soft tissue masses at the gastroesophageal junction; mediastinal
lymph node enlargement; and lung, liver, or bone metastases are suggestive of secondary achalasia[60].
Currently, imaging is mainly used for auxiliary examinations.

TREATMENT OF ACHALASIA

Treatment of achalasia cardia involves drugs, endoscopic Botox injections, and surgery to reduce LES
pressure, relieve the patient's symptoms, and improve esophageal emptying; however, the condition
cannot be cured. Surgical treatment for this disease is controversial as the related procedures may lead
to gastroesophageal reflux; moreover, each treatment has particular limitations.

Medication

Medication is usually adopted in patients who cannot, or refuse to, undergo endoscopic or surgical
treatment and in those for whom endoscopic or surgical treatment has failed (Table 5). Calcium channel
blockers, nitrates, and proton pump inhibitors are commonly used to control acid reflux; however, they
provide only short-term relief and are less effective[49].

Endoscopic treatment

Traditional endoscopic treatment of achalasia involves injections of botulinum toxin type A, pneumatic
dilation (PD), and sclerotherapy.

Botulinum toxin type A: Botulinum toxin type A originated in 1980. It is a biological neurotoxin
released by Clostridium botulinum that can prevent the release of acetylcholine from voluntary and
involuntary muscle nerve endings[61]. It is considered an effective treatment for short-term
symptomatic relief in patients with esophageal achalasia. This treatment is initially effective, but the
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Table 5 Pharmacotherapy for achalasia

Type On behalf of drugs Mechanism of action
Calcium channel blockers Nifedipine Inhibit L - type calcium channel, relax smooth muscle and empty esophagus
Nitrates Carvasin Increase NO in tissue and relax smooth muscle
Anticholinergic Ceto bromide ammonium Relax smooth muscle

bromide
Phosphodiesterase Silaenafil Prevent the degradation of NO and prolong the relaxation of esophageal smooth
inhibitors muscle
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outcome of repeated usage is poor, and the maintenance time is short (approximately 6-9 mo).
Yamaguchi et al[61] found a high degree of remission of dysphagia after 1 wk of botulinum toxin
treatment; however, 50% of patients relapsed 3-24 mo after treatment.

PD: Originating in 1674, PD is the earliest form of treatment for types I and II achalasia cardia. This
method involves the use of an inflated balloon with a strong stretch to destroy the LES. The diameter of
the balloon can range from 30 to 40 mm. Although short-term results of PD are adequate, the long-term
outcomes are poor, requiring multiple treatments[39]. The most commonly used expander is the
Rigiflex, which is usually 2 3 cm in diameter when fully inflated[62,63]. However, the effectiveness of
the treatment decreases over time, and repeated treatment is required. A multicenter randomized
controlled trial that compared aerated dilation with LHM indicated that 25% of patients with achalasia
who received PD required retreatment[64]. Similarly, Jung et al[65] conducted a 1-year follow-up study
of 73 Korean patients with achalasia cardia and found that balloon dilation was more effective than
botulinum toxin in providing long-term relief.

Endoscopic sclerotherapy: Currently, the commonly used hardener ethanolamine oleate can induce an
inflammatory response and fibrosis, thus causing excitatory neuronal damage and reducing LES
pressure[66]. However, this method can cause patients to develop esophageal wall fibrosis; therefore, it
is not recommended for routine use[7].

Operative treatment

Surgical treatments for achalasia include POEM, LHM, stent implantation, and esophagectomy
(Table 6).

LHM: LHM is a common clinical treatment for achalasia, especially in adolescents and young adults,
with a success rate of approximately 90%; however, the adverse outcome of gastroesophageal reflux
disease (GERD) can occur in 55%-100% of cases. Subsequently, to compensate for the damage caused by
esophageal reflux disease, LHM combined with anterior Dor fundoplication or posterior Toupet
fundoplication was introduced[42,47,67]. Access to acid-lowering medication is required, and trauma,
scars, and complications of esophageal or gastric perforation may occur[62]. Studies have shown that
robot-assisted Heller myotomy (RAHM) is safer than LHM and can significantly reduce the incidence of
esophageal perforation[63]. A recent review suggested that RAHM is safe and effective for the treatment
of achalasia cardia and for that of esophageal dyskinesia, owing to its low incidence of technical
complications compared to that for LHM][68].

POEM: Recently, POEM has emerged as an alternative to LHM. Introduced in 2008, this technique is a
new minimally invasive therapeutic endoscopic surgical technique that is especially suitable for patients
with type III achalasia cardia[47]. This operation involves establishing a submucosal tunnel in the lower
esophagus to reach the LES’ inner ring muscle bundle for myotomy while preserving the external
longitudinal muscle bundle; this can prevent body wall trauma and preserve the external esophageal
anatomy, while being precise and minimally invasive[46,62]. One advantage of POEM over LHM is that
it can adjust the proximal myotomy range[69]. A recent study reported a 19-fold increase in the use of
POEM. In addition, POEM can be used to perform a real-time direct biopsy of muscle layers and easily
control the length and location of the myotomy[70]. Wang ef al[71] conducted a multicenter, randomized
controlled trial to follow-up patients with type II achalasia who underwent POEM and PD for 5 years
and found that transoral endoscopic myotomy was superior to PD, with fewer complications, and
should be recommended as the initial treatment option for patients with achalasia cardia. In addition, a
meta-analysis indicated that the 2-year success rate of POEM treatment was significantly improved
compared with that of inflatable dilation in first-time patients; however, reflux esophagitis was more
common in the POEM group than in the inflatable dilation group[72].

A study comparing POEM with LHM found that POEM was safer and even superior to LHM in
terms of cost-effectiveness, length of hospital stay, and dysphagia relief[28,46]. One study showed an
early success rate of 89%-100% for POEM and that it is highly effective in the management of type III
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Table 6 Surgical treatment of achalasia

Procedure

Indication Complication

Peroral
endoscopic
myotomy

Laparoscopic
Heller myotomy

Stent implantation

Esophagectomy

Advanced sigmoidocardia achalasia; surgical myotomy failed; patients Mucosal perforation; subcutaneous emphysema;

with achalasia cardia who have previously received endoscopic treatment; pneumoperitoneum; pneumothorax; mediastinal
spastic esophageal dyskinesia, such as jackhammer esophagus; diffuse emphysema; pleural effusion and pneumonia; delayed
esophageal spasm; hypertensive lower esophageal sphincter; nutcracker ~ bleeding; infection; gastroesophageal reflux disease
esophageal dyskinesia

Drug treatment if symptomatic improvement is not obvious Gastroesophageal reflux disease; punch
Patients who are not candidates for surgery Mucosal hyperplasia; local esophageal stenosis; scaffold
migration

A zigzag giant esophagus; esophageal stenosis caused by reflux Leakage
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achalasia cardia[73]. Schlottmann et al[35] conducted a meta-analysis of 2000 cases of POEM reported in
21 articles worldwide and found that POEM is a relatively safe procedure with low morbidity and
mortality rates.

Studies have shown that the POEM technique has certain drawbacks that can lead to GERD because
POEM is not combined with anti-reflux surgery[39]. One study indicated that 41% of patients developed
reflux esophagitis after POEM[74]. Similarly, a 2-year follow-up study showed that POEM was not
inferior to LHM combined with Dor fundoplication in controlling the symptoms of 2-year achalasia
cardia; however, compared with LHM patients, POEM patients were more prone to GERD. Nabi et al
[75] found that GERD is very common after POEM; moreover, Barrett's esophagus - a potential long-
term sequela of postoperative reflux - may also occur if the reflux persists long term. In addition, studies
have shown that although POEM is a promising new therapy, most endoscopists worldwide have not
yet mastered this technique owing to its high technical requirements and steep learning curve. POEM
can also be challenging[63].

It is important to note that long-term follow-up is necessary for patients with achalasia cardia who
undergo POEM, which can be used to monitor clinical, radiological, and manometry therapy success;
functional changes in GEJ; and pathological gastroesophageal reflux. The follow-up duration is usually
3-6 mo after discharge. The Eckardt score should be assessed, and endoscopy, manometry, and timed
barium meal examinations should be performed. If necessary, esophageal dilation and a 24-h
esophageal pH test may be performed[76].

Stent implantation: Self-expanding metal stents (SEMS) have long been used in the management of
both benign and malignant diseases of the esophagus. Esophageal stent implantation is a technique that
slowly expands the stent to a predetermined diameter, breaks the LES muscle fibers, and reshapes them
to reduce LES pressure. Currently, temporary SEMS are mostly used for treatment[77].

Stenting therapy has been effective in nearly 100% of patients with achalasia for more than 8 years
[78]. Stents are considered a safe and effective treatment because of their uniform dilating tension;
however, they do not provide sustained symptom relief and are prone to complications, such as stent
displacement, regurgitation, perforation, bleeding, and, most importantly, stent-induced tissue prolif-
eration leading to new stenosis[27,78,79]. Currently, a biodegradable scaffold exists that can be used in
the elderly; however, its efficacy requires further investigation.

Esophagectomy: Owing to the development of endoscopic technology and the maturity of minimally
invasive surgical operations, esophagectomy has rarely been used. Patients with surgical failure and
end-stage achalasia cardia can undergo esophagectomy. In 2018, the International Society for
Esophageal Diseases guidelines recommended esophagectomy for patients with persistent or recurrent
achalasia after minor invasive treatment failure and disease progression[7].

CONCLUSION

Achalasia is a relatively rare disease of esophageal motility. Its main clinical manifestations are
dysphagia, reflux, chest pain, and weight loss; these may significantly reduce a patient’s quality of life.
The treatment of achalasia cardia mainly aims to relieve symptoms since the disease is incurable. POEM
is expected to become the optimal means of treating achalasia cardia owing to its effectiveness and
safety. Personalized treatment should be provided according to the clinical characteristics of each
patient. Currently, clinical research on achalasia cardia suggests the possibility of infectious events
related to certain genetic factors that trigger the autoimmune mechanism. However, further research is
necessary in the related fields to explore optimal treatment plans.
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Abstract

BACKGROUND

Fas ligand (FasL) is one ligand that activates extrinsic apoptosis pathway. High
expression in lymphocytes of FasL have been found in patients with acute
rejection of liver transplantation (LT). No high blood concentrations of soluble
FasL (sFasL) have been found in patients with acute LT rejection; however, the
samples size of those studies was small.
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To determine whether patients with hepatocellular carcinoma (HCC) that dead during the first
year of LT have higher blood sFasL concentrations previously to LT that those who that remain
alive in a study of higher sample size.

METHODS
Patients underwent LT due to HCC were included in this retrospective study. Serum sFasL levels
prior to LT were measured and one-year LT mortality was registered.

RESULTS

Non-surviving patients (n = 14) showed higher serum sFasL levels [477 (269-496) vs 85 (44-382)
pg/mL; P <0.001] than surviving patients (n = 113). Serum sFasL levels (pg/mL) were associated
with mortality (OR = 1.006; 95%CI = 1.003-1.010; P = 0.001) independently of age of LT donor in
the logistic regression analysis.

CONCLUSION
We report for the first time that HCC patients who die within the first year of HT have higher
blood sFasL concentrations prior to HT than those who remain alive.

Key Words: sFasL; Hepatocellular carcinoma; Liver transplantation; Mortality; Outcome

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

Core Tip: Fas ligand (FasL) is one of the main ligands that activate apoptosis via the extrinsic pathway.
Elevated blood concentrations of soluble FasL (sFasL) have not been found in patients with acute liver
transplant (LT) rejection; however, the sample sizes of those studies were small. We found in this
retrospective study of 127 patients with hepatocellular carcinoma underwent to LT that patients that die
during the first year of LT have higher blood sFasL concentrations previously to LT than those who that
remain alive. The beneficial results of blockade of the Fas system in animal models could motivate its
investigation in these patients.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most common malignancies with the highest attributable
mortality[1-4]. Liver transplantation (LT) in some HCC patients is the treatment of choice, as it removes
the liver tumour and treats liver failure[5-8].

Apoptotic cell death occurs in healthy subjects (for morphogenesis and tissue remodelling) and in
different diseases such as liver diseases[9-13]. Apoptosis can be activated by so-called extrinsic and
intrinsic pathways. Extrinsic apoptosis pathway is activated when binding a protein of ligands
superfamily of the tumour necrosis factor (TNFSF) to its receptor of membrane receptors superfamily of
the tumour necrosis factor (TNFRSF). Fas ligand (FasL) is a major ligand for TNFSF, and Fas is a major
receptor for TNFRSF. Upon binding of FasL to Fas, a death signal appears that will activate caspase 8.
Subsequently, caspase 8 will produce caspase-3 activation, leading to cell death[9-13].

Little data has been reported on the FasL/Fas system in LT patients. Higher lymphocyte expression
of Fas[14,15] and FasL[15] has been found in patients with acute LT rejection than in patients without
rejection. In addition, higher blood sFas levels have been found in patients with acute LT rejection than
in patients without rejection[16-18]; however, two of these studies found no difference in blood sFasL
levels between patients with and without LT rejection[16,17] and one study did not report blood sFasL
levels[18]. Finally, another study found no differences in sFas and sFasL blood levels between patients
with and without LT rejection[19]. However, the sample size in all these studies was small (less than 70
patients undergoing LT). Therefore, we aimed to determine whether HCC patients who die during the
first year of LT have higher pre-LT blood sFasL concentrations than those who remain alive in a larger
sample size study.
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MATERIALS AND METHODS

Design and patients

Inclusion criteria were the following: Patients undergoing donor LT in brain death by HCC. Patients
were recluted at the Hospital Universitario Nuestra Sefiora de Candelaria (Santa Cruz de Tenerife,
Spain). Recruitment period was from January 1996 to May 2017 by HCC. No exclusion criteria were
considered. This retrospective study was performed with Institutional Ethic Review Board approval and
with informed (and written) consent of patients (or a legal guardian). Formently, we determined DNA
and RNA oxidative damage[20] in some of those LT patients. Now, in this research, we have measured
serum levels of sFasL concentrations.

Variables recorded

Variables recorded for each patient were serum alpha-fetoprotein (AFP) levels, Child-Pugh score[21],
nodule size, within Milan criteria[22] pre- and post-LT, degree of tumour differentiation, age of liver
donor, model for end-stage liver disease (MELD) score[23] by liver function, liver recipient age, sex,
infiltration, macrovascular and microvascular invasion, LT technique, portal hypertension,
multinodular tumour, pre-LT treatment and 1-year survival from LT (our endpoint study).

Determination of serum levels of sFasL

Analyses to measure serum FasL concentrations were performed at the Laboratory Department of the
Hospital Universitario de Canarias (Tenerife, Spain) by enzyme-linked immunosorbent assay. The
human FasL ELISA kit (Elabscience, Houston, TX, United States) with intra-assay and inter-assay coeffi-
cients of variation of less than 6% and a limit of detection of 15.6 pg/mL was used.

Statistical methods

We employed ¥? test to compare categorical variables (reported as frequencies and percentages) and
Mann-Whitney test to compare continuous variables (reported as medians and interquartile ranges).
Areceiver operating characteristic (ROC) curve was employed to test the predictive capability of LT 1-
year mortality with pre-LT serum sFasL levels. Kaplan-Meier survival curves were constructed using 1-
year LT survival and pre-LT serum sFasL levels below/above 190 pg/mL (this cut-off point was
selected based on Youden-Jindex). We employed logistic regression analysis to determine a possible
association between pre-LT serum sFasL levels and mortality at 1-year post-LT, controlling for LT donor
age. Statistical analyses were performed with SPSS 17.0 (SPSS Inc., Chicago, IL, United States) and
MedCal 15.2.1 (Ostend, Belgium).

RESULTS

A total of 127 patients were included in the study, 113 (89.0%) of them remain alive at one year post-LT
and 14 (11.0%) dead during the first year of LT. Their mean age was 51 * 17 years, 109 (85.8%) were
males and 18 (14.2%) were females. Of them, 121 (95.3%) were inside Milan criteria previously to LT and
107 (84.3%) after LT, 41 had (32.3%) infiltration, 29 (22.8%) microvascular invasion, 87 (68.5%) portal
hypertension, 44 (34.6%) multinodular tumor, and 7 (5.5%) macrovascular invasion.

We found that 1-year LT survivors revealed younger LT donors (P = 0.049) and lower serum sFasL
levels (P < 0.001) than non-surviving ones (Table 1). However, serum AFP levels, Child-Pugh score,
nodule size, fulfilment of Milan criteria before and after HT, degree of tumour differentiation, MELD
score by liver function, age of the liver recipient, sex, infiltration, macrovascular invasion, microvascular
invasion, HT technique, portal hypertension, multinodular tumour and pre-HT treatment showed no
statistical difference in the comparison between surviving and non-surviving patients (Table 1).

Serum sFasL levels (pg/mL) were associated mortality (Odds Ratio = 1.006; 95%CI = 1.003-1.010; P =
0.001) independently of LT donor age in logistic regression analysis (Table 2). We found an area under
the curve of 84% (95%CI = 75%-93%; P < 0.001) for prediction of mortality by serum sFasL levels
(Figure 1). Kaplan-Meier analysis showed that patients with serum sFasL concentrations higher than 190
pg/mL had an increased risk of death (Hazard ratio = 13.5; 95%CI = 4.5-40.7); P < 0.001) (Figure 2).

We found a positive correlation between serum levels of sFasL and AFP (rho = 0.73; P < 0.001).
However, we no found significant differences in serum sFasL levels related to LT recipient age (P =
0.36), sex (P = 0.27), MELD score (P = 0.12), Child-Pugh score (P = 0.48), portal hypertension (P = 0.82),
multinodular tumor (P = 0.16), macrovascular invasion (P = 0.48), degree of tumor differentiation (P =
0.22), microvascular invasion (P = 0.19), serun protein concentration (P = 0.67), serum albumin concen-
tration (P = 0.07) and serum creatinine concentration (P = 0.96).
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Table 1 Clinical and biochemical characteristics of one-year liver transplantation survivor and non-survivor patients

1 yr survivor patients, (n = 113) 1 yr non-survivor patients, (n = 14) Pvalue
Serum sFasL (pg/mL) - median (p 25-75) 85 (44-382) 477 (269-496) <0.001
Age of liver donor (yr) - median (p 25-75) 52 (35-64) 62 (49-73) 0.049
Age of liver recipient (yr) - median (p 25-75) 59 (52-62) 56 (53-62) 0.88
Serum alpha-fetoprotein (ng/dL) - median (p 25-75) 8 (4-37) 13 (5-180) 0.36
MELD score - median (p 25-75) 15 (12-18) 16 (14-18) 0.78
Nodules size (cm) - median (p 25-75) 3.0 (2.0-3.5) 2.8 (1.6-4.3) 0.94
Protein (g/dL) - median (p 25-75) 6.7 (6.0-7.1) 6.7 (5.7-7.7) 0.83
Leukocytes (count/mm®) - median (p 25-75) 4800 (3590-6200) 4940 (3490-7920) 0.60
Albumin (g/dL) - median (p 25-75) 3.3 (2.9-4.1) 3.3(2.9-4.2) 091
Creatinine (mg/dL) - median (p 25-75) 0.9 (0.8-1.1) 1.0 (0.8-1.1) 043
BMI (kg/m?) - median (p 25-75) 27.6 (24.5-30.0) 28.1 (23.1-31.1) 0.80
Gender female - 1 (%) 18 (15.9) 0 0.11
Portal hypertension - 1 (%) 77 (68.1) 10 (71.4) 0.80
Child-Pugh score - 1 (%) 0.47
A 53 (46.9) 9 (64.3)
B 34 (30.1) 3(21.4)
C 26 (23.0) 2 (14.3)
Multinodular tumor- 1 (%) 33 (29.2) 5(35.7) 0.62
Macrovascular invasion - 1 (%) 7(6.2) 0 0.34
Microvascular invasion - 1 (%) 26 (23.0) 3(21.4) 0.89
Infiltration - 1 (%) 38 (33.6) 3(21.4) 0.36
Inside Milan criteria previously to LT - n (%) 108 (95.6) 13 (92.9) 0.65
Inside Milan criteria after LT - 1 (%) 97 (85.8) 10 (71.4) 0.16
Treatment previously to LT - n (%) 62 (54.9) 10 (71.4) 0.24
Transplantation technique - 1 (%) 0.63
By-pass 41 (36.3) 6 (42.9)
Piggy back 72 (63.7) 8(57.1)
Degree of tumor differentiation - 1 (%) 0.51
Well 83 (73.5) 11 (78.6)
Moderate 27 (23.9) 2 (14.3)
Poor 3(2.7) 1(7.1)

MELD: Model for end-stage liver disease; BMI: Body mass index; sFasL: Soluble FasL.

DISCUSSION

The main novel finding that showed our study was that association between elevated serum sFasL
levels prior to LT and increased risk of death during the first year after LT. The 1-year survival rate from
LT in our series (89%) is similar to those reported in other series (75%-95%)[24-28]. Several factors
associated with worse prognosis in HCC patients undergoing LT have been reported (tumour size,
outside Milan criteria, hepatic microinvasion, tumour number, degree of differentiation, vascular infilt-
ration, serum AFP levels, and invasion)[29]; however, only higher serum sFasL levels and age of the LT
donor were factors associated with worse prognosis in our series.

Previously, higher lymphocyte expression of FasL[15] has been found in patients with acute LT
rejection than in patients without rejection. Furthermore, three studies found no difference in blood
sFasL levels between patients with and without LT rejection[16,17,19]. Therefore, the association
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Table 2 Logistic regression analysis for the variables associated with one-year liver transplantation mortality

Odds ratio 95% confidence interval P value
Age of liver donor (age) 1.044 1.001-1.088 0.045
Serum sFasL levels (pg/mL) 1.006 1.003-1.010 0.001

sFasL: Soluble FasL.
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Figure 1 Receiver operation characteristic of serum soluble FasL levels previously to liver transplantation due to hepatocellular

carcinoma for the prediction of one-year liver transplantation mortality. Area under curve of serum soluble FasL (sFasL) levels and
sensitivity/specificity of serum sFasL levels > 190 pg/mL are reported. AUC: Area under curve; sFasL: Soluble FasL.

between elevated serum sFasL levels before LT and death is a new finding of our study. Possibly the
larger sample size (127 patients) of our study compared to that of previous studies (less than 70 patients)
contributes to this new finding.

In addition, we also found a positive association between serum levels of sFasL and AFP, and that
association is according to the findings of one previous study[30]; however, we did not found an
association between serum sFasL levels and other variables.

FasL is one of TNFSF that activates apoptosis extrinsic pathway when binding to its receptor Fas. Due
to this binding, a death signal is generated (which will activate caspase 8). Subsequently, caspase 8 will
lead to the activation of caspase 3 (responsible for cell death)[9-13]. Therefore, we think that the findings
of our study that non-surviving patients showed higher serum sFasL levels compared to surviving ones
could be related to a higher activation of apoptosis. Although limitations of our study were the absence
of data on apoptosis in liver tissue and data on blood sFasL levels during patient follow-up. Another
limitation was the relatively low sample size of our study to include more variables in the regression
model.

In rodent animal models of hepatic ischaemia-reperfusion injury, administration of Fas and/or FasL-
blocking agents reduced hepatic caspase-3 activity and hepatocyte apoptosis, and increased animal
survival[31-33]. We think that the findings from our study with patients undergoing HT due to HCC
could encourage research to clarify the potential role of serum sFasL levels in estimating the prognosis
of HT patients in a larger series. In addition, the findings from rodent animal models could encourage
research to clarify the potential role of administration of Fas/FasL-blocking agents in improving the
prognosis of these patients.

CONCLUSION

We report for the first time that HCC patients who die during the first year of LT have higher blood
sFasL concentrations prior to LT than those who remain alive.
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Figure 2 Kaplan-Meier survival analysis using mortality (as dependent variable) during first year of liver transplantation due to
hepatocellular carcinoma and serum soluble FasL levels previously to liver transplantation lower/higher than 190 pg/mL (as independent
variable). Both survival curves were compared by log rank and hazard ratio. sFasL: Soluble FasL.
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ARTICLE HIGHLIGHTS

Research background
Fas ligand (FasL) is one ligands that activates extrinsic apoptosis pathway. High expression in
lymphocytes of FasL have been found in patients with acute rejection of liver transplantation (LT).

Research motivation
No high blood concentrations of soluble FasL (sFasL) have been found in patients with acute LT
rejection; however, the samples size of those studies was small.

Research objectives
To determine whether patients with hepatocellular carcinoma (HCC) that dead during the first year of
LT have higher blood sFasL concentrations previously to LT that those who that remain alive in a study
of higher sample size.

Research methods

Patients underwent LT due to HCC were included in this retrospective study. Serum sFasL levels prior
to LT were measured and one-year LT mortality was registered.

Research results

Non-surviving patients (n = 14) showed higher serum sFasL levels [477 (269-496) vs 85 (44-382) pg/mL;
P <0.001] than surviving patients (n = 113). Serum sFasL levels (pg/mL) were associated with mortality
(OR = 1.006; 95%CI = 1.003-1.010; P = 0.001) independently of LT donor in the logistic regression
analysis.

Research conclusions

We report for the first time that HCC patients who die within the first year of HT have higher blood
sFasL concentrations prior to HT than those who remain alive.

Research perspectives
The beneficial results of blockade of the Fas system in animal models could motivate its investigation in
these patients.
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Abstract

BACKGROUND

The coronavirus disease 2019 (COVID-19) pandemic has become a major health
concern worldwide. In that context, the understanding of epidemiological and
clinical features associated with the disease and its severity is crucial for the
establishment of strategies aimed at disease control and remedy.

AIM
To describe epidemiological features, signs, symptoms, and laboratory findings
among severely ill COVID-19 patients from an inten-sive care unit in northeastern
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Brazil as well as to evaluate predictor factors for disease outcomes.

METHODS
This is a prospective single-center study that evaluated 115 patients admitted to the intensive care
unit in a northeastern Brazilian hospital.

RESULTS

The patients had a median age of 65.60 + 15.78 years. Dyspnea was the most frequent symptom,
affecting 73.9% of the patients, followed by cough (54.7%). Fever was reported in approximately
one-third of patients and myalgia in 20.8% of the patients. At least two comorbidities were found
in 41.7% of the patients, and hypertension was the most prevalent (57.3%). In addition, having two
or more comorbidities was a predictor of mortality, and lower platelet count was positively
associated with death. Nausea and vomiting were two symptoms that were predictors of death,
and the presence of a cough was a protective factor.

CONCLUSION

This is the first report of a negative correlation between cough and death in severely ill severe
acute respiratory syndrome coronavirus 2-infected individuals. The associations between
comorbidities, advanced age, and low platelet count and the outcomes of the infection were
similar to the results of previous studies, highlighting the relevance of these features.

Key Words: COVID-19; Epidemiology; Symptoms; Comorbidities; Laboratory parameters

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

Core Tip: This is a prospective study carried out in a hospital in Brazil with 115 patients admitted to the
intensive care unit with a positive diagnosis for severe acute respiratory syndrome coronavirus 2. The
epidemiological features, signs, symptoms, and laboratory findings among severely ill coronavirus disease
2019 patients and the predictive factors for disease outcomes were evaluated. This is the first report of a
negative correlation between cough and death in severely ill severe acute respiratory syndrome
coronavirus 2-infected individuals.

Citation: Pinheiro FD, Lopes LW, Dérea RSDM, Araujo GRL, Silva FAFD, de Brito BB, Cordeiro Santos ML,
Junior GMS, de Lorenzo Barcia MTA, Marques RA, Botelho AB, Dantas ACS, Costa DT, Teixeira AF, Souza CL,
Marques LM, Campos GB, Oliveira MV, de Magalhdes Queiroz DM, Freire de Melo F. Epidemiological and
clinical characteristics of COVID-19 in a Brazilian public hospital. World J Clin Cases 2023; 11(8): 1761-1770
URL: https://www.wjgnet.com/2307-8960/full/v11/i8/1761 .htm

DOI: https://dx.doi.org/10.12998/wjcc.v11.i8.1761

INTRODUCTION

Since its first records at the end of 2019 in Wuhan, capital city of Hubei province, China, the coronavirus
disease 2019 (COVID-19) has caused numerous challenges with regard to a better understanding of its
immunology, pathophysiology, clinical manifestations, diagnosis, and treatment[1]. The pathogen was
identified as a novel enveloped RNA betacoronavirus that has a phylogenetic similarity to the severe
acute respiratory syndrome coronavirus 1 (SARS-CoV-1). In that context, the so-called SARS-CoV-2 has
become a global health concern, and on March 11, 2020 the World Health Organization declared the
COVID-19 outbreak a pandemic[2].

The incubation period for COVID-19 is generally within 14 d following exposure, and the onset of
symptoms occurs 4-5 d after inoculation[3]. In a study including 1084 COVID-19 patients from China,
the median period of incubation was 7.8 d, with 5% to 10% of patients experiencing the first symptoms
after 14 d of exposure[3]. Recent meta-analyses about the topic corroborate this finding, highlighting
averages of 5.1 and 5.6 d for disease incubation[4,5]. Among those affected by the disease, about 17.9%
to 33.3% remain asymptomatic, highlighting the difficult control of the transmission of the disease[6].

Pneumonia is the most frequent serious finding, and it usually occurs with fever, cough, expect-
oration, and dyspnea. Other common symptoms are myalgia, diarrhea, anosmia and dysgeusia, and
upper respiratory tract symptoms[7-9]. Of note, dysgeusia and anosmia disorders are more common in
COVID-19 than in other viral infections[10]. The prevalence of SARS-CoV-2 infection-related manifest-
ations can vary depending on the level of severity of the illness. In this sense, the prevalence of fever
was higher among hospitalized patients in a trial with 1099 patients when compared to non-hospit-
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alized COVID-19 patients. Only 44% of the patients had fever at admission, whereas 89% were febrile
during hospitalization[11]. When compared to severe and mild disease groups, patients with moderate
involvement had higher rates of dysgeusia and anosmia (88.70% among patients with moderate disease
and 45.83% in severely ill individuals)[12].

As prognostic markers of the disease, clinical and epidemiological features have been reported as
predictors of severity among patients in hospital care. While dyspnea is also an important finding for a
poor prognosis, studies suggest that peripheral oxygen saturation is the respiratory factor to be
assessed, as it excludes the subjective factor from the assessment. These studies suggest that an oxygen
saturation below 92% was associated with a poor prognosis. Furthermore, it takes about 5 d for the
patient to develop dyspnea after the first symptoms, and it can be quickly followed by acute respiratory
distress syndrome. In this sense, adequate monitoring of saturation levels in COVID-19 patients is
indicated[13].

Efforts have been directed towards the understanding of the relationship between comorbidities and
the severity and mortality in SARS-CoV-2 infection. In this sense, studies have shown that diabetes,
hypertension, obesity, and cardiovascular disease are important risk factors for severity and mortality
[14-16]. In addition, various abnormalities in serum laboratory parameters have been associated with
COVID-19, and some of them have been related to an increased risk of mortality[17,18].

To date, SARS-CoV-2 has infected almost 200 million people worldwide, from which 4 million died
[2]. In Brazil, 30639130 cases of the disease have been registered so far, with 664641 deaths associated
with the disease. The northeast region of Brazil, in which the current study was carried out, has
reported 6256874 cases, with the occurrence of 128829 deaths among them[19]. The aim of this study
was to describe epidemiological features, signs, symptoms, and laboratory findings at the moment of
intensive care unit (ICU) admission among severely ill COVID-19 patients in a city from northeastern
Brazil. We also evaluated predictive factors for disease outcomes in the study sample. This study
showed some differences in the clinical and epidemiological profiles of COVID-19 patients when
compared with previous studies, mainly regarding the frequency of symptoms. We report, for the first
time, a negative association between cough and death among severely ill SARS-CoV-2-infected patients.

MATERIALS AND METHODS

Study design and participants

This single-center prospective study included 225 consecutive COVID-19 patients admitted to the ICU,
General Hospital of Vitéria da Conquista city, Bahia State, Brazil, from July 30, 2020 to August 28, 2021.
The Vitoria da Conquista General Hospital is a regional hospital in the third largest city in the Bahia
State, providing an extensive multidisciplinary teaching service and attends to a large number of highly
complex cases from more than 70 surrounding cities. All included patients had SARS-CoV-2 infection
confirmed by real-time (RT-) PCR of nasopharyngeal swab specimens. Subjects were selected according
to the criteria for ICU admission recommended by the Bahia State Department of Health. This study
was approved by the Ethics Committee of the Brazilian National Research Ethics Commission (No.
4.155.234), with an informed consent form obtained from the relatives responsible for the enrolled
patients.

Data collection

Epidemiological, clinical, and laboratory data of the included patients were obtained both at admission
and during hospitalization. Clinical outcomes were monitored in the inpatient system, which indicated
discharge, transfer, or death. Data collection comprised clinical, epidemiological, and demographic data
as well as exposure history to infected individuals, date of symptom onset, RT-PCR result, and presence
of comorbidities. Comorbidities included: (1) Hypertension; (2) Diabetes; (3) Cardiovascular disease; (4)
Chronic kidney disease; (5) Obesity; (6) Chronic obstructive pulmonary disease; and (7) Autoimmune
diseases.

Blood samples were obtained from the patients for assessment of white blood cell [reference values:
(4-10) x 10° mm?] and platelet [reference values: (150-450) x 10° g/L] count, hemoglobin levels [reference
values 11.5-18.0 mg/dL (female) or 13.0-18.0 mg/dL (male)], C-reactive protein (reference value: <6 g/
L), serum sodium (reference values: 130-150 mEq/L), aspartate aminotransferase (reference values: 10-
37 U/I), alanine aminotransferase (reference values: 10-45 U/I), and lactic dehydrogenase (reference
values: 120-246 U/I). All laboratory evaluations were completed by conventional methods.

Statistical analysis

Statistical analysis data were analyzed by the public domain statistical software Epi Info 7 and the SPSS
statistical software package version 26.0 (SPSS Inc., Chicago, IL, United States). For the comparisons,
Kolgomorov-Smirnov or Shapiro-Wilk test were used to assess the normality of the data as indicated.
Two-tailed student’s t test or Mann-Whitney U test as well as y? test with Yates’ correction or Fisher’s
exact test were employed as indicated. The level of significance was set at P < 0.05. Forward binary
logistic regression was performed during analysis.
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RESULTS

Demographic data

All subjects were positive for SARS-CoV-2 RNA detected by RT-PCR. Their mean age [standard
deviation (SD)] was 65.60 + 15.78 years. Patients included 69 (60%) males (mean age = 67.09, SD = 14.09)
and 46 (40%) females (mean age = 63.37, SD = 17.96). A total of 38 patients (33.1%) were from Vitoria da
Conquista and 36 from adjacent cities (Figure 1).

Clinical features

The most frequent clinical symptom was dyspnea, present in more than two-thirds of the included
patients (85 patients, 73.9%). Cough was the second most frequent symptom (63 patients, 54.7%)
followed by fever (38 patients, 33.0%), myalgia (24 patients, 20.8%), diarrhea (9 patients, 7.8%), nausea (8
patients, 6.9%), vomiting (7 patients, 6.0%), headache, dysgeusia, and anosmia (5 patients, 4.3% for each
symptom). Regarding comorbidities, 66 patients (57.3%) had hypertension, 32 patients (27.8%) had
diabetes, 23 patients (20.0%) had cardiovascular disease, 15 patients (13.0%) had obesity, 12 patients
(10.4%) had chronic kidney disease, 4 patients (3.4%) had chronic obstructive pulmonary disease, and 1
patient (0.8%) had an autoimmune disease. In the group of patients from whom the information was
obtained, no comorbidities were present in 15 patients, whereas 36 and 29 patients had one and two
comorbidities, respectively. The others had either three (1 = 13) or four (n = 5) comorbidities.

Vital signs and laboratory data

Respiratory rate was increased in the majority of patients (n = 39; 52.0%), whereas 2 patients (2.7%)
presented with bradypnea and 34 patients (45.3%) were eupneic. The white blood cell count was
elevated in 61.9% of the patients (n = 60), and leukopenia was observed in 5 patients (5.2%) (reference
value = 5000-11000 leukocytes/ mm?). The inflammatory marker C-reactive protein was found to be
altered in 74 patients (96.10%; reference value < 3 mg/L). Regarding hepatic lesion markers, aspartate
aminotransferase and alanine aminotransferase levels were elevated in 13 patients (54.2%) and 15
patients (68.2%), respectively.

When the group of patients who died were compared with those who had a favorable disease
outcome, increasing age was significantly associated with death (69.28 +15.16 vs 61.54 + 17.08, P = 0.02).
The presence of two or more comorbidities was a positive predictor of mortality (P = 0.01). The presence
of at least two concomitant illnesses was observed in 60.9% of the patients who died compared with the
other group (39.1%). No association was observed for gender (female, male, P = 0.16) and a plethora of
patient factors including demographic, clinical, immunologic, hematological, biochemical, and
radiographic findings, may be of utility to clinicians to predict COVID-19 severity and mortality. In
addition, the mean platelet count among patients who died was 141.49 x 10% g/L. A statistically
significant relationship was observed between the lower platelet count and death (P < 0.001). No statist-
ically significant results were obtained when other comorbidities and laboratory results were assessed.

When evaluating the main outcomes and the symptoms of the patients in the ICU, we found that
nausea (P = 0.02) and vomiting (P = 0.05) were predictors of death, and the presence of a cough was a
protective factor. There was no statistically significant association between other symptoms and the
evaluated outcomes. Tables 1-4 summarize the findings of this study.

DISCUSSION

This study evaluated the clinical and epidemiological profiles of hospitalized individuals from an ICU
in a Brazilian public hospital. Some symptom data found in this investigation diverge from the pattern
observed in previous studies. In an investigation in China, fever was the most prevalent symptom
among the 1099 laboratory-confirmed COVID-19 patients at admission (43.8%) or during hospitalization
(88.7%)[20], in contrast to the approximately one-third of patients observed in this study. Furthermore, a
high prevalence of fever (88.7% of the 656 patients) was also identified in a meta-analysis study[21].

Notably, cough was not associated with poor outcomes among the severely ill COVID-19 patients we
evaluated. To the best of our knowledge, this is the first study to demonstrate a negative association
between cough and death in patients infected with SARS-CoV-2 in the ICU, in contrast a meta-analysis
study evaluating 10014 patients with COVID-19[22]. In addition, a high prevalence of this symptom was
observed in the present study, corroborating an investigation from the Center for Disease Control and
Prevention, which evaluated 373883 individuals and found that the aforementioned symptom was the
most common manifestation in COVID-19 (50%)[23].

Seeking explanations for this finding, the hypothesis of coughing as an alarm signal was raised. This
sign would make patients seek emergency care earlier when compared to critically ill patients without
cough. It is plausible that the patients without cough but desaturation and severe condition did not
understand that they should be evaluated by a doctor. During the peak of the epidemic, health systems
were overcrowded, and government entities were oriented on a national network to seek assistance only
in a serious condition. Faced with these situations, we may be dealing with a needy population with a
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Table 1 Prevalence of outcomes/destinations in the studied population, n = 101

Prevalence of outcomes/destinations n (%)
Discharge or transfer from the ICU 48 (47.5)
Death 47 (46.5)
Transfer 6 (5.9)

ICU: Intensive care unit.

Table 2 Hematologic risk factors associated with death in the patients

Hematologic values With death, mean £ SD Without death, mean * SD P value
Hemoglobin, mg/dL 11.31 £2.96 11.70 £2.79 0.55
Leukocytes, mm? 14.45 + 6.88 14.29 £8.71 0.92
CRP, g/L 143.46 + 150.76 147.53 + 201.60 0.77
Platelets, g/L 141.49 +9.55 154.88 +72.91 <0.001

CRP: C-reactive protein; SD: Standard deviation.

