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Core Tip: Incorporating risk calculator data into prostate magnetic resonance imaging reports can broaden
the role of radiologists, improve communication with clinicians primarily managing these patients, and
help guide clinical care in directing the screening, detection, and risk stratification of prostate cancer.
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INTRODUCTION

Prostate cancer (PCa) is the most common solid organ malignancy in American men and the second
cause of cancer-related death in the United States[1]. Due to increased awareness, nearly 20 million men
in the United States engage in screening and early detection discussions (National Comprehensive
Cancer Network). Prostate specific antigen (PSA) made large-scale screening for PCa feasible, but lacked
accuracy, with 15%-25% false negatives and 60% false positives[2,3]. Since PSA has proven to be an
unreliable biomarker for clinically significant prostate cancer [csPCa; Grade Group (GG) 2 2], a large
percentage of patients continue to undergo prostate biopsies with either benign or clinically indolent
PCa (GG 1). Prostate biopsies are an invasive diagnostic procedure with well-established risks, such as
hematuria, hematospermia, rectal bleeding, urinary tract infections, and recognized risk of sepsis[4-7].
Furthermore, potentially unnecessary biopsies and over treatment of low-risk prostate cancer has placed
an undue psychological burden on patients[8].

The role of multiparametric magnetic resonance imaging (mpMRI) in prostate cancer diagnosis,
surveillance, and treatment has significantly evolved and is growing in popularity as a tool to
potentially avoid unnecessary biopsies in biopsy-naive patients. Controversy remains due to significant
variability across patient cohorts and institutions. Risk calculators combining mpMRI with clinical
variables can limit this variation and have been shown to improve predictive models[9,10]. An individu-
alized screening algorithm using a patient’s clinical history can result in a considerable reduction in
unnecessary biopsy sessions. A validated clinical risk calculator that could be incorporated into MRI
reporting and aid in the decision to pursue prostate biopsies in biopsy-naive patients is needed[11].
However, such a risk calculator must be carefully validated to ensure its reliable performance and
applicability to a broad population of patients undergoing prostate cancer screening when including
MRI in the screening algorithm.

OVERVIEW OF RISK CALCULATORS

Historical perspective

One of the first algorithms to predict the risk of prostate cancer on prostate biopsy was the European
Randomized Study for Screening of Prostate Cancer (ERSPC) risk calculator. The ERSPC has six
calculators, two of which are used by patients and the remaining four used by physicians. The RC3/RC4
combined calculator uses PSA levels, digital rectal exam (DRE) exam, previous prostate biopsy history,
prostate volume, and now incorporates MRI prostate imaging reporting and data system (PI-RADS) v
1.0 score to predict the detectable risk of prostate cancer on biopsy. The calculator stratifies the risk of
detecting cancer to assist clinicians with the decision to pursue biopsy (https://www.prostatecancer-
riskcalculator.com/). Several external validation studies have been performed for these RCs. The
discriminative ability of detecting positive prostate biopsy (PBx) in biopsy-naive or previously biopsied
patients using the ERSPC RC3 or RC4 was assessed, showing area under the curve (AUC) values in the
range of 0.71-0.88[12-16].