Table 3 Age, sex, comorbidities, and laboratory tests associated with the main outcomes, n (%)

Comorbidities Death, n Discharged,n  Pvalue Death, mean * SD Discharged median * SD
Hypertension 33 (53.2) 29 (46.8) 0.15

Diabetes 18 (58.1) 13 (41.9) 0.14

Cardiovascular disease 11 (50.0) 11 (50.0) 0.54

Obesity 6 (50.0) 6 (50.0) 0.58

Chronic kidney disease 8 (66.7) 4 (33.3) 0.15

Chronic obstructive pulmonary disease 2 (50.0) 2 (50.0) 0.67

Autoimmune diseases 0 (0) 1 (100) 0.51

At least 2 comorbidities 28 (60.9) 18 (39.1) 0.01

Laboratory tests

Hemoglobin, mg/dL 0.55 11.31 £2.96 11.70 £2.79
Leukogram, mm? 0.93 14.448 + 6.878 14.292 +8.705
CRP, g/L 0.18 143.46 +150.76 147.53 + 201.60
Platelets, g/L <0.001 141.49 +9.55 154.88 +72.91
Serum sodium, mEq/L 0.35 143.00 £9.79 140.62 +10.70
AST,U/L 0.22 54.20 +32.41 92.83 £24.10
ALT, U/L 0.7 26.00 +13.78 81.90 £ 90.50
Lactic dehydrogenase, U/L 486.00 £48.08 274 0.17

CRP: C-reactive protein; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; SD: Standard deviation.

low availability of health services and with government guidelines to avoid emergency services. This
culminates in critically ill patients staying at home for too long and arriving at hospitals in very serious
conditions. This could also explain the high mortality rates in the study.

Nausea and vomiting were positively associated with death in the present study in contrast to
previous investigations that have associated gastrointestinal symptoms with milder SARS-CoV-2
infections. The frequency of gastrointestinal symptoms found here was lower than in other surveys. In a
systematic review performed by our group that included 43 studies and 18246 COVID-19 patients, the
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Table 4 Relationship between symptoms and the main clinical outcomes, n (%)

Symptom Death Discharged P value
Dyspnea 36 (46.8) 41 (53.2) 0.09
Cough 23 (40.4) 34 (59.6) 0.01
Fever 14 (41.2) 20 (58.8) 0.15
Myalgia 9 (42.9) 12 (57.1) 0.30
Diarrhea 6 (66.6) 3(33.3) 0.24
Headache 4 (44.0) 5 (55.0) 0.02
Nausea 7 (87.5) 1(12.5) 0.02
Vomiting 6 (85.7) 1(14.3) 0.05
Chills 1(20.0) 4(80.0) 0.18
Taste changes 1(50.0) 1 (50.0) 0.75
Anosmia 1 (50.0) 1 (50.0) 0.75

State of Bahia, Brazil

A\ Vitdria da Conquista City (7 = 9; 18.9%)
|:| Other cities from State of Bahia’s Southwestern Mesoregion (7 = 38; 77.6%)

|:| State of Bahia’s Southern Mesoregion (7 = 2; 4.1%)

100 0 100 200 300 400 km
. ]

DOT: 10.12998/wjcc.v11.i8.1761 Copyright ©The Author(s) 2023.

Figure 1 Map of the study region with the number of patients (n) from each mesoregion.
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prevalence of diarrhea was higher than in this investigation[8]. The most common symptom in our
investigation was dyspnea, a pivotal finding among severely ill COVID-19 patients. In a meta-analysis
study evaluating 1813 patients, only dyspnea was able to predict severe disease and ICU admission[24].
Headache was more infrequent in our patients than in the aforementioned investigation by Center for
Disease Control and Prevention[23], likely due to the administration of analgesics in the emergency
room or in other hospitals before admission to the ICU. Similarly, there was a low prevalence of
anosmia and taste change, which was expected because these symptoms have been observed in better
prognoses[21].

Leukocytosis was found in most individuals included in this investigation, which was in agreement
with the higher frequencies of this manifestation reported among critically ill individuals[25,26]. Red
blood cell count abnormality was another relevant laboratory finding in this study, with the detection of
hemoglobin levels below 11 g/dL in 38.7% of the patients, also in accordance with previous studies
showing reduced levels of serum hemoglobin in SARS-CoV-2-infected individuals with severe disease
[21]. The levels of serum lactate dehydrogenase were found to be increased in our samples, a common
finding among COVID-19 patients[27]. Moreover, serum sodium levels were increased in the patients
we evaluated. This was similar to the increased odds of in-hospital death among hypernatremic
individuals compared to normonatremic persons[28].

Furthermore, a decreased platelet count was positively associated with mortality in our investigation.
Previous studies suggested that the occurrence of thrombocytopenia in SARS-CoV-2 infection can be
associated with serious conditions such as intravascular coagulation and sepsis[29]. Another cause of
low platelet count in patients with COVID-19 may be drug-induced[3].
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This study demonstrated a higher mortality rate among critically ill SARS-CoV-2-infected individuals
than most studies have. Of note, ICU mortality due to COVID-19 around the world has ranged from
20% to 62%[30-32]. The difficulties faced by the Brazilian public health system to make enough ICU beds
available for COVID-19 patients during the pandemics should be emphasized. In the period from 2020
to 2021, there were approximately 70 ICU beds in the study city, which is the main healthcare center in a
region that embraces 2 million inhabitants[33]. This scenario contributed to the occurrence of delays in
providing adequate life support for critically ill individuals, which potentially contributed to the high
mortality rate observed in this study.

A high prevalence of comorbidities was observed in our patients. Hypertension was the most
prevalent comorbidity, which was in agreement with a meta-analysis study. Moreover, the presence of
two or more comorbidities as well as older age were associated with higher mortality in our study,
similarly to a previous study[34]. The circulating variants of SARS-CoV-2 is an important issue to be
accounted for when considering the clinical manifestations of COVID-19 among individuals from a
given geographical area[35]. Although the differentiation of the SARS-CoV-2 strains that infected the
patients could not be performed in this study, the co-circulation of 13 different strains has been reported
to date in the Brazilian state where the study was carried out. The first subline identified was B.1.1.162
[36]. Of note, the variants P.1 and P.2, which have been identified in the Brazilian cities Manaus and Rio
de Janeiro, respectively, have been detected in the aforementioned state as well[37,38]. Lastly, the
Peruvian lineage C.14 was also detected in the study region after its introduction through a ship
traveler. Until February 2021, the variants circulating in Bahia state were limited to the A, B, C and P
types[39,40].

There are a few limitations to this study. This was an epidemiological investigation conducted at a
single health care system with a limited number of participants and in a confined geographic area, thus
limiting the generalizability of the results. Future research should be made to identify and predict
further factors associated with mortality in COVID-19 populations admitted to the ICU.

CONCLUSION

This study revealed differences in the clinical profile of COVID-19 patients when compared with
previous studies, such as the observation of a negative association between cough and death in severely
ill individuals. On the other hand, the associations between comorbidities, advanced age, and low
platelet count and the outcomes of the infection were similar to the results of previous studies,
highlighting the relevance of these features. Further investigations are needed in order to better charac-
terize risks of poor outcomes among severely ill COVID-19 patients.

ARTICLE HIGHLIGHTS

Research background

Coronavirus disease 2019 (COVID-19) has been a health concern around the world since it was first
identified in 2019. An understanding of the epidemiological and clinical features related to the infection
is very important for the development of prevention and treatment of the disease.

Research motivation

There is a lack of studies evaluating the clinical and epidemiological characteristics of patients with
severe COVID-19 in the study region. Moreover, the data regarding the infection features in that
population can contribute to the understanding of the disease.

Research objectives

The objectives were to describe epidemiological characteristics, signs, symptoms, and laboratory
findings in individuals with severe COVID-19 from an intensive care unit in the state of Bahia in
northeastern Brazil and to analyze predictive features for the disease outcomes.

Research methods

In this prospective, single-center study, 115 patients with severe COVID-19 admitted to an intensive
care unit in northeastern Brazil were evaluated. Epidemiological, clinical, and laboratory data of the
included patients were obtained. Clinical outcomes were monitored in the inpatient system.

Research results

The patients had a median age of 65.60 + 15.78 years. Dyspnea was the most frequent symptom,
affecting 73.9% of the patients, followed by cough (54.7%). Fever was reported in approximately one-
third of patients and myalgia in 20.8% of patients. At least two comorbidities were found in 41.7% of the
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patients, and hypertension was the most prevalent one (57.3%). In addition, having two or more
comorbidities was a predictor of mortality, and lower platelet count was positively associated with
death as well. Nausea and vomiting were predictors of death, and the presence of a cough was a
protective factor.

Research conclusions

This is the first report of a negative correlation between cough and death in severely ill severe acute
respiratory syndrome coronavirus 2-infected individuals. The associations between comorbidities,
advanced age, low platelet count, and the outcomes of the infection were similar to the results of
previous studies, highlighting the relevance of these features.

Research perspectives

In future analyses, we will evaluate the role of various cytokine profiles in the inflammatory response in
the population of this study. Moreover, the relationship between comorbidities and infection outcomes
might be further explored in the next steps of the research.
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Abstract

BACKGROUND

Endocardial fibroelastosis (EFE) is a diffuse endocardial collagen and elastin
hyperplasia disease of unknown etiology, which may be accompanied by myo-
cardial degenerative changes leading to acute or chronic heart failure. However,
acute heart failure (AHF) without obvious associated triggers is rare. Prior to the
report of endomyocardial biopsy, the diagnosis and treatment of EFE are highly
susceptible to being confounded with other primary cardiomyopathies. Here, we
report a case of pediatric AHF caused by EFE mimicking dilated cardiomyopathy
(DCM), with the aim of providing a valuable reference for clinicians to early iden-
tify and diagnose EFE-induced AHF.

CASE SUMMARY

A 13-mo-old female child was admitted to hospital with retching. Chest X-ray
demonstrated enhanced texture in both lungs and an enlarged heart shadow.
Color doppler echocardiography showed an enlarged left heart with ventricular
wall hypokinesis and decreased left heart function. Abdominal color ultrasono-
graphy revealed a markedly enlarged liver. Pending the result of the endomyo-
cardial biopsy report, the child was treated with a variety of resuscitative
measures including nasal cannula for oxygen, intramuscular sedation with
chlorpromazine and promethazine, cedilanid for cardiac contractility enha-
ncement, and diuretic treatment with furosemide. Subsequently, the child’s
endomyocardial biopsy report result was confirmed as EFE. After the above early
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interventions, the child’s condition gradually stabilized and improved. One week later, the child
was discharged. During a 9-mo follow-up period, the child took intermittent low-dose oral digoxin
with no signs of recurrence or exacerbation of the heart failure.

CONCLUSION

Our report suggests that EFE-induced pediatric AHF may present in children over 1 year of age
without any apparent precipitants, and that the associated clinical presentations are grossly similar
to that of pediatric DCM. Nonetheless, it is still possible to be diagnosed effectively on the basis of
the comprehensive analysis of auxiliary inspection findings before the result of the end-
omyocardial biopsy is reported.

Key Words: Endocardial fibroelastosis; Dilated cardiomyopathy; Pediatric; Acute heart failure; Early
identification and diagnosis

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

Core Tip: Prior to the report of endomyocardial biopsy, the diagnosis and treatment of endocardial
fibroelastosis (EFE) is highly susceptible to be confounded with other primary cardiomyopathies. Herein,
we report a case of pediatric acute heart failure (AHF) caused by EFE mimicking dilated cardiomyopathy,
aiming to provide a valuable reference for clinicians to early identify and diagnose EFE-induced AHF.
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INTRODUCTION

Pediatric endocardial fibroelastosis (EFE) is a kind of primary infantile cardiomyopathy, also known as
endocardial sclerosis[1]. While various theories have been proposed in recent years in relation to the
pathogenesis of EFE, the exact etiology of EFE remains unknown[2]. At present, most scholars believe
that it is associated with the immune inflammatory response caused by viral infection[3]. More than
60% of children with onset are younger than 1 year of age[4]. The clinical manifestations of infants
under 6 mo of age are principally acute heart failure (AHF), while the clinical manifestations of infants 6
to 12 mo of age are principally chronic heart failure (CHF), and often occurs after respiratory infections
[5]. The symptoms and signs of AHF caused by EFE greatly resemble those of the acute exacerbations of
dilated cardiomyopathy (DCM) in pediatric patients[5]. However, the treatment options for these two
conditions clinically are not exactly identical, and early misdiagnosis may have potentially unintended
consequences for the subsequent therapy of the children[6]. More importantly, it is relatively rare for
children with EFE over 1 year of age to develop AHF suddenly without any notable triggers or other
directly related underlying diseases|[7].

Here, we report a case of pediatric AHF caused by EFE mimicking DCM, in which the child was pre-
liminarily diagnosed with EFE based on critical auxiliary examinations encompassing chest
radiography, electrocardiography and echocardiography alone before the result of the endomyocardial
biopsy was available, and complete clinical remission was achieved with early and correct interventions.
By reporting this case, we hope to provide clinicians who are under-resourced for specific subspecialty
pathological biopsies with additional empiric references in terms of early screening and differentiating
when encountering children with EFE confused with DCM, and to remain vigilant for those children’s
clinical manifestations.

CASE PRESENTATION

Chief complaints
A 13-mo-old female child was admitted to our hospital with retching for 1 wk and worsening condition
for2d.
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History of present illness

The child had experienced retching without apparent triggers for 1 wk prior to presentation at our
hospital, but no vomiting. The child’s family denied that the child had a history of fever, rash, cough
and expectoration, jaundice, diarrhea, and trauma. Outpatient blood assays revealed hemoglobin (HGB)
84.00 g/L, C-reactive protein (CRP) 0.30 mg/L, and carbon dioxide combining power (CO,CP) 15.70
mmol/L. During the course of the illness, the child had poor appetite, poor sleep, fair mental status, and
reduced urine output, but there was no abnormal exhaust and defecation. The child had no other
concomitant symptoms, including any signs of upper respiratory tract infection.

History of past illness

The child was hospitalized in our neonatology unit 1 year ago with a diagnosis of neonatal hyperbiliru-
binemia (NHB), neonatal bilirubin encephalopathy (NBE), congenital hepatic cyst (CHC), and
congenital bilateral renal multiple cysts (CRMCs). NHB and NBE recovered favorably after active
treatment. CHC and CRMC were treated with conservative observation, and color ultrasonography of
the liver and kidneys were conducted every other year. Anemia was detected at 8 mo of age, with a
minimum HGB of about 34 g/L. After treatment with oral medication and dietary therapy, the
maximum HGB was about 80 g/L. The child had no previous history of surgery or blood transfusion.

Personal and family history

The child was born of a gravida 1, parity 1 mother. She was delivered vaginally at 38wk of gestation,
with a birth weight of 2750 g. She was breastfed, with normal growth and developmental milestones
and no significant history of medication or food allergies. The child’s parents were healthy, and there
was no abnormality in the family history.

Physical examination

The child was 74 cm tall and weighed 9.5 kg, with body temperature 36.4 °C, pulse rate 150/min, res-
piration rate 68/min, blood pressure 77/64 mmHg, and poor general status, tachypnea, anemic
appearance. Physical examination showed coarse breath sounds in both lungs, low and dull heart
sounds, heart rate 150/min, galloping rhythm, a pansystolic grade 3 murmur in the precardiac area, and
the lower border of the liver reaching the right pelvic inlet.

Laboratory examinations

The relevant blood tests of the child after admission are illustrated in Table 1. A number of laboratory
test indicators, including HGB, mean corpuscular volume, mean corpuscular hemoglobin, mean
corpuscular hemoglobin concentration and ferritin concentration, were decreased. Biomarkers of heart
failure such as N-Terminal pro-brain natriuretic peptide were remarkably elevated. No abnormal results
were found in urine and stool analyses.

Imaging examinations

Chest X-ray demonstrated enhanced texture in both lungs and enlarged heart shadow, with a cardio-
thoracic ratio of about 0.62 (Figure 1A). Electrocardiogram (ECG) suggested left axis deviation,
paroxysmal supraventricular tachycardia with a heart rate of 150/ min and ST-T segment changes. Color
doppler echocardiography (CDE) displayed enlarged left heart, thickening of the posterior wall of the
left ventricle, minor amounts of mitral regurgitation, ventricular wall hypokinesis and decreased left
heart function (Figure 1B-D). Cardiac magnetic resonance (CMR) revealed slight endocardial thickening
of the left ventricle, minor thickening of the myocardium, and diffuse motion reduction of the
ventricular wall with no apparent delayed enhancement abnormalities (Figure 1E and F). Color
ultrasonography of the abdomen showed hepatic cyst (size: 0.93 cm x 0.75 cm), bilateral renal multiple
cysts (the largest one size: 1.1 cm x 1.7 cm) and a markedly enlarged liver with a right oblique diameter
of 8.25 cm and an inferior hepatic border 6.32 cm from the right inferior costal arch border of the midcla-
vicular line (Figure 2A and B).

FINAL DIAGNOSIS

We arranged emergency consultations with multiple disciplines encompassing respiratory medicine,
cardiology, hematology, and nursing. According to the clinical symptoms, signs, laboratory examin-
ations, imaging examinations, relevant medical history, age of onset, and rapid development of the
condition, the child was preliminarily diagnosed with pediatric AHF caused by EFE. And the result of
the final endomyocardial biopsy report also confirmed our diagnosis (Figure 2C and D).
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Table 1 Some blood routine and blood biochemistry tests of the child

Test item Day 1 Day 3 Day 7

WBC 10.11 x 10°/L (4.4-11.0) 9.32 x 10°/L (4.4-11.0) 8.68 x 10°/L (4.4-11.0)
RBC 4.84 x 10'2/L (4.0-5.5) 477 x 10'2/L (4.0-5.5) 4.82 x 10'2/L (4.0-5.5)
HGB 84 g/L (112-149) 82 g/L (112-149) 83 g/L (112-149)

HCT 30.7% (34-43) 33.5% (34-43) 38.1% (34-43)

MCV 63.4 fL (76-88) 62.8 fL (76-88) 63.0 fL (76-88)

MCH 17.4 pg (24-30) 16.9 pg (24-30) 17.2 pg (24-30)

MCHC 274 ¢/ (310-355) 271 g/L (310-355) 273 g/L (310-355)

PLT 522 x 10°/L (188-472) 487 x 10°/L (188-472) 445 x 10°/L (188-472)
LYMPHY% 56.3% (23-69) 44.1% (23-69) 40.7% (23-69)

MONOY% 7.2% (2-11) 8.1% (2-11) 8.6% (2-11)

NEUT% 34.0% (22-65) 36.7% (22-65) 33.15% (22-65)
LYMPH# 5.69 x 10°/L (1.8-6.3) 4.42 x10°/L (1.8-6.3) 4.05 x 10°/L (1.8-6.3)
MONO# 0.73 x 10°/L (0.12-0.80) 0.80 x 10°/L (0.12-0.80) 0.87 x 10°/L (0.12-0.80)
NEUT# 3.44 x 10°/L (1.2-7.0) 3.65 x 10°/L (1.2-7.0) 3.34 x 10°/L (1.2-7.0)
RDW-CV 20.4% (10.9-15.0) 19.4% (10.9-15.0) 17.6% (10.9-15.0)

FER 8.11 ng/mL (15.0-150.0) 8.10 ng/mL (15.0-150.0) 8.10 ng/mL (15.0-150.0)
VB, 362.40 pg/mL (197.00-771.00) 348.67 pg/mL (197.00-771.00) 384.22 pg/mL (197.00-771.00)
Folate 18.77 ng/mL (3.89-26.80) 18.03 ng/mL (3.89-26.80) 19.55 ng/mL (3.89-26.80)
CRP 0.3 mg/L (0.0-1.0) 0.2 mg/L (0.0-1.0) 0.05 mg/L (0.0-1.0)

IgG 10.43 g/L (7.00-16.00) 8.27 g/L (7.00-16.00) 9.01 g/L (7.00-16.00)
IgA 1.30 g/L (0.70-4.00) 1.55 g/L (0.70-4.00) 1.41 g/L (0.70-4.00)
IgM 1.73 g/L (0.40-2.30) 1.66 /L (0.40-2.30) 1.80 g/L (0.40-2.30)

c3 1.56 g/L (0.90-1.80) 1.31 g/L (0.90-1.80) 1.45 g/L (0.90-1.80)

C4 0.32 g/L (0.10-0.40) 0.30 g/L (0.10-0.40) 0.29 /L (0.10-0.40)
ASO 96 IU/mL (0-170) 83 TU/mL (0-170) 79 TU/mL (0-170)

ESR 16 mm/h (0-20) 14 mm/h (0-20) 12 mm/h (0-20)

PCT 0.12 ng/mL (< 0.05) 0.07 ng/mL (< 0.05) 0.03 ng/mL (< 0.05)
NT-proBNP 893.15ng/L 517.40 ng/L 190.64 ng/L

Ca 2.65 mmol/L (2.10-2.80) 2.50 mmol/L (2.10-2.80) 2.69 mmol/L (2.10-2.80)
K 4.36 mmol/L (3.70-5.20) 4.62 mmol/L (3.70-5.20) 4.57 mmol/L (3.70-5.20)
Na 139.70 mmol /L (135.00-145.00) 142.74 mmol /L (135.00-145.00) 140.32 mmol /L (135.00-145.00)
cl 102.80 mmol /L (96.00-108.00) 105.71 mmol /L (96.00-108.00) 103.40 mmol/L (96.00-108.00)
AMY 50.0 U/L (35.0-135.0) 62.0 U/L (35.0-135.0) 57.0 U/L (35.0-135.0)
CO,CP 15.7 mmol/L (22.0-29.0) 21.1 mmol/L (22.0-29.0) 25.8 mmol/L (22.0-29.0)
ALT 11.0 U/L (7.0-30.0) 10.3 U/L (7.0-30.0) 9.0 U/L (7.0-30.0)

AST 39.0 U/L (15.0-40.0) 36.7 U/L (15.0-40.0) 29.4 U/L (15.0-40.0)
AST/ALT 3.55 3.56 3.27

LDH 394.0 U/L (120.0-250.0) 376.0 U/L (120.0-250.0) 285.0 U/L (120.0-250.0)
CK 100.0 U/L (50.0-310.0) 84.0 U/L (50.0-310.0) 77.0 U/L (50.0-310.0)
CK-MB 23.5U/L (0.0-25.0) 20.9 U/L (0.0-25.0) 18.4 U/L (0.0-25.0)
a-HBDH 331.0 U/L (72.0-182.0) 255.4 U/L (72.0-182.0) 191.1 U/L (72.0-182.0)
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GLU 5.35 mmol/L (3.90-6.10) 5.62 mmol/L (3.90-6.10) 5.05 mmol /L (3.90-6.10)
BUN 3.2 mmol/L (2.7-7.0) 2.9 mmol/L (2.7-7.0) 2.7 mmol/L (2.7-7.0)
CREA 22.2 pmol/L (19.0-44.0) 21.4 pmol/L (19.0-44.0) 20.1 pmol /L (19.0-44.0)

a-HBDH: o-hydroxybutyrate dehydrogenase; ALT: Alanine aminotransferase; AMY: Amylase; ASO: Anti-streptolysin O; AST: Aspartate aminotransferase;
BUN: Blood urea nitrogen; C3: Complement C3; C4: Complement C4; Ca: Calcium; CO,CP: Carbon dioxide combining power; CK: Creatine kinase; CK-
MB: Creatine kinase MB isoenzyme; Cl: Chlorine; CREA: Creatinine; CRP: C-reactive protein; ESR: Erythrocyte sedimentation rate; FER: Ferritin; GLU:
Glucose; HCT: Hematocrit; HGB: Hemoglobin; IgA: Immunoglobulin A; IgG: Immunoglobulin G; IgM: Immunoglobulin M; K: Kalium; LDH: Lactate
dehydrogenase; LYMPH %: Lymphocyte ratio, LYMPH#: Lymphocyte count; MCH: Mean corpuscular hemoglobin; MCHC: Mean corpuscular hemoglobin
concentration; MCV: Mean corpuscular volume; MONO%: Monocyte ratio; Na: Natrium; NEUT%: Neutrophil ratio; NEUT#: Neutrophil count; PCT:
Procalcitonin; NT-proBNP: N-terminal pro-brain natriuretic peptide; PLT: Platelet; MONO#: Monocyte count; RBC: Red blood cell; RDW-CV: Red cell
distribution width-coefficient of variation; VB,,: Vitamin B;,; WBC: White blood cell.
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Figure 1 Chest radiograph, color doppler echocardiography, and cardiac magnetic resonance of the child. A: Prominently enlarged heart with a
high cardiothoracic ratio; B: Marked enlargement of the left ventricle (inner diameter 38.70 mm) with diffuse slight thickening of the endocardium; C: Thickening of the
posterior wall of the left ventricle (purple arrow); D: A small amount of mitral regurgitation (yellow arrow); E: Bright-blood T,-weighted image shows slight endocardial
thickening of the left ventricle and slight thickening of the myocardium (orange arrow); F: Dark-blood T,-weighted image shows diffuse ventricular wall hypokinesis
without visible delayed enhancement abnormalities (orange arrow).

TREATMENT

As per the standard pediatric advanced life support guidelines, the child was immediately resuscitated
and monitored for vital signs, and administered oxygen by nasal cannula (oxygen flow rate: 6 L/min),
sedated with chlorpromazine 1 mg/kg and promethazine 1 mg/kg by intramuscular (i.m.) injection,
enhanced cardiac contractility with 10 pg/kg cedilanid by intravenous (i.v.) push (half of the total
amount given for the first time and the remaining amount given in two divided doses, every 6 h),
prompted diuresis with 0.1 mg/kg furosemide by i.v. push (given every 6 h), and relieved bron-
chospasm and reduced myocardial edema with 0.5 mg/kg dexamethasone by i.v. drip[8]. After the
above resuscitation measures, the child fell asleep quietly with heart rate 147/min, respiration rate 43/
min, and percutaneous oxygen saturation 95%-99%, under the bedside monitor. In view of the potential
for adverse reactions of either oral or i.v. iron supplementation to adversely affect the child’s rescue, we
managed her anemia with regular dietary iron supplementation during hospitalization. Day 2 ward
rounds, the child was in poor general condition with coarse breath sounds in both lungs, low and dull
heart sounds, but stable breathing, and a heart rate of 140/min after activity. Cedilanid was given as a
maintenance dose for consolidation therapy, vitamin C was administered intravenously for nourishing
the myocardium, and changes in the condition were closely observed. Day 3 ward rounds, the child’s
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Figure 2 Abdominal color ultrasonography and endomyocardial biopsy for the child. A and B: Congestive hepatomegaly with a right oblique
diameter of 8.25 cm and an inferior hepatic border 6.32 cm from the right inferior costal arch border of the midclavicular line; C and D: Endomyocardial biopsy shows
diffuse elastin and collagen hyperplasia (black arrow).

Jaishideng®

general condition improved with stable respiration, breathing rate 45/ min, strong and rhythmic heart
sounds, and heart rate 120/ min. The inferior hepatic border was located approximately 3 cm at the
inferior costal arch border of the right midclavicular line, and the hepatomegaly was visibly retracted.
Bedside CDE demonstrated that the enlarged left heart began to shrink. After that, low-dose cedilanid
was continued for maintenance therapy, and the heart rate status was monitored. Day 4 ward rounds,
the child’s condition was relatively stable, with heart rate 105-120/min at rest and percutaneous oxygen
saturation above 95%. The relevant blood tests were reexamined and all laboratory indicators gradually
returned to normal. The maintained dose of cedilanid was given again to continue the treatment, and
subtle changes in the condition were monitored. Day 7 ward rounds, the vital signs of the child were
stable and the breath was slightly tachypnea, with heart rate 116/ min and respiration rate 41/min,
under the bedside monitor. The inferior hepatic border was located about 2 cm at the inferior costal arch
border of the right midclavicular line, and the spleen was not palpated under the left rib. There was no
edema in both lower extremities of the child post treatment and the capillary refill time was around 2 s.
On the same day, the relevant blood tests were reexamined again and a number of laboratory test
indicators, encompassing hematocrit, CRP and CO,CP, returned to normal.

OUTCOME AND FOLLOW-UP

After correct, timely, and effective treatment, the child was discharged on day 7 after admission without
any complications. The reexamination result of chest X-ray showed that the enlarged heart shadow was
slightly retracted (Figure 3A). Similarly, the computed tomography (CT) reexamination results of thorax
and abdomen revealed that the size of enlarged heart was marginally retracted, and the hepatomegaly
was visibly retracted (Figure 3B and C). After the child was discharged from our hospital, her anemia
improved dramatically with a combination of oral drug (ferrous gluconate: 3 mg per time, three times 1
d) and dietary iron supplementation manners. Except for this, the child took intermittent low-dose oral
digoxin (0.05 mg per time, once every 12 h) with no signs of recurrence or exacerbation of the heart
failure, within a 9-mo follow-up period. The timeline of the child’s visit is illustrated in Figure 4.

DISCUSSION

EFE is one of the important causes of heart failure in infants and toddlers. It occurs in 1/5000 live births
and accounts for 1% to 2% of congenital heart disease, which has an unknown etiology and genetic
characteristics, can occur in the absence of cardiac malformations[6,9]. The younger the age of onset of
the children with EFE, the worse the prognosis and the higher the mortality[10]. Due to the lack of
specificity in the presentation of this disease, it is prone to be confounded with pneumonia and myoca-
rditis and other diseases, so the clinical diagnosis before the result of the endomyocardial biopsy report
is difficult, especially when combined with other primary cardiomyopathies that can cause left
ventricular enlargement, the clinical presentation of EFE may be masked, with a high risk of missed
diagnosis and misdiagnosis[10].

Evidence-based medicine has indicated that AHF caused by EFE has a devastating course and severe
prognosis[11]. The gold standard for the diagnosis and differential diagnosis of EFE is the endomy-
ocardial biopsy; however, the biopsy result requires a long waiting time[12]. During this time window,
clinicians often first need to refer to chest radiographs, ECGs, CDEs and related laboratory examinations
for initial diagnosis and early patient management, which is a great test of clinicians’ personal
competences and experience levels. Currently, no practical guidelines on the diagnosis and treatment of
EFE prior to the tissue biopsy result have been released internationally by national heart associations
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Figure 3 Chest X-ray and thoracic and abdominal computed tomography re-examination results of the child before discharge. A and B: Mild
cardiac retraction; C: Remarkable retraction of the previously enlarged liver.

worldwide. The discrimination of pediatric AHF caused by EFE from other diseases with similar clinical
symptoms and manifestations is therefore very challenging, especially for DCM in infants and young
children[13].

Children younger than 1 year of age or even younger with primary EFE are more likely to be exactly
diagnosed according to the age distribution of the onset of pediatric heart diseases[14-16]. Yet, in rare-
onset children older than 1 year of age, the manifestation of EFE’s cardiac imaging examinations are
almost identical to those of early onset DCM in infants and toddlers[17]. Both show a sudden dilatation
of a single heart cavity (e.g., the left ventricle) on chest X-ray or chest CT. On a more accurate CDE
inspection, both also exhibit the same ventricular wall hypokinesis, varying degrees of ventricular wall
thickening, cardiac valve regurgitation, and left heart dysfunction. And more important, the blood-
related tests of both present with assay indicators of AHF without any specificity. These things together
make it easy for pediatric AHF caused by EFE to be masqueraded as DCM[10].

In our case, this 13-mo-old female child suddenly developed AHR without any triggers and without
any history of infection, cardiac malformation, and other underlying cardiovascular disease. This is
relatively rare in clinical practice, as many studies suggest that respiratory infections and congenital
cardiovascular malformations are important triggers and potential initiators in the development of AHF
caused by EFE[10]. We had considered pediatric DCM before the available endomyocardial biopsy
result was returned, yet the echocardiographic findings just showed a diffuse and uniform slight
thickening of the left ventricular endocardium with echo dense and enhanced, and a clear demarcation
between ventricular endocardium and myocardium, a slight thickening of the myocardium, only a
small amount of mitral regurgitation, a left ventricular end-diastolic dimension of 42 mm (< 50 mm). In
parallel, both bright-blood T,-weighted image sequences and black-blood T,-weighted image sequences
of the CMR examination of the child demonstrated a general thickening of the endocardium. In fact, for
DCM, the possible thickening of the ventricular wall will not appear on the endocardium, but rather
more on the thickening of the myocardium, and there are no non-functional fibrotic changes similar to
EFE with this thickening. In such cases, when DCM presents with AHF, it is possible that the indicators
of left ventricular systolic function on the CDE may not be much decreased. Furthermore, though the
ECG manifestations of both DCM and EFE in infants and toddlers are left ventricular high voltage, poor
R-wave progression, ST-T segment changes, and various different arrhythmias, the primary character-
istics of the former are typically atrial tachycardia and atrial fibrillation. These are all distinctly different
from EFE. Of note, the bedside CDE on the 3" day of admission suggested that the dilated left heart had
begun to show retraction, but this is almost impossible in DCM. Because despite the fact that DCM can
be relieved, it is difficult to reduce the size of the heart to normal. Combined with the child’s age of
onset, family history, and the findings of consultations with physicians from different departments, we
unanimously agreed that EFE should be given a higher diagnostic priority. With more evidence
pointing to EFE, we made a preliminary diagnosis of pediatric AHF caused by EFE prior to the result of
the tissue biopsy was reported, which bought valuable time for early timely and correct intervention in
the progression of the child’s disease. More importantly, both the rapid improvement of the child’s
condition after treatment and the result of the endomyocardial biopsy report ultimately confirmed that
our judgment was correct.

Unfortunately, no directed therapeutic approach for EFE is known since the rarity of the condition
[18]. Yet, recovery of the enlarged heart and lost cardiac function in children with EFE is possible, and
current clinically recommended treatment typically follows a standardized and vigorous decongestive
therapy based on cardiac glycosides[19]. The child followed such a treatment principle from admission
to the 9-mo follow-up cut-off point after discharge, and this hospital and domiciliary treatment has
helped her well to maintain the sustainability of the decongestive therapy. In recent years, long-term
follow-up studies have shown that bioimmunotherapy increases the clinical benefit of children with EFE
and helps to improve endocardial hyperplasia and fibrosis[20]. Given the risk of future infection of the
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Figure 4 Timeline of the child’s visit, hospitalization, and postdischarge follow-up. CDE: Color doppler echocardiography; CO,CP: Carbon dioxide combining power; CRP: C-reactive protein; DCM: Dilated cardiomyopathy; HGB:
Hemoglobin; i.m.: Intramuscular; i.v.: Intravenous; EFE: Endocardial fibroelastosis.
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child’s hepatic and renal cysts and the underlying physical conditions, there was no opportunity to
apply steroid hormones or other biological immunomodulators to her. However, we still recommend
the use of biological immunomodulators for those children with EFE who have indications, because
they may improve the prognosis of heart failure. Compared with EFE, while DCM is also treated in the
acute exacerbation phase using a heart failure management approach, it is generally managed with
long-term diuretics, angiotensin-converting enzyme inhibitors and angiotensin receptor blockers and
beta-blockers to control its progression of CHF and ventricular remodeling due to the irreversibility of
cardiac enlargement and decline in cardiac function[21]. Additionally, though bioimmunotherapy for
adult DCM seems to benefit a proportion of patients, to date such treatments have not raised sufficient
promise for pediatric DCM, and there is no evidence that steroid hormones use reduce mortality and
morbidity in children with DCM[22]. As a result, the treatment regimens for EFE and DCM in infants
and toddlers are not always identical, and early misdiagnosis improper treatment may have potentially
unintended consequences for the children’s prognosis.

In infant and young childhood, EFE frequently presents with DCM and unfavorable progression,
which makes it difficult for clinicians to distinguish these two diseases[6,23]. While the case we report is
successful in differentiating EFE from DCM prior to the pathology report result, this is based more on
extensive clinical work experience[24,25]. Limited by the objective one-sidedness of individual
information, the early identification of such pediatric AHF caused by EFE masquerading as DCM still
requires more clinical medical record information and data support.

CONCLUSION

Here, we report a case of pediatric AHF caused by EFE masquerading as DCM, which was accurately
identified early in the course of the disease, for which we demonstrate that a primary diagnosis for EFE
before the result of the endomyocardial biopsy is entirely possible. We hope that our report will give
clinicians more decision support and attract sufficient attention when diagnosing similar diseases.
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Abstract

BACKGROUND

Solitary hamartomatous polyps (SHPs) are rare lesions. Endoscopic full-thickness
resection (EFTR) is a highly efficient and minimally invasive endoscopic
procedure that benefits from complete lesion removal and high safety.

CASE SUMMARY

A 47-year-old man was admitted to our hospital after experiencing hypogastric
pain and constipation for over fifteen days. Computed tomography and endos-
copy revealed a giant pedunculated polyp (approximately 18 cm long) in the
descending and sigmoid colon. This is the largest SHP reported to date. Having
considered the condition of the patient and mass growth, the polyp was removed
using EFTR.

CONCLUSION

On the basis of clinical and pathological evaluations, the mass was considered an
SHP.

Key Words: Solitary hamartomatous polyp; Endoscopic full-thickness resection;
Diagnosis; Treatment; Descending colon; Case report

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

1782 March 16,2023 | Volume1l | Issue8 |


https://www.f6publishing.com
https://dx.doi.org/10.12998/wjcc.v11.i8.1782
mailto:zhangshuotcm@163.com

Jaishideng®

Ye L et al. Infarcted SHP treated with EFTR

Core Tip: Solitary hamartomatous polyps (SHPs) are rarely encountered and seldom reported in the
literature. Most SHPs occur in the stomach and small intestine. An SHP in the descending colon has not
been reported previously. In this report, we describe a giant pedunculated polyp, approximately 18 cm
long, diagnosed as an extensively pedunculated giant SHP. We successfully resected this polyp using
endoscopic full-thickness resection, which provides a viable option for the clinical resection of giant
pedunculated polyps.

Citation: Ye L, Zhong JH, Liu YP, Chen DD, Ni SY, Peng FQ, Zhang S. Extensively infarcted giant solitary
hamartomatous polyp treated with endoscopic full-thickness resection: A case report. World J Clin Cases 2023;
11(8): 1782-1787

URL: https://www.wjgnet.com/2307-8960/full/v11/i8/1782.htm

DOI: https://dx.doi.org/10.12998/wjcc.v11.i8.1782

INTRODUCTION

Solitary hamartomatous polyps (SHPs) are a rare type of gastrointestinal disorder that in 65% of cases
occur in the stomach and small intestine. Previously, this type of polyp has been considered a variant of
Peutz-Jeghers syndrome; however, it is now believed to be a distinct disease[1]. Notably, the disease has
no typical clinical manifestations or signs, with most cases being discovered incidentally during
physical examinations or visits for complications, such as intestinal bleeding, intussusception, and
obstruction. The treatment of SHP involves endoscopic or surgical resection. In this report, we describe
an extensively infarcted giant SHP, which was successfully resected using EFTR. We also describe the
characteristics of colonic SHP and its treatment.

CASE PRESENTATION

Chief complaints
Abdominal pain with constipation of over fifteen days duration.

History of present illness
The patient reported to our hospital with a slight pain in the hypogastrium. The course of the disease
was accompanied by the passage of pellet-like stools.

History of past illness
The patient had no history of past illness.

Personal and family history
There was no history of personal or family illness.

Physical examination

Physical examination revealed a soft, mobile, and ill-defined mass, with tenderness, in the hypo-
gastrium. The skin of the patient was non-pigmented. There was no tension in his abdominal muscles,
and he reported no experience rebound pain. However, his peristaltic bowel sounds were heightened.

Laboratory examinations
The results of all laboratory examinations were within normal limits.

Imaging examinations
Computerized tomography revealed a lipid-laden mass, leading to intussusception (Figure 1).
Endoscopy revealed a giant mass in the descending and sigmoid colons. The stalk of the mass was
attached to the colonic cavity 50 cm from the anus, and the surface of the surrounding colonic cavity
was eroded (Figure 2).