Thompson et al[17] developed one of the first online individualized predictive assessments of prostate
cancer before prostate biopsy extrapolated from the 5519 patients in the Prostate Cancer Prevention
Trial (PCPT). It was found that PSA, family history, DRE findings, African American race, and history of
a prior negative prostate biopsy provided independent predictive value to the calculation of risk of a
biopsy that showed presence of cancer. The first calculator became known as the Prostate Cancer
Prevention Trial Risk Calculator (PCPTRC) and has been used widely online at https:/ /riskcalc.
org/PCPTRC/. In 2012, an updated PCPTRC 2.0 was released with the added capability to provide
prediction of indolent low-grade (Gleason grade < 7) vs high-grade (GG = 2) PCa. Both versions of the
online PCPT risk calculator were externally validated in 2014.
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Independent validation and comparisons between the ERSPC and PCPTRC calculators demonstrated
comparable calibration in their agreement between predicted and observed risks of prostate cancer.
However, the AUC for predicting clinically significant sPCa was higher for the ERSPC risk calculator
compared with the PCPTRC (0.73 vs 0.70; P = 0.043)[18]. The PCPTRC has been replaced by a more
contemporary risk calculator developed by the Prostate Biopsy Collaborative Group (PBCG) that
incorporates age, PSA level, DRE results, family history, race, and a history of negative biopsy along
with more contemporary biopsy schemes[19]. The study demonstrates a greater inclusion of patients
with diverse backgrounds and PBCG model outperformed the PCPTRC in predicting csPCa on both
internal (AUC, 75.5% vs 72.3%; P < 0.0001) and external validation (AUC, 72.9% vs 69.7%; P < 0.0001).
Furthermore, the PBCG model was found to be well calibrated and offered a higher net clinical benefit
than the PCPT risk calculator: it led to 2.7% fewer biopsies without missing any csPCa.

Advent of imaging

Prior to 2017, mpMRI of the prostate was not commonly used in the PCa workup worldwide due to the
high cost and limited availability of prostate MRI. In 2019, Alberts et al[20] published a study on the use
of risk calculators and biopsy results to avoid unnecessary prostate MRI. Alberts et al[20] suggested that
mpMRI of the prostate provided an opportunity to enhance the non-invasive portion of the PCa workup
and introduced a nomogram integrating PI-RADS data into the ERSPC risk calculator. Alberts et al[20]
demonstrated a superior nomogram compared to the ERSPC standard, achieving an AUC of 0.84, which
was significantly increased compared to ERSPC calculators that did not incorporate imaging data.

As mpMRI of the prostate became more widely available and the Urology community became more
aware of the potential impact of PI-RADS score on risk calculator development, prostate MRI data was
more widely incorporated into PCa risk nomograms. PI-RADS data, scored on a zero to five Likert scale,
is easily incorporated into nomograms due to its objective, defined numerical values. In 2019, Alberts et
al[20] refined the ERSPC-RC-3/4 risk calculators, developing MRI-ERSPC-RC-3/4 by adding mpMRI
examination results. The addition of MRI to the ERSPC calculators increased the discriminative ability
for high-grade PCa [AUC of 0.84 (95%CI 0.81-0.88) and 0.85 (95%CI 0.81-0.89) for the MRI-ERSPC-RC3
and MRI-ERSPC-RC4, respectively][20]. Beyond the established clinical based calculators like the
ERSPC and the PBCG, novel risk calculators were developed across the globe, with several large
multicenter trials occurring in North America, the United Kingdom, and Australia, such as the Stanford
Prostate Cancer Calculator (SPCC)[21], the PLUM cohort[22], the PCRC-MRI[23], MRI study by Chau et
al[24], and the study done by van Leeuwen et al[25] PI-RADS integrated clinical calculators consistently
demonstrated superior performance to calculators using clinical data alone[23-27]. Of note, due to the
wide variety in study location, practice type, and timing of data collection, some of these risk calculators
use data from PI-RADS v1.0 and PI-RADS 2.0. The SPCC notes that its calculator is validated for both
PI-RADS v1.0 and v2.0[21].

For biopsy-naive patients, the superior performance of imaging integrated risk calculators represents
a possibility to avoid invasive biopsy for low risk PCa. Trials specific to the biopsy-naive population
have demonstrated promising results with high sensitivity and specificity and high net benefit. Radtke
et al[27] and Chau et al[24] attained high AUC values, both in excess of 0.8, and both were trained on
patient populations from the United Kingdom. The van Leeuwen et al’s risk calculator has an AUC of
0.90 and demonstrates one of the most substantial net benefits, avoiding 28.6% of biopsies at 10% risk
tolerance, missing only 2.6% of PCa[25]. Additional external validation studies have demonstrated high
AUC for the van Leeuwen and ERSPC based models, however both studies conclude that the use of
MRI integrated risk calculators to avoid biopsy remains controversial[28,29].

DISCUSSION

Risk calculators and nomograms provide a valuable tool in risk stratification of patients with abnormal
screening PSA levels potentially allowing selection of cases to avoid biopsy in patients at low risk for
harboring csPCa. Incorporation of risk calculator data into radiology reports could represent an
opportunity for radiologists to add value to the patient evaluation and mitigate ambiguity of borderline
results, especially PI-RADS 3 Lesions found on prostate indication MRI studies (Figures 1 and 2). In
collaboration with the referring clinician, the radiologist could incorporate patient clinic and
demographic information, along with the lesion PI-RADS score, calculate the percent risk of csPCa, and
include this information in the final diagnostic imaging report.

Three PI-RADS integrated calculators, the SPCC[21], the PLUM Prostate cancer risk calculator, and
the MRI-ERSPC-R-3/4 published open access online calculators, allowing a more streamlined
integration into workflow. For biopsy-naive patients, the PLUM calculator demonstrated the highest
sensitivity and specificity with an AUC value of 0.87 and a net benefit of avoiding 18.1% of biopsies
without missing any csPCa in biopsy-naive patients at a 15% tolerance. The MRI-ERSPC-R-3/4
calculator reported an AUC of 0.84 in its initial study from Alberts et al’s net benefit for biopsy-naive
patients was not reported in the Alberts et al’s study[20], but in Petersmann et al[29], which compared
the MRI-ERSPC-R-3/4 calculator to the calculator described in van Leeuwen et al[25], the MRI/ ERSPC-
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Figure 1 Axial magnetic resonance imaging images of the prostate. A: T2 weighted image; B: b1200 diffusion weighted imaging (DWI) image; C:
Calculated apparent dispersion coefficient (ADC) image. A mostly encapsulated T2-hypointense transitional zone lesion is demonstrated in the left posterior central
gland, measuring 10 mm (blue arrows) with focal moderate low ADC, high DWI signal, designated prostate imaging reporting and data system (PI-RADS) 3 per PI-
RADS version 2.1. An additional 8 mm PI-RADS 4 Lesion of the anterior right transitional zone is present (red arrow), demonstrating non-circumscribed moderate T2
hypointensity and marked focal ADC hypointensity and DWI hyperintensity.
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Figure 2 Sample structured report for prostate lesion reporting with integrated risk calculator reporting. The calculated percent risk of clinically
significant prostate cancer is included in the lesion evaluation findings with recommendations for biopsy or observation in the conclusion. csPCa: Clinically significant
prostate cancer; DRE: Digital rectal exam; DWI: Diffusion weighted imaging; PI-RADS: Prostate imaging reporting and data system; PSA: Prostate specific antigen.
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R-3/4 nomogram avoids only 9% of biopsies in biopsy-naive patients while missing 3% at a 15% risk
threshold. The SPCC trial did not report a specific AUC or net benefit for biopsy-naive patients but
reported AUC values ranging from 0.78-0.83 and a net benefit of avoiding 10.3% of biopsies while
missing csPCa in 0.8% of patients with a risk tolerance of 20%[21].