FINAL DIAGNOSIS

The resected specimen revealed an abnormally shaped polyp (Figure 3), and on the basis of clinical and
pathological evaluations, the mass was diagnosed as an SHP.
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Figure 1 Abdominal computed tomography images. A: Coronal image; B: Sagittal image; C: Transverse image.
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Figure 2 Endoscopy images. A: The pedicle attached to the colon; B: Localized polyp patterns can be seen endoscopically; C: Circumferential pre-cutting
around the lesion after submucosal injection; D: Endoscopic full-thickness resection of the polyp; E: Endoscopic transcanal incision; F: Closure of the wound using the
purse-string closure method with nylon cord and multiple metallic clips.
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TREATMENT

After a detailed discussion with the patient and his family, the decision was made to perform
endoscopic full-thickness resection (EFTR) to clarify the diagnosis. Having defined the extent of the
lesion, an endoscopist performed a submucosal injection, followed by circumferential dissection of the
submucosa along the perimeter of the lesion, using a Dual Knife (KD-611L; Olympus, Tokyo, Japan).
The mass associated with the lesion was then resected using an insulated-tip knife (KD-640L; Olympus,
Tokyo, Japan). Nylon loops (L-L08-04; Leo Med, Changzhou, China) and resolution clips (M00522610;
Boston Scientific, Marlborough, United States) were used to ligate the wounds (Figure 2). Following
suturing, the distal end of the polyp was encircled with an endoscopic snare and slowly pulled toward
the rectum. Although difficulty was experienced in passing the resected polyp through the anal canal,
the polyp was pulled out of the intestine intact after the application of glycerin and manual dilatation of
the anus (Figure 4). Subsequently, the entire gastric and colonic cavity were examined endoscopically,
which revealed no other polyps. The patient experienced vague abdominal pain after EFTR. The
findings of routine blood and C-reactive protein (CRP) tests revealed that the patient had a high white
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Figure 3 Pathological section of the specimen (hematoxylin and eosin staining, 400x). A: Histopathologic findings depicting widespread necrotic and
liquified degenerated fibrous, smooth muscle and vascular adipose tissue; B: Lacunae of varying sizes intersperse with smooth muscle tissues. Necrotic degenerated
epithelial lining is observed within the lumen.
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blood cell count (average: 15.9 x 109/L, normal range: 3.9-9.5 x 109/L) and high levels of CRP (33.81
mg/L, normal range: 0-10 mg/L). Consequently, the administration of antibiotics (levofloxacin 0.5 g
once daily) was continued to combat infection, and the patient was managed with fasting and
parenteral nutrition. He was subsequently discharged from hospital after 10 d of monitoring.

OUTCOME AND FOLLOW-UP

At the time of discharge, the patient had no abdominal pain. Although he passed a flatus, the bowel was
not voided. The final follow-up session took place nine months after the initial consultation, and he
currently remains free of symptoms. Colonoscopy indicated a slight narrowing of the intestinal canal 50
cm from the anus, although no significant edema of the surrounding mucosa.

DISCUSSION

Colonic polyps, including adenomatous, inflammatory, hyperplastic, and hamartomatous polyps, and
miscellaneous lesions, are among the most common diseases of the digestive tract. Hamartomatous
polyps are particularly rare, with SHPs being the rarest type of gastrointestinal polyp. The SHP is a
benign polyp with a considerably low incidence rate. Our review of reported cases of colonic SHP
published in the EMBASE and PubMed databases revealed only five such cases[1-5]. Although patients
with SHP lack specific clinical symptoms, they may have clinical manifestations, such as constipation,
hematochezia, and changes in defecation habits associated with intestinal bleeding, intussusception,
intestinal obstruction, and other complications. Among the cases we reviewed, one of the patients was
diagnosed due to an intestinal obstruction, whereas in the other four cases, the patients were
incidentally found to have a mass on physical examination. In general, colonic SHPs are less than 2 cm
in size (Table 1). Endoscopically, colonic SHPs are lobulated and red, whereas microscopically, the
polyp consists of glands, smooth muscle, and focal mature lymphoid tissue with a normal lamina
propria structure[6]. On the basis of our analysis of the literature, we established that small hamarto-
matous polyps are commonly treated with endoscopic excision, whereas large polyps or polyps with
other comorbidities are treated surgically. All but one of the aforementioned five patients did not have a
follow-up visit, and the remainder of the patients experience no recurrence, regardless of surgical or
endoscopic treatment. In the case reported herein, the polyp was endoscopically red in color and
lobulated, and microscopically was characterized by widespread necrotic and liquified degenerated
fibrous, smooth muscle and vascular adipose tissue. Lacunae of varying sizes were interspersed with
smooth muscle tissues, and a necrotic epithelial lining was observed within the lumens. To the best of
our knowledge, the extensive necrotic degeneration of the tissue owing to infarction was caused by
interruption of the blood supply and obstruction of the venous return caused by twisting of the stalk of
the mass.

Although gastrointestinal hamartomatous polyps are not classed as tumors, they are associated with
the risk of cancer. In the case presented by Vanoli et al[3], the authors reported the occurrence of an
intramucosal carcinoma arising within a solitary juvenile polyp of the transverse colon. Consequently,
following a diagnosis of SHP, polyp removal and general examination are considered necessary.
However, although there are no established guidelines; endoscopy and surgical resection are the main
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Table 1 Reported cases of solitary hamartomatous polyps in the EMBASE and PubMed databases

No. Ref. Size (cm) Location Treatment Complications Follow-up

1 Oluyemi et al[1], 2021 Not mentioned Sigmoid colon Endoscopic No complications No recurrence
2 Papalampros et al[2], 2017 Not mentioned Sigmoid colon Surgery Intestinal obstruction No recurrence
3 Vanoli et al[3], 2015 0.18 Transverse colon Endoscopic Malignant transformation No recurrence
4 Putra et al[4], 2019 2 Transverse colon Not mentioned No complications Not mentioned
5 Itaba et at[5], 2009 1.8 Sigmoid colon Endoscopic No complications No recurrence
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Figure 4 Macroscopic view of the specimen (hematoxylin and eosin staining, 400x). The specimen consists of a ham-hock-like mass with a stalk
measuring 15.5 cm x 5.5 cm x 2.5 cm. The stalk was approximately 1.5 cm long and 0.7 cm in diameter. The parenchymatous mass was medium in texture, with a
rough, dark red surface. The 3 cm x 2 ¢cm x 2 cm mucosal tissue, which was dark red and smooth, was attached to the base of the stalk.

surgical methods. Compared with surgical procedures, endoscopy facilitates the examination of the
entire intestine at a single time and can be used to directly remove polyps. In addition, EFTR leaves only
small wounds and causes less blood loss. The procedure causes less disruption of the physiological
structure, thereby ensuring maximal preservation of the normal physiological function of the digestive
tract and minimizing complications caused by surgery. Moreover, EFTR is typically less expensive than
other procedures and causes less operative morbidity and trauma, whilst facilitating a more rapid
recovery and a better quality of life than surgery[7]. The EFTR procedure can, nevertheless, have certain
complications, among which, infection and wound dehiscence are two most commonly reported|[8].
Infections can, however, be successfully managed using antiseptics and wound dehiscence can be
minimized under endoscopic treatment. Otherwise, additional surgery should be applied. Although the
safety and efficacy of laparoscopic and endoscopic cooperative surgery (LECS) is similar to that of
EFTR, the operator is required to master both endoscopic and laparoscopic techniques. Consequently,
we believe that LECS could be used as a treatment option for patients with large SHPs that cannot be
treated using the endoscopic procedure. In the case reported herein, the experienced endoscopist
removed the 18-cm-long polyp via EFTR, having taken into consideration the patient’s condition and the
characteristics of the polyp. However, owing to the large nature of the resulting wound, prior to being
discharged, the patient remained hospitalized for 10 d in order to prevent complications.

CONCLUSION

SHPs are a rare type of lesion that can lead to complications, including intussusception and bleeding.
Consequently, SHPs should be excised at the earliest opportunity. Traditionally, surgery has been the
standard approach for treating SHPs; however, with the development of endoscopic techniques, giant
polyps can now be successfully removed using endoscopic surgery. EFTR thus provides a viable
treatment option for the clinical removal of giant polyps.
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Abstract

BACKGROUND

Combined hamartoma of the retina and retinal pigment epithelium (CHRRPE) is a
rare congenital benign tumor which is commonly monocular. Typical CHRRPE
comprises slightly raised lesions at the posterior pole, with proliferation
membrane often leading to vascular distortion. In severe cases, macular edema,
macular hole, retinal detachment or vitreous hemorrhage may occur. Patients
with atypical clinical manifestations are prone to misdiagnosis by inexperienced
ophthalmologists.

CASE SUMMARY

A 33-year-old man reported onset of right eye blurred vision for one week prior.
Anterior segment and intraocular pressure were normal in both eyes. Left eye
fundus photography was normal. Right eye ophthalmoscopy showed vitreous
hemorrhage and off-white raised retinal lesions below the optic disc. Proliferative
membranes on the lesion surfaces resulted in superficial retinal detachment and
tortuosity and occlusion of peripheral blood vessels. A horseshoe-like tear in the
temporal periphery was surrounded by retinal detachment. Optical coherence
tomography revealed retinal thickening at the focal site with structural distur-
bance indicated by high reflectance. Right eye ultrasound showed retinal
thickening at the lesion, stretching and uplifting of the proliferative membrane,
with moderately patchy echo at the optic disc edge. Cytokines and antibodies
were detected in vitreous fluids during the operation to rule out other diseases.
Fundus fluorescein angiography (FFA) at postoperative follow-up led to final
diagnosis of CHRRPE.

CONCLUSION

FFA is helpful in diagnosing retinal and retinal pigment epithelial combined
hamartoma. In addition, other cytokine and etiological tests facilitate further
differential diagnosis to rule out other suspected diseases.
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Core Tip: Combined hamartoma of the retina and retinal pigment epithelium(CHRRPE) is a rare benign
retinal tumor, especially in atypical cases with vitreous hemorrhage and retinal hole, and is likely to be
misdiagnosed by inexperienced young doctors. Fundus fluorescein angiography is instructive when
diagnosis is difficult, and some etiological tests can also help to identify other inflammatory diseases. This
article provides an example of diagnosis to aid young doctors’ reflection and learning.
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INTRODUCTION

Combined hamartoma of the retina and retinal pigment epithelium (CHRRPE) typically occurs in
retinopathy with a very mild elevation of the optic disc or with a tightly attached hyperplastic
membrane. Retinal blood vessels are often distorted or even occluded by traction of fibrous membrane,
and the macula may be displaced through a macular hole[1]. In the present case, an off-white lesion was
found below the optic disc during specialist physical examination, and vitreous hemorrhage. Temporal
retinal tear exist independently. We report a rare case of CHRRPE with independent retinal breaks.

CASE PRESENTATION

Chief complaints
A 33-year-old male presented to our hospital reporting impaired vision in his right eye.

History of present illness

The patient reported no accompanying symptoms such as headache or eye pain and had no known
disease. He denied rheumatic immune disease; infectious diseases such as tuberculosis and acquired
immunodeficiency syndrome were excluded by routine examination after admission.

History of past illness
Unremarkable.

Personal and family history

The patient denied a family history of genetic disease, had no history of pet feeding, eating raw meat,
working in a farm or slaughterhouse, and no family history of Toxoplasma infection. His parents were
not consanguineous.

Physical examination

No anterior segment abnormalities were found on slit lamp examination. Under the ophthalmoscope,
vitreous hemorrhage and off-white raised retinal lesions were observed below the right optic disc.
Proliferative membranes on the lesion surfaces resulted in superficial retinal detachment and tortuosity
and occlusion of peripheral blood vessels. A horseshoe-like tear in the temporal periphery was
surrounded by retinal detachment.

Laboratory examinations

On ophthalmic examination, the patient’s best corrected visual acuity was 20/40 in the right eye and
20/20 in the left eye, and intraocular pressure was 14 mmHg in the right eye and 15 mmHg in the left
eye (1 mmHg = 0.133 kpa). The patient underwent vitrectomy on his right eye on January 5, 2022.
During the procedure, vitreous fluid was collected to test for the following pathogenic microorganisms:
Bacteria, viruses, fungi, parasites and other pathogens (including mycobacterium and mycoplasma/
chlamydia). Test results were negative. Other cytokines and antibodies were detected in vitreous fluids
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(Table 1). Interleukin (IL)-10 and IL-6 were in the normal range, with only a slight increase in IL-8,
excluding uveitis. Basic fibroblast growth factor (which can stimulate cell mitosis and promote collagen
production in fibrocytes) and its receptors are present in proliferative vitreoretinopathy, proliferative
membranes and vascular endothelial cells. In this case, increased BEGF content in vitreous fluid
corresponds to the formation of proliferative film on the lesion surface. Vascular endothelial cell
adhesion molecules are associated with blood-eye barrier breakdown, and moderately elevated titers
indicate moderate intraocular tissue edema.

Imaging examinations

Fundus photography of the right eye showed vitreous hemorrhage and off-white elevated retinal
lesions just below the optic disc, with irregular edges protruding into the vitreous cavity. Proliferative
membranes observed on the surface of the lesions had resulted in superficial retinal detachment and
tortuosity and occlusion of peripheral blood vessels. A horseshoe-like tear about 1 disc diameter in size
was seen in the temporal peripheral retina, surrounded by a small area of retinal detachment
(Figure 1A). Optical coherence tomography revealed retinal thickening at the focal site with retinal
structural disturbances indicated by areas of high and low reflectance (Figure 1B). Color ultrasound of
the right eye showed retinal thickening at the lesion, stretching and uplifting of the proliferative
membrane, moderate strength patchy echo at the edge of the optic disc, and sound shadow behind the
echo (Figure 1C). Twelve days after the surgery, fundus fluorescein angiography (FFA) was performed
and revealed vascular lesions of about 1.5 disc diameters below the optic disc of the right eye, with
surrounding pigment disorder and atrophy, twisted blood vessels below the optic disc and fluorescence
leakage. Indocyanine green angiography (ICGA) showed persistently low fluorescence below the optic
disc (Figures 1D and E). These features led to the diagnosis of CHRRPE.

FINAL DIAGNOSIS
CHRRPE.

TREATMENT

CHRREPE is a congenital benign retinal tumor which grows slowly and generally does not require
treatment in the absence of ocular symptoms. In the present case, due to the superficial retinal
detachment caused by the formation of anterior retinal membrane, accompanied by vitreous
hemorrhage and retinal tears, right eye vitrectomy combined with silicon oil tamponade was performed
on January 5, 2022. Intraoperatively, the proliferative membrane on the surface of the lesion was
removed and the final stage of the procedure was to fill with silicone oil, which is essential to allow time
for chorioretinal adhesions to form after laser treatment. There were no adverse events during or after
surgery.

OUTCOME AND FOLLOW-UP

The patient was reexamined two weeks after surgery and examination showed good retinal reduction
and sealing of the original retinal tears. Regular reexamination was arranged and silicone oil was
removed from the eye as appropriate.

DISCUSSION

CHRRPE was first reported by Gass[2] in 1973 and tends to occur in children, but has also been reported
in young people or the elderly[3,4]. It usually occurs in one eye and is rarely associated with systemic
disease, but a few cases may be associated with type II or type I neurofibromatosis[5]. The common
symptoms of CHRRPE are painless vision loss and strabismus, but it may be symptomless and detected
only on fundus examination, depending on the lesion location[6,7]. In the present case, the patient was
hospitalized due to painless vision loss caused by vitreous hemorrhage, and an off-white lesion was
found below the optic disc during specialist physical examination. Typical CHRRPE commonly
manifests as mild elevation of the retina at the optic disc or posterior pole, with a layer of proliferative
membranes tightly attached to the surface. Retinal blood vessels are often distorted by traction of the
fibrous membrane, and the macula may be displaced through macular holes. Vascular leakage, also
caused by traction of the fibrous membrane, is a rare occurrence which results in macular edema, retinal
detachment, and even vitreous hemorrhage[8]. Retinal tears are an important cause of vitreous
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Table 1 Results of cytokine test in vitreous fluid

No. Test item Result U Reference range T

1 TB-IgG 0.24 S/CO <1 =

2 Toxoplasma IgG 1.01 1U/mL <4 -

3 IL-10/1L-6 0.05 - <1 Cytometric bead array
4 VEGF 1.0 pg/mL 0-40.0 Cytometric bead array
5 BFGF 134 pg/mL <1.0 Cytometric bead array
6 1L-6 26.7 pg/mL 0-50.0 Cytometric bead array
7 1L-10 13 pg/mL 0-5.0 Cytometric bead array
8 VCAM 3034.1 pg/mL 200-1000 Cytometric bead array
9 1L-8 63.6 pg/mL 0-20.0 Cytometric bead array

TB-IgG: Tuberculosis-immunoglobulin G; IL: Interleukin; VEGF: Vascular endothelial growth factor; BEGF: Basic fibroblast growth factor; VCAM: Vascular

cell adhesion molecule.

I

DOI: 10.12998/wjcc.v11.i8.1788 Copyright ©The Author(s) 2023.

Figure 1 Imaging photos. A: Fundus photography findings. Off-white swelling lesions below the optic disc; horseshoe-like tear in the temporal peripheral retina;
B: Optical coherence tomography findings. Retinal thickening at the focal site with structural disturbances in the retina featuring areas of high and low reflectance; C:
Color ultrasound. Thickening of the retina at the lesion, stretching and uplifting of the proliferative membrane, and sound shadow behind the moderate strength patchy
echo; D: Fluorescein angiography. Twisted blood vessels below the optic disc and fluorescein leakage; E: Indocyanine green choroidal angiography. Persistent low
fluorescence below the optic disc.

hemorrhage and are mainly horseshoe shaped and located in the superior temporal quadrant[9,10],
consistent with the present case findings. During surgery in this case, we observed that vascular
occlusion was caused by traction of the proliferative membrane on the surface of the lesion, no bleeding
was observed during the removal of the membrane, and there was no significant correlation between
the temporal retinal tear and the lesion below the optic disc. The patient was considered to have
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spontaneous retinal tears complicated by CHRRPE, and vitreous hemorrhage originated from the
former. The FFA manifestations were typical of CHRRPE. In the early stage of angiography, the
choroidal background fluorescence was weak and obscured, particularly in highly pigmented areas. The
retinal vessels in the lesion area were clearly tortuous and deformed, while other vessels appeared
normal. Due to telangiectasia, microhemangioma and vascular permeability changes in the lesion area,
fluorescein leakage may occur in the late stage of angiography. As a result, the lesion area shows high
fluorescence, while the pulled vessels around the lesion show no apparent fluorescein leakage[6]. In the
present case, FFA after surgery showed vascular lesions with a diameter of about 1.5 disc below the
right optic disc, peripheral retinal pigment disorder and atrophy, twisted blood vessels under the optic
disc, with obvious fluorescence leakage in the late stage. ICGA showed persistently low fluorescence
below the optic disc. Cytokines and antibodies in the vitreous were detected during the operation to
exclude inflammatory diseases.

CONCLUSION

For CHRRPE with atypical clinical manifestations. In addition to the examination of vitreous fluid,
aqueous humor antibodies, detailed inquiry about the past living and working environment, FFA and
ICGA are also important auxiliary means. In this case, the vascular occlusion around the lesion was
determined to be related to anterior retinal membrane traction, the retinal hiatus in the temporal side
was considered to be spontaneous, and the vitreous hemophore was also caused by the hole.
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Abstract

BACKGROUND

Testicular pain caused by lumbar disease is uncommon in the clinic. Here we
reported a case of discogenic low back pain with testicular pain that was
successfully cured.

CASE SUMMARY

A 23-year-old male patient presented to our department with chronic low back
pain. Based on his clinical symptoms, signs and imaging, he was diagnosed with
discogenic low back pain. Since conservative treatment for more than half a year
did not significantly improve his low back pain, we decided to treat it with
intradiscal methylene blue injection. During the course of surgery, we again
identified the low back pain as originating from the degenerated lumbar disc by
analgesic discography. Interestingly, the patient’s low back pain disappeared
along with the testicular pain that had been present for more than 3 mo. After the
operation, the patient’s low back pain improved, and the testicular pain did not
reappear.

CONCLUSION

Intradiscal methylene blue injection is a convenient and effective surgical
intervention for the treatment of discogenic low back pain. Lumbar disc
degeneration may also be a possible clinical cause of testicular pain. Methylene
blue injection in the diseased disc improved the low back pain, and the accom-
panying testicular pain was successfully managed.

Key Words: Disc degeneration; Testicular pain; Low back pain; Case report; Intradiscal
methylene blue injection

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

1794 March 16,2023 | Volume1l | Issue8 |


https://www.f6publishing.com
https://dx.doi.org/10.12998/wjcc.v11.i8.1794
mailto:pengbaogan76611@163.com

Jaishideng®

Yan X] et al. Discogenic testicular pain

Core Tip: Herein, we present a case of a patient who was cured of testicular pain after treatment of
discogenic low back pain. Lumbar disc degeneration may be a possible etiology of testicular pain.

Citation: Yan XJ, Wu B, He X, Tian ZK, Peng BG. Testicular pain originating from lumbar disc degeneration: A
case report. World J Clin Cases 2023; 11(8): 1794-1798
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INTRODUCTION

Chronic testicular pain is a common symptom in urology[1]. Clinicians have found numerous causes
that can evoke testicular pain, including infections, tumors, varicocele and referred pain. However,
many patients still suffer from testicular pain of unknown pathogenesis that cannot be effectively
treated[2]. Lumbar disc degeneration has been proven to be a major source of low back pain, and some
researchers have proposed that lumbar disc herniation could also lead to testicular pain[3].
Nevertheless, there has been no high-quality study on testicular pain caused by lumbar disc
degeneration. The relationship between lumbar disc degeneration and testicular pain or the
pathogenesis of discogenic testicular pain remains elusive. In this paper, we reported a young male
whose testicular pain was cured after treating discogenic low back pain and analyzed the possible
pathogenesis of testicular pain induced by lumbar disc degeneration.

CASE PRESENTATION

Chief complaints
A 23-year-old man had a 1-year history of severe low back pain, which seriously affected his quality of
life.

History of present illness

Prior to presenting at our department, the patient had been on nonsteroidal anti-inflammatory drugs
and physical therapy for more than 8 mo. However, the low back pain did not improve and instead
continued to worsen.

History of past illness

The patient had also suffered from bilateral testicular pain for more than 3 mo. After detailed physical
examination and related ultrasonography, the urologists hypothesized that the testicular pain was not
caused by a urinary system disease. No other illnesses were documented, and the patient had no
relevant traumatic history.

Personal and family history
It was unremarkable.

Physical examination

The pressure pain of L, ;intervertebral space was positive. No abnormal sensory or motor function of
either lower extremity. The scrotum was normal, and the testicles were in the scrotum without
enlargement. The right testis was slightly tender. Visual analogue scale (VAS) score of low back pain
was 8 and the testicular pain was 7.

Laboratory examinations
It was unremarkable.

Imaging examinations

The height of L, ; intervertebral space was lower in the radiographs of lumbar spine (Figure 1); Sagittal
(left) and axial (right) T2-weighted magnetic resonance imaging of the lumbar spine images showed
obvious degeneration of the L, s disc (Figure 2).
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is) 223.

Figure 1 Normal lumbar spine radiography in the anterior-posterior and lateral positions. A: Mild lumbar scoliosis, spina bifida occulta of S;; B:
Lower height of L, s intervertebral space.

DOI: 10.12998/wjcc.v11.i8.1794 Copyright ©The Author(s) 2023.

Figure 2 Sagittal and axial T2-weighted magnetic resonance imaging. A: Obvious L,-disc degeneration in the sagittal view; B: No disc protrusion or
compression of bilateral nerve roots in the axial view.

FINAL DIAGNOSIS

Discogenic low back pain with testicular pain.

TREATMENT

The procedure was performed under fluoroscopy, and we used a standard posterolateral approach and
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a double needle technique[4]. We conducted the discography for the L, ,, disc and the L, ; disc. About 0.2
mL of 2% lidocaine hydrochloride was slowly injected into the nucleus pulposus after the needle was
accurately inserted into the center of the disc. When performing discography on the L, , disc, there was
no change in low back pain or testicular pain. In contrast, when discography on the L, ;disc was
performed, the patient clearly demonstrated a significant improvement in low back pain. At almost the
same time, testicular pain disappeared. Subsequently, about 0.3 mL of 1% methylene blue was injected
into the diseased disc. The patient required bedrest for the 24 h after surgery.

OUTCOME AND FOLLOW-UP

The patient’s bilateral testicular pain quickly disappeared after the analgesic discography. The testicular
pain VAS score was 0, and the low back pain VAS score was 2.

At the 1-year follow-up, the patient’s testicular pain did not recur, and the patient's low back pain
improved significantly.

DISCUSSION

Chronic testicular pain originating from lumbar disc degeneration is very rare clinically. This may be
due to the insufficient awareness of this disease or the lack of a clear diagnostic method. In 2003,
Doubleday et al[5] reported a case who had central low back symptoms and right testicular pain with a
small central disc protrusion between the T12 and L1 vertebrae. They successfully eased the symptoms
with 12 sessions of physical therapy during a 3-mo period. Peng et al[6] has also reported that
degenerative lumbar spondylolisthesis can cause testicular pain and suggested that this type of
testicular pain is an involvement pain arising from lumbar spine disease.

Bogduk et al[7] showed the innervation of cervical and lumbar intervertebral discs, which receive
innervation posteriorly from the sinuvertebral nerves, laterally from the vertebral nerve and anteriorly
from the sympathetic trunks. Furthermore, the innervation of cervical and lumbar discs is multi-
segmental[8,9]. For example, low back pain caused by L, ;or L;/S, disc degeneration is not transmitted
upward via the L;or S, spinal nerves as traditionally believed but is transmitted through the paraver-
tebral sympathetic chain to the dorsal root ganglia of L,and L,and then to the center[6]. In addition, the
distribution of nerves in the lumbar disc is consistent with the distribution of nerves in the testis
(genitofemoral nerve and genital branch of the ilioinguinal nerve), mainly originating from the L;and L,
nerve roots[9]. Such neural pathways provide the basis for testicular pain induced by intervertebral disc
degeneration.

Lumbar discography and methylene blue injection are common clinical methods for the diagnosis
and treatment of discogenic lower back pain. The vascularized granulation tissue and the tissue repair
process of injurious nerve fibers growing into the degenerated disc are important pathophysiological
mechanisms of discogenic lower back pain[10]. Methylene blue as a nerve inactivator can inhibit the
nociceptive nerves growing into the lumbar disc, eventually making the pain disappear[10]. For the
patient in this case, the imaging manifestations and positive signs were typical signs of discogenic low
back pain, and the analgesic discography improved both low back pain and testicular pain. After
intradiscal methylene blue injection, the low back pain and testicular pain improved, suggesting that the
testicular pain possibly originated from lumbar disc degeneration rather than the testis itself.

The mechanism of discogenic testicular pain may therefore originate from the pain induced by the
degenerated L, ;disc non-segmentally transmitted through the paravertebral sympathetic chain to the
L,and L,spinal nerve roots and then upward in conjunction with visceral sympathetic afferent nerves
transmitted in the L,and L,spinal nerve roots[11]. In the present case, the patient's diagnosis and
treatment were based on discogenic low back pain rather than specifically on testicular pain. Although
lumbar analgesic discography suppressed both low back pain and testicular pain, this does not mean
that lumbar analgesic discography is an effective method for diagnosed testicular pain. However, the
disappearance of testicular pain in the patient after the procedure may further support that lumbar disc
degeneration is a significant clinical resource for testicular pain.

CONCLUSION

In this case, we found that disc degeneration, as the etiology of low back pain, can also evoke
concomitant testicular pain. Analgesic discography can be chosen as an effective diagnostic method, and
intradiscal methylene blue injection can significantly improve low back pain and testicular pain.
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Abstract

BACKGROUND

Thrombotic microangiopathy (TMA) is a group of disorders that converge on
excessive platelet aggregation in the microvasculature, leading to consumptive
thrombocytopenia, microangiopathic hemolysis and ischemic end-organ
dysfunction. In predisposed patients, TMA can be triggered by many environ-
mental factors. Glucocorticoids (GCs) can compromise the vascular endothelium.
However, GC-associated TMA has rarely been reported, which may be due to the
lack of awareness of clinicians. Given the high frequency of thrombocytopenia
during GC treatment, particular attention should be given to this potentially fatal
complication.

CASE SUMMARY

An elderly Chinese man had a 12-year history of aplastic anemia (AA) and a 3-
year history of paroxysmal nocturnal hemoglobinuria (PNH). Three months
earlier, methylprednisolone treatment was initiated at 8 mg/d and increased to 20
mg/d to alleviate complement-mediated hemolysis. Following GC treatment, his
platelet counts and hemoglobin levels rapidly decreased. After admission to our
hospital, the dose of methylprednisolone was increased to 60 mg/d in an attempt
to enhance the suppressive effect. However, increasing the GC dose did not
alleviate hemolysis, and his cytopenia worsened. Morphological evaluation of the
marrow smears revealed increased cellularity with an increased percentage of
erythroid progenitors without evident dysplasia. Cluster of differentiation (CD)55
and CD59 expression was significantly decreased on erythrocytes and
granulocytes. In the following days, platelet transfusion was required due to
severe thrombocytopenia. Observation of platelet transfusion refractoriness
indicated that the exacerbated cytopenia may have been caused by the deve-
lopment of TMA due to GC treatment because the transfused platelet concentrates
had no defects in glycosylphosphatidylinositol-anchored proteins. We examined
blood smears and found a small number of schistocytes, dacryocytes, acan-
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thocytes and target cells. Discontinuation of GC treatment resulted in rapidly increased platelet
counts and steady increases in hemoglobin levels. The patient’s platelet counts and hemoglobin
levels returned to the levels prior to GC treatment 4 weeks after GC discontinuation.

CONCLUSION
GCs can drive TMA episodes. When thrombocytopenia occurs during GC treatment, TMA should
be considered, and GCs should be discontinued.

Key Words: Aplastic anemia; Paroxysmal nocturnal hemoglobinuria; Glucocorticoid; Methylprednisolone;
Thrombotic microangiopathy; Platelet transfusion refractoriness; Case report

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

Core Tip: Glucocorticoid-associated thrombotic microangiopathy has rarely been reported. Here, we report
a patient with paroxysmal nocturnal hemoglobinuria whose hematological parameters worsened during
methylprednisolone treatment, and increasing methylprednisolone doses further exacerbated the cytopenia.
Observation of platelet transfusion refractoriness suggested the possibility of thrombotic microangiopathy
development. Significant hematological improvement was achieved after discontinuation of methylpred-
nisolone treatment, confirming that methylprednisolone treatment acted as the triggering factor to promote
platelet aggregation within the microcirculation. Given the wide use of glucocorticoids in clinical practice
and the high incidence of thrombocytopenia during glucocorticoid treatment, particular attention should be
given to this potentially fatal complication.

Citation: Yang XD, Ju B, Xu J, Xiu NN, Sun XY, Zhao XC. Glucocorticoid-induced thrombotic microangiopathy
in paroxysmal nocturnal hemoglobinuria: A case report and review of literature. World J Clin Cases 2023; 11(8):
1799-1807

URL: https://www.wjgnet.com/2307-8960/full/v11/i8/1799.htm

DOI: https://dx.doi.org/10.12998/wjcc.v11.i8.1799

INTRODUCTION

Thrombotic microangiopathy (TMA) is caused by uncontrolled adhesion, activation and aggregation of
platelets within the microvasculature, leading to consumptive thrombocytopenia, microangiopathic
hemolysis and ischemic end-organ dysfunction. Mutations and polymorphisms in genes of the
complement and coagulation systems predispose patients to TMA development[1,2]. The delayed onset
and diverse penetrance indicate that the development of symptomatic TMA requires an engagement of
environmental factors to trigger acute episodes. A variety of precipitating factors compromise the
vascular endothelium, increase the shear stress of blood flow, stimulate ultralarge von Willebrand factor
(UL-vWEF) secretion, activate innate immune cells, exacerbate complement dysregulation, accelerate
coagulation cascade, promote platelet activation and drive platelet aggregation, thereby triggering TMA
episodes in genetically susceptible individuals or initiating TMA occurrence by the combined effects of
acquired susceptibilities and precipitating factors[1-3]. In TMA development, interactions among the
vascular endothelium, vasomotoricity, vWF, platelets, coagulation factors, complement components and
immune cells synergistically facilitate platelet aggregation and microthrombogenesis[4-8]. Endothelial
injury and subsequent UL-vWF secretion play a pivotal role in this process[8,9], and complement
activation, particularly the generation of anaphylotoxins, provokes and exacerbates endothelial injury[5,
7,10,11]. Previously reported environmental factors that can trigger TMA episodes include various
infections, malignant hypertension, autoimmune disorders, neoplasms, pregnancy, organ transplan-
tation, critical illness, severe trauma, vitamin B,, deficiency and drugs[1-3].

Drug-induced TMA has been reported to involve immune- and nonimmune-mediated mechanisms.
Immune-mediated TMA is caused by the generation of autoantibodies that activate endothelial cells and
platelets in a dose-independent manner, whereas nonimmune-mediated TMA is caused by drugs that
directly compromise the vascular endothelium, activate platelets or disrupt the immune system in a
dose-dependent manner. Drug-induced TMA is frequently associated with chemotherapeutic agents,
anti-vascular endothelial growth factor (VEGF) antibodies, VEGF receptor inhibitors, heparin, platelet
inhibitors, thrombopoietin receptor agonists, immune suppressants, recombinant cytokines and
immune checkpoint inhibitors[12-15]. Glucocorticoids (GCs) are widely used drugs, and the occurrence
of thrombocytopenia during GC treatment is a common event in clinical practice. GC treatment can
trigger TMA episodes[16-20] and exacerbate preexisting TMA[21,22]. However, GC-associated TMA has
rarely been reported, which may be due to the lack of awareness of clinicians, the complexity of the
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underlying conditions and the lack of sufficient evidence for the diagnosis of microangiopathic
hemolysis in most circumstances[2,23,24]. In this case report, we present a patient with paroxysmal
nocturnal hemoglobinuria (PNH) who developed TMA following GC treatment.

CASE PRESENTATION

Chief complaints
The patient experienced rapid decreases in hemoglobin and platelet levels for 3 months.

History of present illness

Past treatment for blood diseases: Twelve years earlier, a 51-year-old Chinese man was diagnosed with
acquired aplastic anemia (AA) in several blood disease centers due to gradually aggravated fatigue. He
was prescribed cyclosporine and stanozolol, achieving significant hematological improvement.

Three years ago, the patient developed evident hemoglobinuria and was diagnosed with PNH based
on increased marrow cellularity and a significant decrease in cluster of differentiation (CD)55 and CD59
expression on erythrocytes and granulocytes. Cyclosporine and stanozolol were tapered off, and
antiplatelet drugs became his main treatment. During the three years of PNH history, his complete
blood count (CBC) results fluctuated within the following range: White blood cell (WBC) count,
5.50-7.50 x 10°/L; red blood cell (RBC) count, 2.90-3.30 x 10"?/L; hemoglobin (Hb) level, 80-100 g/L; and
platelet (Plt) count, 170-230 x 10°/L.

Three months earlier, the patient’s hemoglobinuria worsened, and he initiated oral administration of
methylprednisolone at a dose of 8 mg/d and sodium bicarbonate at a dose of 1.0 g three times per day
at another hospital to alleviate complement-mediated hemolysis.

Rapid decreases in hemoglobin and platelet levels following GC treatment: Before methylpred-
nisolone treatment, the patient’'s CBC showed the following results: WBC count, 6.73 x 10°/L; RBC
count, 3.15 x 10"/L; Hb level, 85 g/L; Plt count, 195 x 10°/L; and absolute reticulocyte (Ret) count, 290.2
x 10°/L. Following GC treatment, the patient’s fatigue worsened, and headache, palpitation and
dyspnea symptoms emerged and worsened. Seven days after initiating methylprednisolone treatment,
his CBC showed the following results: WBC count, 5.28 x 10°/L; RBC count, 2.73 x 102/L; Hb level, 70
g/L; Plt count, 106 x10°/L; and Ret count, 283.3 x 10°/L. From that time, intermittent transfusion of
packed RBCs was initiated, and the dose of methylprednisolone was increased to 20 mg/d. Along with
the increase in methylprednisolone dose, his Hb level and PIt count further decreased, and the
frequency of blood transfusion increased. Four days before presenting at our center, the patient’s fatigue
was severe with intolerable palpitations and dyspnea.

History of past illness
The patient had no history of diseases in hematological, immunological or other systems before the
diagnosis of AA.

Personal and family history
The patient had no family history of inherited, hematological, autoimmune or malignant diseases.

Physical examination

The physical examination results of the patient were as follows: height of 171 cm; body weight of 70 kg;
body temperature of 36.1 °C; breathing rate of 19 breaths per minute; heart rate of 90 beats per minute;
and blood pressure of 130/90 mmHg. Physical examination revealed the presence of a pale face and
conjunctiva in the absence of conspicuous mucocutaneous hemorrhage, jaundice and exanthemata. No
significant signs of nervous system, respiratory system, cardiovascular system, gastrointestinal system,
urogenital system or skeletal musculature system abnormalities were found.

Laboratory examinations

Routine laboratory examinations: On admission, the patient’'s CBC showed the following results: WBC
count, 4.75 x 10°/L; RBC count, 1.72 x 10"/L; Hb level, 65 g/L; Plt count, 98 x 10°/L; and Ret count,
274.90 x 10°/L. The coagulation profile was within the normal limits with a D-dimer level of 0.77 mg/L.
Urine examination revealed occult blood of 3+ and protein of 1+. Biochemical analysis revealed elevated
serum levels of conjugated bilirubin (10.4 pmol/L), unconjugated bilirubin (24.4 pmol/L), lactate
dehydrogenase (LDH, 3349 U/L) and hydroxybutyric dehydrogenase (HBDH, 2695 U/L) in the absence
of abnormalities in hepatic and renal functions. The results for hepatitis A, B, and C viruses as well as
human immunodeficiency virus were negative. Various antinuclear antibodies and biomarkers of
neoplasms were also negative.

Specific laboratory examinations for blood diseases: Morphological examination of the marrow
smears revealed increased cellularity with a significantly increased percentage of erythroid precursors

WJCC | https://www.wjgnet.com 1801 March 16,2023 | Volume1l | Issue8 |



Yang XD et al. GC-induced TMA in PNH

Jaishideng®

in the absence of evident dysplastic features (Figure 1A). Bone marrow biopsy confirmed the increased
cellularity and increased erythropoiesis. Coomb’s test was negative. Significantly decreased CD55 and
CD59 expression on erythrocytes (11.24% and 7.80%) and granulocytes (40.26% and 37.35%) was
identified by flow cytometric analysis. Decreased serum levels of complement C3 but not C4 were
detected. Serum levels of ferritin were slightly decreased, and serum levels of folic acid and vitamin B,,
were within the normal limits. Anti-erythrocyte and anti-platelet antibodies were undetectable. Myeloid
neoplasm-associated gene mutations were also undetectable.

Imaging examinations
No evident abnormalities were found in the patient’s chest and abdominal computed tomography
scans.

FINAL DIAGNOSIS
These laboratory data fulfilled the diagnostic criteria for PNH.

TREATMENT

After hospitalization, the patient was prescribed intravenous administration of methylprednisolone at a
dose of 60 mg/d and 5% sodium bicarbonate (100 mL) two times per day. After transfusion of 800 mL of
packed RBCs, his Hb level increased to 88 g/L. In the following days, however, his Hb and PIt levels
rapidly declined, and the speed of decline in the Hb levels was disproportionate to the expected life of
normal blood cells, indicating that hemolysis occurred not only in the PNH clones but also in normal
RBCs. On the 16th day of hospitalization, his Hb level decreased to 61 g/L, and his Plt level decreased to
7 x 10°/L. The patient was transfused with 10 U of platelet concentrate and demonstrated platelet
transfusion refractoriness. Observation of platelet transfusion refractoriness suggested that the patient
was probably complicated with the development of TMA due to GC treatment because the transfused
platelet concentrates did not have defects in GPI-anchored proteins. We then examined the blood
smears (Figure 1B) and found the presence of a small number of schistocytes, dacryocytes, acanthocytes
and target cells, confirming the existence of microangiopathic hemolysis[2,24]. Thereafter, GC treatment
was discontinued.