Additional notable nomograms have demonstrated promising results for biopsy-naive patients that
outperform some of the larger and more established risk calculators. The van Leeuwen et al[25]
nomogram demonstrated the highest AUC of all evaluated risk calculators and reported one of the
highest net benefits, avoiding 28.6% of biopsies while missing only 2.6% of csPCa, but was developed
on a smaller and more homogenous patient population (393 patients from Australia) than many of the
other noted calculators. However in the external validation study by Petersmann et al[29], the van
Leeuwen nomogram was demonstrated to maintain high performance, and even outperformed the
ERSPC in net benefit. Petersmann et al[29] compared ERSPC and van Leeuwen risk calculator. This
study showed comparable AUC values between the two studies, 0.81 for ERSPC and 0.82 for van
Leeuwen, however the van Leeuwen calculator demonstrated a greater net benefit from a risk threshold
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of 10%-15%, avoiding 24% of biopsies while missing 6% of csPCa, compared to 14% and 5% for the MRI-
ERSP-RC-3/4, respectively. Notably the ERSPC calculator had a near perfect calibration, with a
calibration slope of 0.94 compared to the van Leeuwen model, 0.70. The Petersmann et al’s study
population came from a hospital system in Nuremberg, Germany and likely reflected a similar
demographic to the ERSPC training population, whereas the van Leeuwen study was performed in
Australia[29]. The gaps in calibration between these two studies may indicate future pitfalls in general-
izability, and clinicians need to be aware of the training data and population demographics when
applying these calculators to their own patient population.

Novel imaging technologies such as prostate cancer directed PET imaging may further aid in refining
these risk calculators, allowing for additional improvements in pre-biopsy patient risk stratification.
Radiomics, a subset of clinical artificial intelligence (Al), is a promising tool on the horizon of prostate
imaging and prostate cancer classification. Prostate MRI has represented a prolific area of Al research in
the past decade, with algorithms demonstrating improved prostate cancer detection, classification, and
upstream applications, such as deep learning reconstruction and its role in instituting abbreviated
protocols. In a systematic review, Ferro et al[30] discuss 21 manuscripts related to radiomics and the
detection of csPCa. These publications have demonstrated the capability of radiomics to extract salient
features and develop models that predict csPCa that significantly outperform clinical models[31] and
combined clinical and imaging models[32]. While these results are encouraging, the algorithms to date
are often trained at a single institution and are limited by a lack of external validation and heterogeneity
of the extracted radiomics features. Although further refinement and broader, multi-institution testing is
needed, early successes of radiomics models suggest a promising future for Al in the evaluation,
diagnosis, risk stratification, and treatment decision making in the management of csPCa.

CONCLUSION

Risk calculators have enabled physicians and patients to make a more informed decision when
considering pursuit of a prostate biopsy. When evaluating biopsy-naive patients, multiple risk
calculators can be applied, each with their own strengths. The role of imaging using MRI in the
diagnosis of csPCa has significantly evolved and is growing in popularity. The PI-RADS system has
become a component of many currently available pre-biopsy prostate cancer risk calculators. Artificial
intelligence shows promise in further advancing the role of imaging in csPCa risk assessment. Further
incorporation of imaging in clinical risk calculators shows promise in aiding the decision to pursue
prostate biopsies with improved confidence and patient-centric goals.
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Abstract

Salivary gland tumors (SGTs) make up a small portion (approximately 5%) of all
head and neck tumors. Most of them are located in the parotid glands, while they
are less frequently located in the submandibular glands, minor salivary glands or
sublingual gland. The incidence of malignant or benign tumors (BTs) in the
salivary glands varies according to the salivary gland from which they originate.
While most of those detected in the parotid gland tend to be benign, the incidence
of malignancy increases in other glands. The use of magnetic resonance imaging
(MRI) in the diagnosis of SGTs is increasing every day. While conventional
sequences provide sufficient data on the presence, localization, extent and number
of the tumor, they are insufficient for tumor specification. With the widespread
use of advanced techniques such as diffusion-weighted imaging, semi-
quantitative and quantitative perfusion MRI, studies and data have been
published on the differentiation of malignant or BTs and the specificity of their
subtypes. With diffusion MRI, differentiation can be made by utilizing the
cellularity and microstructural properties of tumors. For example, SGTs such as
high cellular Warthin’s tumor (WT) or lymphoma on diffusion MRI have been
reported to have significantly lower apparent diffusion values than other tumors.
Contrast agent uptake and wash-out levels of tumors can be detected with semi-
quantitative perfusion MRI. For example, it is reported that almost all of the
pleomorphic adenomas show an increasing enhancement time intensity curve and
do not wash-out. On quantitative perfusion MRI studies using perfusion
parameters such as Ktrans, Kep, and Ve, it is reported that WTs can show higher
Kep and lower Ve values than other tumors. In this study, the contribution of
advanced MRI to the diagnosis and differential diagnosis of SGTs will be
reviewed.

Key Words: Salivary gland tumors; Magnetic resonance imaging; Diffusion-weighted
imaging; Dynamic contrast-enhanced imaging; Perfusion-weighted magnetic resonance
imaging
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Core Tip: Conventional magnetic resonance imaging (MRI) provides more data than other radiological
modalities in determining the extent of tumor extension and evaluating its relationship with vascular and
neural structures in salivary gland tumors (SGTs). Advanced MRI techniques, which have been
increasingly used in the radiological evaluation of SGTs in recent years, contribute to obtaining more
information about the nature of the lesion compared to conventional sequences. Different features such as
cellularity, microstructural features and vascularity of tumors can be evaluated by diffusion MRI or
perfusion MRI techniques, and they can contribute to the differentiation of benign or malignant tumors.

Citation: Gokge E, Beyhan M. Advanced magnetic resonance imaging findings in salivary gland tumors. World J
Radiol 2022; 14(8): 256-271

URL: https://www.wjgnet.com/1949-8470/full/v14/i8/256.htm
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INTRODUCTION

Salivary gland tumors (SGTs) account for approximately 3%-5% of all head and neck tumors[1-3]. The
majority of SGTs occur in the parotid glands, followed by those arising from the submandibular glands,
minor salivary glands, and sublingual glands[3-6]. While the majority of those developing from the
parotid glands are benign, the incidence of malignancy increases in tumors in other glands. In SGTs for
which operation is planned, it is essential to determine the preoperative characterization of the tumor,
its number, location (localization in the superficial or deep lobe for the parotid gland), extension to the
surrounding tissues and lymphatic involvement[7]. The most effective radiological method in operative
planning is magnetic resonance imaging (MRI). Conventional sequences may be insufficient to charac-
terize SGTs. For this reason, in recent years, it has been tried to characterize tumors with advanced MRI
applications [diffusion-weighted imaging (DWI) MRI, dynamic contrast-enhanced (semi-quantitative)
MRI, perfusion (quantitative) MRI, diffusion tensor imaging (DTI), MR spectroscopy (MRS) etc.][1-5]. In
this review, it is aimed to evaluate the imaging findings detected in advanced MRI applications of SGTs.

DWI

DW1 is an imaging method that detects the motion of water molecules and allows calculation with the
apparent diffusion coefficient (ADC). DWI, which can determine the cellularity and microstructural
properties of tissues, can contribute to the differentiation of tumors[8-11]. When the studies on SGT
were reviewed, some studies stated that the ADC values of malignant and benign tumors (BTs) were
significantly different[12-16], while in some studies no significant difference was found[17,18], but in
most of these studies, it was reported that ADC values were more effective in separating subgroups
[pleomorphic adenomas (PMAs), Warthin’s tumors (WTs) and lymphoma]. In the literature, mean ADC
values of malignant SGTs are (0.8-1.53) x 10° mm?/s that of benign SGTs is (1.04-1.72) x 10° mm?/s
reported in the range[16-21]. Although ADC values overlap in some SGTs due to the nature of the
components they contain, we can generalize the mean ADC values of SGTs as malignant lymphomas <
WTs < carcinomatous malignant tumors (MTs) < PMAs.