OUTCOME AND FOLLOW-UP

Rapid increase in Hb levels and PIt counts occurred after discontinuation of glucocorticoid treatment
After discontinuation of GC treatment, the patient’s platelet counts and Hb levels increased without the
need for blood transfusions. Eleven days after the discontinuation of GC treatment, CBC monitoring
showed an Hb level of 69 g/L and platelet counts of 28 x 10°/L. The patient was then discharged from
our center.

Hematological changes following initiation and discontinuation of glucocorticoid treatment

After the patient was discharged from our center, repeated CBC monitoring revealed that his platelet
counts rapidly increased and his Hb levels steadily increased. The patient’s WBC counts, Hb levels, Plt
counts and Ret counts in the following CBC monitoring are shown in Figure 2.

DISCUSSION

The patient was treated with methylprednisolone to reduce complement-mediated hemolysis. Initially,
he was prescribed methylprednisolone at 8 mg/d, which failed to ameliorate hemoglobinuria and
worsened the hematological profile. In the following months, the dose was increased to 20 mg/d. After
hospitalization, the morphological, immunological, cytogenetic and molecular biological examinations
of the marrow and blood samples met the diagnostic criteria for PNH. The dose was increased to 60
mg/d, and the hematological profile was rapidly exacerbated. The longevity of transfused RBCs was
greatly reduced with further increases in the HBDH and LDH levels, and the PIt counts in CBC
monitoring severely decreased, resulting in the requirement for platelet transfusion. Observation of
platelet transfusion refractoriness and mental symptoms suggested the development of TMA. Therefore,
we examined the blood smears and found a small number of schistocytes, dacryocytes, acanthocytes
and target cells. Although the number of schistocytes was no more than 10%, their appearance was
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Figure 1 Morphological examination of marrow and blood smears. A: Morphological examination of the marrow smears showed significantly increased
cellularity with an increased percentage of erythroid progenitors in the absence of evident dysplasia. The number of megakaryocytes was within the normal level
without immature and dysplastic features; B: Morphological examination of the blood smears revealed the presence of a small number of schistocytes (orange
arrows), dacryocytes (yellow arrows), acanthocytes (purple arrows) and target cells (blue arrows), confirming the existence of microangiopathic hemolysis. Platelets
were rarely visualized.
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Figure 2 Sequential hematological changes following initiation and discontinuation of glucocorticoid treatment. Following initiation of
methylprednisolone treatment, the hemoglobin levels (Hb x10 g/L) and platelet counts (PIt x 10 x 10°L) rapidly decreased, together with a decrease in white blood
cells (WBC x10°%/L) and an increase in absolute reticulocyte count (Ret x 10 x 10°/L). Increasing the methylprednisolone dose after hospitalization resulted in the
worsening of platelet consumption and intravenous hemolysis. Discontinuation of methylprednisolone treatment showed significant hematological improvement with
restoration of hemoglobin levels and platelet counts similar to those prior to methylprednisolone treatment.

sufficient to confirm the existence of microangiopathic hemolysis[2,24]. GC treatment was discontinued.
As expected, the platelets rapidly increased and the LDH and BHDH levels rapidly decreased. The
hematological improvement after discontinuation of GC treatment suggested that the exacerbated
cytopenia was caused by TMA development due to GC treatment[12].

GCs are widely used drugs for treating a variety of conditions, and the development of thrombocyt-
openia during GC treatment is a common complication in clinical practice. However, GC-induced TMA
has rarely been reported[18-23]. The major reason for the rarity of GC-induced TMA reports may be due
to the lack of awareness of clinicians, the dilemma for clinicians to make a definitive diagnosis by
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examining blood smears on which the percentage of fragmented erythrocytes is not enough to meet the
diagnostic criteria[2,23,24] and the complexity of underlying conditions for GC treatment. In the present
case, TMA development was not considered during the 3 months of GC treatment due to the
intravenous hemolysis of PNH itself and the lack of awareness of GC-induced TMA.

The promotion of TMA onset by GCs may be due to their physiological functions and pharmacologic
effects. GCs and catecholamines are the main components of acute and chronic stress responses[25,26].
GCs increase the sensitivity of precapillary arterioles to catecholamine-induced contraction, thus
increasing the shear stress of the microcirculation[25-27]. High-dose GCs can induce vasospasm and
aggravate preexisting vasoconstriction[28,29]. GCs inhibit VEGF, inflammation, hypoxemia-induced
angiogenesis and vascular repair, which damages vascular endothelial integrity[30-32]. GCs inhibit the
biosynthesis of prostacyclin[33,34], nitric oxide[35] and hydrogen sulfide[36], which increases the shear
stress of the microcirculation[37,38], promotes the adherent activity of vVWF[39] and activates platelet
aggregation[40,41]. All of these effects of GCs are precipitating factors for TMA development[1-3].

In PNH pathogenesis, deranged activation of the alternative complement pathway is caused by
extremely low levels of the CD55 (decay accelerating factor, ADF) and CD59 (membrane inhibitor of
reactive lysis, MIRL) complement regulatory proteins on blood cells. Thrombotic propensity due to
complement-mediated platelet activation and intravenous hemolysis is an intrinsic property of PNH[42,
43]. In the present case, GC treatment likely acted as a precipitating factor, breaking down the
vulnerable balance between prothrombotic and antithrombotic factors in the context of defects in the
complement regulatory components, thereby provoking vascular endothelial injury and promoting C3
deposition to the vascular endothelium.

When thrombocytopenia develops during GC treatment, GC-induced TMA should be considered
because the predisposing factors are unknown in most cases[44,45]. Reduced serum levels of
complement C3, increased serum levels of LHD and increased Ret counts in CBC monitoring were
useful parameters to suggest the occurrence of TMA. The presence of schistocytes on blood smears,
although no more than 10%, facilitated the diagnosis of TMA[2,24]. However, the absence of
schistocytes cannot exclude the diagnosis of TMA[23]. If TMA is suspected, GC treatment should be
discontinued, and drugs that inhibit platelet aggregation and complement activation should be
considered[1,2]. Drugs that increase the biosynthesis of endogenous prostacyclin are beneficial for the
reduction of GC-mediated vascular injury[40,46,47].

The present study had limitations. The diagnosis of GC-induced TMA was mainly based on
exacerbated cytopenia after GC treatment and hematological improvement after discontinuation of GC
treatment. The fragmented erythrocytes on blood smears were no more than 10% of the total RBCs.
Although the presence of hyaline thrombi in biopsied tissue is direct evidence of platelet aggregation in
the microvasculature, a biopsy was not performed in the present case.

CONCLUSION

GC treatment can cause TMA in predisposed patients, and GC-induced TMA has been underestimated.
Because GCs are widely used in treating various diseases and TMA is a potentially fatal condition, GC-
induced TMA should be promptly diagnosed. In the case of a significant decrease in platelet counts
during GC treatment, GC-induced TMA should be taken into consideration. In this situation, blood
smears should be carefully examined, and GC treatment should be discontinued. If an increase in
platelets occurs promptly after GC discontinuation, the diagnosis of GC-induced TMA can be
established.
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Abstract

BACKGROUND

A giant juvenile fibroadenoma (GJF) is a rare, benign breast tumor that affects
females < 18 years of age. GJFs are generally suspected based on a palpable mass.
GJFs influence breast shape and mammary gland development via the pressure
effect from their enormous size.

CASE SUMMARY

Herein we report a case involving a 14-year-old Chinese female with a GJF in the
left breast. GJF is a rare, benign breast tumor that usually occurs between 9 and 18
years of age and accounts for 0.5%-4.0% of all fibroadenomas. In severe cases,
breast deformation may occur. This disease is rarely reported in Chinese people
and has a high clinical misdiagnosis rate due to the absence of specific imaging
features. On July 25, 2022, a patient with a GJF was admitted to the First Affiliated
Hospital of Dali University. The preoperative clinical examination and conven-
tional ultrasound diagnosis needed further clarification. The mass was shown to
be an atypical lobulated mass during the operation and confirmed to be a GJF
based on pathologic examination.

CONCLUSION

GJF is also a rare, benign breast tumor in Chinese women. Evaluation of such
masses consists of a physical examination, radiography, ultrasonography,
computer tomography, and magnetic resonance imaging. GJFs are confirmed by
histopathologic examination. Mastectomy is not selected when the patient benefits
from a complete resection of the mass with breast reconstruction and an
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uneventful recovery.
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Core Tip: Giant juvenile fibroadenoma (GJF) is a rare benign breast tumor below 18 years of age and can
be suspected mainly through palpable masses in clinical practice. Breast ultrasonography shows left
masses > 5 cm with benign features (Breast Imaging Reporting and Data System score 3) through the
preferred examination for breast imaging in this GJF case. The breast mass of GJF patients in this report
showed a lobulated shape and many lobular ducts. Therefore, it is necessary to differentiate GJF from
phosphotyrosine binding by histopathology. Clinicians should be aware of this diagnosis for a better
approach and early conservative treatment instead of blindly performing mastectomy.
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INTRODUCTION

A fibroadenoma (FA) is characterized by aberrant proliferation of epithelial and mesenchymal elements,
and is the most common benign lesion of the breast in females < 30 years of age[l]. FAs are mostly
solitary and can be unilateral or bilateral, with 10%-20% occurring in multiple fashions[1] and divided
into adult- and juvenile-types[1,2]. A giant fibroadenoma (GFA) is a specific type of FA that weighs >
500 g, measures > 50 mm in diameter, or is disproportionally large compared with the rest of the breast
[2]. The exact etiology of GFA is unknown[2]; however, unopposed estrogen stimulation, increased
estrogen receptor sensitivity, or diminished estrogen antagonist sensitivity are thought to be the chief
causative factors[1]. FAs are commonly detected incidentally during routine physical examination,
ultrasound, magnetic resonance imaging (MRI), and computed tomography (CT), and are diagnosed
based on pathologic evaluation. Gene detection and artificial intelligence have been shown to have high
prediction accuracy, sensitivity, and specificity in the differential diagnosis of large breast masses[3,4].

CASE PRESENTATION

Chief complaints

On July 25, 2022, a 14-year-old girl was hospitalized in the Department of Thyroid and Breast Surgery of
the First Affiliated Hospital of Dali University (China), for evaluation of a giant left breast mass, which
had been developing for nearly 6 mo without an apparent cause. Indeed, the mass had enlarged from
the initial size of a mung bean to the current size of a hen’s egg.

History of present illness
The patient had normal menstruation in the past. She denied any family history of breast masses.

History of past illness
The patient had no history of any other illness.

Personal and family history
The patient denied any history of chest disease, irradiation or estrogen supplementation. There was no
family history of breast or ovarian cancer.

Physical examination

The physical examination revealed a 100.0 mm x 40.0 mm mass on the left breast with an unclear
border, tough texture, poor mobility, and tenderness. There was no skin erythema, surgical scars, or
nipple depression involving the affected breast. The right breast and both axillae were normal. In
addition, there were no abnormalities on the biological examination.
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Laboratory examinations
There were no abnormalities on routine blood testing, blood biochemistry, blood coagulation function,
or routine stool and urine testing.

Imaging examinations

Breast ultrasonography (BUSG) (Toshiba Aplio 5000 with a 7.5-MHz probe) of the patient’s left breast
showed a large hypoechoic solid lesion (110.4 mm x 41.6 mm in size), which had an oval shape, clear
boundaries, horizontal growth, and even distribution. A few irregular liquid dark areas were noted in
the breast mass without obvious calcifications and no enlarged lymph nodes in the bilateral axillae
(Figure 1A). A color Doppler examination revealed few punctate flow signals at the edge of the breast
mass (Figure 1B). The lesion was classified as Breast Imaging Reporting and Data System (BI-RADS)
category 3.

FINAL DIAGNOSIS

A tru-cut biopsy of frozen sections was reported as a juvenile fibroadenoma (JFA), which was charac-
terized by small oval gland ducts and interstitial collagen fibers (Figure 2).

Differential diagnosis

A GJF is mainly differentiated from phyllodes tumor of the breast (PTB). A PTB is considered a rare
fibroepithelial neoplasm of the breast that can be detected in all ages; however, the median age of
presentation is 45 years[5]. PTB constitutes around 1% of all FAs and 2.5% of fibroepithelial breast
lumps[6]. The World Health Organization (WHO) has classified PTBs histologically as benign,
borderline, and malignant[5,6]. The benign variant of a PTB is the most common and close resembles an
FA, but is usually larger and recurs more frequently; the rare malignant type is aggressive[6]. The
clinical symptoms of a PTB include rapidly growing breast masses; imaging features resemble GFAs or
JFAs with benign features[7]. Therefore, a histopathologic examination is the best way to distinguish a
GJF from a PTB.

TREATMENT

On July 27, 2022, the patient successfully underwent a simple surgical excision under general anesthesia.
The excised lump was smooth, mobile, lobulated, and 100 mm x 90 mm % 50 mm in size (Figure 3).
Because she benefited from a complete resection of the mass with breast reconstruction and recovered
uneventfully, a mastectomy was not indicated.

OUTCOME AND FOLLOW-UP

The breast development of the patient was restored to normal. Three months after surgery, her routine
outpatient follow-up BUSG evaluation was normal.

DISCUSSION

FAs are the most common benign tumors in adolescent women. FAs commonly present in late
adolescence and comprise 91% of all histologically-evaluated solid breast masses among patients <19
years of age based on a radiologic study[8]. Among women with FAs, only 15% have 2-4 masses in one
breast, and only 11% have bilateral masses[9]. According to the size and histologic features, adolescent
breast masses usually include six types: Simple, complex, multiple, giant, juvenile FAs, and phospho-
tyrosine binding[7,10,11]. While simple FAs of the breast are the most common lesion, giant juvenile
fibroadenomas (GJFs) are a very rare variant with an incidence of 0.5%-2.0%, representing 7%-8% of all
FA subtypes, and the most common cause of unilateral gigantomastia in young female patients[7]. In
fact, GFAs in patients between 10 and 18 years of age are defined as JFAs, eventually becoming GFAs
due to rapid growth[12].

Fibroepithelial breast tumors are biphasic neoplasms formed by an organoid pattern of ductal
structures with a striking stromal appearance composed of extensive vascular proliferation, including
common FAs and rare phyllodes tumors[13,14]. The FA stroma is usually of low cellularity, with
myxoid, fibroblastic, or hyalinized appearances, displaying an interlacing fascicular arrangement of
fibroblasts and myofibroblasts with a peri-canalicular pattern[8]. The epithelial proliferation may
disclose gynecomastia features with fine filigree-like narrow micropapillary epithelial protrusions[8].
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Figure 1 Breast ultrasonography. A: Panoramic ultrasound imaging reveals the left breast with a large benign mass (long arrow); B: Punctate Doppler flow
signals (short arrow) at the edge of the breast mass.
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Figure 2 Pathological examination. A: Low magnification (10 x 10 times) shows a massive ductal epithelial hyperplasia (black arrow) surrounded by a
comparatively homogeneous stromal component (green arrow). The interstitial cells in the local lesions are dense, and there is no mitotic phase or cell abnormality; B:
Low magnification (10 x 20 times) shows the columnar cells with punctate protrusion in the mammary ducts (black arrow). The density of stromal cells increased
without obvious heteromorphism, which was mainly manifested by the interlaced cluster arrangement of fibroblasts and myofibroblasts (green arrow), showing the
peritubular type.
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Figure 3 Macroscopic view of the removed lump. A: Excised specimen of a well-defined giant juvenile fibroadenoma with a well-circumscribed, smooth, and
bosselated outer surface; B: The mucilaginous section is grayish yellow, lobulated, and medium hardness.

Phyllodes tumors, neoplasms with the potential for recurrence, show an exaggerated intracanalicular
growth pattern with broad stromal fronded architecture and stromal hypercellularity[13]. Although the
breast mass of the patient in this report had a lobulated shape and a large number of lobular ducts, the
histopathologic report was not a phyllodes tumor, thus more longitudinal follow-up is required.
Imaging plays an important role in diagnosing and differentiating GJFs, and a histopathologic exam
is used to define the diagnosis further. In a retrospective analysis of 52 articles (1 = 153 patients), most
patients (86%) presented with a single breast mass[15]. Imaging modalities included BUSG in 72.5% of
the patients and mammography (MMG) in 26.1% of the patients[15]. A tissue diagnosis was obtained
using a core-needle biopsy in 18.3% of the patients, fine-needle aspiration (FNA) in 25.5% of the
patients, and excisional biopsy in 11.1% of the patients[15]. BUSG and MMG are two basic techniques
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for routine imaging in diagnosing breast diseases, such as FAs, phyllodes tumors, hamartomas, cysts,
hematomas, abscesses, and carcinomas, which are difficult to distinguish clinically based on interview,
clinical manifestations, and physical examination. The accuracy of MMG is reduced because of the high
density of glandular tissue in adolescent breasts[16], thus MMG is not recommended|[7]. If it is not
feasible to establish the diagnosis of a JFA clinically, further studies are necessary (BUSG and FNA)[16].
BUSG is the main diagnostic examination in children and adolescents associated with a breast MRI[7].
The 7.5-MHz probe used in this study is commonly recommended in classic textbooks. Sonographic
imaging of the breasts with a 7.5-MHz probe achieved a sensitivity of 83% and an net present value of
84%. The same concept applies to Doppler scanning[17]. A high-frequency (20-30 MHz) probe was used
in a targeted manner to image breasts in prospective studies. High-quality scans were obtained with
optimal spatial resolution and anatomic detail[17]. The typical appearance of a GJF on BUSG is the
presence of well-circumscribed round or oval-shaped masses, sometimes lobulated, with a parallel
orientation, fairly uniform hypoechoic or anechoic areas with low-level internal echoes, and sometimes
with a posterior acoustic enhancement[7]. A GJF on Doppler evaluation can be avascular or show some
central vascularity[7]. The diagnosis and treatment of GJFs are heterogeneous. The most common
diagnostic modalities include a core needle or excisional biopsy, and the mainstay of treatment is
complete excision with an emphasis on preserving the developing breast parenchyma and nipple-
areolar complex[15]. Women with BI-RADS category 3 or less breast lesions have a low risk of
malignancy, in which case an FNA would reduce the excisional biopsy rate[18]. In the treatment of our
patient, although the mass was removed directly without an FNA, it was confirmed by BUSG and
verified by pathologic evaluation.

CONCLUSION

GJFs are benign tumors that can influence breast shape and mammary gland development through a
pressure effect due to the enormous size of the mass. GJFs usually require surgical resection of the mass
to offer a complete cure and acceptable cosmetic results. In this case report, the breast ultrasound
provided a preoperative diagnostic basis for surgical treatment, while the postoperative histopathologic
diagnosis avoided an unnecessary mastectomy.
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Abstract

BACKGROUND

This article examines primary hepatic angiosarcoma (PHA) and fat-poor
angiomyolipoma (AML), two uncommon vascular cancers. Clinical decisions in
these situations are frequently aided by pathology reports and imaging
techniques. Uncommon malignant tumors of the vascular endothelium include
PHA. Another diagnosis that should not be overlooked when employing contrast-
enhanced MR and contrast-enhanced computed tomography (CT) imaging
techniques is fat-poor AML, one of the uncommon vascular tumors of the liver. In
both conditions, biopsy is the primary means of diagnosis.

CASE SUMMARY

In our article, besides the diagnosis of PHA, fat-poor AML, one of the other rare
vascular tumors of the liver, is mentioned. In the case, a 50-year-old female
patient with VHL Syndrome was admitted to our hospital with nonspecific
lesions such as right upper quadrant pain, weight loss, and nausea. Abdominal
ultrasonography (US) revealed a hypoechoic heterogeneous lesion with occasional
faint contours. In computed tomography, it was observed as a hyperdense
nodular lesion in segment 4. Magnetic resonance imaging (MRI) revealed that the
lesion did not contain fat. In connection with the known history of VHL
Syndrome, we first evaluated the possibility of AML. Thereupon, a histopatho-
logical sample was taken and the diagnosis was made as fat-poor AML with 5%
fat content.

CONCLUSION
In conclusion, PHA in our case report and fat-poor AML in our clinic are two
uncommon liver vascular malignancies with comparable incidences. Important
imaging techniques like contrast-enhanced US (CEUS), CECT, and CEMRI give us
substantial advantages in both cases. However, a biopsy is used to provide the
final diagnosis.
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Core Tip: In this review, two rare vascular tumors, namely primary hepatic angiosarcoma (PHA) and fat-
poor angiomyolipoma (AML), were mentioned. Special mention is made of the diagnosis of PHA by
contrast-enhanced ultrasound (CEUS) in these case reports. Meanwhile we introduced a new ultrasound
technology and CEUS has many specific manifestations in the diagnosis and differential diagnosis of PHA
and has great clinical value in diagnosing PHA. Although imaging methods have an important place in the
diagnosis of fat-poor AML, one of the points especially mentioned in the study is that the definitive
diagnosis of both tumors will be made with a pathology report after biopsy.

Citation: Gulmez AO, Aydin S, Kantarci M. A complementary comment on primary hepatic angiosarcoma: A case
report. World J Clin Cases 2023; 11(8): 1814-1822

URL: https://www.wjgnet.com/2307-8960/full/v11/i8/1814.htm

DOI: https://dx.doi.org/10.12998/wjcc.v11.i8.1814

INTRODUCTION

This article reviews two uncommon vascular cancers, primary hepatic angiosarcoma (PHA) and fat-
poor angiomyolipoma (AML). However, in this study, besides the diagnosis of PHA, fat-poor AML, one
of the other rare vascular tumors of the liver, is mentioned. In these cases, pathology reports and
imaging techniques often assist clinical decisions. Another diagnosis that should not be overlooked
when using contrast-enhanced MR and contrast-enhanced computed tomography (CT) imaging
techniques is fat-poor AML, one of the rare vascular tumors of the liver. In both cases, biopsy is the
primary diagnostic tool. We will mention two rare diagnoses that doctors and healthcare professionals
involved in the diagnosis should be careful about.

CASE PRESENTATION

Chief complaints

We would like to talk about the case report of our patient who was diagnosed with fat-poor AML,
which is one of the rare liver tumors like PHA. Our patient is a 50-year-old female patient who was
previously diagnosed with VHL syndrome. Nonspecific symptoms such as right upper quadrant pain,
weight loss, and nausea are the primary complaints at admission to our clinic.

History of present illness

If we look at the patient’s current disease, nonspecific symptoms such as right upper quadrant pain,
weight loss and nausea make us think that he already has a disease related to the gastroenterological
system.

History of past illness

When we look at the patient’s past disease history, VHL syndrome was diagnosed and it is known that
he has AMLs in both kidneys.

Personal and family history
When the family history was taken apart from the patient’s history, no condition that could be
associated with the current disease status was found in the family members.

Physical examination
If we look at the physical examination findings, no significant finding was observed except for the right
upper quadrant tenderness.

Laboratory examinations
Laboratory examinations, especially liver function tests, were within normal limits.
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Imaging examinations

At the beginning of the introduction, we would like to talk about the case presentation of our patient,
who was diagnosed with fat-poor AML, which is one of the rare liver tumors such as PHA. Our patient
is a 50-year-old female patient who was previously diagnosed with VHL syndrome. The main
complaints of admission to our clinic are nonspecific symptoms such as right upper quadrant pain,
weight loss and nausea. When evaluated together with the patient’s current disease and past disease
history, he was diagnosed with VHL syndrome and had AMLs in both kidneys. Apart from the patient’s
personal health history, when the family history was taken, no related condition was found in the
family members to be associated with the current disease state. When evaluated by physical
examination, no significant finding was observed except right upper quadrant tenderness. In laboratory
examinations, other tests, especially liver function tests, were within normal ranges.

If we look at the imaging methods, a hypoechoic heterogeneous lesion with faint contours was
detected in the abdominal ultrasonography (US). The mass lesion was 15 mm x 16 mm in size and was
located in segment 4. On computed tomography (CT), it was observed as a hyperdense nodular
(approximately 16 mm in diameter) lesion in the venous phase. In magnetic resonance imaging (MRI),
in-phase and out-of-phase images obtained with the ‘Dual echo” method; When both sequences were
compared, it was understood that the lesion did not contain fat. Iohexol (Opaxol 350 mg/100 mL) was
used in CT and gadoxic acid disodium (Primovist 0.25 mmol/mL) was used as hepatospecific agent in
MR. In addition, the lesion showed slight diffusion restriction on diffusion-weighted images. It was
hypointense compared to normal liver parenchyma on pre-contrast T1-weighted images. It showed
strong peripheral enhancement in the arterial phase. Hepatobiliary phase images showed hypointense
associated with normal parenchyma.

FINAL DIAGNOSIS

Radiographic findings showed a benign, highly vascular tumor devoid of hepatocytes. In connection
with the known history of VHL Syndrome, we first evaluated the possibility of AML; however, the lack
of lesion fat made it difficult to establish the diagnosis. Thereupon, histopathological sampling was
taken for diagnosis and the final diagnosis came as fat-poor AML with 5% fat content.

TREATMENT

If we look at the treatment point, medical, surgical or embolic ablative treatment methods were not
required at this stage because of the fact that the patient did not grow more than 0.5 cm per year in the
follow-ups and the dimensions did not exceed 3 cm at the initial diagnosis stage. It was decided that the
patient should come to the controls at regular intervals.

OUTCOME AND FOLLOW-UP

As a result, histopathological sampling is required for definitive diagnosis together with physical
examination, laboratory and imaging methods. The patient was followed up with laboratory and
imaging methods at regular intervals.

DISCUSSION

Although more detailed information is given in the continuation of the article about hepatic AMLs,
which we mentioned over the case, it is important to remember that it should be kept in mind as it is a
rare tumor.

PHA in our case report and fat-poor AML in our clinic are two rare vascular tumors of the liver with
a similar incidence. In both, important imaging modalities such as CEUS, CECT and CEMRI provide us
with significant gains. However, the definitive diagnosis is made by biopsy.

We read with great interest the case report of Wang et al[1] on the diagnosis and treatment of PHA in
the November 2022 issue of the World Journal of Clinical Cases. They described a situation when the
patient complained of abdominal soreness. After a comprehensive investigation, including contrast-
enhanced ultrasound (CEUS), CECT, and CEMR]I, the findings were combined with the biopsy result
and the diagnosis of PHA was made. We appreciate the dedication of the authors to raise awareness of
the diagnosis and treatment of PHA.

PHA is a rare malignant tumor. It arises from spindle pleomorphic cells that line or grow within the
lumen of sinusoids and pre-existing vascular spaces such as terminal hepatic venules in the liver.
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Worldwide, only about 200 cases are detected annually. However, it is the most common primary
malignant mesenchymal tumor of the liver in adults, accounting for 2% of all primary hepatic
malignancies. It accounts for less than 5% of all angiosarcomal2,3]. A quarter of PHA is thought to be
bound to various substances such as vinyl chloride[1]. The cause of the remaining three quarters is
unknown. Patients most commonly present with vague symptoms such as right upper quadrant pain,
weight loss, fatigue, and abdominal mass[4].

If we look at the differential diagnosis point, as stated in many studies, it is difficult to distinguish
PHA from hemangioma, hepatocellular carcinoma (HCC), cholangiocarcinoma, metastases and hepatic
abscess[1,5]. Although CECT and CEMRI guide us, CEUS, which was especially emphasized in the
study, has started to take its place in daily practice as an important and simultaneous imaging method
[1]. In the arterial and portal phases of the CEUS, nodular peripheral enhancement is seen, and in the
late phase nodules, low contrast enhancement is shown together with non-contrast areas[1,6,7].

Although radiological imaging has an important place in the diagnosis of PHA, the actual diagnosis
is finalized with the result of pathological biopsy[8]. In immunohistochemical stains, CD31, CD34, and
factor VIII-associated antigen are often used in combination for the diagnosis of angiosarcomas, as 40%
of tumors lose expression of one or more markers. The combination of CD31 and factor VIII-related
antigen is defined as the most sensitive one by expressing one of the two markers in 90% of cases[8,9].
Although the treatment point was also mentioned in our study, when combined with some other
studies, surgical resection seems to be the key to improving the prognosis in the best way[10,11].

In addition to the article, we would like to talk about fat-poor AML, which is one of the rare vascular
tumors of the liver like PHA. AMLs are benign mesenchymal tumors that usually involve the kidneys
and rarely the liver[12]. Renal AMLs are also seen as a subcomponent of some syndromes. Von Hippel-
Lindau syndrome (VHL syndrome) is one of these syndromes. VHL syndrome is caused by germline
mutations of the VHL tumor suppressor gene located on chromosome 3p25. VHL syndrome is an
inherited cancer syndrome characterized by the development of vascular tumors of the nervous system
and retina, pheochromocytomas, pancreatic islet cell tumors, endolymphatic sac tumors, AMLs,
especially cysts in the kidney, as well as the development of benign cysts affecting various organs[13].

Before proceeding to the case report of our patient with a prediagnosis of VHL, we would like to give
some more general information about VHL syndrome. VHL syndrome, as we mentioned in the above
paragraph, is an autosomal dominant inherited tumor disease that occurs due to germline mutations in
the VHL gene located on the short arm of chromosome 3. Patients with VHL can develop multiple
benign and malignant tumor structures that can affect various organ systems at various levels. To give
examples, retinal hemangioblastomas (HBs), central nervous system (CNS) HBs, endolymphatic sac
tumors, pancreatic neuroendocrine tumors, pancreatic cystadenomas, pancreatic cysts, clear cell renal
cell carcinomas, renal cysts, pheochromocytomas, paragangliomas, and epididia and large ligament
cystadenomas can be given as examples of many findings. One of the most important points in making
a clinically meaningful diagnosis and initiating treatment is to know that VHL syndrome can be divided
into groups according to the forms that we may encounter in daily practice. Each phenotype is
associated with a particular genotype. It is basically divided into 2 types, type 1 and type 2. Type 2 is
divided into 3 types as type 2A, type 2B and type 2C. In Type 1, there is a minimal likelihood of
developing a medullary adrenal gland tumor, but a high likelihood of developing clear cell kidney
cancer, hemangioblastomas, and different pancreatic diseasesAlthough there is a high risk of
pheochromocytoma in all kinds 2A, 2b, and 2C, the fact that type 2C alone has a very high risk is
significant. Additionally crucial to the distinction of 2A and 2B types is clear cell renal cancer. Type 2B is
more likely to experience it than type 2A, where its occurrence is lower. We have summarized the types
of VHL syndrome in general[14].

VHL syndrome is a syndrome that requires lifelong prophylactic surveillance. The surveillance data
we have are based on best medical judgment. However, there is no evidence of any effect[15]. VHL
syndrome is a multisystem-related familial cancer syndrome with a prevalence ranging from 1 in 31000
to 1 in 85000[16,17]. It is autosomal dominant in inheritance type and the estimated incidence of its
newly developed mutation is 1%-23%[18,19]. After the diagnosis of VHL syndrome, various
surveillance begins in patients; because this syndrome affects many organs at the same time. We will
now touch on these through examples. Imaging of the central nervous system begins at age 15; but if the
diagnosis is made earlier, a basic examination can be done once in the age range of 5-14 years. Eye
examination starts directly upon diagnosis and is repeated every 12 mo. Imaging of the abdominal
region begins at age 15; but if the diagnosis is made earlier, a basic examination can be done once in the
age range of 5-14 years. Neurological examination starts directly upon diagnosis and is repeated every
12 mo. A 24-h urine test for catecholamine levels basically begins at age 15; but if the diagnosis is made
earlier, a basic examination can be done once in the age range of 5-14 years. Audiometric examination
begins at age 15. Since the risk of ocular and neurological findings and poor prognosis is higher,
examinations are performed at more frequent intervals as the diagnosis is made[14].

We want to get started with the imaging features. Here we will relate it to the finding that it is
associated with organs. Starting with the kidney first, it is seen in more than two-thirds of patients with
histological subtype VHL syndrome with multicentric renal cysts and clear cell RCCs in the kidney[14].
Although there is a high risk of pheochromocytoma in all kinds 2A, 2B, and 2C, the fact that type 2C
alone has a very high risk is significant. Additionally crucial to the distinction of 2A and 2B types is
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Figure 1 Computed tomography. A and B: Contrast-enhanced computed tomography, in the venous phase, a 15 mm x 16 mm hyperdense tumor was
observed in liver segment 4 with blurred contours in places.

clear cell renal cancer. Type 2B is more likely to experience it than type 2A, where its occurrence is lower
[14,20,21]. Especially CT and MRI are two important imaging modalities that are frequently used in the
evaluation of kidney lesions suspected to be BCC and in the staging of such lesions. In CT, increases
below 10 HU are considered within the normal range and are not classified as increases[22]. Another
crucial fact to keep in mind is that even straightforward cystic lesions may become more prevalent in
more than one in twenty MRI findings[23]. The main purpose of imaging and the treatment applied
with it is to detect lesions before new lesions appear. If we look at the imaging features of the pancreas,
pancreatic cyst may develop in 42% of patients with VHL syndrome, while serous cystadenoma and
neuroendocrine tumor influencing the pancreas can be observed in approximately one in 10 patients,
respectively[24]. Such pancreatic cysts are usually multicenter and can be seen as hypotenuated lesions
without contrast enhancement. On MRI, serous cystadenomas are typically hyperintense on T2-
weighted images and hypointense on T1-weighted images; however, if there is intracystic hemorrhage,
an increase in signal is observed that can be hyperintense in both. When a fibrotic central scar is present,
a hypointense signal is produced with delayed contrast enhancement on T1- and T2-weighted images.
Although pathognomonic, a central scar is seen only in 20%-30% of cases. In the absence of scar, the
combination of microcystic appearance and vascular contrast enhancement may support the diagnosis.
Serous cystadenomas are not associated with the pancreatic duct. Pancreatic neuroendocrine tumors can
be seen in 9%-17% of patients with VHL syndrome. Compared with sporadic pancreatic neuroendocrine
tumors, those associated with VHL syndrome appear earlier (mean, 35 years vs 58 years). The neuroen-
docrine tumors seen in VHL are typically multifocal and most commonly located in the pancreatic head
section and the uncinate process. On non-contrast CT imaging, they often appear hypotenuated. On
imaging, it usually exhibits the same contrast enhancement as the rest of the body. Pancreatic neuroen-
docrine tumors in people with VHL syndrome are typically identified solely by imaging[14,24]. These
individuals frequently experience the triad of headache, perspiration, and tachycardia linked to arterial
hypertension. In cases of VHL disease, approximately one in every 4 patients has an adrenal medullary
tumor, while paragangliomas are seen in about one in every 6 patients[24,25]. Like its clinical present-
ations, imaging findings are diverse. These individuals frequently experience the triad of headache,
perspiration, and tachycardia linked to arterial hypertension. Despite the fact that there is a strong
augmentation visible after contrast application, this shows that they are hypervascular, especially in
their solid components[14,21]. It's crucial to keep in mind that absolute or relative resolution may be
seen on CT in benign lesions like adenoma or malignant tumors[26,27]. The bulb sign, or high signal
intensity on T2-weighted MRI scans of a pheochromocytoma, is a crucial component for diagnosis and
is present in 11%-65% of patients[28]. Usually isointense; but if there is bleeding it may also present with
a hyperintense appearance. As a result of different degrees of pathological degeneration, pheochromo-
cytomas may present in many different forms as imaging. Radiologists refer to them as "chameleon
tumors" because of this. Functional investigations are frequently necessary to be included in the
diagnosis for pheochromocytomas and paragangliomas, as well as to detect non-adrenal or metastatic
illness, due to the wide range of imaging symptoms[29]. In conclusion, it is crucial for the initial
diagnosis as well as the detection and monitoring of lesions in accordance with the advised abdominal
imaging follow-up protocols[15,30,31]. Radiologists, with multidisciplinary approaches and medical
equipment more treatment modalities for patients with VHL syndrome They seek to improve their
quality of life and aim to reduce the mortality and morbidity caused by the disease.

A 50-year-old female patient with VHL Syndrome was admitted to our hospital with nonspecific
lesions such as right upper quadrant pain, weight loss and nausea. In laboratory tests, liver function test
results were measured in normal values. Abdominal ultrasonography (US) revealed a hypoechoic
heterogeneous lesion with faint contours in places; The tumor was 15 mm x 16 mm in size and was
located in the 4" (Figure 1B) segment of the liver. On computed tomography (CT), it was observed as a
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Figure 2 Magnetic resonance imaging. A-C: In magnetic resonance imaging (MRI), the in-phase (A) and out-phase (B) images of the liver segment 4 obtained
by the “Dual echo” method of the tumor with faint contours; no significant signal loss was observed when both sequences were compared. In the fat-suppressed T2-
weighted MRI image (C), no significant signal loss was also present (findings to indicate absence of fatty content).

DOI: 10.12998/wjcc.v11.i8.1814 Copyright ©The Author(s) 2023.

Figure 3 A 16 mm diameter lesion located at the segment 4. A and B: The lesion has mild diffusion restriction on diffusion-weighted images and apparent
diffusion coefficient maps; C: It is hypointense in the precontrast phase; D: It showes strongperipheral enhancement in the arterial phase; E: Continues toenhance in

venous phase; F: The lesion is seen relatively hypointense in the hepatobiliary phase images (20" min). The diagnosis was confirmed by pathology as fat-poor
angiomyolipoma.

nodular (diameter 16 mm) lesion with hyperdense appearance in the venous phase (Figure 1). In MRI, in
phase and out phase images obtained by “Dual echo” method; When both sequences are compared, it is
understood that the lesion does not contain any fat (Figure 2).

In this case from our hospital, iohexol (Opaxol 350 mg/100 mL) was used in CT and gadoxtic acid
disodium (Primovist 0.25 mmol/mL) was used as hepatospecific agent in MR. In addition, the lesion
revealed mild diffusion restriction on diffusion-weighted images, it was hypointense in comparison
with normal liver parenchyma on T1 weighted image precontrast phase, it showed strong peripheral
enhancement in the arterial phase, and continued to enhance in the venous and late venous phases. In
the hepatobiliary phase images it was seen hypointense related to the normal parenchyma (Figure 3).
The radiographic findings indicated a benign, highly vascular tumour devoid of hepatocytes. In
conjunction with the known history of VHL Syndrome, we primarily considered the possibility of AML;
nevertheless, the lesion’s lack of fat made it difficult to determine the diagnosis. Thereupon, histopatho-
logical sampling was taken and the diagnosis came as fat-poor AML with 5% fat content.

We would like to give some more general information about the hepatic AMLs we have mentioned
over the case. Ishak[32] first described hepatic AMLs in 1976; they are tumors made up of altered fat,
epithelioid and spindle smooth muscle cells, and thick-walled blood vessels. There is a clear female
predominance in hepatic AMLs, which can affect patients of all ages. Patients with hepatic AML are
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typically asymptomatic; the tumor is frequently discovered by chance during physicals or tests for other
illnesses. Patients with big AMLs experience symptoms brought on by the tumor’s compression[33,34].

The prevalence of this condition has increased as a result of recent developments in imaging
techniques and a deeper comprehension of hepatic AMLs. Approximately 200 cases of hepatic AML
have so far been recorded[16]. Additionally, it has been discovered that the relative proportions of the
tumor components affect the imaging characteristics of hepatic AMLs[14-34]. Due to their rarity and
varying imaging characteristics, hepatic AMLs are challenging to correctly diagnose preoperatively. In
regions where HCC is prevalent, it is crucial to differentiate between hepatic AMLs and HCCs. Hepatic
AMLs typically have a characteristic appearance on imaging tests due to their fat content, allowing for
the preoperative separation of hepatic AMLs from HCCs[17-35].

CONCLUSION

In conclusion, the PHA in our case report and the fat-poor AML we presented from our clinic are two
rare vascular tumors of the liver with similar incidences. In both, important imaging methods such as
CEUS, CECT, and CEMRI provide us with significant gains. However, the definitive diagnosis is found
by biopsy.
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Abstract

BACKGROUND

Primary membranous nephrotic syndrome with chylothorax as the first
manifestation is an unusual condition. To date, only a few cases have been
reported in clinical practice.

CASE SUMMARY

The clinical data of a 48-year-old man with primary nephrotic syndrome
combined with chylothorax admitted to the Department of Respiratory and
Critical Care Medicine of Shaanxi Provincial People's Hospital were retrospec-
tively analysed. The patient was admitted to the hospital for 12 d due to shortness
of breath. Imaging showed pleural effusion, laboratory tests confirmed true
chylothorax, and renal biopsy revealed membranous nephropathy. After primary
disease treatment and early active symptom treatment, the prognosis of the
patient was good. This case suggests that chylothorax is a rare complication of
primary membranous nephrotic syndrome in adults, and early lymphan-
giography and renal biopsy can assist in the diagnosis when there are no contrain-
dications.

CONCLUSION

Primary membranous nephrotic syndrome combined with chylothorax is rare in
clinical practice. We report a relevant case to provide case information for
clinicians and to improve diagnosis and treatment.

Key Words: Adult; Chylothorax; Primary nephrotic syndrome; Membranous nephropathy;
Pleural effusion; Case report
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Core Tip: Chylothorax is a white or milky pleural effusion, and primary membranous nephrotic syndrome
is a rare cause of chylothorax. This article reports a case of primary membranous nephrotic syndrome
combined with chylothorax and summarizes the relevant cases to raise awareness of chylothorax among
clinicians.
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INTRODUCTION

Chylothorax is a white, milky or muddy fluid containing a high level of triglycerides and chylomicron
emulsion that is present in the pleural cavity and is rarely seen clinically. It is mainly caused by trauma,
malignant tumours, and autoimmune diseases. Adult primary membranous nephrotic syndrome, which
is a rare cause of chylothorax, has been poorly reported in the national and international literature, with
only isolated cases and no relevant epidemiological reports. Moreover, the related mechanism and
clinical characteristics of primary membranous nephrotic syndrome combined with chylothorax are still
unclear.

Here, we report a case of primary membranous nephrotic syndrome with chylothorax in an adult and
review and summarize the related mechanisms, clinical characteristics, and treatment of primary
membranous nephrotic syndrome with chylothorax to help clinicians improve the diagnosis, treatment,
and prognosis of this disease.

CASE PRESENTATION

Chief complaints
A 48-year-old Chinese man presented to the hospital with a complaint of dyspnoea for 12 d.

History of present illness

The patient presented 12 d earlier with dyspnoea after activity, facial oedema, which was prominent in
the morning, pitting oedema of both lower limbs that resolved after rest, occasional dry coughing, and
no low-grade fever, chills, or night sweats.

History of past illness

The patient was previously healthy and free from any disease. And he denied hospitalizations. There
was no history of recent surgery, catheter insertion, trauma, drug or food allergies, or chemical or toxic
material exposure.

Personal and family history
The patient denied any family history of the condition.

Physical examination

The vital signs were as follows: Body temperature, 36.3 °C; blood pressure, 140/76 mmHg; heart rate, 70
beats per min; and respiratory rate, 30 breaths per min. The patient was tachypneic. Physical
examination showed slightly weakened breath movements on the right side of the chest, with decreased
breath sounds on both sides of the chest, but especially on the right side, and no rales or pleural friction
sounds were heard. Cardiac and abdominal examinations were unremarkable.

Laboratory examinations

Related pleural effusion tests showed a chyle-like fluid, total pleural effusion cholesterol of 1.0 mmol/L,
pleural effusion triglycerides of 2.68 mmol/L, and a positive chyle test. Routine urinalysis showed
leukocyturia and tubular proteinuria; liver function showed hypoproteinaemia; blood lipid profile
showed total cholesterol of 11.68 mmol/L and triglycerides of 2.22 mmol/L; urine protein quantification
showed a urine protein concentration of 8160 mg/L, urine volume of 2.65 L, and total urine protein of
21624 mg/24 h; urinary chyle qualitative testing was positive; erythrocyte sedimentation rate was 68
mm/h; and some of the tumour indicators, namely, glycoantigens CA-125 and CA19-9, were elevated.
Autoimmune series, routine haematology, coagulation function, viral hepatitis, rheumatic series,
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thyroid function, T-cell test for tuberculosis infection, and renal function were normal. Repeated pleural
effusion and bronchoalveolar lavage smears did not reveal tuberculosis, or bacterial or fungal infections.

Imaging examinations

A computed tomography (CT) scan of the chest showed bilateral pleural effusion (moderate on the right
and small on the left) (Figure 1A). Bronchoscopy, cardiac ultrasound, CT of the abdomen and pelvis,
and whole-body positron emission tomography/CT were normal.

Further diagnostic work-up

The patient underwent closed thoracic drainage after admission (Figure 2). In combination with the
history, symptoms, signs and relevant laboratory tests, the patient was determined to be suffering from
nephrotic syndrome after a consultation with nephrologists. To further clarify the diagnosis, a positive
anti-phospholipase A2 receptor antibody (PLA2R) was detected (1:320). A percutaneous nephrectomy
biopsy was performed under ultrasound guidance, and the postoperative pathology was consistent with
stage I membranous nephropathy (Figure 3).

FINAL DIAGNOSIS

Combined with the patient’s medical history, the final diagnosis was primary membranous nephrotic
syndrome with chylothorax and chylous urine.

TREATMENT

Approximately 500 mL of fluid was drained per day via a closed chest drainage tube, and the patient
was given a low-salt, low-fat, and low-protein diet, diuretic therapy, and other symptomatic supportive
treatment. After the diagnosis was confirmed, he was treated with oral methylprednisolone and
cyclosporine A.

OUTCOME AND FOLLOW-UP

After 1 wk, the patient's oedema had subsided, the pleural effusion had disappeared, and the dyspnoea
had improved significantly (Figure 1B). A review of relevant laboratory tests showed blood total
cholesterol of 10.04 mmol/L, blood triglycerides of 3.78 mmol/L, urine protein concentration of 4730
mg/L, and total urine protein of 9460 mg/24 h, and the urinary chyle qualitative test was negative. The
patient was discharged in better condition and remains in follow-up.

DISCUSSION

Membranous nephropathy (MN) is a common pathological type of primary nephrotic syndrome in
adults[1]. MN is an autoimmune disease caused by an autoantibody attack against podocyte antigens
that results in the production of in situ immune complexes, mediated primarily by anti-PLA2R (85%),
antibodies to the thrombospondin type 1 structural domain containing 7A (3%-5%), or other unknown
mechanisms (10%)[2]. Most adults (80%) with primary membranous nephropathy present with
nephrotic syndrome, with the remainder presenting with nephrotic proteinuria[2].

In contrast, chylothorax is a rare complication of primary nephrotic syndrome first reported in 1989
by Moss Retal[3]. Chylothorax is usually caused by injury to the thoracic duct and chyle leakage from
the lymphatic system into the pleural cavity. Most chylothorax-inducing injuries are caused by medical
trauma and surgery[4-6]. Apart from those main causes, tuberculous lymphadenitis, autoimmune
diseases, malignancies, and congenital ductal abnormalities may also induce chylothorax[7-9].

A literature review was performed through April 2022; the Chinese Biomedical Literature Database,
PubMed, and other national and international databases were searched using the term "nephrotic
syndrome, chylothorax" without date or language restrictions. All the relevant literature and cross-
references were checked to ensure that all eligible cases were included in the statistical analysis.
Fourteen foreign papers were reviewed[2,10-22], and the majority of cases were individual case reports
[23-30]. Four of the cases were diagnosed with microscopic nephrotic syndrome (3 foreign and 1
domestic); 3 with membranous nephrotic syndrome (3 foreign); 3 with focal segmental glomerulo-
sclerotic nephrotic syndrome (all foreign); 3 with membranoproliferative nephrotic syndrome (2 foreign
and 1 domestic); 1 with membranoproliferative glomerulonephritis (all domestic); and 9 with
undetermined pathology. Most of the patients, of which 10 were children, were admitted with facial and
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Figure 1 Patient's chest computed tomography on admission and at discharge. A: Chest computed tomography showed bilateral pleural effusion; B:
The effusion gradually resolved after 1 wk of treatment.
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Figure 2 Fluid from the closed thoracic drainage. The pleural effusion was milky white.
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bilateral lower limb oedema; the youngest patient was 2.5 years old and the oldest was 66 years old.
There were 15 males and 8 females. Pleural effusion was mostly bilateral, predominantly on the right
side and with a smaller amount on the left. Ten of the patients had celiac effusion, and 6 had thrombosis
(not available in detail).

The specific pathogenesis of primary nephrotic syndrome complicated by chylothorax remains
unclear. An analysis of this case in combination with previous literature reports reveals that the
pathogenesis may be related to the following mechanisms. First, nephrotic syndrome leads to hypopro-
teinaemia and severe systemic tissue oedema, and lymphatic vascular oedema increases the
permeability of the intestinal mucosa and lymphatic vessels, causing celiac particle leakage and celiac
pleural effusion. Second, severe tissue oedema increases the pressure in the capillaries and lymphatic
vessels, leading to the rupture of lymphatic vessels and the leakage of celiac fluid. In addition, it has
also been reported that in membranous nephropathy with chylous ascites, negative intrapleural
pressure causes celiac ascites to enter the pleural cavity through the diaphragmatic defect. In the case of
massive ascites, the intraperitoneal pressure increases, and the peritoneum thins and folds back
upwards through the transverse septal fissure to form large vesicles. The continuous increase in
pressure in the abdomen causes large vesicles to rupture and chylous ascites to enter the pleural cavity
to form chylothorax[11,19,31]. Rathore et al[18] reported a case of chylothorax in an 8-year-old child and
found that the hypercoagulable state of the blood in nephrotic syndrome could lead to venous
thrombosis (superior vena cava and subclavian vein thrombosis), as it causes impaired lymphatic return
and increased pressure in the lymphatic vessels. When the pressure in the lymphatic vessels exceeds the
drainage capacity of the thoracic duct, the pleural lymphatic vessels dilate, stagnate, and rupture,
resulting in the overflow of lymphatic fluid to form chylothorax. More research is needed to confirm
whether there are other mechanisms involved in nephrotic syndrome and chylothorax, and whether
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Figure 3 Renal biopsy results. Biopsy revealed mild glomerular mesangium and stromal hyperplasia, focal segmental sclerosis, diffuse globular thickening of
the basement membrane, diffuse segmental pegging, and unremarkable intracapillary hyperplasia. Mild tubular atrophy, extensive oedema, and unremarkable
interstitial and vascular lesions were also present.
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they are related to the type of pathology.

Clinically, the diagnosis of primary nephrotic syndrome with chylothorax is based on past medical
history, clinical symptoms and signs, and laboratory and imaging tests. The clinical symptoms of
primary nephrotic syndrome with chylothorax are atypical. In addition to the manifestations of the
primary disease, the symptoms mostly include dyspnoea, shortness of breath, and cough caused by
pleural effusion, and the diagnosis is not specific. In contrast, thoracentesis and laboratory tests are
often used as the preferred diagnostic methods for chylothorax. Laboratory tests for chylothorax often
have the following characteristics for its diagnosis: (1) The fluid is white, milky or cloudy in appearance,
and liquid stratification occurs after resting; (2) The fluid is rich in lymphocytes, often polyclonal T-cell
populations, and is usually alkaline, with a pH value between 7.4 and 7.8; (3) Thoracic effusion trigly-
ceride levels are specific for the diagnosis of chylothorax. Chylothorax is diagnosed when triglycerides
are > 110 mg/dL, cholesterol is < 200 mg/dL and celiac particles are microscopically visible. Thoracic
effusion with a triglyceride value < 50 mg/dL usually rules out chylothorax. Triglyceride levels between
55 and 110 mg/dL require lipoprotein electrophoresis analysis to detect chyle particles. In patients who
are fasting or malnourished, lipoprotein electrophoresis analysis is recommended even if triglycerides
are <50 mg/dL; and (4) A thoracic effusion-to-serum triglyceride ratio > 1, a thoracic effusion-to-serum
cholesterol ratio < 1, and a thoracic effusion triglyceride-to-cholesterol ratio > 1 may also aid in the
diagnosis of chylothorax. X-rays, ultrasound, CT, magnetic resonance imaging, lymphography, and
nuclear lymphography can also clarify the cause of chylothorax, and if necessary, histopathological
biopsy or excision of the positive lesions on imaging may be performed as appropriate.

The treatment of nephrotic syndrome with chylothorax should be individualised and combined, i.e.,
with active treatment of the primary disease and simultaneous treatment of chylothorax to achieve a
faster cure or remission. Therefore, the basic treatment of chylothorax lies in symptomatic supportive
treatment.

The patient presented to the Shaanxi Provincial People's Hospital with a complaint of dyspnoea for
the preceding 12 d. Laboratory tests suggested hypoproteinaemia, hyperlipidaemia, and massive
proteinuria, consistent with nephrotic syndrome. The patient had no history of recent surgery, catheter
insertion or trauma, recurrent respiratory infections, or chemical or toxic exposure, and laboratory and
imaging tests ruled out chylothorax due to tuberculosis, a fungus, or a tumour. The patient had no
history of nonsteroidal anti-inflammatory drug abuse, and secondary membranous nephropathy was
excluded. The diagnosis of primary membranous nephropathy syndrome with chylothorax was clear,
taking into account the pathological findings of the renal biopsy, the clinical symptoms and signs, all
test results, and the effectiveness of various drugs during the course of treatment.

For this patient, we administered conservative symptomatic supportive treatment, reduced
cholesterol intake through a low-salt, low-fat and low-protein diet, and increased physical activity to
reduce weight. Symptomatic treatment, such as diuresis and albumin supplementation, can relieve
tissue oedema and pleural effusion, and growth inhibitors as well as omeprazole can reduce chylous
fluid production. In this case, the pleural effusion was significantly reduced after aggressive treatment,
and the patient’s shortness of breath was relieved.
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CONCLUSION

Chylothorax is a rare complication of primary nephrotic syndrome, and a systematic differential
diagnosis should be made clinically. Furthermore, a pathological biopsy should be performed when the
diagnosis is unclear. By reporting this case, we hope that clinicians can improve their understanding of
primary nephrotic syndrome and chylothorax, enriching their clinical knowledge, and provide new
ideas for future clinical treatment.
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Abstract

BACKGROUND

Vascular injury during thoracoscopic surgery for esophageal cancer is a rare but
life-threatening complication that can lead to severe hypotension and hypoxemia.
Anesthesiologists need to provide rapid and effective treatment to save patients'
lives.

CASE SUMMARY

A 54-year-old male patient was scheduled to undergo a thoracoscopic-assisted
radical resection of esophageal cancer through the upper abdomen and right
chest. While dissociating the esophagus from the carina through the right chest,
unexpected profuse bleeding occurred from a suspected pulmonary vascular
hemorrhage. While the surgeon attempted to achieve hemostasis, the patient
developed severe hypoxemia. The anesthesiologist implemented continuous
positive airway pressure (CPAP) using a bronchial blocker (BB), which effectively
improved the patient’s oxygenation and the operation was completed success-
fully.

CONCLUSION
CPAP using a BB can resolve severe hypoxemia caused by accidental injury of the
left inferior pulmonary vein during surgery.

Key Words: Vascular injury; Continuous positive airway pressure; Hypoxemia; Bronchial
blocker; Esophageal carcinoma resection; Case report

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.
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Core Tip: Although hypoxemia caused by pulmonary vein injury is a rare complication, it is life-
threatening. We report such a rare case, successfully managed by continuous positive airway pressure
using a bronchial blocker. We hope that this case report helps other specialists to promptly manage similar
incidents and avoid treatment delays and death.

Citation: Zhou C, Song S, Fu JF, Zhao XL, Liu HQ, Pei HS, Guo HB. Continuous positive airway pressure for
treating hypoxemia due to pulmonary vein injury: A case report. World J Clin Cases 2023; 11(8): 1830-1836

URL: https://www.wjgnet.com/2307-8960/full/v11/i8/1830.htm

DOI: https://dx.doi.org/10.12998/wjcc.v11.i8.1830

INTRODUCTION

The esophagus is adjacent to major blood vessels such as the aorta and pulmonary vessels. Injury to
these blood vessels during thoracoscopic surgery for esophageal cancer is a rare but life-threatening
complication[1], which can lead to severe hypotension and hypoxemia. Thus, anesthesiologists need to
provide rapid and effective treatment to save the affected patient’s life. Here, we report a special case
wherein the surgeon accidentally injured the left inferior pulmonary vein while dissociating the
esophagus during thoracoscopic surgery for esophageal cancer. The patient developed severe
hypoxemia during hemostasis. Continuous positive airway pressure (CPAP) was administered through
a bronchial blocker (BB), significantly improving oxygenation, and thereby preventing life-threatening
complications.

CASE PRESENTATION

Chief complaints
A 54-year-old man undergoing elective resection of esophageal cancer.

History of present illness

The patient was diagnosed with middle thoracic esophageal cancer in January 2022 after presenting to
the hospital with dysphagia. He underwent two cycles of neoadjuvant chemotherapy and was
scheduled for esophageal cancer resection.

History of past illness
The patient had no previous history of any major illness and no other underlying illnesses.

Personal and family history
The patient denied any family or genetic history of similar diseases.

Physical examination
173 cm tall, weighing 72 kg, ASA 1L

Laboratory examinations
The patient’s laboratory test results, including the full blood count and liver and renal function tests,
were normal.

Imaging examinations

Electronic gastroscope results: Canker-like new organisms were observed 30-37 cm away from the local
incisors. Pathology results: Squamous cell carcinoma. Chest computed tomography results: Thickening
of the middle and lower esophageal wall.

SURGERY

The patient was scheduled to undergo thoracoscopic-assisted radical resection of esophageal cancer
through the upper abdomen and right chest. The abdominal operation was successful, after which the
patient was placed in the supine position on his left side, and a BB was inserted into the right main
bronchus. While dissociating the esophagus from the carina through the right chest, unexpected profuse
bleeding occurred, which resulted in an emergency thoracotomy due to a possible pulmonary vascular
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Figure 1 After occlusion of the left inferior pulmonary vein. The arrow indicates the vascular rupture.
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Figure 2 Bronchial blocker in the correct position.
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hemorrhage. The rate of blood loss from an unknown source was approximately 1000 mL/3 min.

After finger pressure suppressed the bleeding, the surgeon dissected the structures around the
bleeding source with the aid of video-assisted thoracoscopy. Rapid fluid replacement and vasoactive
drugs were administered to maintain blood pressure, along with other treatments, while 2 units of red
blood cells were being prepared.

Following dissection, the surgeon clamped both ends of the ruptured blood vessel in preparation for
suturing (Figure 1). Following vascular occlusion, the patient's pulse oxygen saturation (SpO,) suddenly
decreased from 97% to 87% over 5 min, followed by a further decrease from 87% to 66% over the next 10
min (Table 1). We quickly ruled out possible anesthesia-related factors, including the respiratory circuit
falling off and BB displacement. Manual ventilation was concurrently initiated to increase the
respiratory rate and improve blood oxygenation. Additionally, correct BB positioning was confirmed
using a fiberoptic bronchoscope (Figure 2). The surgeon confirmed that the rupture was located in the
left inferior pulmonary vein, thereby identifying the cause of the patient's hypoxemia. The patient's
respiratory status was as follows: the right lung was unable to complete gas exchange as there was
blood flow without ventilation during the time in which the BB was inserted into the right main
bronchus; whilst for the left lung, only the upper lobe could complete gas exchange as the lower lobe
was ventilated without blood flow while the left lower pulmonary vein was clamped (Figure 3).

FINAL DIAGNOSIS

Hypoxemia secondary to injury of the left inferior pulmonary vein during thoracoscopic surgery for
esophageal cancer.
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Table 1 Oxygenation status of the patient at different time points

Immediately after blocking the 5 min after blocking the 10 min after blocking the 5 min after 25 min after
pulmonary vein pulmonary vein pulmonary vein, start CPAP CPAP CPAP

SpO,, % 97 87 66 84 90

PaO, - - - 63.4 79.2

(mmHg)

PaCo, - - - 632 71

(mmHg)

PETCO, 34 32 39 31 43

(mmHg)

CPAP: Continuous positive airway pressure; SpO,: Pulse oxygen saturation; PaO,: Partial pressure of oxygen in artery; PaCO,: Partial pressure of carbon
dioxide in artery; PETCO,: End tidal carbon dioxide.

DOI: 10.12998/wjcc.v11.i8.1830 Copyright ©The Author(s) 2023.

Figure 3 The blue arrow indicates the bronchial blocker and the red arrow the bleeding point and forceps.

TREATMENT

There was a challenge: If the clamp was released, the blood supply to the left lung would be restored,
allowing the patient to be ventilated; however, bleeding would resume. Due to the position of the
rupture on the left side of the protuberance, ventilation of the right lung would affect the surgeon’s
ability to conduct the operation.

After consultation, we decided to administer 5 mmHg CPAP to the right lung to improve
oxygenation by precisely controlling the CPAP pressure through the BB suction hole. After adminis-
tering CPAP, the patient's SpO, increased gradually, from 66% to 84% over 5 min, and the blood SpO,
gradually increased to 90%. After the patient was stabilized, the surgeon anastomosed the blood vessels
(Figure 4) and the patient underwent ventilation for both lungs. The respiratory parameters were then
adjusted, and the end tidal carbon dioxide decreased to 33 mmHg, with a partial pressure of carbon
dioxide in the artery (PaCO,) of 40 mmHg.

OUTCOME AND FOLLOW-UP

The endotracheal tube was removed 15 min after surgery and the patient was discharged seven days
later with no further complications.
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Figure 4 Blood vessels after suture.
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Figure 5 Accurate control of the continuous positive airway pressure and physical diagrams. The blue arrow indicates the continuous positive
airway pressure displayed in the monitor.

DISCUSSION

In the present case, common hypoxemia management methods would not have been able to improve
the patient's oxygenation levels (Table 2). Although the use of CPAP through a BB to treat hypoxemia
during one-lung ventilation has been reported[2,3], a system to monitor and accurately adjust CPAP
pressure in real time has not been reported. This case required accurate control of CPAP pressure due to
the fact that excessively low CPAP pressure would not have improved oxygenation and excessively
high CPAP would have caused lung expansion, affecting the surgical procedure[4]. The anesthetic
machine APL valve was used for pressure adjustment and a pressure sensor was added to continuously
monitor the CPAP in real-time (Figure 5).

During vascular anastomosis, only the left upper lobe of the lung could exchange gas. The decrease in
the lung ventilation area leads to an increased PaCO,and a higher level of PaCO, than the pressure of
endtidal CO,. Foreseeing this possibility, we closely monitored the patient’s vital signs and increased
the frequency of blood gas analyses. Patients with pulmonary artery occlusion or severe chronic
obstructive pulmonary disease may have similar problems[5,6]. After completion of vascular
anastomosis, the patient was adequately ventilated, releasing CO,, and his PaCO,returned to normal
when he awoke.

We believe that the blood supply of the left lower lobe bronchial artery is involved in oxygenation.
The lung has a dual blood supply from the bronchial and pulmonary arteries. The bronchial artery
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Table 2 Common hypoxemia management methods

Ensure that FiO, =1

Already used, but unable to improve

Check BB position with a fiberoptic bronchoscope Already used, but unable to improve
Ensure optimal cardiac output and reduce volatile anesthetics (< IMAC) Already used, but unable to improve
Apply recruitment maneuver to the ventilated lung Already used, but unable to improve
Apply PEEP (5 cmH,0) to the ventilated lung Already used, but unable to improve
Perform intermittent re-expansion on the non-ventilated lung Unable to apply
Mechanically restrict blood flow of the non-ventilated lung Unable to apply

FiO2: Fraction of inspired oxygen; BB: Bronchial blocker; MAC: Minimum alveolar concentration; PEEP: Positive end-expiratory pressure.

Jaishideng®

generally originates from the thoracic aorta or aortic arch, with two left and right sides, and supplies all
bronchus levels above the respiratory bronchus, anastomosing with the capillaries at the end of the
pulmonary artery. The bronchial artery accounts for 1%-3% of the pulmonary blood supply[7]. If the left
inferior pulmonary vein is blocked, the bronchial artery blood supply may increase and significantly
contribute to oxygenation. This has been confirmed in patients with bronchiectasis and other diseases

[8].

CONCLUSION

In conclusion, precise CPAP implementation using a BB could effectively treat severe hypoxemia due to
accidental injury of the left inferior pulmonary vein during resection of esophageal cancer.
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Abstract

At present, with the development of technology, the detection of cryptococcal
antigen (CRAG) plays an increasingly important role in the diagnosis of crypto-
coccosis. However, the three major CRAG detection technologies, latex agglu-
tination test (LA), lateral flow assay (LFA) and Enzyme-linked Immunosorbent
Assay, have certain limitations. Although these techniques do not often lead to
false-positive results, once this result occurs in a particular group of patients (such
as human immunodeficiency virus patients), it might lead to severe consequences.

Key Words: Cryptococcosis; Capsular antigen detection; False positive; Tissue; Case report
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Core Tip: Cryptococcosis is a pulmonary or disseminated infectious disease caused by
Cryptococcus, which mainly causes pneumonia and meningitis, but also skin, bone or
internal organs infection. the three major cryptococcal antigen detection technologies,
latex agglutination test, lateral flow assay and Enzyme-linked Immunosorbent Assay,
have certain limitations. Although these techniques do not often lead to false-positive
results, once this result occurs in a particular group of patients (such as human
immunodeficiency virus patients), it might lead to severe consequences. Therefore, once
the test results are inconsistent with the clinical symptoms, it is necessary to reexamine
the samples carefully.
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INTRODUCTION

Cryptococcosis is a pulmonary or disseminated infectious disease caused by Cryptococcus, which
mainly causes pneumonia and meningitis, but also skin, bone or internal organs infection. Clinically,
combined with clinical manifestations and microscopic examination results, the diagnosis was made,
and then confirmed by fungal culture or tissue staining. Infection is caused by inhalation of Crypto-
coccus in human respiratory tract, and the primary infection focus is mostly lung, which causes
Pulmonary cryptococcosis (PC)[1-3]. However, immunocompetent people who are infected with crypto-
coccosis often have insidious onset, usually without typical clinical symptoms, mostly of which are
found in physical examination, and the imaging manifestations are diverse which cause trouble in the
diagnosis of PC in normal population[4-6]. At present, the diagnosis of PC mainly includes three
methods: Pathogen detection, immunologic test and molecular biological detection. The detection of
cryptococcal capsular polysaccharide antigen (CRAG) is considered to be the most valuable and rapid
serological diagnosis methods in routine examination of cryptococcosis[7]. There are three major CRAG
detection technologies for now, atex agglutination test (LA), lateral flow assay (LFA) and Enzyme-
linked Immunosorbent Assay. Generally speaking, CRAG titer > 1:4 indicates cryptococcal infection,
and the higher the titer, the greater the diagnostic value. Current researches suggest that CRAG test has
higher sensitivity and diagnostic specificity than traditional immunodiagnostic methods and is widely
applied in clinic[8-10].

However, recently, our team found 3 false positive detection cases of serum CRAG in immunocom-
petent patients with pulmonary lesions. One of the patients was diagnosed as PC, but the anti-crypto-
coccosis treatment was ineffective, and finally the patient was found to be misdiagnosed by tissue
culture after lung puncture biopsy. The other two patients were detected by lung puncture and
continuous re-examination of CRAG to exclude diagnosis of PC with negative results. In order to
summarize the diagnosis and treatment experience of these three cases and enhance the diagnosis and
treatment level of PC, the clinical data are shared as follows.

CASE PRESENTATION

Chief complaints
Case 1: A 53-year-old man, half a month ago, the chest computed tomography (CT) suggested a thick-
walled cavity shadow in inferior lobe of left lung.

Case 2: A 67-year-old woman developed a cough without obvious inducement, accompanied by chest
muffling and shortness of breath. These symptoms lasted for 2 wk.

Case 3: A 67-year-old male patient, was found to have new solid nodules in the middle lobe of the right
lung during routine review.

History of present illness

Case 1: The patient, was found to have nodules in inferior lobe of left lung during physical examination
one year ago. Half a month ago, the chest CT review of the man suggested a thick-walled cavity shadow
in inferior lobe of left lung. The patient came to our hospital for further diagnosis.

Case 2: The patient developed a cough without obvious inducement, presenting paroxysmal coughing
without sputum and accompanied by chest muffling and shortness of breath. These symptoms lasted
for 2 wk, during which the patient had received antimicrobial therapy with oral administration of
Moxifloxacin 0.5 g once a day for 5 d in the outer court, but the symptoms were still not relieved, and
even aggravated. On December 19, 2018, the patient checked the lung CT examination and found that
there were nodules in inferior lobe of left lung and multiple enlarged lymph nodes in mediastinum. The
patient with left lung infection was further diagnosed in our hospital.

Case 3: The patient with liver transplantation two years before and had been treated with oral
tacrolimus anti-rejection after liver transplantation. The patient was found to have new solid nodules in
the middle lobe of the right lung during routine review and had no chief complaint. The patient came to
our hospital for further diagnosis.
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History of past illness
Case 1: A history of nodules in inferior lobe of left lung during physical examination one year ago,
general health good.

Case 2: A history of asthma.

Case 3: A history of liver transplantation two years before and had been treated with oral tacrolimus
anti-rejection after liver transplantation.

Physical examination

Case 1: The patient underwent a preliminary examination with the results of a body temperature of
36.2 °C, blood pressure of 137/86 mmHg, pulse rate of 91 beats/min, respiratory rate of 20 beats/min
and oxygen saturation of 98%. Lung auscultation suggested clear respiratory sounds in both lungs, no
rales were heard, and other examinations showed no obvious abnormality.

Case 2: The patient underwent a preliminary examination with the results of a body temperature of
37.2 °C, blood pressure of 119/73 mmHg, pulse rate of 100 beats/min, respiratory rate of 21 beats/min
and oxygen saturation of 96% with two nasal cathedrals of 2L/ min. Further physical examination
revealed that an enlarged lymph node about 1 cm X 2 cm in size could be touched in the left neck, which
was soft with moderately activity. Lung auscultation suggested heavy respiratory sounds in both lungs,
but no rales were heard, and other examinations showed no obvious abnormality.

Case 3: The patient underwent a preliminary examination with the results of a body temperature of
36.7 °C, blood pressure of 126/75 mmHg, pulse rate of 83 beats/min, respiratory rate of 18 beats/min
and oxygen saturation of 99%. Lung auscultation suggested clear respiratory sounds in both lungs, no
rales were heard, and other examinations showed no obvious abnormality.

Laboratory examinations

Case 1: After admission, the CRAG detection was positive, and no other major were found in other
items. The results of cerebrospinal fluid (CSF) were all negative. After 19 days of treatment, the
detection of CRAG was negative.

Case 2: After admission, in routine hematology and biochemical laboratory examinations, tests for
CRAG and T-cell detection of tuberculosis infection were positive, and no other major findings were
found in other items.

Case 3: After admission, routine hematology and biochemical laboratory tests showed that the detection
of CRAG was positive with no other major findings were found in other items. Before the treatment, the
local hospital rechecked the test of CRAG and the result was negative. Three months later, the detection
of serum CRAG showed a negative result.

Imaging examinations

Case 1: Half a month ago, the chest CT review of the man suggested a thick-walled cavity shadow in
inferior lobe of left lung. After admission, high resolution CT (HRCT) examination of the patient
indicated multiple nodules in inferior lobe of left lung, one with a thick-walled cavity and one with
nodules, suggesting granulomatous inflammation and the possibility of cryptococcus (Figure 1A). After
19 d of treatment, chest CT reexamination, which revealed the formation of nodules with cavities in the
left lower lobe. The lesions were enlarged, and internal cavity was narrowed compared to old CT photos
(Figure 1B). The patient had three times of chest CT reexamination later, all of which indicated that the
infection lesions in inferior lobe of left lung were shrinking.

Case 2: On December 19, 2018, the lung CT examination found that there were nodules in inferior lobe
of left lung and multiple enlarged lymph nodes in mediastinum. After admission, the chest HRCT of the
patient indicated left inferior lobe lung cancer, multiple mediastinal lymph node metastasis, and pleural
effusion with a small amount of pericardial effusion (Figure 2). Attachment: cysts in pancreatic body. B-
ultrasound examination presented that there were multiple TI-RADS2 types of nodules in right thyroid,
multiple lymph nodes enlargement in the IV region of bilateral neck, fatty liver, no obvious abnormality
in bilateral adrenal scanning and retroperitoneal scanning. After the treatment, two chest CT reexamin-
ations later, both indicated that the left lower pulmonary lesions were continuously shrinking.

Case 3: After admission, the chest HRCT reexamination of the patient suggested nodules in the right
middle lobe and bilateral lower lobe and proliferative lesions were considered (Figure 3A). Three
months later, chest CT examination of the patient in local hospital revealed the absorption of lesions in
right lung.
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Figure 1 High resolution computed tomography examination. A: High resolution computed tomography (CT) examination of the patient indicated multiple
nodules in inferior lobe of left lung, one with a thick-walled cavity and one with nodules, suggesting granulomatous inflammation and the possibility of Cryptococcus;
B: The lesions were enlarged, and internal cavity was narrowed compared to old CT photos; C: Tissue culture suggested Aspergillus spp.; D: The three times of chest
CT reexamination after the treatment, all of which indicated that the infection lesions in inferior lobe of left lung were shrinking, suggesting that the treatment was
effective.
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Figure 2 Multiple mediastinal lymph node metastasis, and pleural effusion with a small amount of pericardial effusion.

Pathological examinations

Case 1: Half a month ago, no significant abnormality was observed in bronchoscopy. After 19 days of
treatment, the patient underwent CT-guided puncture biopsy of the left pulmonary lesions. Tissue
culture suggested Aspergillus spp. (Figure 1C).

Case 2: On December 25, 2018, tracheoscopy suggested mucosal swelling of the left upper lobe
bronchus. Intraoperative EBUS detected lymph node enlargement in the seventh and eleventh groups,
and EBUS-TBA was performed in the seventh group. At the same time, the patient also underwent CT-
guided lung puncture and left supraclavicular lymph node puncture biopsy. Pathological prompts of
three above examinations were as follows, EBUS-TBNA: adenocarcinoma CK7 (+), TTF-1 (+), NapsinA
(+), CK5/6 (-), P63 (-), CgA (-), ALK-Lung (-); left lung puncture: adenocarcinoma CK7 (+), TTF-1 (+),
NapsinA (+), CK5/6 (-), ALK-Lung (-), P63 (-), Ki-67 (25%); left supraclavicular lymph node puncture:
metastasis of lung adenocarcinoma CK(pan) (+), CK7 (+), TTF-1 (+), NapsinA (+), CDX2 (-), GATA-3 (),
CK20 (+). Further genetic testing suggested a mutation in L858R.
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Figure 3 High resolution computed tomography reexamination. A: The chest high resolution computed tomography reexamination of the patient
suggested nodules in the right middle lobe and bilateral lower lobe and proliferative lesions were considered; B: the detection of serum cryptococcal antigen showed a
negative result, suggesting that the treatment was effective.
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Case 3: No evidence.

FINAL DIAGNOSIS

Depending on laboratory, radiological and pathological findings, Patient 1 was diagnosed as pulmonary
aspergillosis.

According to laboratory, imaging and pathological examination, Patient 2 was diagnosed with lung
adenocarcinoma in stage IV (cT2aN3M1c), and basically ruling out the possibility of cryptococcus
infection.

Following the radiographic, clinical and laboratory examination, Patient 3 was diagnosed as
community-acquired pneumonia.

TREATMENT

Case 1

The treatment regimen was Diflucan at a dosage of 400 mg intravenously once a day, and three d later
the patient switched to oral administration and was discharged with medication. After 19 d oral
administration of Diflucan (400 mg orally once a day), the lesions were still progressing after oral
administration of Diflucan with the negative result of CRAG detection, the diagnosis of PC should be
further verified and the treatment program was modified to Voriconazole 200mg orally twice a day, and
the patient was discharged with medication.

Case 2
According to the genetic testing results, we developed an oral Conmana 125mg tid targeted therapy
regimen.

Case 3

Since the patient had been treated with oral tacrolimus anti-rejection after liver transplantation and had
the basis of immune injury, the possibility of PC was considered as the preliminary diagnosis combined
with the imaging examination and the positive detection of CRAG. The treatment of Diflucan by oral
administration was recommended. The patient then returned to the local hospital for treatment, but
before the treatment, the local hospital rechecked the test of CRAG and the result was negative. After
contacting our hospital, a consensus was reached that anti-cryptococcal therapy should be replaced with
antimicrobial therapy.

OUTCOME AND FOLLOW-UP

Case 1
The three times of chest CT reexamination after the treatment, all of which indicated that the infection

WJCC | https://www.wjgnet.com 1841 March 16,2023 | Volume1l | Issue8 |



Chen WY et al. False positive detection of serum cryptococcal antigens

Jaishideng®

lesions in inferior lobe of left lung were shrinking, suggesting that the treatment was effective
(Figure 1D).

Case 2

The two chest CT reexaminations after the treatment, both indicated that the left lower pulmonary
lesions were continuously shrinking, suggesting effective treatment and basically ruling out the
possibility of cryptococcus infection.

Case 3

Three months after the treatment, chest CT examination of the patient in local hospital revealed the
absorption of lesions in right lung, and the detection of serum CRAG showed a negative result,
suggesting that the treatment was effective (Figure 3B).

DISCUSSION

Since the above three cases all showed false positive detection of serum CRAG in the same period, our
team attached great importance to it. We reviewed the examination results of the three patients and
checked the possible factors one by one. Finally, we found that the false positive in this batch of
specimens was caused by improper handling by technicians. Common methods for detection of CRAG
includes LA, LFA and Enzyme-linked Immunosorbent Assay (ELISA). While we used LFA for
detection, which is a simple and effective laboratory method for qualitative and semi-quantitative
detection of the polysaccharide antigen in serum, plasma, whole blood and CSF by immunochromato-
graphy. The principle of LFA is essentially a “sandwich” immunochromatographic strip test, which
requires adding the sample and sample dilution to a suitable container (such as a test tube), and the test
strip is also placed in the container. During the test, the sample is chromatographed to the gold labelled
anti-Cryptococcus antigen capture monoclonal antibody and the gold labelled control antibody located
on the detection membrane. If there is a CRAG in the sample, it will bind to the gold labelled anti-
cryptococcus antibody. The bound gold labelled antibody (GAB) antigen complex continues to be
chromatographed on the membrane by capillarity and reacts with detection strips containing
immobilized anticryptococcal monoclonal antibodies. The GAB antigen complex forms a "sandwich"
structure at the detection strips and displays a visible detection strip. As long as there is normal chroma-
tography and reagent reaction, the chromatography of any positive or negative samples will cause the
gold labelled control antibody to move to the control strip, and the immobilized antibody will combine
with the gold labelled control antibody to form a visible control strip. Positive test results will show two
bands (test band and control band) and negative test results will show only one band (control strip). If
no control strip appears, the test is invalid[8,11,12].

The kit used in our hospital is IMMY's CrAg Lateral Flow Assay (colloidal gold immunochromato-
graphy). First, add a drop of sample dilution to the microcentrifuge tube, then add 40 pL of sample.
Next the white end of the CRAG test strip was immersed in the sample solution, and the result was read
after 10 minutes. Diluting the sample is a critical step and usually about 50 pL of sample dilution is
needed. Although this is not emphasized in the product specification, studies have shown that
insufficient sample dilution is an important cause of false negative or false positives in test results[13,
14]. According to the investigation, these three cases were caused by a newly employed technician who
did not add enough sample diluent during the operation, which resulted in false positive in the test.