SEMI-QUANTITATIVE DYNAMIC CONTRAST-ENHANCED MRI

Dynamic contrast-enhanced (DCE) MRI in tumoral lesions is the acquisition of multiple T1-weighted
images (T1WI) within a few minutes following contrast material administration to monitor contrast
agent uptake and wash-out. On DCE MR, the time intensity curve (TIC) is obtained in connection with
the signal changes that occur with the passage of the contrast material through the tissues and the wash-
out processes from the tissues. Slope, signal intensity (SI) peak, time to peak (Tpeak), enhancement ratio
and wash-out ratio (WR) values can be obtained semi-quantitatively from the TIC curve. In the
literature, different TIC patterns have been defined based on the Tpeak and wash-out values of SGTs[14,
22-27]. The most preferred TIC patterns were those described by Yabuuchi et al[24]. Tumor cellularity
and vascularity are correlated with TIC patterns. Tpeak is related to the microvessel number and tends
to be short when the microvessel count is high. Wash-out is dependent on the cellularity and stromal
grade, with cellular tumors being wash-out more rapidly[3,24]. When we evaluate the TIC patterns of
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SGTs, in general, PMAs tend to demonstrate progressive enhancement due to low microvessel content
and cellularity-stromal grade. WTs and lymphomas show rapid enhancement and wash-out because of
their high microvessel content and cellularity-stromal grade. MTs show rapid enhancement and wash-
out due to high microvessel count and lower cellularity-stromal grade, but they tend to have a lower
and slower wash-out compared to WTs[3]. TIC analysis can reveal physiological characterizations of
different tissues using the blood flow properties of SGTs[26,28]. Despite overlapping TIC patterns in
some SGTs, semi-quantitative DCE MRI is an imaging modality that can help differentiate subtypes of
SGTs.

QUANTITATIVE DCE PERFUSION MRI

On DCE MR], in addition to semi-quantitative examination with TIC parameters, quantitative perfusion
MRI can be performed. In the literature, perfusion parameters such as Ktrans [volume transfer constant
between blood plasma and extracellular extravascular space (EES)], Kep (flux rate constant between the
EES and plasma), and Ve (EES fractional volume) have been studied in SGTs on quantitative DCE
perfusion MRI[29]. In the literature, the Ktrans values of PMAs were found to be lower than the Ktrans
values of other SGTs. However, while some studies stated that the Ktrans values of PMAs differ
significantly from those of other SGTs[29,30], some studies could not detect a significant difference[31].

In studies in the literature, Kep values were found to be lowest in PMAs and highest in WTs. In some
studies[29,31], the Kep values of PMAs, WTs and MTs differed significantly, while in some studies only
the Kep values of WTs differed significantly from the other SGTs[30]. In the literature, it was found that
mean Ve values of WTs were significantly lower than the Ve values of other SGTs[29-31].

DYNAMIC SUSCEPTIBILITY CONTRAST PERFUSION-WEIGHTED MRI

Dynamic susceptibility contrast (DSC) perfusion-weighted MRI measures signal loss during passage of
a non-invasive contrast bolus through a tumor and can be performed using the bolus tracking technique
that follows the first passage of contrast material through a capillary bed. DSC perfusion-weighted MRI
is increasingly used as a diagnostic and research tool and to assess the extent of capillaries and
microvasculature, mostly in central nervous system tumors. DSC perfusion-weighted MRI contributes
to the assessment of tumor angiogenesis as the degree of signal loss depends on the volume of the
intravascular space within a tumor and the concentration of injected contrast material in the blood[32].
There is a limited number of studies in the literature that have performed DSC perfusion-weighted MRI
for SGTs and differing results have been obtained. In the study of Abdel Razek and Mukherji[33] on
parotid tumors, it was reported that the mean DSC % values of both MTs and all BTs as well as PMAs,
WTs and MTs were significantly different. Park et al[32] found that WTs tended to have higher DSC %
values than malignant parotid tumors, although there was no significant difference. The parameters
used in the evaluation of SGTs on some advanced MRI techniques are shown in Table 1.