LITERATURE REVIEW

Although the detection of CRAG has high clinical value in the rapid diagnosis of cryptococcosis, we still
cannot ignore the false positive results that may occur in the detection process. For once the above
results are misjudged, it is easy to cause misdiagnosis. We searched on Pubmed with terms such as

"cryptococcosis”, "cryptococcal capsular antigen detection", "latex agglutination test", "colloidal gold

immunochromatography", "enzyme-linked immunosorbent assay", and "false positive", and excluding
the literature that simply discuss the "false-negative" of the above three techniques and the literature
that study other methods for diagnosing cryptococcal. Only the reports on false positive results of
CRAG detected by LA, LFA and ELISA were considered, including main clinical features and detection
methods. A total of 4 cases were included (Table 1), as well as 8 other related studies. After reviewing
the literature, we found that the three commonly used CRAG technologies (LA, LFA, and ELISA) in the
market have the possibility of false positive results. Among the 4 included cases and 3 cases we
reported, 4 cases adopted LA and 3 cases adopted LFA. A recently reported case of false positive
adopted LA was from systemic lupus erythematosus (SLE) patient in active phase and complicated with
Libman-Sacks endocarditis[15]. The patient developed onset of sudden disturbance of consciousness,
recovered consciousness after 16 h, and the neurological examination was essentially normal, but the
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Table 1 Case reports of false positive cryptococcal antigen

Underlying disease ~ Sample
Ref. Age Gountry (including . source/Detection Basls ofidlagnosls Possible Outcome
(yr)/gender Immunosupressive  method/Reagent causes
disease or drug use) company
Matsumoto et  58/F United  SLE with secondary CSF/LA/CALAS® (1) Reexamination of serum  Nonspecific Survived
al[24], 2019 States immune thrombocyt- ~ Meridian Bioscience LA suggested negative; (2) interference with
openic purpura Inc., Cincinnati, Ohio ~ Both CSF ink staining and the
culture results were autoantibodies of
negative; and (3) Head MRI ~ SLE circulation in
showed abnormal signals in  patients
the left superior frontal
cortex, consistent with
subacute ischemia; Cardiac
hypertrophy suggested
Libman-Sack endocarditis.
The final diagnosis was
"thromboembolic
cerebrovascular transient
ischemia"
Augeret al 26/M United None CSF/LA Blood and CSF culture Common
[25], 2019 States identified Df-2 infection antigenic surface
components may
exist in DF-2
Volozhantsev 33/M United  Aplastic anemia; after ~ Serum/LA/ IM Inc, The autopsy confirmed Similar structures Died
et al[26], 2020 States bone marrow American Microscan Trichosporon asahiti of polysac-
transplantation infection charides may
exist in
Trichosporon
asahiti
Zhuetal[27], 29/F United Non-Hodgkin's CSF/LA/CALAS, CSF culture indicated Stomatococcus Died
2018 States lymphoma Meridian Diagnostics, ~ Stomatococcus infection infection may
Cincinnati, Ohio, and cross-react with
CRYPTO-LA, Interna- LA
tional Biological
Laboratories,
Cranbury, New Jersey
This case 1 53/M China None Serum/LFA/ IMMY (1) Anticryptococcal Insufficient Survived
Immuno-Mycologics,  treatment failed; and (2) sample dilution
Norman, Oklahoma, Lung puncture tissue culture
United States suggested aspergillus
Case 2 67/F China Bronchial asthma Serum/LFA/ IMMY Lung biopsy and left suprac- Insufficient Survived
Immuno-Mycologics,  lavicular lymph node biopsy sample dilution
Norman, Oklahoma, indicated lung adenocar-
United States cinoma
Case 3 67/M China Post-orthotopic liver Serum/LFA/ IMMY (1) The local hospital Insulfficient Survived

transplantation

Immuno-Mycologics,
Norman, Oklahoma,
United States

reexamination of CRAG was
negative; and (2) Anti-
bacterial therapy was
effective

sample dilution

SLE: Systemic lupus erythematosus; CSF: Cerebrospinal fluid; LA: Latex agglutination; MRI: Magnetic resonance imaging; CRAG: Cryptococcal antigen.
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initial CRAG of CSF was positive. Then the patient began to receive anti- cryptococcal therapy. CSF ink
staining and culture results were both negative after 3 days, and the CRAG of CSF was negative after
reexamination. The first positive result was considered unreliable, so the anti-cryptococcal treatment
was suspended. The reason for this false positive result may be caused by the non-specific interference
of circulating autoantibodies in active SLE patients, especially when the titer of serum anti-nuclear
antibodies was high[15]. In addition, it has been reported that fungal infection caused by Trichosporon
asahii or bacterial infection caused by Stomatococcus or Capnocytophaga can lead to false positive
results in the detection of CRAG, and these positive results usually show low titer[16-18]. Besides, there
are some rare cases of false positives adopted LA, including contamination of samples by substances in
the BBL Port-A-cul specimen transport bottle and the inactivation of invertase vials of the test kits[19,
20].

LFA is considered to have better operability and stability than LA and the Chinese consensus believes
that LFA method has a low probability of false positive, and has replaced the traditional screening
method for cryptococcal infection, due to its simple operation, fast detection speed (< 15min), simple
technology, less experimental instruments, and no need for refrigerated reagents[14-17]. Some studies
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Table 2 Possible causes of false positive results in three cryptococcal antigen detection techniques

Detection
LA LFA ELISA

method

Sample Cerebrospinal fluid/Serum Cerebrospinal fluid/Serum/Plasma Cerebrospinal fluid/Serum

/Whole blood

Possible Serum of rheumatoid factor, agarose dehydration, LFA has antigenic cross-reaction with ~ Samples are Infected with other

causes of false hydroxyethyl starch, and containing Fe**/dL > 200 mg was  aspergillus which may lead to false microbial infections, such as

positive present, Circular slides are not properly washed, the positive results'; Sample dilution is Trichosporon'; Reagents and
inactivation of Streptomyces protease in the kit and some insufficient” samples to be tested are
nonspecific reactions in patients with HIV infection occur contaminated”

ILateral flow assay (LFA) should not be used as a screening test for the general population, but only should be performed when clinical evidence suggests
the possibility of cryptococcosis.

LFA may also have potential interference factors, including samples pretreated with 2-mercaptoethanol or those containing vaginal ointment, caffeine,
ascorbic acid, itraconazole, amphotericin B, acetaminophen or acetylsalicylic acid. However, the above factors have not been systematically evaluated.

LA: Latex agglutination; LFA: Lateral flow assay; ELISA: Enzyme linked immunosorbent assay; HIV: Human immunodeficiency virus.

have found that when the antigen titer in the sample is too high or the sample is not diluted enough, a
post-zone phenomenon, also known as Prozone phenomenon (It is also called HOOK effect in the kit
instruction), may occur which will interfere with the antigen-antibody reaction necessary for the display
of positive test, resulting in false negative results[21-23]. But, accoeding to the investigation, it is
puzzling that the three cases we reported had false positive results due to insufficient dilution of
samples. This phenomenon is extremely rare, and only a few literatures have mentioned it, but its
mechanism has never been discussed in depth. We proposed a relatively reasonable explanation. LFA
detection of CRAG is achieved by capturing cryptococcal capsular polysaccharide components in serum
or CSF samples with antibodies against cryptococcal capsular polysaccharide. This polysaccharide
component is not unique to Cryptococcus, many microorganisms in nature secrete capsular polysac-
charides (such as Streptococcus pneumoniae, Streptococcus group B, Streptococcus suis, etc.)[24-26].
Although LFA can detect CRAG of four major cryptococcus serotypes (type A and D are cryptococcus
neoformans, type B and C are Cryptococcus Gattinii), capsular polysaccharides produced by other
microorganisms are likely to be associated with CRAG in a cross-structure. False positive results may
occur when the sample is not sufficiently diluted and there is a similar structure of CARG in the patient.
As mentioned above, this may be the cause of false-positive capsular antigen results after certain fungal
or bacterial infections.

In addition, through literature review, we found that with the progress and promotion of LFA and
LA in recent years, ELISA was rarely used to detect CRAG in clinical diagnosis of cryptococcosis, but
there were still reports on the comparison of three detection technologies[27-32]. Through these reports

and some related works, we summarize the limitations of the three techniques in detecting CRAG
(Table 2).

CONCLUSION

At present, with the development of technology, the detection of CRAG plays an increasingly important
role in the diagnosis of cryptococcosis. However, the three major CRAG detection technologies have
certain limitations. Although these techniques do not often lead to false positive results, once this result
occurs in a special group of patients (such as human immunodeficiency virus patients), it might lead to
serious consequences. Therefore, once the test results are inconsistent with the clinical symptoms, it is
necessary to carefully reexamine the samples. Especially for LFA and LA, the samples can be fully
diluted or segmented dilution to avoid false positive results. It is certainly that in the diagnosis, fluid
and tissue culture should also be improved, combined with imaging, ink staining and other methods to
further improve the accuracy of the diagnosis.
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Abstract

BACKGROUND

Breast abscess during lactation is a severe complication of acute mastitis, which
can lead to discomfort, high fever, breast fistula, sepsis, septic shock, breast
damage, disease persistence and frequent hospitalization. Breast abscesses may
also lead the mother to discontinue breastfeeding, thereby harming the infant’s
health. The predominant pathogenic bacteria are Staphylococcus aureus, Staphylo-
coccus epidermidis and Streptococcus. The incidence of breastfeeding abscesses in
breastfeeding women ranges between 4.0% and 11.0%. In cases of breast abscess,
the rate of cessation of lactation is 41.0%. In instances of breast fistula, the rate of
cessation of lactation is very high (66.7%). Furthermore, 50.0% of women with
breast abscesses must be hospitalized and treated with intravenous antibiotics.
Treatment includes antibiotics, abscess puncture and surgical incision and
drainage. The patients suffer from stress, pain and easily induced breast scarring;
the disease’s progression is prolonged and recurrent, interfering with infant
feeding. Consequently, it is crucial to discover an adequate cure.

CASE SUMMARY

A 28-year-old woman with a breast abscess was treated with Gualou Xiaoyong
decoction and painless breast opening manipulation 24 d after cesarean delivery.
On the 2™ d of treatment, the patient’s breast mass was significantly reduced, the
pain was significantly reduced, and the general asthenia was improved. All
conscious symptoms disappeared after 3 d, breast abscesses faded after 12 d of
treatment, inflammation images disappeared after 27 d, and normal lactation
images were restored.
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CONCLUSION

In treating breast abscesses during breastfeeding, the combination of Gualou Xiaoyong decoction
and painless lactation provides a positive therapeutic impact. This disease’s treatment offers the
advantages of a short course of treatment, no need to discontinue breastfeeding and the ability to
rapidly mitigate symptoms, which can be used as a reference in clinical practice.

Key Words: Lactation breast abscess; Gualou Xiaoyong decoction; Painless lactation manipulation; Literature
review; Case report

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

Core Tip: Breast abscess during lactation is a serious complication of acute mastitis, which can cause
breast pain, fistula, sepsis, septic shock, breast destruction, disease persistence and discontinuation of
lactation. Current treatment includes antibiotics, abscess puncture and surgical incision and drainage.
Patients suffer from stress and discomfort, which readily induces breast scarring. Moreover, the disease’s
progression is prolonged and recurrent, interfering with newborn feeding. This article described a case of
breast abscess that was cured with Gualou Xiaoyong decoction combined with painless breast opening
therapy. The advantages are a short treatment course, no trauma, inexpensive, lactation continuation and
rapid symptom improvement.

Citation: Jin LH, Zheng HL, Lin YX, Yang Y, Liu JL, Li RL, Ye HJ. Lactation breast abscess treated with Gualou
Xiaoyong decoction and painless lactation manipulation: A case report and review of literature. World J Clin
Cases 2023; 11(8): 1847-1856

URL: https://www.wjgnet.com/2307-8960/full/v11/i8/1847 htm

DOI: https://dx.doi.org/10.12998/wjcc.v11.i8.1847

INTRODUCTION

The World Health Organization (WHO) recommends 6 mo of exclusive breastfeeding following
delivery[1,2]. However, mothers are unable to implement exclusive breastfeeding for various reasons,
leaving their infants susceptible to respiratory and gastrointestinal diseases. Furthermore, the risk of
noncommunicable diseases in childhood and adulthood, such as heart disease, obesity, diabetes, cancer,
allergies, asthma and chronic lung, liver, and kidney diseases, also increases[1,2]. A quarter of lactating
mothers believe that acute mastitis during lactation is the primary cause of their decision to wean. It is
reported that the incidence rate of mastitis among breastfeeding women is as high as 33%, of which
approximately 11% will be secondary to breast abscess[3]. Breast abscesses severely impact the physical
and mental health of breastfeeding women, leading to the cessation of breastfeeding (41.0%), breast
fistula (11.1%), readmission (50.0%) and even permanent breast deformity[4]. Here, we presented a case
of breast abscess in lactation that was successfully treated with Gualou Xiaoyong decoction combined
with painless breast opening therapy. It has the advantages of quick symptom alleviation, a short
treatment duration, non-invasive, economical and does not require the cessation of breastfeeding.

CASE PRESENTATION

Chief complaints
On August 31, 2022, a 28-year-old Chinese female was initially diagnosed as "24 d after cesarean section,
9 d after breast swelling and pain".

History of present illness

The cesarean section was conducted 24 d before the diagnosis, and the operation was without incident.
During the 9 d preceding the diagnosis, the patient experienced breast pain, lethargy, little aversion to
colds, nausea and vomiting. On August 27, 2022, an ultrasound test in another hospital reported: “Left
breast hypoechoic area, BI-RADS category 3, consider inflammation, right breast hyperechoic mass,
consider milk accumulation,” where BI-RADS is the abbreviation for Breast Imaging-Reporting and
Data System. Oral consumption of Chinese medicine and cefuroxime axetil pills had no noticeable
effect. On August 30, 2022, the other hospital conducted another ultrasound test that reported: “During
lactation, several hypoechoic nodules were observed in the left breast, the larger ones were about 2.6 cm
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x 1.2 cm (in the direction of 8 o’clock) and 1.3 cm x 1.0 cm (in the direction of 10 o’clock), the shape was
irregular, the edges were blurry, and fine light spots were detected inside, the imaging behind remained
unchanged, and there was no impact on the surrounding tissues. Color Doppler Flow Imaging (CDFI);
no blood flow signal was found inside, considering breast abscess, breast cyst with infection.” Under
ultrasonography guidance, a fine needle puncture was performed, and 7 mL of purulent fluid was
collected. The patient reported the pain and enlargement of both breasts to be excruciating. There was
an absence of fever, but the patient experienced lethargy. The pain rating [visual analogue score (VAS)
rating] was 7.

History of past illness
The patient reported no other known medical conditions or allergies.

Personal and family history
The patient was a non-smoker and a non-drinker with no family history; she also denied any interaction
within epidemic areas.

Physical examination

Body temperature was 37 °C, multiple 4 cm x 4 cm sized masses were palpable in the left breast, and a
10 cm x 7 cm sized mass was palpable in the right breast, with obvious tenderness. The breast skin on
the surface of the left breast lump was dark and about 2 cm X 2 ¢cm in size.

Laboratory examinations

The white blood cell count (WBC) was 8.3 x 10°/L, the neutrophil percentage was 69.8%, lymphocyte
percentage was 22.8%, C-reactive protein (CRP) was 16.39 mg/L, procalcitonin (PCT) was 0.03 mg/L,
and milk bacterial culture was positive for Staphylococcus epidermidis.

Imaging examinations

On August 30, 2022 in the lactating breast, several hypoechoic nodules were observed in the left breast.
The larger nodules were about 2.6 cm x 1.2 cm (in the direction of 8 o’clock) and 1.3 cm % 1.0 cm (in the
direction of 10 o’clock) (Figure 1A).The shape was irregular, the edge was fuzzy, and fine light spots
were detected inside. CDFI revealed no blood flow signal inside, several cystic nodules were seen in the
right breast, the largest nodule was 0.4 cm x 0.4 cm (in the direction of 10 o’clock) (Figure 1B), and the
internal sound transmission was poor.

FINAL DIAGNOSIS

Cyst in right breast with infection and multiple abscesses in left breast.

TREATMENT

Oral Gualou Xiaoyong decoction was given. The milk from the left breast contained hints of blood,
while the milk color of the right breast was normal. It was recommended to stop breastfeeding on the
left breast for 1 d and regularly use a breast pump to express the milk on the left side. Continuation of
breastfeeding from the right breast was recommended.

Chinese medicine

Gualou Xiaoyong decoction consisted of: Chaihu 9 g; gualou skin 15 g; luffa complex 15 g; lobelia lobata
15 g; dandelion 15 g; paeonia rubra 15 g; tongcao 6 g; peach kernel 10 g; fried coix seed 30 g; chixiaodou
20 g; angelica sinensis 15 g; fried atractylodes macrocephala 15 g; arctium lappa 15 g; honeysuckle 20 g;
forsythia suspensa 15 g; poria cocos 15 g; lulutong 10 g; angelica dahurica dahurica 15 g; and saponin 15
g. To prepare the decoction, 400 mL of the medicinal solution was boiled. The decoction was consumed
at a lukewarm temperature, 200 mL in the morning and in the afternoon for a total of 5 doses.

Painless lactation technique

Tanzhong, ruzhong, rugen, qimen, shaohai, chize, tianchi, tianxi, etc techniques can be used to massage
the breast to remove the accumulated milk. Place the thumb and index finger of one hand at the junction
of the black and white areola skin. Remove the front milk with the downward inward pressing method.
Then apply massage oil to the hands, gently massage the milk block three times with the finger and
towards to the nipple direction to discharge the milk. Massage each breast for 20-30 min using this
method.
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Figure 1 Imaging examinations. A: August 30, 2022: Several hypoechoic nodules can be seen in the left breast, the larger ones are about 2.6 cm x 1.2 ¢cm (in
the direction of 8 points) and 1.3 cm x 1.0 cm (in the direction of 10 points); B: August 30, 2022: Several cystic nodules can be seen in the right breast, the larger size
is about 0.4 cm x 0.4 cm (in the direction of 10 points), and the internal sound transmission is poor; C: September 5, 2022: Several hypoechoic masses can be seen
in the left breast, the larger size is about 1.8 cm x 0.6 cm (in the direction of 10 points); D: September 12, 2022: Several hypoechoic masses can be seen in the left
breast, the larger one is about 0.9 cm x 0.4 cm (in the direction of 10 points); E and F: September 27, 2022: Bilateral mammary glands have normal morphology.
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OUTCOME AND FOLLOW-UP

On the return visit on September 1, 2022 the general fatigue had disappeared, and the patient’s spirit
improved significantly compared with the previous day. The swelling and pain of the left breast
decreased significantly, and the pain of the right breast lump disappeared. The patient’s VAS was 0. The
patient’s body temperature was 36.2 °C, and the left breast mass was significantly smaller than the
previous day. Two hard masses with a size of about 2 cm X 2 cm were palpable, the skin was slightly
red, and the right breast mass had disappeared. The patient received another painless lactation
treatment, and no pyogenic milk was found in either breast. It was suggested that breastfeeding can be
performed on both breasts. Another milk culture revealed Staphylococcus epidermidis.

On the follow-up visit on September 2, 2022 the swelling and pain of bilateral breasts mostly
disappeared. The mass site on the left breast was slightly red, and there was no obvious fatigue or other
discomforts. The patient’s VAS was 0. The routine blood examination revealed WBC of 5.0 x 10°/L,
neutrophil percentage of 64.3%, lymphocyte percentage of 27.2%, CRP of 4.79 and PCT of < 0.02 mg/L.
The bacterial milk culture was positive for Staphylococcus epidermidis.

Another ultrasound was conducted on September 5, 2022. Several hypoechoic masses were seen in
the left breast, with a larger size of about 1.8 cm x 0.6 cm (in the direction of 10 o’clock) (Figure 1C). On
September 9, 2022, the breast swelling and pain were barely noticeable. A 2 cm x 2 cm mass and a1 cm
% 1 cm mass were palpable on the left breast. The tenderness was not obvious, and the skin was slightly
red. Seven doses of Chinese medicine were prescribed.

On September 12, 2022, a repeat ultrasound revealed several hypoechoic masses in the left breast,
with a larger size of about 0.9 cm x 0.4 cm (in the direction of 10 o’clock) (Figure 1D). A return visit on
September 16, 2022 (which was 40 d after the cesarean section), revealed that the breast pain
disappeared (VAS 0). The patient’s body temperature was 36.2 °C. A hard mass sized 1 cm X 1 cm was
palpable in the left breast. No tenderness or color change were noticed. Seven more doses of Chinese
medicine were prescribed.

At another return visit on September 23, 2022 (47 d after cesarean section), no breast pain or fatigue
were reported (VAS 0). A mass sized 0.3 cm x 0.3 cm mass was palpable on the left breast, and it was
soft and devoid of tenderness. The skin was not red. Five doses of traditional Chinese medicine were
prescribed, and breast opening was performed once.

The ultrasound on September 27, 2022 revealed normal lactation (Figure 1E and F). At the return visit
on September 30, 2022 (54 d after cesarean section), no discomfort such as breast swelling and pain were
reported. The breast lump had disappeared, and there was no skin redness, swelling, heat or pain.
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However, the patient had a common cold with a sore throat and coughing. Seven doses of Chinese
medicine were subsequently prescribed. On October 7, 2022, the cold was cured, and there was no
breast swelling, pain or lump.

Due to repeated positive bacterial culture findings, two boxes of azithromycin tablets and seven doses
of traditional Chinese medicine were added. The return visit on October 17, 2022 revealed that the
patient had no discomfort such as breast pain, fever and fatigue. The bacterial culture from the milk
revealed Staphylococcus epidermidis. The treatment cycle was terminated because the patient had no
symptoms and the routine blood test, CRP, PCT, and B-ultrasound were normal. See Table 1 for the
results of bacteria culture in the milk.

After 2 mo of follow-up, the patient’s condition had not relapsed. The infant did not suffer from fever,
abdominal pain, diarrhea, abdominal distension, nausea, vomiting and other adverse reactions.

DISCUSSION

For the first 6 mo of life, the WHO recommends exclusive breastfeeding. Acute mastitis and breast
abscess during lactation are regarded as the leading causes of unintentional weaning, preventing
mothers from implementing exclusive nursing. Acute mastitis during lactation is a form of breast
cellulitis affecting the interlobular connective tissue. The WHO defines the disease as “a state of breast
inflammation, which may or may not be accompanied by infection”[1,5], which may lead to breast
abscess and septic fever[6], and may directly lead to the cessation of breastfeeding. The disease can elicit
breast pain locally and is frequently accompanied by fast developing systemic symptoms, such as fever,
muscular pain, chills and fatigue[4].

In severe cases, the breast may be permanently scarred, and its occurrence rate ranges from 3% to
33%, with 4% to 11% developing breast abscesses[3]. If any of the following criteria is met, it is
diagnosed as acute mastitis during lactation: (1) Local redness of breast, with or without temperature
rise; (2) Systemic inflammatory reaction, such as chills, headache and fatigue; (3) Body temperature
greater than 37.3 °C or the results of routine blood tests showed that WBC or neutrophils increased or
the level of CRP increased; and (4) Patients with positive milk culture[7]. Breast abscess is defined as a
local infection with fluid accumulation in breast tissue[8]. A physical examination can generally detect
the pain, erythema and stiffness of the breast abscess. However, it is not always simple to palpate the
lump, especially if it is positioned deep within a larger breast. Imaging studies are beneficial for breast
abscess diagnosis, determining whether there are several small abscesses or a single defined cavity and
determining whether the abscesses are located or separated so as to assist in treatment plan formulation
1.

A severe complication of acute mastitis during breastfeeding is breast abscess. The disease is
associated with patient fatigue, pressure, blockage of the mammary duct, inadequate feeding times, oral
abnormalities of infants (such as cleft lip or palate), local milk stasis, malnutrition of mothers, use of a
manual breast suction device, community-acquired infection, breast injury and poor diet, as well as
delayed treatment of acute mastitis[10]. It is usually caused by Staphylococcus infection caused by
pathogenic bacteria such as Streptococcus and/or Corynebacterium[11]. Breastfeeding discontinuation
(41.0%), breast fistula (11.1%) and readmission (50.0%) are prevalent among patients with the disease[4,
12]. In cases of breast abscess, the rate of cessation of nursing is 41.0%. In instances of breast fistula, the
rate of cessation of nursing is very high (66.7%). In addition, 50% of postpartum Staphylococcus aureus
breast abscess patients must be hospitalized again and administered intravenous antibiotics[12].
Consequently, the condition has a somewhat severe impact on mothers and infants and must be
addressed promptly.

Breast abscess during lactation is often treated with antibiotics administered orally or intravenously,
percutaneous aspiration (ultrasound-guided percutaneous puncture, fine needle puncture, vacuum-
assisted biopsy, arthroscopic debridement and drainage, etc.[13-15]) and surgical incision and drainage
[16] (Table 2). However, these procedures have limitations. Although antibiotics were empirically
administered, it was later discovered that many isolated bacteria were antibiotic-resistant[17]; therefore,
the potential threat of antibiotic resistance dramatically enhanced the need for alternative therapies.

Li et al[18] found 1222 cases of Staphylococcus aureus (82.5%) in 1481 cases of breast abscess in lactation
by bacterial culture of abscess puncture fluid. Among them, 962 cases (65.0%) were methicillin-
susceptible Staphylococcus aureus, 260 cases (17.6%) were methicillin-resistant Staphylococcus aureus, and
20 cases (1.4%) were Staphylococcus epidermidis. Drug sensitivity and resistance were analyzed in 260
strains of MRSA. It was found that 100% of MRSA was resistant to penicillin, amoxicillin clavulanate
and cephalosporins, 45.0% of MRSA was resistant to tetracycline, 85.0% of MRSA was resistant to
clindamycin, and 82.9% of MRSA was resistant to erythromycin. In most instances, when bacterial milk
culture and drug sensitivity tests were performed for patients with breastfeeding mastitis and breast
abscess, it was found that these bacteria were resistant to penicillin and cephalosporin antibiotics.
Therefore, the actual therapeutic effect of antibiotics was poor.

Percutaneous aspiration, surgical incision and drainage are all surgical procedures. They have the
following side effects: Influence of anesthesia on milk; separation of mother and baby; high cost; trauma

WJCC | https://www.wjgnet.com 1851 March 16,2023 | Volume1l | Issue8 |



Jin LH et al. A lactation breast abscess case report

Table 1 The results of bacteria culture in the milk before/after administration and the resistance of penicillin and cephalosporin

.. . Bacteria culturedin  Penicillin Cephalosporin
Date Before/after administration . . p P
milk resistance resistance
August 31, 2022 Before Staphylococcus Yes Yes
epidermidis
September 2, 2022 After (Gualou Xiaoyong Staphylococcus Yes Yes
decoction) epidermidis
September 9, 2022 After (Gualou Xiaoyong Staphylococcus aureus Yes Yes
decoction)
September 16, 2022 After (Gualou Xiaoyong Staphylococcus aureus Yes Yes
decoction)
September 23, 2022 After (Gualou Xiaoyong Staphylococcus Yes Yes
decoction) epidermidis
September 30, 2022 (combined with cold) After (Gualou Xiaoyong Staphylococcus aureus Yes Yes
decoction)
October 7, 2022 (add 2 boxes of Before (azithromycin tablets)  Staphylococcus aureus Yes Yes
azithromycin tablets)
October 17, 2022 After (azithromycin tablets) Staphylococcus Yes Yes
epidermidis

and pain of patients; cessation of breastfeeding; and leaving local scars on the breast, etc[19]. Therefore,
the development of traditional Chinese medicine and traditional Chinese medicine therapy is
recommended. In this instance, the combination of Gualou Xiaoyong decoction and painless breast
opening manipulation resulted in favorable clinical outcomes for the treatment of breast abscess in
lactation.

The Program Committee of the International Society of Nursing Medicine advises moms with breast
abscesses to continue breastfeeding because there is no evidence that healthy breastfed infants are at
risk when their mothers are infected (Amir and the Program Committee of the Society of Breastfeeding
Medicine, 2014). In this case, we recommended temporary cessation of breastfeeding from one breast for
1 d when the patient discovered pus in the milk. We recommended that the patient continue breast-
feeding in the subsequent treatment process. We believe that continued breastfeeding can reduce breast
milk stasis, which is conducive to disease recovery, and infants have received sufficient breast milk
nutrition during this practice as we have not found adverse effects in previous cases. In this case, there
was also no adverse reaction of the infant, such as nausea, vomiting, abdominal pain, abdominal
distension, diarrhea, fever, etc.

Postpartum breast abscess is a common and intractable disease in clinical practice. In this case, the
patient received a non-invasive treatment. On the 2" d of treatment, the breast mass of the patient was
significantly reduced, the pain was significantly reduced, and the general asthenia was improved. All
conscious symptoms disappeared after 3 d, the breast abscess disappeared after 12 d of treatment, and
the inflammation imaging disappeared after 27 d of treatment. It was a relatively short treatment cycle
for the treatment of breast abscess, and our treatment method was not traumatic. We only needed
outpatient oral drug treatment, the patient did not need hospitalization and surgery, and she had no
pain.

Pileri et al[19] and others reported that fine needle puncture was effective in the treatment of breast
abscess. However, it often required multiple puncture treatments, and patients felt pain and trauma and
often needed antibiotic treatment. However, through milk culture, we found that most of the bacteria in
the milk were Staphylococcus and Streptococcus. These bacteria are often resistant to antibiotics (penicillin
and cephalosporins) that could be used during lactation, so it is ineffective to use these two types of
antibiotics. Aminoglycoside or quinolone antibiotics are often sensitive to this kind of bacteria, but these
two kinds of drugs are not suitable for lactating women.

Through our clinical observation, we found that traditional Chinese medicine has a definite effect on
the treatment of lactating mastitis and breast abscess. First, the patients with breast abscesses are still in
lactation, and the milk continuously secreted by the breast will aggravate the breast abscess. Therefore,
good lactation techniques are needed to solve the problem of milk stasis. Secondly, the traditional
Chinese medicine Gualou Xiaoyong decoction has a good clinical effect through our clinical observation.
After our clinical observation of more than 100 cases of lactation mastitis and 4 cases of breast abscess,
we found that after the use of Gualou Xiaoyong decoction and painless lactation manipulation, the
breast lump and pain of the patients disappeared quickly, the skin redness disappeared, the body
temperature returned to normal, the WBC and the percentage of neutrophils returned to normal, and
the changes of mastitis and breast abscess disappeared under B-ultrasound.
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Ref. Interventions Population characteristics Breastfeeding cessation rate Outcome
Pileriet  B-ultrasound 13 of the 64 patients needed hospital- The average breastfeeding time  All abscesses > 5 cm in diameter were positive
al[19], guided fine needle  ization, 4 cases of bilateral abscesses, was 5 mo, and 40.6% of females  for Staphylococcus aureus, 56% of which were
2022 puncture 16 cases with the largest abscess with breast abscesses continued  antibiotic resistant. All patients received
diameter greater than 5 cm to breastfeed for more than 6 antibiotic treatment, 71.9% (46/64) of them
mo. 21 mothers stopped breast-  underwent fine needle aspiration
feeding
Colinet  The same as above, 92 lactating women, 105 abscesses in ~ 18% of women stop breast- A total of 202 ultrasound-guided fine-needle
al[29], if necessary, VAB  total, 82 of 92 patients (89%) had 1 feeding puncture operations were performed. The
2019 shall be used abscess, 10 patients (11%) had 2 or number of percutaneous punctures/aspirates
more abscesses (range, 2-4 cm). 4 per abscess ranged from 1% to 6.4% of patients
patients had bilateral abscesses failed puncture and received incision and
drainage surgery
Elagiliet The same as above, 16 (53.3%) non-lactating women and  Breastfeeding was encouraged, 15 patients (50%) only needed one aspiration,
al[30], if necessary, 14 (46.7%) lactating women had but rates of continuing or 10 patients needed multiple aspiration, and 5
2007 abscessotomy shall ~ abscess diameters ranging from 1 cm  stopping breastfeeding were not  patients needed incision and drainage. Mean
be used to 15 cm (median: 4 cm). The volume  recorded symptom duration was 11.63 d (range: 3-28 d)
of pus was between 1 mL and 200 mL
(median: 14 mL)
Hagiya  Operative incision =~ A 27-year-old Japanese female Stopped breastfeeding Ceftriaxone, daptomycin, vancomycin and
etal[31], and drainage presented with high fever, tender other antibiotics were used for intravenous
2014 breast, red and swollen left breast 17 drip successively. Surgical incision was
d after delivery performed to drain about 15 mL of purulent
secretion. The patient was discharged on the
10™ d and took clindamycin orally
Wanget VAB 40 cases of lactation and 30 cases of ~ Stopped breastfeeding during The skin inflammation disappeared within 6 d
al[32], non-lactation breast abscess who drainage in all patients (median: 3.02 + 6.65 d)
2013 failed to use antibiotics and/or
needle aspiration
Kang Fine needle Fine needle aspiration in 25 patients ~ No information about breast- Compared with the VAB group, the cure rate
and Kim aspiration vs VAB  with breast abscess and VAB in 19 feeding of the needle aspiration group had no
[15], patients with breast abscess significant difference
2016
Louetal Arthroscopic 19 cases of breast abscess in lactation 1 patient with breast fistula All patients were cured and did not recur
[13], system stopped breastfeeding, the other ~during the 6-mo follow-up period. 1 patient
2022 18 patients resumed breast- stopped breastfeeding due to milk fistula, and

feeding within 2 wk, of which 13
patients resumed breastfeeding
within 1 wk

the rest were cured

VAB: Vacuum-assisted biopsy.

In the treatment of this case, after the patient’s clinical symptoms subsided and the routine blood
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routine work, CRP, PCT and ultrasound returned to normal, the bacteria in the milk were still cultured (
Staphylococcus aureus and Staphylococcus epidermidis were alternately cultured), leading us to hypothesize
that there may be a disparity between the types and numbers of bacteria infecting the breast and the
severity of the disease.

Carmichael and Dixon[20] and Fetherston[21] also reported that there was an inconsistency between
the bacterial load and the severity of lactation mastitis and breast abscess. Compared to the infection
itself, the immune system response to injury appeared to correlate more strongly with the severity of the
sickness, and the bacteria were not sufficient to cause the disease on their own. In addition, mastitis is
frequently characterized by an absence of dangerous bacteria, prompting some clinical researchers to
suggest the terms “infectious” and “non-infectious” mastitis[22,23]. Many women with potentially
harmful bacteria on their skin or breast milk will not develop mastitis. However, many mastitis-afflicted
mothers do not have pathogenic bacteria in their milk[3]. It was expected that the recent Cochrane
systematic review emphasized the uncertainty around the use of antimicrobial medicines in the
treatment of mastitis in light of these findings. Therefore, the prophylactic use of antibiotics to prevent
mastitis is ineffective[24], and there is not enough evidence to support the use of antibiotics to treat
mastitis and breast abscesses[24]. According to some researchers, the host’s inflammatory mediators are
the primary cause of mastitis, and these same inflammatory mediators may contribute to inadequate
breastfeeding in clinical and subclinical mastitis[25].

Gualou Xiaoyong decoction is an often-prescribed treatment regimen in our department. It has a
highly effective clinical effect in the treatment of lactation mastitis and lactation breast abscesses. It is
composed of the following drugs: Bupleurum chinense, pericarpium trichosanthis, fructus arctii, luffa,
lobelia, dandelion, red peony root, herb, peach kernel, coix seed, red bean, angelica, fried atractylodes
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macrocephala, honeysuckle and forsythia suspensa. In the prescription, bupleurum and trichosanthes
peel are used to soothe the liver and regulate qi. Stir fried atractylodes macrocephala with bran
strengthens the spleen and stomach. Arctium lappa L, scutellaria barbata L, dandelion, honeysuckle,
forsythia suspensa L, angelica, paeonia lactiflora and peach kernel cool the blood, nourish the blood,
promote blood circulation and remove blood stasis. Coix seed and adzuki bean detoxify and discharge
pus. The entire prescription has the effects of soothing the liver and stomach, dispersing phlegm,
softening the body, eliminating heat, detoxification and pus and dredging the breast.

Wu et al[26] studied the Trichosanthes and Arctium decoction (containing 12 Chinese medicines,
including trichosanthes kirilowii, arctium fruit, trichosanthes root, scutellaria baicalensis, cape jasmine,
forsythia, honeysuckle, licorice, dried tangerine peel, green tangerine orange peel, radix bupleuri, which
are similar to the Gualou Xiaoyong decoction in this study), and found that quercetin, luteolin, fisetin,
kaempferol and urushiflavin are the main active ingredients. Quercetin has anti-inflammatory,
antioxidant and antifungal properties and can inhibit nuclear factor-kappa B (NF-xB) signaling pathway
to enhance the transcriptional activity of NRF2-ARE, thus playing a role in controlling bovine mastitis. It
can reduce the expression of inducible nitric oxide synthase and regulate the production of inflam-
matory precursor nitric oxide.

Luteolin has a significant systemic anti-inflammatory effect. It can regulate the toll-like receptor 2 and
toll-like receptor 4 signal pathways induced by Staphylococcus aureus and inhibit IxBo and NF-xB. The
phosphorylation of BP65 regulates the expression of matrix metallopeptidase 2 and matrix metal-
lopeptidase 9 and prevents mastitis. Fisetin is widely used to regulate the long-term immune imbalance
of human inflammation, which can activate SIRT1 and inhibit NF-«xB activation of inflammatory
pathways, thereby reducing tumor necrosis factor a and interleukin 6 expression levels to control the
occurrence of inflammation.

Kaempferol can reduce interleukin 6, tumor necrosis factor and the expression of ANGPTL2 in cells
to prevent the occurrence of mastitis in mice. It can inhibit NF-xB phosphorylation and the BP65 subunit
IxBa, thus playing a therapeutic role in mastitis. Urushiflavin has a good anti-inflammatory effect on
nephritis, endometritis and airway inflammation in vivo and inflammatory skin disease in vitro. Ye et al
[27] found that the extract from scutellaria baicalensis georgi-safflower-dandelion-honeysuckle had a
dose-dependent antibacterial effect on Staphylococcus aureus, Escherichia coli and Streptococcus agalactis.

Milk buildup is a significant factor in the incidence of mastitis during breastfeeding. The collected
milk not only causes breast pain and discomfort and a decrease in milk volume but is also an excellent
medium for bacterial growth, exacerbating and recurring breast inflammation[28]. Therefore, it is
essential to empty the breast entirely. The non-painful breast opening method has a speedy impact, and
the patient experiences no discomfort or negative effects. This technique combines the massage of
distant acupoints along the meridians with local breast massage, which has a positive effect on breast
opening. With the help of the Gualou Xiaoyong decoction, it can soothe the liver and stomach, expel
phlegm, soften and firm the body, clear away heat, detoxify and expel pus and promote lactation. The
patients’ clinical symptoms greatly decrease and diminish within a short time. The total amount of
leukocytes, neutrophils, CRP, PCT and other inflammatory markers rapidly return to normal, and the
flaky, low-echo region of the breast dissipates rapidly with ultrasound. Therefore, we consider this
method to be a superior means of treating the disease and deserving of further clinical investigation.

CONCLUSION

The combination of Gualou Xiaoyong decoction and painless breast opening manipulation has a
positive clinical effect on breast abscess during lactation and has the advantages of a short treatment
course, no effect on milk secretion, no effect on breastfeeding, no toxic side effects and no pain for
patients. This method is worthy of further investigation.
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Abstract

BACKGROUND

Alphaherpesvirus belongs to the Herpesviridae family and has large, monopartite
double-stranded linear DNA. It mainly infects the skin, mucosa, and nerves, and
can affect various hosts, including humans and other animals. Here, we present a
case of a patient seen by the gastroenterology department at our hospital who
experienced an oral and perioral herpes infection following treatment with a ven-
tilator. The patient was treated with oral and topical antiviral drugs, furacilin, oral
and topical antibiotics, local epinephrine injection, topical thrombin powder, and
nutritional and supportive care. A wet wound healing approach was also
implemented with good response.

CASE SUMMARY

A 73-year-old woman presented to the hospital with a chief complaint of
"abdominal pain for 3 d with dizziness for 2 d." She was admitted to the intensive
care unit for septic shock and spontaneous peritonitis secondary to cirrhosis and
was given antiinflammatory and symptomatic supportive treatment. A ventilator
was used to assist breathing for acute respiratory distress syndrome, which
developed during her admission. A large area of herpes infection appeared in the
perioral region 2 d following noninvasive ventilation. The patient was transferred
to the gastroenterology department, at which time she had a body temperature of
37.8 C and a respiratory rate of 18/min. The patient's con-sciousness was intact,
and she no longer had abdominal pain or distension, chest tightness, or asthma.
At this point, the infected perioral region changed in appearance and was now
accompanied by local bleeding with crusting of blood at the wounds. The surface
area of the wounds measured approximately 10 cm x 10 cm. A cluster blisters
appeared on the patient’s right neck, and ulcers developed in her mouth. On a
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subjective numerical pain scale, the patient reported a pain level of 2. Overall, her diagnoses other
than the oral and perioral herpes infection included: (1) Septic shock; (2) spontaneous peritonitis;
(3) abdominal infection; (4) decompensated cirrhosis; and (5) hypoproteinemia. Dermatology was
consulted regarding the treatment of the patient’s wounds; they suggested treatment with oral
antiviral drugs, an intramuscular injection of nutritious nerve drugs, and the application of topical
penciclovir and mupirocin around the lips. Stomatology was also consulted and suggested the use
of nitrocilin in a local wet application around the lips.

CONCLUSION

Through multidisciplinary consultation, the patient’s oral and perioral herpes infection was
successfully treated with the following combined approach: (1) Application of topical antviral and
antibiotic treatments; (2) keeping the wound moist with a wet wound healing strategy; (3)
systemic use of oral antiviral drugs; and (4) symptomatic and nutritional supportive care. The
patient was discharged from the hospital after successful wound healing.

Key Words: Ventilator; Viral herpes; Nursing care; Case report

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

Core Tip: Herpes simplex virus can be latent in the sensory ganglia of the host and reactivate periodically,
resulting in recurrent herpes infection. The patient presented in this case report achieved good recovery
after multidisciplinary consultation, treatment of the viral infection with oral and topical administration of
antiviral drugs, the anti-inflammatory effect of furacilin, hemostasis with local epinephrine injection and
application of thrombin lyophilized powder, and the use of a wet wound healing approach.
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INTRODUCTION

Alphaherpesvirus belongs to the Herpesviridae family, and has a relatively large, monopartite, double-
stranded linear deoxyribonucleic acid (DNA). It mainly infects the skin, mucosa, and nerves, and can
affect various hosts including humans and other animals. Here, we present the case of a patient seen by
the gastroenterology department at our hospital who experienced an oral and perioral herpes infection
following noninvasive ventilation during admission to the intensive care unit (ICU)[1]. The patient was
treated with topical and oral antiviral and antibacterial drugs, uracil, hemostatic measures, and
nutritional and supportive care[2,3]. A wet wound healing approach was also implemented with good
results.

CASE PRESENTATION

Chief complaints
Following noninvasive ventilation in the ICU, a 73-year-old female patient developed an oral and
perioral herpes infection.

History of present illness

A large wound developed around the patient’s lips and in her mouth 2 d after noninvasive ventilation
during admission to the ICU for management of decompensated cirrhosis complicated by abdominal
infection, spontaneous peritonitis, hypoproteinemia, acute respiratory distress syndrome (ARDS) and
septic shock.

History of past illness

The patient initially presented to the hospital with a 3-d history of abdominal pain accompanied by 2 d
of dizziness. She was admitted to the ICU, where she was found to have decompensated cirrhosis
complicated by abdominal infection, spontaneous peritonitis, hypoproteinemia, ARDS, and septic
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shock. She was treated with noninvasive ventilation for management of ARDS.

Personal and family history
The patient did not have any pertinent personal or family medical history.

Physical examination

The patient was transferred to the gastroenterology department for further management. At this point,
her consciousness was intact and she had no ongoing abdominal pain or distension, no chest tightness,
and no asthma. The perioral wound progressed to exhibit local bleeding with crusting of blood, and
measured approximately 10 cm x 10 cm.

Laboratory examinations

The following laboratory values were observed in the patient at the time of transfer to gastroenterology:
Prothrombin time 15.9 sec; partial thromboplastin time 34.5 sec; albumin 27.9 g/L; alanine aminotrans-
ferase 56 U/L; total bilirubin 129.4 pmol/L; neutrophils 79.2%; hemoglobin 87 g/L; platelet count 48 x
10°/L; and high sensitivity C-reactive protein 77 mg/L.

MULTIDISCIPLINARY EXPERT CONSULTATION

Dermatology was consulted regarding treatment of the patient’s perioral wounds; they suggested
treatment with oral antiviral drugs, intramuscular injection of nutritious nerve drugs, and application of
topical penciclovir and mupirocin around the lips. Stomatology was also consulted, and they suggested
wet application of topical nitrocilin around the lips.

FINAL DIAGNOSIS

Perioral herpes infection secondary to noninvasive ventilation.

TREATMENT

The patient achieved good recovery after multidisciplinary consultation and treatment including oral
and topical antiviral and antibiotic administration, nutritional and symptomatic supportive care, the
anti-inflammatory effect of furacilin, hemostasis with local epinephrine injection and application of
topical thrombin lyophilized powder, and the use of a wet wound healing approach.

OUTCOME AND FOLLOW-UP

Following treatment, the patient’s wound fully healed and she was discharged from the hospital. The
perioral wound before and after treatment is depicted in Figure 1.

DISCUSSION

Herpes simplex virus (HSV) can be latent in the sensory ganglia of the host and reactivate periodically,
resulting in recurrent infection. Herpes infection is characterized histologically by epidermal blistering
and necrosis and the presence of multinucleated epithelial giant cells, eosinophilic intranuclear
inclusions, and significant neutrophilic and lymphocytic inflammatory infiltrate[4]. An immune
response can be stimulated immediately by HSV infection, and, if so, lesions are typically limited to the
skin surface and mucous membranes. However, when HSV infection occurs in newborns with
immature immune function or people with immune deficiency (i.e. in the settings of organ
transplantation, immunosuppressant use, or anti-tumor treatment), herpes can spread throughout body
to infect the brain, liver, lung, eye, adrenal gland, skin and mucous membranes, and other various sites.
Herpes infection in an immunocompromised setting is serious and carries a high mortality rate[5-7].
When the skin has extensive damage, such with eczema or burns, HSV often manifests as generalized
infection of skin the and mucous membranes and can cause disseminated lesions. The patient in the
present report had a large perioral wound measuring 10 cm X 10 cm accompanied by bleeding,
difficulty opening the mouth, pain, and changes in self-image. After consultation, the cause of the
patient’s wound was identified as herpes infection. The wound was effectively managed with antiviral
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Figure 1 Perioral wound due to herpes infection, before and after treatment. A-B: Herpes infection causing large wound around the lips before (A) and
after (B) medical treatment and wet wound care.
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treatment, the anti-inflammatory effect of furacilin, and local hemostatic therapy. Additionally, a wet
wound healing approach was implemented, and, through keeping the wound moist, healing was
achieved.

One of the antiviral medications used in the management of the patient’s perioral herpes infection
was topical penciclovir. Penciclovir is a nucleoside antiviral drug that inhibits HSV types I and II and
can be administered topically with a cream. The antibacterial medication mupirocin is suitable for skin
infection caused by Gram-positive cocci, and is used to treat primary skin infections, pustulosis,
furuncle, folliculitis, and infections secondary to eczema[8,9]. Furacilin can interfere with bacterial
glucose metabolism and the oxidase function to cause bacteriostasis or sterilization[10]. This drug has a
broad spectrum of antibacterial activity, and is effective against various Gram-positive and anaerobic
pathogenic bacteria; however, it not as effective in the treatment of infections caused by Pseudomonas
aeruginosa, Proteus spp., or Pneumococcus spp.[11,12]. It is also ineffective against fungi and molds, but it
is still effective against bacterial infections secondary to mold[13].

Epinephrine injection can cause constriction of small arteries with a less potent effect on veins, and is
especially effective on the small vessels of the skin and mucosae. Lyophilized thrombin powder is also
used for hemostasis of small blood vessels, gastrointestinal bleeding, and traumatic bleeding that is not
amenable to surgical ligation. Epinephrine and lyophilized thrombin powder can function well in
achieving local hemostasis, and according to the wet healing theory, this combination is more likely to
reduce the potential cost associated with the use of advanced wound dressings. This is accomplished via
the promotion of wound healing by keeping the wound wet and has been associated with faster healing
rates[14]. In the present case, we used a nitrofurazone dressing with regular dressing change. Also, a
gentle dressing change technique was used to prevent injury to the healing skin.

Finally, with respect to the psychology of the patient and her family, we used a gradual commu-
nication strategy. This strategy facilitated cooperation between the patient and her family and medical
staff, which we believe improved the treatment outcome and promoted her ongoing rehabilitation.

CONCLUSION

This case report shares valuable experience in the clinical management of perioral herpes infection
following noninvasive ventilation. There are few reports in the literature describing an effective
treatment plan with respect to such a case. In the present case, the patient's wound healed after adminis-
tration of oral and topical antiviral medications, furacilin, local epinephrine and topical thrombin
powder, and a wet wound healing approach with no observed adverse reactions or toxic side effects. In
patients managed with noninvasive ventilation, nursing and supportive staff should be aware of the
signs of perioral herpes infection, including unusual pain with or without associated wounds of the skin
around the mouth. The treatment regimen described in this case report was effective in accelerating the
wound healing process and eradicating local herpes infection. Therefore, in patients who develop HSV
infection following noninvasive ventilation, the authors suggest that the pharmacological and wound
care measures applied here should be pursued.
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Abstract

BACKGROUND

Video-assisted thoracic surgery (VATS) lobectomy is a common treatment for
patients with early-stage lung cancer. Some patients can experience slight
gastrointestinal discomfort after lobectomy for a moment. Gastroparesis is a
gastrointestinal disorder that can be severe; it is associated with an increased risk
of aspiration pneumonia and impaired postoperative recovery. Here, we report a
rare case of gastroparesis after VATS lobectomy.

CASE SUMMARY

A 61-year-old man underwent VATS right lower lobectomy uneventfully but had
an obstruction of the upper digestive tract 2 d after surgery. Acute gastroparesis
was diagnosed after emergency computed tomography and oral iohexol X-ray
imaging. After gastrointestinal decompression and administration of prokinetic
drugs, the patient’s gastrointestinal symptoms improved. Since perioperative
medication was applied according to the recommended dose and there was no
evidence of electrolyte imbalance, intraoperative periesophageal vagal nerve
injury was the most likely underlying cause of gastroparesis.

CONCLUSION

Although gastroparesis is a rare perioperative complication following VATS,
clinicians should be on the alert when patients complain about gastrointestinal
discomfort. When surgeons resect paraesophageal lymph nodes with electro-
cautery, excessive ambient heat and compression of paraesophageal hematoma
might induce vagal nerve dysfunction.
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Core Tip: While postoperative gastroparesis is quite common in patients undergoing vagotomy for peptic
ulcers and pylorus-sparing pancreatoduodenectomy, there are few reports following lobectomy. We report
a rare case of gastroparesis after video-assisted thoracoscopic surgery. Since there was no evidence of
drug-induced or electrocyte disorder-related gastrointestinal dysfunction, intraoperative periesophageal
vagal nerve injury was most likely to account for gastroparesis. Clinicians should keep in mind that there
is a potential possibility of vagal nerve injury after thoracic surgery even without direct nerve operation.
For patients suffering gastroparesis after video-assisted thoracic surgery, conservative treatment, including
gastrointestinal decompression and prokinetic medicines, can help relieve symptoms.

Citation: An H, Liu YC. Gastroparesis after video-assisted thoracic surgery: A case report. World J Clin Cases
2023; 11(8): 1862-1868

URL: https://www.wjgnet.com/2307-8960/full/v11/i8/1862.htm

DOI: https://dx.doi.org/10.12998/wjcc.v11.i8.1862

INTRODUCTION

According to the Global Cancer Statistics 2020 report, lung cancer is one of most common cancers
worldwide, with an estimated 2.2 million new cases in 2020 and making up 11.4% of all cancer cases|[1].
Curative surgery is the preferred treatment approach for patients with early-stage lung cancer. Over the
past two decades, video-assisted thoracic surgery (VATS) has become an alternative to open
thoracotomy with the advantage of being minimally invasive[2]. Compared with open thoracotomy,
patients receiving VATS tend to experience less postoperative pain and fewer complications, and VATS
has been indicated to have comparable or superior oncologic outcomes to thoracotomy|[2,3]. A
retrospective study carried out in China showed that the VATS rate for lung cancer was 47.6%
nationwide, and in some hospitals, the rate even reached 89.7%[4]. The most common complications
following VATS are prolonged air leakage, bleeding, infection and postoperative pain[5]; few patients
experience gastrointestinal disorders after surgery[6,7].

Gastroparesis is an annoying gastrointestinal disorder associated with symptoms such as epigastric
discomfort, abdominal pain, nausea, vomiting, and bloating. While postoperative gastroparesis is quite
common in patients undergoing vagotomy for peptic ulcers and pylorus-sparing pancreatoduoden-
ectomy, there are few case reports demonstrating delayed gastrointestinal emptying following
pulmonary lobectomy. Here, we report a case of gastroparesis after VATS lobectomy.

CASE PRESENTATION

Chief complaints
A 61-year-old man complained about early satiety and postprandial fullness 2 d after VATS right lower
lobectomy.

History of present illness

The patient drank clear fluid 2 h after VATS and had his first meal the next morning after surgery,
which was in line with routine care in our hospital. At first, he complained about early satiety and
postprandial fullness after eating food. Two days after surgery, gastrointestinal symptoms were
aggravated, as the patient appeared to have upper abdominal pain and vomited a large amount of
yellow-green fluid. During the process of the disease, exhaust and defecation were not impeded.

History of past illness

He presented to our hospital with coughing for the past three months. He had a chest computed
tomography (CT) one month before, which showed a 6.0 cm X 4.4 cm mass in the right lower lobe of the
lung with hilar and mediastinal lymphadenopathy. The subsequent bronchoscopic pulmonary biopsy
failed to confirm the pathological nature of this mass.

Since the onset of symptoms, he lost 6 kg of weight even though there was no significant change in
his diet and appetite.

VATS right lower lobectomy was carried out under general anesthesia combined with a paravertebral
block. We exposed the thoracic cavity using a horizontal incision through the muscle between the fourth
and fifth intercostal spaces, and no malignant pleural nodules or pleural effusions were found during
thoracoscopic exploration. As the tumor was closely adhered to the pleura, electrocautery was used for
dissection, and the right lower lobe was sealed smoothly with an endoscope linear stapler (PSE60-GIA,
Johnson & Johnson, New Brunswick, NJ, United States). Subcarinal, paraesophageal and bronchial
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lymph node stations were dissected using monopolar electrocautery. The surgery was performed with
caution, and there was no direct evidence of iatrogenic nerve injury. During the surgery, an
accumulated dose of 25 pg sufentanil was intermittently administered, and the target concentration of
remifentanil at the effect site was maintained at 3 ng/mL. The total duration of this surgery was 3 h and
52 min, and the total blood loss was 300 mL. The patient used patient-control analgesia with sufentanil
(1 pg/mL), which was programmed to deliver 2-mL boluses with a lockout interval of 8 min and a
background infusion of 1 mL/h. According to paraffin pathological sections, the tumor was invasive
adenocarcinoma with a maximum diameter of 4 cm, and no metastasis was observed in any of the
examined lymph nodes (T2aNOMO according to the eighth edition of TNM classification of lung cancer)

8],

Personal and family history
The patient had no symptom-related medical history but had smoked for many years. He denied any
family history of gastrointestinal dysfunction.

Physical examination

On physical examination, the vital signs were as follows: Body temperature, 36.8 °C; blood pressure,
127/68 mmHg; heart rate, 79 beats per min; and respiratory rate, 19 breaths per min. Furthermore,
abdominal examination revealed a distended abdomen, and the bowel sounds were diminished on
auscultation. When we rocked him back and forth from the hip, a succussion splash was elicited.

Laboratory examinations
The electrolyte levels were within the normal limits (Table 1). No abnormalities were found in routine
blood and urine analyses.

Imaging examinations

Emergency abdominal CT showed multiple effusions in the esophagus, while the massively dilated
stomach and proximal duodenum contained a mass of fluid. The inferior edge of the distended stomach
reached the pelvic cavity (Figure 1). Oral iohexol X-ray imaging was carried out after gastrointestinal
decompression and demonstrated delayed gastric emptying (10 min after ingestion of iohexol, the first
sign of passage into the duodenum was observed, and some contrast agent was retained in the stomach
4 h after administration) (Figure 2).

FINAL DIAGNOSIS

The patient’s presentation, physical examination, and laboratory and radiographic investigations
narrowed the working diagnosis to digestive tract obstruction or acute gastroparesis. Since CT showed
no obstructing mass or stenosis in the gastrointestinal tract, the diagnosis of acute gastroparesis was
more likely. The only postoperative medication interfering with gastrointestinal function was sufentanil,
which was infused at a low dose for analgesia, and we ceased the opioid immediately after the onset of
gastrointestinal dysfunction. Drug-related gastrointestinal motility disorder was less likely to explain
the marked nausea and vomiting, and the symptoms did not improve after drug withdrawal. Since
there was no evidence of electrolyte imbalance, the most likely underlying cause of gastroparesis was
vagal nerve injury during surgery.

TREATMENT

Gastrointestinal decompression was implemented immediately to relieve gastrointestinal symptoms.
After draining out 2600 mL of gastric contents, the patient’s symptoms improved significantly.
Meanwhile, medication interfering with gastrointestinal function, such as sufentanil, was ceased
immediately. We provided parecoxib at a dose of 40 mg twice daily as an alternative for analgesia since
the patients had no contraindication. Prokinetic drugs such as metoclopramide and cisapride were
administered according to medication instructions to enhance the patient’s recovery of gastrointestinal
function. Gastroenterologists and nutritionists were consulted to formulate a specific therapy plan. As
the patient could not tolerate enteral nutrition, parenteral support (structolipid and compound amino
acid injection) was given to compensate for the need for nutritional supplementation. Antiemetics were
used to relieve nausea and vomiting, and a proton-pump inhibitor was used to protect the mucosa from
gastric acids.
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Table 1 Perioperative biochemical examination

Before surgery First day after surgery Third day after surgery At discharge from hospital

Albumin (g/L) 319 292 321 29.8
Creatinine (umol/L) 60.1 65.08 82.38 50.85
Natrium (mmol/L) 132.46 137.61 137.42 136.54
Potassium (mmol/L) 4.06 4.78 4.29 443
Magnesium (mmol/L) 0.86 0.86 1.03 0.92

DOT: 10.12998/wjcc.v11.i8.1862 Copyright ©The Author(s) 2023.

Figure 1 Computed tomography axial views of the abdominopelvic cavity 2 d after video-assisted thoracic surgery. A: The red circle
represents the scope of the stomach. In the abdominal cavity section, we can see severe distention in the stomach; B: The red circle represents the scope of the
stomach. In the pelvic cavity section, we can see that the inferior edge of the stomach reached the pelvic cavity.

DOI: 10.12998/wjcc.v11.i8.1862 Copyright ©The Author(s) 2023.

Figure 2 Oral iohexol X-ray imaging at 10 min (left) and 4 h (right) after administration of contrast agent. A: 10 min after ingestion of iohexol, the
first sign of passage to the duodenum was observed; B: Some contrast agent was retained in the stomach 4 h after administration.

OUTCOME AND FOLLOW-UP

Six days later, the patient was symptom-free and developed progressive feeding tolerance. He was
discharged from the hospital 10 d after surgery and was able to tolerate a normal diet at the 30-d
postoperative follow-up.

Bainnidenge WICC | https://www.wjgnet.com 1865 March 16,2023 | Volume1l | Issue8 |



An H et al. Gastroparesis after VATS

Jaishideng®

DISCUSSION

Surgery is the standard treatment for curable patients (clinical stage I and II non-small cell lung cancer)
in whom there is no evidence of mediastinal involvement prior to surgical resection. VATS is a
minimally invasive approach to the treatment of early-stage non-small cell lung cancer and has been
reported to decrease postoperative complications, especially for those with significant medical
comorbidities[2,3,9]. While the most common complication following thoracic surgery is pneumonia,
there are few case reports on gastrointestinal disorders secondary to VATS lobectomy[5-7].

Gastroparesis is an annoying gastrointestinal disorder defined by delayed gastric emptying in the
absence of a mechanical obstruction, with symptoms of nausea, vomiting, bloating, and abdominal pain.
Diabetes with poor glycemic control is the most common etiology of gastroparesis[10]. The normal
motor function of the gastrointestinal tract is a complex sequence of events mediated by an extrinsic
nerve supply from the brain and spinal cord, complex neuronal plexus and other intrinsic or enteric
pathways within the wall of the stomach and intestine (the enteric brain). They work together and alter
the excitability of gastrointestinal smooth muscle. Abnormalities in any part of the sequence can result
in delayed gastric emptying[11]. Previous studies have reported that some patients developed gastro-
paresis after surgery; among these patients suffering from gastroparesis, two-thirds had undergone
therapeutic vagotomy for peptic ulcers[12]. Opioids used for postoperative analgesia can also aggravate
gastrointestinal dysfunction[13]. However, the most common opioid-related gastrointestinal
complication was constipation after long-term treatment with high-dose opioids[14,15]. In this case
report, the patient received opioids at a low dose for a short duration and had no evidence of electrolyte
imbalance, restricting the most likely underlying etiology to thoracic autonomic nervous system injury
during the surgery. The sympathetic fibers innervating the stomach can cause contraction of the pylorus
and reduce gastric blood flow, while the vagal nerves promote the secretion of gastrin and acid and
relax the pyloric sphincter during gastric emptying[16]. Generally, they work together to coordinate
gastrointestinal activity, and when the vagal nerves are injured, the activity of the sympathetic nerves
will be enhanced.

The vagal nerves run behind the root of the lung and form the anterior and posterior esophageal
plexuses, which are distributed along the front and back of the esophagus, respectively. Then, they
merge into the anterior vagal trunk and the posterior vagal trunk, passing through the esophageal
hiatus into the abdominal cavity and innervating the gastric glands and muscularis[17]. Gastroparesis
has been reported as a complication after heart and lung transplantation because the vagal nerves are at
high risk of injury when surgeons dissect the native lung[18]. The use of immunosuppressive
medications and the progression of preexisting motility disorders aggravate gastrointestinal
dysfunction in patients with end-stage lung disease as well[18]. In this case, the only medication
disturbing gastrointestinal function was sufentanil, which was infused at a low dose and ceased
immediately after the onset of gastrointestinal discomfort. There was no evidence of electrolyte
imbalance or previous gastrointestinal disorder. The most likely underlying cause of gastroparesis was
vagal nerve injury. However, no manipulation of the vagal nerve was performed during surgery, which
excluded the possibility of direct neuronal damage. However, it is likely that the vagal nerve was
exposed to edema caused by excessive ambient heat when we resected paraesophageal lymph nodes
with electrocautery. Another possible reason accounting for the development of gastroparesis is that the
thoracic vagal nerve might be compressed by a tiny paraesophageal hematoma, which would also
influence the function of the vagal nerve for a while.

Although most patients suffering from gastroparesis after abdominal surgery can recover spontan-
eously without therapy, the alleviation of gastroparesis symptoms after thoracic surgery is still
unknown. If the etiology of gastrointestinal dysfunction is reversible, conservative management (such as
antacid use, raising the head of the bed, and frequent small meals) is effective for some patients with
mild symptoms. Moreover, prokinetics such as metoclopramide and cisapride can be administered to
improve gastric emptying and enhance the recovery of gastrointestinal function in most patients[12].
Since the most common etiology of gastroparesis after thoracic surgery is vagal nerve injury, surgical
intervention can be considered if the symptoms are refractory and last for more than one year. Recently,
surgical interventions, including pyloroplasty and gastrojejunostomy, have been indicated to be
effective in treating refractory gastroparesis[12,19,20]. However, the proportion of patients receiving
surgical treatment has yet to be studied. In this case, there was no direct damage to the patient’s vagal
nerve, which allowed for gastrointestinal symptom relief after decompression with a nasogastric tube
and medication with metoclopramide and cisapride. We also had some limitations regarding the
management of this patient. First, the etiology of gastrointestinal dysfunction is putative, and it was
impractical to assess the severity of nerve injury. After excluding other causes, intraoperative autonomic
nervous system injury was the most likely etiology for the patient’s gastroparesis. Second, the gold
standard for the diagnosis of gastroparesis is delayed gastric emptying on scintigraphy[21], but the
patient refused to be examined due to financial reasons. We chose oral iohexol X-ray imaging as an
alternative to evaluate gastrointestinal motility.
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CONCLUSION

In this article, we report a rare case of gastroparesis after VATS lobectomy. The most likely etiology of
the patient’s postoperative gastroparesis was indirect vagal nerve injury during the surgery. In this
procedure, no direct manipulation of the vagal nerves was performed, but neuronal edema caused by
electrocautery or compression of a tiny hematoma might account for transient gastrointestinal
dysfunction. For patients suffering severe nausea and vomiting after thoracic surgery, gastroparesis
should be considered after exhaustive inspection. Early detection and early treatment are vital to the
recovery of patient gastrointestinal function.
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Abstract

BACKGROUND

Intraoperative hyperlactatemia often affects circulatory stability, vital organ
function, and postoperative recovery, poses a serious prognostic risk, and requires
considerable attention from anesthesiologists. Here, we describe a case of
hyperlactatemia during the postoperative resection of liver metastases after
chemotherapy for sigmoid colon cancer. This did not affect the patient's
circulatory stability or quality of awakening, which is rarely reported in clinical
practice. We present our management experience with the aim of providing a
reference for future studies and clinical practice.

CASE SUMMARY

A 70-year-old female patient was diagnosed with postoperative liver metastasis
following chemotherapy for sigmoid colon cancer. Laparoscopic right
hemicolectomy and cholecystectomy under general anesthesia were required.
Metabolic disorders, primarily hyperlactatemia, often occur intraoperatively.
After treatment, other indices quickly returned to normal, lactate levels decreased
slowly, and hyperlactatemia persisted during the awakening period. However,
this did not affect the patient's circulatory stability or awakening quality. This
condition has rarely been clinically reported. Therefore, we report our manage-
ment experience in order to guide clinical practice in this regard. Hyperlactatemia
did not affect circulatory stability or the quality of awakening. We considered that
active intraoperative rehydration avoided serious harm to the organism caused by
hyperlactatemia due to insufficient tissue perfusion, while hyperlactatemia caused
by decreased lactate clearance due to impaired liver function associated with
surgical resection had a mild effect on the function of important organs.

CONCLUSION
Active intraoperative rehydration avoided serious harm to the organism caused
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by hyperlactatemia. Strengthening body temperature protection could improve lactate circulation.

Key Words: Circulation; Hyperlactatemia; Laparoscopy; Quality of awakening; Secondary hepatocellular
carcinoma; Case report
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Core Tip: Intraoperative hyperlactatemia often affects circulatory stability and vital organ function, posing
serious prognostic risks. Cases wherein circulatory stability and recovery quality are unaffected are rarely
reported. We consider that aggressive intraoperative rehydration avoids serious harm to the organism
caused by hyperlactatemia due to insufficient tissue perfusion. Enhanced thermoprotection also improved
lactate circulation. There may be individual differences in metabolism and lactate may have a slow
clearance profile. The impact on circulation and quality of awakening was mild. Awakening extubation
can be performed to reduce the duration of mechanical ventilation and risk of delayed extubation, and to
shorten the hospital stay.
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INTRODUCTION

The management of intraoperative hyperlactatemia poses a serious challenge to anesthesiologists. To
date, it is well recognized that hyperlactatemia poses a serious risk to the organism, requiring a great
deal of attention from anesthesiologists. The common causes of increased lactate are increased
production due to inadequate tissue perfusion, decreased clearance due to decreased kidney function,
and disturbed circulation of lactate due to decreased liver function.

Here, we describe a case of hyperlactatemia during postoperative resection of liver metastases
following chemotherapy for sigmoid colon cancer that did not affect the patient's circulatory stability
and quality of recovery, which has been rarely reported in clinical practice.

Based on our management experience, we found that this condition was not due to hyperlactatemia
caused by inadequate tissue perfusion and did not cause irreversible damage to vital organs. There was
minimal impact on the patient's circulation and quality of recovery. Therefore, we decided to remove
the tracheal tube, reduce any unnecessary mechanical ventilation time, reduce the risk of delayed
extubation, and shorten the length of hospital stay. We report our management experience with the aim
of providing a reference for clinical anesthesia.

CASE PRESENTATION

Chief complaints

We report the case of a 70-year-old elderly female patient (weight, 60 kg; height, 156 cm; body mass
index 24.7 kg/m?). Laparoscopic right hemicolectomy and cholecystectomy were performed under
general anesthesia. The patient’s chief complaint was sigmoid colon cancer with a duration of 10 mo, as
well as liver metastasis (with a duration of four months) following postoperative chemotherapy.

History of present illness
The patient was admitted to a local hospital 10 mo prior due to abdominal pain, mucus, and bloody
stools. Colonoscopy revealed sigmoid colon cancer and pathological results showed hypofractionated
adenocarcinoma. After completing the relevant examinations, the patient received three cycles of
neoadjuvant chemotherapy. Later, the patient developed colic abdominal pain focused in left lower
abdomen that was accompanied by nausea and vomiting; intestinal obstruction was considered. Under
general anesthesia, the patient underwent laparoscopic-assisted radical resection of the sigmoid colon
cancer, left adnexal resection, double-lumen fistula of the terminal ileum, and chemotherapy with
membrane infusion and release of intestinal adhesions.

Postoperative pathology of the sigmoid colon reported moderate-to-low differentiated adenocar-
cinoma with necrosis, small foci with phosphorylation, invasion of the muscular layer to the peri-
intestinal fat, and visible nerve invasion. A pathological diagnosis of sigmoid colon cancer was made.
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After four cycles of postoperative chemotherapy, the patient was treated with three cycles of
intravenous targeted drug infusion (four months prior), and the lesion was reduced on review.

History of past illness
The patient had no previous history of hypertension, diabetes, or coronary heart disease. She had a
history of cerebral infarction for more than six months and had not undergone any special treatment.

Personal and family history
The patient denied any relevant family history of cancer or chronic disease.

Physical examination

The patient had a temperature of 36.3 °C, a heart rate of 85 beats/min, a respiratory rate of 19 breaths/
min, and a blood pressure (BP) of 139/97 mm Hg. Her height and weight were 156 cm and 60 kg,
respectively. The patient showed normal development, a positive nutritional status, and clear
consciousness. Difficult airway (Mallampati class II) was not detected during the preoperative
evaluation. The nail-chin spacing was > 6 cm, mouth opening was > 6 cm, and head extension was >
35°. Cardiopulmonary examination findings were unremarkable, and the patient was classified as
American Society of Anesthesiology (ASA) class II.

Laboratory examinations

The patient’s blood counts were as follows: Erythrocyte count 3.07 x 10"2/L, hemoglobin 103.0 g/L;
erythrocyte pressure volume, 31.7%; liver function: Alanine transferase 11.2 U/L, aspartate aminotrans-
ferase 27.9 U/L, total protein 56.2 U/L, albumin 34.7 U/L, albumin:globulin ratio 1.61, total bilirubin 6.3
pmol/L. Other laboratory tests, such as routine urine and renal function tests, were within normal
limits.

Imaging examinations
Abdominal computed tomography suggested liver metastasis (Figure 1A). All other test results were
unremarkable.

FINAL DIAGNOSIS

Postoperative diagnosis
Postoperative liver metastasis following chemotherapy for sigmoid colon cancer and cerebral infarction.

Pathological diagnosis
Hypofractionated adenocarcinoma (Figure 1B).

TREATMENT

The patient underwent laparoscopic resection of multiple metastatic carcinomas in the right lobe of the
liver and ileostomy with a double-lumen fistula return under general anesthesia. The patients fasted
and abstained from food and drink prior to surgery. The patient was admitted to the room where cuff
BP, electrocardiography, partial pressure of oxygen, and the bispectral index were routinely monitored.
Venous access to the left upper limb was established.

Invasive arterial BP monitoring was performed by radial artery puncture after local anesthesia, and
arterial blood gas testing was performed. The patient’s BP on admission was 188/75 mmHg, her heart
rate was 67 beats/min, and her pulse oximetry was 92%.

After the anesthesia plan was finalized, we administered a routine induction of anesthesia, as follows:
Oxygen denitrogenation by face mask for 3 min, intravenous sufentanil 50 pg, remazolam 14 mg,
rocuronium 50 mg. Two minutes later, a 7.5 single-lumen tracheal tube was successfully inserted via the
mouth. After successful tracheal intubation, a single-lumen central venous catheter was inserted
through the right internal jugular vein. An ultrasonography-guided transverse abdominal muscular
nerve block was performed.

Anesthesia was maintained with continuous intravenous pumping of 0.05-0.20 pg/kg/min
remifentanil, inhalation of 2%-3% sevoflurane, and intermittent sedation of cisatracurium. In this patient
presenting with multiple hepatic metastases, we implemented the Pringle method as a blocking
technique to reduce intraoperative bleeding. Intermittent intraoperative arterial blood gas testing was
performed (Table 1).

For metabolic disturbances that appeared intraoperatively, we provided timely treatment, including
rehydration, potassium supplementation, and acid correction. Laparoscopic exploration revealed a non-
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Table 1 Results of blood gas analysis in a patient with metastatic liver cancer who underwent resection of multiple metastatic tumors in

the right lobe of the liver

Pre- . . . Recove! Recove Recove!
Measure . Intraoperative 1 Intraoperative 2 Intraoperative 3 v v v
anesthesia m 1 room 2 room 3
pH 7.4199 7.2946 7.2964 7.4551 7.3541 7.2965 7.3666
Potassium 3.6836 3.8524 3.9770 3.5277 3.3718 3.6577 3.0349
(mmol/L)
Glucose (mmol/L) 6.2544 10.6121 15.5280 14.4482 11.2476 10.3345 10.1226
Lactic acid 3.1100 2.3355 4.7321 6.3023 8.1477 9.3126 9.8924
(mmol/L)
Base surplus 153 353 -6.24 -0.56 -5.10 -7.82 -4.87
(mmol/L)
Het 33.382 31.879 29.717 24.776 27.867 25.012 22.024
PaO, (mmHg) 72.2 207.4 253.8 185.9 226.9 86.0 1015
FiO, 0.21 0.60 0.60 0.60 0.60 0.21 0.21

FiO,: Fraction of inspired oxygen; Hct: Hematocrit; PaO,: Partial pressure of oxygen.

DOI: 10.12998/wjcc.v11.i8.1869 Copyright ©The Author(s) 2023.

Figure 1 Abdominal computed tomography scan and pathological diagnosis imaging. A: Abdominal computed tomography scan suggestive of liver
metastases; B: Image depicting the pathological diagnosis of hypofractionated adenocarcinoma.

sclerotic liver with multiple hepatic metastatic carcinomas. The tumors were located in segment V of the
liver, with a tumor size of approximately 2 cm x 3 cm, adjacent to the gallbladder, and in segment VI of
the liver, with a tumor size of approximately 4 cm x 5 cm.

Due to the large number of tumors, an intraoperative portal block was performed several times using
the Pringle blocking technique. A hepatobiliary surgeon performed laparoscopic resection of multiple
metastatic carcinomas in the right lobe of the liver and ileal double-lumen fistula reduction under
general anesthesia. The patient was administered 5 mg dizocine for analgesia 0.5 h before the end of the
operation as well as intravenous self-administered analgesia after the operation. The operation lasted
320 min, anesthesia lasted 375 min, 1990 mL of crystalloid fluid was infused, intraoperative blood loss
was 400 mL, and the urine volume was 1000 mL.

After surgery, the patient was transferred to a recovery room for tracheal intubation. While the
patient was in the recovery room, we continued to monitor her arterial blood gas and found that
metabolic disorders such as hyperlactatemia were still present (Table 1). We actively treated her with
rehydration, potassium supplementation, acid correction and temperature protection. After 40 min, the
patient's arterial blood gas normalized, with the exception of hyperlactatemia. At this point, we found
that the patient's vital signs were stable and she did not show signs of hyperlactatemia inhibiting
circulation, which is extremely rare in clinical practice.

After 0.5 h, the patient's vital signs remained stable, and we decided to wake the patient up again
without referring to the lactate level. The patient was then intravenously injected with neostigmine 1.5
mg and atropine 0.4 mg for inotropic antagonism, followed by intravenous flumazenil 0.4 mg five
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minutes later. After the patient became conscious, muscle tone was restored, spontaneous breathing and
the cough reflex were restored, respiratory secretions were cleared, and the tracheal tube was removed.
The patient was observed for 0.5 h.

After it was determined that the patient had no complaints of discomfort and had stable vital signs,
the was transferred back to the ward. The patient remained in the recovery room for 120 min, during
which hyperlactatemia did not affect the patient's circulatory stability and quality of awakening, which
is a rarely reported phenomenon. We consider that delayed extubation can shorten the length of
hospital stay.

OUTCOME AND FOLLOW-UP

The patient returned to the ward with clear consciousness and a cooperative mindset. Her BP was 135/
75 mmHg, her heart rate was 67 beats/min, and her pulse oximetry reading was 100%. On the first day
after surgery, comprehensive treatment, including blood transfusion and oxygen, was administered.
The patient's vital signs were stable.

On the second day after surgery, the patient's vital signs were stable. Lactate was rechecked at 1.98
mmol/L, liver function was rechecked at 383.3 U/L and 531.5 U/L. On the fourth postoperative day,
the patient’s liver function normalized. She recovered well and was successfully discharged from the
hospital. On the postoperative pathology report, multifocal hypofractionated carcinoma was observed
in the liver. The patient's vital signs were stable at the two-month postoperative follow-up visit.

DISCUSSION

Approximately 57% of secondary liver cancers are caused by hematogenous metastasis of pancreatic,
gastric, and colorectal cancers, whereas lung, cervical, breast, and ovarian cancers commonly
metastasize to the liver via hematogenous metastasis. Secondary liver cancer is insensitive to
radiotherapy and chemotherapy. Therefore, early surgical resection is the single most effective
treatment.

Since the liver is rich in blood flow and liver tissue is fragile, the risk of intraoperative hemorrhage is
high. Therefore, a key goal of surgery is to effectively control liver bleeding. To reduce bleeding,
resection is often performed after hilar block. Both Pringle's method and the hemihilar block are
common clinical methods for blocking hepatic blood flow. The Pringle method is advantageous in
reducing bleeding. At the same time, the anesthesiologist needs to pay close attention to the bleeding
volume and rate during tumor resection, the status of the operative field, and the dynamic changes of
the patient's BP and pulse rate as well as other indicators. While actively administering fluids and
transfusing blood, it is necessary to pay extra attention to changes in electrolytes and metabolic indices
to avoid serious metabolic disorders such as hyperlactatemia, which may affect the function of vital
organs.

In this case, the patient had multiple hepatic metastases after undergoing chemotherapy for sigmoid
colon cancer, which was secondary to hepatocellular carcinoma. The preoperative examination showed
no significant abnormalities in cardiopulmonary, liver, or kidney function, and the routine blood tests
were within the acceptable range for elective surgery. The proposed surgery was laparoscopic right
hemicolectomy + cholecystectomy, and the overall assessment of this case was ASA grade II. The
surgery was medium risk, such that elective surgery could be performed under general anesthesia.

Considering the proposed resection of multiple hepatic metastases in this case, bleeding control was
the core consideration. Therefore, surgery was performed using the Pringle method with a hepatic
portal block. The main points of perioperative anesthesia management were to ensure the appropriate
depth of anesthesia; to pay extra attention to the extent of liver surgical resection, bleeding volume, and
bleeding rate; to strengthen invasive hemodynamic monitoring; to emphasize enhanced volume and
urine volume management; to dynamically monitor changes in the internal environment; and to
administer effective temperature protection and other treatments. In summary, we used remifentanil +
sevoflurane inhalation compound general anesthesia combined with a transversus abdominis nerve
block, invasive arterial monitoring, and strengthened volume management, while paying attention to
urinary volume, closely monitoring arterial blood gas changes, providing timely adjustment, and
striving to achieve individualized and refined anesthetic management.

Normal lactate blood concentrations are in the approximate range of 1.3 mmol/L. Clinically, a blood
lactate concentration of > 2.25 mmol/L is usually indicative of hyperlactatemia. A lactate concentration
of > 5 mmol/L indicates lactic acidosis. In this case, the patient developed severe intraoperative
metabolic disorder (Table 1). After aggressive rehydration, potassium supplementation, and acid
correction, all indices except hyperlactatemia quickly returned to the normal range.

It is well known that hyperlactatemia poses a serious risk to the body. Numerous studies have shown
that blood lactate levels are closely related to the criticality and prognosis of serious diseases, with
higher blood lactate levels leading to more serious conditions and worse prognoses. Hyperlactatemia

WJCC | https://www.wjgnet.com 1873 March 16,2023 | Volume1l | Issue8 |



Meng Y et al. Hyperlactemia in secondary hepatocellular carcinoma resection

Jaishideng®

leads to reduced myocardial contractility and cardiac output, resulting in tissue and organ hypoper-
fusion, arrhythmia, and reduced cardiovascular responsiveness to catecholamines[1].

The relationship between severe hyperlactatemia and prognosis is divided into two main categories:
(1) Severe hyperlactatemia is associated with the failure of various vital organs, such as the liver,
kidney, heart, sepsis, as well as other diseases whose primary conditions are difficult to reverse; and (2)
Severe hyperlactatemia is associated with cardiac surgery, epilepsy, and other diseases whose primary
conditions can be reversed. It was found that the second condition is associated with a significantly
lower mortality rate and a mild effect on the organism[2].

In the present case, hyperlactatemia occurred intraoperatively. We actively searched for the cause and
administered various treatments in a timely manner to reduce the harm caused by hyperlactatemia to
the organism, with a special focus on avoiding aggravating vital organ failure due to hyperlactatemia
caused by insufficient tissue perfusion.

The occurrence of hyperlactatemia is due to excessive lactate production on the one hand, and to
reduced lactate clearance on the other[3]. Excessive lactate production is associated with various causes
such as inadequate tissue perfusion due to volume deficit caused by the intraoperative controlled
hypocentral venous pressure technique, a large extent of liver resection or use of the intraoperative
Pringle method block technique, long duration of hepatic portal block, traumatic injury resulting in
interruption of blood flow to the injured tissue, ischemia-reperfusion injury, hypothermia, and other
causes of inadequate tissue perfusion leading to lactic acidosis. In a study by Theodoraki et al[4], it was
found that postoperative lactic acid was significantly increased in patients undergoing Pringle's method
of blockade compared to those without this method. The authors concluded that blocking hepatic blood
flow not only decreased the hepatic oxygen supply and increased anaerobic metabolism, but also
significantly decreased the ability of the liver to remove lactic acid.

Impaired liver function associated with surgical resection, which affects the circulation and clearance
of lactic acid, can also cause lactic acid accumulation and acidosis. In addition, the kidney can use lactic
acid to supply energy and synthesize glycogen via the pyruvate pathway, and it can also secrete lactic
acid for excretion[5]. The kidney's ability to remove lactic acid increases with increased blood lactate
concentrations.

In this case, hyperlactatemia did not affect the patient’s circulatory stability and quality of recovery
during awakening, and we did not give vasoactive drugs for supportive treatment. This suggests that
hyperlactatemia in this case did not cause serious harm to the vital organs of the body, which is rarely
reported.

In regard to the possible causes of the hyperlactatemia in this case, our analysis is as follows. First, in
comparing the patients” preoperative and postoperative liver functions (Table 2), we found that the
patients’ preoperative liver function was normal, whereas her postoperative liver function changed
significantly. Moreover, combined with the fact that this patient had multiple liver metastases, intraop-
erative bleeding was relatively high. To reduce bleeding, the surgeon performed multiple hepatic portal
blocks using Pringle's method, showed a greater impact on the patient's liver function. Combined with
the surgery, we actively carried out rehydration, potassium supplementation, acid correction and other
treatments to avoid the increase of lactic acid due to insufficient tissue perfusion and ensure the stability
of the patient's circulation. On comparing the patient's preoperative and postoperative renal function,
we found no significant difference. Combined with the total intraoperative crystalloid infusion of 1990
mL and a urinary volume of 1000 mL, this suggests that hyperlactatemia did not affect the patient's
circulation and renal function. Comprehensive analysis showed that the patient had stable circulation
and good tissue perfusion, which excluded hyperlactatemia caused by insufficient tissue perfusion and
also suggested that lactate clearance in the kidneys was not affected. We consider that the extent of liver
resection, intraoperative hepatic portal block time, traumatic liver injury and ischemia-reperfusion
injury affected the patient's liver function to some extent, resulting in a decrease in the liver's ability to
metabolize lactate, while impaired liver function affecting lactate circulation and leading to lactate
accumulation may be the main reason for hyperlactatemia in this case. We note that hypothermia may
affect lactate circulation, and that the observed findings may also be due to individual differences in
lactate metabolism. In addition, lactate is characterized by relatively slow clearance. In sum, we
analyzed the hyperlactatemia in this case as arising from decreased lactate clearance due to impaired
liver function associated with surgical resection, presenting a reversible hyperlactatemia with minimal
impact on the patient (Table 3).

The treatment of hyperlactatemia presents a management challenge for anesthesiologists. Identi-
fication of the cause of hyperlactatemia is the key to aggressive treatment. The first priority of treatment
is to improve tissue perfusion, and patients should be treated and managed individually in consid-
eration of their condition and in accordance with treatment principles. Blood lactate levels are an
important indicator for taking therapeutic measures, and treatment should be initiated when serum
lactate levels are > 4.0 mmol/L[6]. Studies have shown that aggressive rehydration can improve lactate
production due to insufficient tissue perfusion while reducing the serious harm caused by hyperlact-
atemia to the organism.

Hypothermia affects the lactate cycle. Hypothermia is often triggered in patients undergoing
hepatectomy due to several factors[7]. The results of a study by Li et al[3] showed that hypothermia may
lead to further compromise of the patient's liver function as well as long-term ischemia and hypoxia of
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Table 2 Pre-operative and post-operative liver function in a patient with metastatic liver cancer who underwent resection of multiple

metastatic tumors in the right lobe of the liver

Measure Preoperative Postoperative day 1 Postoperative day 2 Postoperative day 5 Postoperative day 6
ALT (U/L) 11.2 405.4 383.3 151.1 109.9

AST (U/L) 27.9 7458 531.3 54.2 35.1

TP (g/L) 56.2 48.1 416 49.1 48.8

ALB (g/L) 34.7 30.4 27.4 35.8 36.4

AG 1.61 1.72 1.93 2.69 2.94

TBIL (pmol/L) 6.3 6.7 12.3 11.9 15.4

A:G: Albumin:globulin ratio; ALB: Albumin; ALT: Alanine transaminase; AST: Aspartate aminotransferase; TBIL: Total bilirubin; TP: Total protein.

Table 3 Etiology, treatment, and prognosis of hyperlactatemia associated with resection of secondary hepatic metastatic carcinoma

Causes of disease Treatment Prognosis
Excessive lactic  Insulfficient volume leading to Aggressive fluid Severe hyperlactatemia is associated with failure of all vital
acid production  inadequate tissue perfusion replacement to improve organs and is difficult to reverse with a poor prognosis

tissue perfusion

Longer hepatic portal block, Rehydration, potassium
traumatic injury leading to ischemic  replacement, correction of
reperfusion injury acidosis
Hypothermia Insulation therapy
Decreased Blockage of blood flow to the liver =~ Minimize hepatic portal Severe hyperlactatemia is associated with cardiac surgery,
lactate clearance leading to a decrease in the liver's block time, temperature epilepsy and other conditions where the primary condition can
ability to remove lactic acid protection be reversed, and has a mild impact on patients with a good

prognosis
Impaired liver function associated Hepatoprotective therapy
with surgical resection

Impaired kidney function Maintain circulatory stability
and rehydration

liver tissue, which can further affect blood lactate and cause metabolic disorders. General nursing
measures cannot ensure a normal body temperature in these patients, which leads to increased hypoxia
and affects lactate metabolism. It is reported in the literature that body temperature protection can
improve lactate metabolic function by maintaining a normal body temperature[8,9]. The Pringle block
can completely block the portal vein, which can reduce bleeding during hepatectomy; however, it can
also cause visceral and inferior vena cava system stasis. Studies have shown that visceral and inferior
vena cava system stasis and tissue hypoxia due to hypothermia can increase lactate concentrations.
Maintaining the patient's body surface temperature can improve the degree of hypoxia and significantly
reduce lactate concentrations[10].

In this patient, to avoid hyperlactatemia due to inadequate tissue perfusion that could in turn affect
vital organ function, we actively treated the patient with volume expansion, acid correction, and arterial
blood gas testing. The patient's severe hyperlactatemia did not affect circulatory stability and quality of
awakening, and the patient's good postoperative recovery showed that our analysis of the causes of
hyperlactatemia, comprehensive treatment, and timely decision to awaken and extubate were correct
(Table 4).

This case suggests that anesthesiologists should pay close attention to intraoperative hyperlactatemia,
strengthen their knowledge about the causes of lactic acid increase and lactic acid metabolism, and gain
a deep understanding of the varying effects of different causes of hyperlactatemia on the body, so that
anesthesiologists can make correct analyses, perform timely management, and enact effective decisions
on follow-up treatment when intraoperative hyperlactatemia occurs. At the same time, the surgical team
should also pay closer attention to patients” preoperative liver function, and evaluate and actively treat
said patients.

For patients with normal preoperative liver function, clinicians should attempt to control the inflam-
matory response during the perioperative period, maintain stable hemodynamics during surgery,
reasonably control low central venous pressure while ensuring tissue perfusion, and minimize operative
and hepatic portal block times to reduce the incidence of hyperlactatemia by reducing the degree of
liver function impairment associated with surgery. In elective surgery patients with preoperative
hepatitis or cirrhosis resulting in hepatic insufficiency, the incidence of intraoperative hyperlactatemia is
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Table 4 Case report timeline

Item

Timeline

Preoperative 1

Perioperative 5

10

11

Postoperative 12

13

14

15

Ten months after diagnosis of sigmoid colon cancer, 4 months after postoperative chemotherapy for liver metastasis

History of “cerebral infarction” for more than six months without special treatment

Abdominal CT scan suggestive of liver metastasis

The operation was performed under general anesthesia

Invasive blood pressure was monitored and arterial blood gas analysis was conducted

BIS was monitored

Induction of conventional anesthesia with tracheal intubation

CVC after general anesthesia. Ultrasound-guided transversus abdominis block was performed

Maintenance of anesthesia was performed using static inhalation compound general anesthesia

The operation was performed using Pringle's method to block the hepatic metastases, and arterial blood gases were monitored
dynamically intraoperatively. Hyperlactatemia was detected and treated aggressively with fluid replacement and other treatments.
However, the patient's vital signs were stable

The surgery was successfully completed

After the operation, the patient was transferred to the PACU. There was still hyperlactatemia detected. However, the patient's vital
signs were stable

Treatments such as temperature protection as well as arterial blood gas testing were implemented, and although hyperlactatemia was
present, vital signs were stable and awakening was satisfactory. The patient returned to the ward after surgery

The patient was discharged six days after surgery

The patient was followed up two months after the operation

BIS: Bispectral index; CT: Computed tomography; CVC: Central venous catheter; PACU: Post-anesthesia care unit.
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greatly increased, which can seriously affect the function of important organs and increase the difficulty
of anesthesia management. Therefore, preoperative hepatoprotective therapy should be actively
administered, and surgical treatment should be performed when liver function is restored to that
required for elective surgery. Intraoperative attention should be paid to strengthening prevention and
treatment and actively maintaining fragile liver function to reduce the incidence of hyperlactatemia,
improve patient prognosis, and increase postoperative survival and quality of life.

In conclusion, our patient presented with multiple hepatic metastatic carcinomas secondary to
sigmoid colon cancer. Intraoperative hyperlactatemia associated with surgical resection occurred, but
the patient's circulatory stability and quality of recovery were not affected by hyperlactatemia during
the awakening period, which had specific and somewhat unique reasons in this case. The quality of
recovery during the awakening period and the patient’s good postoperative outcome suggest that the
analysis of the causes of hyperlactatemia, comprehensive management, and the decision to extubate
were correct.

CONCLUSION

In this case, we found that hyperlactatemia did not affect the patient’s circulatory stability or the quality
of awakening. We considered that active intraoperative rehydration avoided serious harm to the
organism caused by hyperlactatemia due to insufficient tissue perfusion, while hyperlactatemia caused
by decreased lactate clearance due to impaired liver function associated with surgical resection had a
mild effect on the function of important organs. Additionally, strengthening body temperature
protection could improve lactate circulation. Future clinical trials are needed for further confirmation of
the preliminary findings of this case study, which is likewise intended to provide a reference for general
anesthesiologists in their clinical work.
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Abstract

BACKGROUND

Sclerosing odontogenic carcinoma is a rare primary intraosseous neoplasm that
was featured recently as a single entity in the World Health Organization classi-
fication of Head and Neck Tumors 2017, with only 14 cases published to date. The
biological characteristics of sclerosing odontogenic carcinoma remain indistinct
because of its rarity; however, it appears to be locally aggressive, with no regional
or distant metastasis reported to date.

CASE SUMMARY

We reported a case of sclerosing odontogenic carcinoma of the maxilla in a 62-
year-old woman, who presented with an indolent right palatal swelling, which
progressively increased in size over 7 years. Right subtotal maxillectomy with
surgical margins of approximately 1.5 cm was performed. The patient remained
disease free for 4 years following the ablation surgery. Diagnostic workups,
treatment, and therapeutic outcomes were discussed.

CONCLUSION

More cases are needed to further characterize this entity, understand its biological
behavior, and justify the treatment protocols. Resection with wide margins of
approximately 1.0 to 1.5 cm is proposed, while neck dissection, post-operative
radiotherapy, or chemotherapy are deemed unnecessary.

Key Words: Odontogenic tumor; Sclerosing odontogenic carcinoma; Head and neck
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Core Tip: Sclerosing odontogenic carcinoma is a rare disease entity with only 14 cases published to date,
this case report will further substantiate the understanding to this disease and the management protocols.
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INTRODUCTION

Sclerosing odontogenic carcinoma (SOC) is an unusual primary intraosseous neoplasm that was added
to the 4™ edition World Health Organization (WHO) classification of Head and Neck Tumors in 2017[1].
This disease entity was first described by Landwehr and Allen[2] in 1996 and subsequently reported by
Koutlas et al[3] in 2008. Nevertheless, this distinct entity remains poorly understood, with only 14 cases
published to date[2-6], despite its recent inclusion in the latest WHO classification of Head and Neck
Tumors. Clinically, it is characterized by locally aggressive, non-metastasizing properties, while
histopathologically, it is typically illustrated by infiltrative thin cords and small nests of epithelial cells
in the diffused sclerotic stroma[3]. However, there is no specific or distinctive immunohistochemical
staining for SOC. Radiologically, it mostly presents as an osteolytic lesion, with or without bony
perforation[4]. The histological resemblance of SOC to other disease entities poses a challenge to the
accurate diagnosis of this neoplasm, while the paucity of literature makes standardizing treatment
protocols more difficult. Herein, we describe a case of SOC of the maxilla, including diagnostic
workups, treatment, and therapeutic outcomes.

CASE PRESENTATION

Chief complaints

A 62-year-old woman presented to her local hospital in December 2017 with a 7-year history of right
palatal swelling. The patient first noticed a small, indolent swelling at the right anterior palate 7 years
previously, which gradually increased in size over the past 2 years, associated with intermittent
toothache and occasional facial swelling.

History of present illness

Initial clinical examination revealed a firm mass over the anterior palate, without apparent buccal and
lingual expansion. The initial dental panoramic tomogram (DPT) revealed radiolucency with a
welldefined sclerotic border of the right maxilla extending into the right maxillary sinus and significant
root resorption of the upper central, lateral incisors, and upper right first molar. Excisional biopsy of the
anterior palate was performed under local anesthesia via an intraoral approach, with extraction of the
upper right central and lateral incisors at the local hospital. The histopathology examination showed
SOC. Hematoxylin and eosin (H&E) sections showed small epithelial tumor cell cords in a densely
collagenized stroma. No obvious dysplastic features were observed in the given specimen. The swelling
resolved; however, the patient noticed the swelling of the palate again in April 2018, for which she was
eventually referred to our institution for management of the right maxillary tumor (Supplementary
material).

History of past illness

Except for long-standing diabetes mellitus and hypertension, her past medical history was unremar-
kable.

Personal and family history
Unremarkable.
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Figure 1 Clinical and radiological findings of the current case. A and B: A thorough extra-oral and intra-oral examination was performed. The patient
presented with a right facial swelling without overlying skin changes. The swelling was diffuse, firm, and non-tender, causing obliteration of the right nasolabial fold.
Mouth opening was not restricted and there was no palpable cervical lymphadenopathy. There were no neurosensory changes to the right infraorbital region; C: Intra-
oral examination showed an irregular mass at the anterior maxilla extending from the tooth 11 to 15 region and palatally crossing the midline into the left palate. There
was no obliteration of the buccal sulcus. The swelling was firm and nontender, with a non-ulcerated overlying mucosa. The adjacent teeth showed no marked
increase in mobility and no fluid discharge was noted on palpation of the swelling; D: The initial dental panoramic tomogram showed a radiolucent lesion of the right
maxilla extending into the right maxillary sinus (red arrows) with marked root resorption (yellow arrows); E: Computed tomography scan with contrast showed an
infiltrating lesion on the right maxilla with obvious bony destruction involving the right hard palate and right inferior turbinate (red arrows); F: Tumor mapping showing
an expansile mass perforating both the buccal and palatal bone; G: The osteotomy lines were planned and confirmed using the intraoperative navigation system; H:
Gross specimen of the lesion.
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Physical examination

Clinically, the patient presented with diffuse right facial swelling without overlying skin changes. The
swelling was diffuse and firm, causing obliteration of the right nasolabial fold. Mouth opening was not
restricted and there was no palpable cervical lymphadenopathy. There were no neurosensory changes
to the right infraorbital region (Figure 1A and B). Intra-oral examination showed an irregular mass at
the anterior maxilla, extending from the tooth 11 to 15 region, but without obliteration of the buccal
sulcus. The swelling was firm and non-tender upon palpation, with non-ulcerated overlying mucosa.
The adjacent teeth showed no marked increase in mobility and there was no fluid discharge noted upon
palpation (Figure 1C).

Laboratory examinations

The histopathology examination of the excisional biopsy that was performed at the local hospital
showed SOC. H&E sections showed small epithelial tumor cell cords in a densely collagenized stroma.
No obvious dysplastic features were observed in the given specimen.

WJCC | https://www.wjgnet.com 1880 March 16,2023 | Volume1l | Issue8 |



Soh HY et al. Sclerosing odontogenic carcinoma of maxilla

DOI: 10.12998/wjcc.v11.i8.1878 Copyright ©The Author(s) 2023.

Figure 2 Histological findings of the present case. A and B: Histological view focusing on small cords of epithelial cells of odontogenic origin immersed in a
diffused sclerotic and collagenous stroma [hematoxylin and eosin (H&E), original magnification: x 20]; C: Evidence of vascular invasion (H&E, original magnification:
x 20); D: Focal positivity in tumor cells to immunohistochemical staining for cytokeratin 7 (CK7) (original magnification: x 20); E: Immunohistochemistry for expression
of CK19 demonstrating diffuse, uniform positivity in the neoplastic cells (original magnification: x 20); F: Immunohistochemistry demonstrating that the tumor cells
expressed p40 (original magnification: x 20); G: Strong, diffuse positivity was seen for the expression of p63 (original magnification: x 20); H: The tumor cells were
stained negative for vimentin (original magnification: x 20); I: Low proliferative activity (Ki-67) was seen (approximately 5%-10%) (original magnification: x 20). CK:
Cytokeratin; H&E: Hematoxylin and eosin.

A gross pathological examination revealed a firm, expansile mass involving the right palate and right
maxillary sinus. However, the overlying mucosa appeared intact and not ulcerated (Figure 1H). The
resected specimens were fixed in 10% formalin, processed, and embedded in paraffin blocks for
histopathological examination. H&E sections showed small nests or cords of small neoplastic epithelial
cells, immersed within a sclerotic stroma, with perivascular infiltration. Under low power
magnification, the tumor cells demonstrated an infiltrating nature towards mature lamellar bone
fragments and generally, the tumor appeared to be non-encapsulated. The epithelial cells appeared to
be faintly hyperchromatic, while focal areas of tumor islands exhibited round hyperchromatic nuclei
with clear cytoplasm. Pleomorphism was uncommon and mitotic figures were scarce, with no
significant cellular atypia present (Figure 2A-C). Immunohistochemically, strong positive staining was
observed for cytokeratin 7 (CK7) (Figure 2D) and CK19 (Figure 2E). Tumor cell showed positive
expression of p40 (Figure 2F) and p63 (Figure 2G). The tumor cells stained negative for vimentin
(Figure 2H) and the proliferative activity was approximately 5%-10% according to the Ki-67 staining
results, suggesting a low-grade malignancy (Figure 2I). The sections also stained negative for S-100.

Imaging examinations

The initial DPT revealed radiolucency with a welldefined sclerotic border of the right maxilla extending
into the right maxillary sinus and significant root resorption of the upper central, lateral incisors, and
upper right first molar. DPT was repeated and revealed an ill-defined radiolucency at the right maxilla,
with a slight increase in size, as compared with the initial DPT (Figure 1D). The computed tomography
(CT) scan showed an expansile enhancing osteolytic mass at the right maxilla, with marked buccal and
palatal bone perforation (Figure 1E). The lesion extended into the right inferior turbinate and breached
the nasal septum. No prominent radiological evidence of lymphatic spread to the cervical region was

WJCC | https://www.wjgnet.com 1881 March 16,2023 | Volume1l | Issue8 |

Jaishideng®



Soh HY et al. Sclerosing odontogenic carcinoma of maxilla

Jaishideng®

seen.

FINAL DIAGNOSIS

A diagnosis of SOC was reached based on the clinical features and the radiological and histopatho-
logical findings.

TREATMENT

Right subtotal maxillectomy and reconstruction with a vascularized free fibula flap were performed
under the guidance of an intraoperative navigation system (BrainLAB, AG, Feldkirchen, Germany).
Approximately 1.5 cm surgical margins were resected, guided by the intraoperative navigation system,
to ensure clear surgical margins (Figure 1F and G). The ipsilateral free vascularized fibular flap was
harvested simultaneously with the tumor resection. Neck dissection was not performed because of
negative clinical and radiological findings of the cervical region. Intraoperative frozen section biopsy
from the surgical margins showed that all margins were tumor-free.

OUTCOME AND FOLLOW-UP

Post-operative recovery was uneventful, and the patient was subjected to standardized oral oncology
follow-up. At the post-operative one and six month-reviews, the patient was pleased with her post-
operative appearance and functions (Figure 3A). Upon clinical examination, the vascularized free fibula
flap provided good oroantral seal and support to the facial profile. The CT scan revealed excellent bony
consolidation of the graft and there was no obvious recurrence or metastasis noted radiographically or
clinically (Figure 3B-D). The patient remains diseasefree 22 mo after the surgery.

DISCUSSION

SOC is a relatively rare and disputable entity that was recently featured in the 2017 WHO classification
of Head and Neck Tumours[1]. Despite its recent addition to the WHO classification and its locally
aggressive nature, the characteristics and treatment protocol for SOC are inadequately described
because of its scarcity. The current literature review yielded 14 cases with comparable characteristics, as
summarized in Table 1[2-7,9-13,15-18].

SOC seems to have peak incidence in the fourth to seventh decades of life, with a female predilection
[9]. The tumor appears to have a greater propensity to affect the anterior mandible[9], with only 4 out of
11 cases involving the maxilla[2,6,7,11]. To date, including the case presented herein, there are only five
reported cases involving the maxilla. Patients frequently complain of long-standing swelling[2-4,7-12],
paraesthesia[3,12], pain[2,3], and tooth sensitivity[11]. Similar to our case, the patient complained of
long-standing swelling, with occasional pain in the area affected. The wide spectrum of clinical present-
ations make determining the nature of the lesion, whether benign or malignant, difficult[14].

Radiologically, this tumor could present as well-circumscribed or poorly-defined lytic radiolucency
with cortical bone perforation[2-4,9,12,13]. Our case demonstrated similar radiographical features, with
both well- and ill-defined sclerotic lesions and notable cortical bone perforation. Root resorption was
only described in one of the published cases[11], despite the locally aggressive nature of the tumor. The
infiltrative and locally aggressive nature was demonstrated in this case, as indicated by the marked
buccal and palatal bone perforation and distinct tooth root resorption on both plain radiographs and CT
scans.

Histologically, the tumor is typically characterized by infiltrative thin cords or small nests of
epithelial cells in the densely sclerotic stroma. Perineural, intraneural, or vascular invasion, which is
another distinguishing feature, were also described in seven cases[3,8,9,11-13], similar to our case, which
displayed perivascular infiltration in the H&E section. Although there is no distinctive immunohisto-
chemical marker for SOC, consistent cytokeratin immunoreactivity was seen, with positive staining for
CK5/6, p40, and p63 in most reported cases. Only one case demonstrated weak nuclear staining for p63
[7] and two cases displayed positivity for CK14[5,7]. Most cases reported negative staining for CK7,
whereas our case demonstrated diffuse CK7 expression, which is similar to that reported by Tan et al
[10], while Koutlas et al[3] and Iri¢ et al[12] showed focal expression of CK7. Most cases reported
negative results for vimentin and S-100, which is similar to the present case; only one case reported
unexpected negative staining for CK19[5]. Ki-67 was used in most cases to assess the proliferative index
of the tumor, which appeared to be insignificant in the reported cases, which is similar to the current
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Histopathological features

Ref. Gender, Site, symptoms Duration Radiological features Treatment IMC Outcome
age (yr) H&E Positive Negative
staining staining
Landwehr and  F, 46 Pain in the right Not Poorly defined osteolytic Wide resection with 1 cm margin  Islands of moderately pleomorphic CK5/6,CK19  Not mentioned No recurrence
Allen[2], 1996 mandible mentioned lesion with perforation of neoplastic epithelial cells interspersed after 12 yr
(Koutlas et al[3], buccal plate and thinning of with dense fibrous connective tissue
2008) lingual plate
Koutlas and M, 72 Left mandibular “Long” Radiolucency affecting the Wide resection with ipsilateral Thin cords and small nests of CK5/6,CK19, CK8/18, CK20,S- No recurrence
Warnock([8], mass (33-35) duration lower left canine and neck dissection epithelium in densely collagenized CK7 (focal), 100, SMA, CEA, after 5 yr
2005 (Koutlas et protruding into premolar stroma with invasion of striated muscle p63, E- desmin
al[3], 2008) vestibule with and perineural infiltration cadherin
mental nerve paraes-
thesia
Chaisuparatefal F,73 Enlargement of right Not Diffuse radiolucency Wide resection with post- Small nests and slender cords of p63 Not mentioned No recurrence
[6], 2006 maxilla mentioned involving alveolar ridge and  operative radiotherapy epithelial cells in densely collagenized after 3.5 yr
(Koutlas and extended into maxillary sinus stroma with muscle and perineural
Warnock][8], infiltration
2005; Koutlas et
al[3], 2008)
Ide et al[13], F, 47 2 cm mass on lower 2 yr Unilocular radiolucency with  Resection with neck dissection Small islands of tumour cells Not mentioned No recurrence
2009 left lingual gingiva sclerotic inferior border reminiscing epithelial cell rests of after 6 yr
surrounding roots of Malassez infiltrating the cancellous
mandibular left second bone
premolar and first molar
Irié et al[12], M, 67 Paraesthesia in left Not Focally expansile lesion with  First surgery: curettage; Second Foci of thin cords and small nests of p63, CK6, S100, CEA, Recurrence 8 mo
2010 mental region mentioned  thinning of buccal cortical surgery: Segmental epithelial cells in fibrous stroma with ~ CK19, CK7 calretinin, CD34,  after the first
bone with admixed of mandibulectomy with epithelial cells invading into the (focal), vimentin, CK8, surgery.No
radiolucent and radiopaque ~ chemotherapy mandibular canal AFE1/AE3 CK20, SMA, recurrence after
areas amelogenin, MIB-1 15 mo of the
<3% second surgery
Hussain et al M, 54 Sensitivity of upper  Not Well defined radiolucency Resection with close follow-up Small infiltrative islands in densely AE1-3, Not mentioned No recurrence
[11], 2013 right canine with a mentioned  associated with the upper fibrous stroma with perineural infilt- CK5/6, CK19 after 19 mo
firm lump right lateral incisor and ration
canine teeth with loss of the
lamina dura and irregular
resorption of the canine root
was seen
Saxena et al[9], M, 42 Firm swelling at left 11 mo Well-defined unilocular lytic ~ First surgery: excision; Second Cords and nests of tumour cells in CK5/6, P63 5100, SMA, No recurrence
2013 mandibular lateral lesion and perforation of both  surgery: Hemimandibulectomy  dense fibrous sclerosing stroma with Desmin after 10 mo
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incisor to second
premolars
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buccal and lingual cortices

with radical neck dissection and
radiotherapy

1883

vascular invasion
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Tan et al[10],
2014

Wood et al[7],
2016 (Gordon et
al[18], 2015)

Hanisch et al[4],
2017

Todorovic et al
[5], 2019

Seyiti et al[15],
2020

O’Connor et al
[16], 2019

Kataoka et al
[17], 2018

JRaishideng®

F,31

F,43

M, 62

F, 54

F, 43

F, 68

1 cm hard swelling at
lower right first
molar region

Asymptomatic firm
lump at right
anterior hard palate

Swelling at left
premolar/molar
region

Progressive left
maxillary swelling
with recurrent sinus
infections and
mobility of teeth

Discomfort at left
posterior mandibular
region, associated
with numbness of
lower lip

Asymptomatic,
incidental finding of
radiolucency of right
anterior maxilla

Rapid, painless
swelling of anterior
mandibular region,
with ulcerated
overlying gingiva

WJCC | https://www.wjgnet.com

Lower right
first molar
was
extracted 10

yr ago
Not

mentioned

Not
mentioned

6 mo

3 mo

16 yr

3 mo

Well-circumscribed round
radiolucent lesion with
scattered specks of radiopa-
cities with a distinct sclerotic
peripheral margin

Enhancing soft tissue mass
arising from the right hard
palate with no bone
destruction

Tll-defined osteolytic changes
with expansion, erosion, and
perforation

Ground glass appearance
with loss of trabeculations of
left maxilla

CBCT/SCT: irregular
extensive osteolytic lesion
with poorly defined borders
and patchy calcifications were
noted in the lesion. Slight
resorption of cementum in
apical region was seen.
Obvious thickening of
bilateral mandibular body
was seen

Well-defined radiolucency
with resorption of tooth roots
and cortical thinning and
erosion

CT: Radiolucency around the
root of central incisor, with
resorption of labial cortex; no
root resorption; MRI: Well-
defined internal heterogenous
and extraosseous mass

Enucleation

Maxillectomy with wide margins

and reconstruction with
obturator

Left hemimandibulectomy with
ipsilateral radical neck dissec-
tionSecondary reconstruction

with CAD/CAM endoprosthesis

(replacement of TMJ) and
reconstruction with fibula flap

Left maxillectomy and removal
of skull base involving the
infratemporal fossaUnderwent

high-dose radiotherapy (66Gy in

33 fractions) for recurrence

Extensive resection and
reconstruction with free fibula
flap

First surgery: Biopsy; Second
surgery: Conservative
enucleation; Third surgery:

Resection with a margin of 5 mm

En-bloc resection of 4 incisors and

alveolar bone preserving lingual
periosteum

1884

Small clusters neoplastic cells in
diffusely sclerotic stroma

Small groups and prominent cords of
bland hyperchromatic cells with
minimal nuclear pleomorphism and
eosinophilic cytoplasm

Small epithelial tumour cells and cords
infiltrating lamellar bone

Non-encapsulated tumour with mixed
epithelial and mesenchymal
components. Epithelial component
consisted of highly infiltrative nests
and cords of small polygonal and
cuboidal cells with eosinophilic
cytoplasm and mild-moderate nuclear
atypia, usually associated with a dense
background stroma. Significant intrat-
umoral variability was observed

Strands of epithelial tumor cells with
clear cytoplasm infiltrating the fibrous
stroma, osseous trabeculae and
perineural invasion was observed

Islands of epithelium within fibrous
connective tissue that are mostly
collagenous and sclerosed. Evidence of
perineural invasion was seen

Eosinophilic polyhedral tumor cells
scattered under epithelium. Dispersed
tumor nests with circular patterns and
pressed by sclerosing fibrous stroma.
No perineural and vascular infiltration,
or invasion of skeletal muscle

CK7, CK5/6,
CK19,
CK8/18, CAM
5.2, p63, p16
(weak), p53E-
cadherin

CK14, CK19,
E-cadherin,
weak nuclear
staining to
p63

CK5/6, p40,
p63, and
MNF116

CK5/6, CK14,
p63

CK5/6, p63,

AE1/3, CK5,
CK14, CK19

AE1/AE3,
EMA, p63,
CK19

March 16,2023 | Volume1l |

Vimentin, CEA,
EMA, CK20, SMA,
S-100, CD1a, ER,
PR, FISH EWSR 1,
calretinin, CD34,
desmin, Ki-67 <
2%

5100, PR, FISH
EWSR 1

Not mentioned

CK7, CK19, CK20,
EBER ISH, ER,
PAXS8, CDX2,
FISH EWSR 1, Ki-
67 10%

SMA, S-100,
desmin, Ki-67
approx. 10%,
EWSR1

CK7, Ki-67 <1%,
FISH EWSR1

CK5/6, Ki-67
approx. 2%, CK7

No recurrence
after 1 yr

Disease free after
17 mo

Disease free after
22 mo

Recurrence at 5
mo after
surgery;No
recurrence 19 mo
following
radiotherapy

Not mentioned

No recurrence 12
mo post-op

No recurrence or
metastasis more
than 5 yr after
surgery
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resorption was seen on upper appeared to be faintly hyperchromatic
right central and lateral and mitotic figures were uncommon.
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Disease free after
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CT: Computed tomography; H&E: Hematoxylin and eosin; CK: Cytokeratin; F: Female; M: Male; IMC: Immunohistochemistry.
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case.

Our case demonstrated substantial demographical, histopathological, and radiographical similarities
with previous cases. In this case, the tumor was neglected, possibly because of the vague signs and
symptoms. Our immunohistochemistry results were also comparable to those of other published cases,
with positive staining of the tumor cells for CK19, p40, and p63. The infiltrative growth pattern with
vascular invasion was also similar to the case reported by Saxena et al[9], while eight published cases
showed evidence of perineural invasion[3,4,7,9,11,12,15,16]. In contrast, four cases reported a lack of
perineural or vascular infiltration[5,10,13,17]. Although perineural invasion was often associated with
poorer locoregional control and prognosis in squamous cell carcinoma, this appears to be a distinctive
histopathological feature in most of the reported cases reported. However, more cases are required to
further validate this specific feature as a prognostic factor or tumor grading for SOC. Distant or regional
metastasis is yet to be reported in SOC, based on the available published data.

Exclusion from the differential diagnosis can be difficult because of the histopathological resemblance
of SOC to other histological differential diagnoses, such as central odontogenic fibroma and
desmoplastic ameloblastoma. Central odontogenic fibroma (particularly the epithelial-rich type) is
clinically less aggressive than that SOC. The stroma is variably cellular, with fibroblastic connective
tissue, and unlike in SOC, the stroma appears to be densely fibrous and sclerotic. Although
desmoplastic ameloblastoma demonstrated dense fibrous stroma similar to SOC, it should present with
focal ameloblastic columnar cells, even if the presentation is scant. A metastatic tumor was ruled out in
this case, given the strong positive expression of p63, which confirmed the basal characteristics of the
epithelial cells.

Currently, we lack a standardized treatment protocol because of the rarity of the tumor. SOC
demonstrated permeative and locally aggressive characteristics, thus it should warrant more radical
resection to prevent local recurrence. Recurrence was reported in two patients following curettage;
however, there was no recurrence noted after the subsequent ablative surgery and high-dose
radiotherapy, respectively[5,12]. Our case also experienced a recurrence of the tumor at one year
following the excisional biopsy; therefore, conservative management of enucleation or curettage might
not be adequate. Hussain et al[11] suggested that conservative tumor-free margins of 5 mm should be
used. By contrast, Landwehr and Allen[2] reported close margins despite having 1.0 cm resection
margins. The invasive properties of SOC and its close margins following 1.0 cm surgical margins, as
mentioned in the previous reports, prompted us to propose that the surgical margins should be
extended to 1.5 cm for both hard and soft tissues to ensure tumor-negative margins. However, more
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Figure 3 Post-operative clinical and radiological findings. A and B: At postoperative 1-mo review, the patient was satisfied with her appearance and
functions; C: The fibular segments appeared to be in the process of osseointegration at postoperative 3mo review (red arrows); D: No sign of recurrence observed at
postoperative 22-mo review. Post-OP: Post-operative.
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cases are required to better appreciate the true origin, morphological features, and biological behavior to
definitively ascertain the tumor resection margins.

To date, based on the currently available data, there is still no evidence of cervical lymphatic spread
or distant metastasis reported. The tumor appears to have no evident metastatic capability, despite a
typical long-standing history, which is again demonstrated in our case. Nevertheless, two patients were
subjected to radiotherapy[5,6,9], two patients underwent neck dissection in addition to tumor resection
[3,8,9], one patient underwent chemotherapy following tumor resection[12], and one patient received
high-dose radiotherapy following disease recurrence[5]. However, prophylactic neck dissection or
adjunct therapy, such as chemotherapy and radiotherapy, were deemed unnecessary because the tumor
has yet to show metastasis potential[9,11]. As the treatment approach and its efficacy for SOC remains
ambiguous, we suggest that standard oral oncology follow-up should be carried out for at least 5 years
in patients diagnosed with SOC because of the locally aggressive and infiltrative nature of this tumor.
More cases are required to further illustrate this entity and guide clinical diagnosis and treatment.

CONCLUSION

In summary, the biological behaviors, and characteristics of SOC remain ambiguous owing to its rarity,
with limited case reports published to date. More cases are needed to further characterize this entity,
understand its biological behavior, and justify the treatment protocols. To date, surgical resection with
adequate surgical margins remains the mainstay treatment, with no disease recurrence in most cases,
while neck dissection and postoperative radiotherapy or chemotherapy were not deemed necessary. We
hope that this case report will facilitate the validation of this disease entity and contribute to the
establishment of treatment protocols.
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