PSEUDO/PULSED CONTINUOUS ARTERIAL SPIN LABELING PERFUSION MRI

Arterial spin labeling (ASL) provides measurement of tumor blood flow (TBF) using the magnetization
of protons in arterial blood as an intrinsic tracer without the use of contrast material[34,35]. High
vascularity, increased tumor blood volume, arterio-venous shunt formation, altered capillary transit
time and increased the capillary permeability may lead to high TBF values in MTs. There is a limited
number of studies in the literature that have performed ASL perfusion-weighted MRI for SGTs[35].
Razek[35] reported that TBF values of malignant SGTs were significantly higher than benign SGTs.

DTI

DTI provides the ability to distinguish between different tissue compartments at the cellular level, with
different matrices that reflect the micromovement of water molecules. The most common DTI metrics
used are fractional anisotropy (FA) and mean diffusivity (MD). MD is the average diffusivity along
three orthogonal planes in the X, y, z directions of the tensor, equal to the mean of the three eigenvalues
and equal to the ADC value. As the cellularity of the tumor increases, the MD value decreases. FA
indicates the level of directionality of tissue microstructure in water diffusion and correlates with
structural tissue orientations. FA correlates linearly with tumor cellularity and grade of malignancy.
Abdel Razek et al[33] found a significant difference between the MD values of malignant and benign
SGTs. At the same time, significant differences were found between the FA values of MTs and BTs in
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Table 1 Evaluation on advance magnetic resonance imaging techniques of salivary gland tumors

Advance magnetic resonance imaging techniques

Lymphoma Warthin’s tumor Malign tumor Pleomorphic adenoma
Diffusion weighted 1maging <0.8 x10° mm?*/s (0.8-1.0) x 10° mm?/s (1.0-1.2) x 10° mm?/s >12x10° mm?/s
(ADC values)
Dynamic contrast-enhanced MRI 50 s < Tpeak <90s, WR < Tpeak <50s, WR >30% Tpeak <120s, WR <30%  Tpeak >120 s, WR: Non-
30% washout
Quantitative dynamic contrast- Ktrans < 0.8 min~!, Kep>1 Ktrans < 0.5min’, Kep < Ktrans < 0.3 min', Kep < 0.6
enhanced perfusion MRI min~}, Ve < 0.2 1min™}, Ve > 0.3 min?!, Ve < 0.9

ADC: Apparent diffusion coefficient; MRI: Magnetic resonance imaging; Tpeak: Time to peak; WR: Wash-out ratio; Ktrans: Volume transfer constant

between blood plasma and extracellular extravascular space; Kep: Flux rate constant between the extracellular extravascular space and plasma; Ve:

Extracellular extravascular space fractional volume.

Jaishideng®

DTI studies performed for SGTs[20]. WTs, which are rich in lymphoid content and have high
anisotropy, have the highest FA levels among benign SGTs[20,33].

DIFFUSION KURTOSIS IMAGING

Diffusion kurtosis imaging (DKI) is a complex method that uses the non-Gaussian movement of water
molecules in tissues. The MRIs are obtained based on the diffusion and microstructural features
resulting from the organization of water molecules. A minimum of three b values are required on the
DKI[36]. In the literature, some authors reported that DKI is useful in defining benign and malign SGTs,
while some authors reported that no significant difference was found in distinguishing BTs and MTs.
However, some of these authors reported that DKI parameters [ADC (D,,,) and apparent kurtosis
coefficient (K,,,)] differ significantly in PMAs compared to other SGTs[30,37].

app)

INTRAVOXEL INCOHERENT MOTION MRI

Intravoxel incoherent motion (IVIM) provides both true molecular diffusion and motion of water
molecules in the capillary network can be estimated with a single diffusion-weighted acquisition
technique. Microvascular volume fraction (f), pure diffusion coefficient (D), and perfusion-related
incoherent microcirculation (D*) parameters are used on IVIM. Single-shot spin-echo echo-planar
imaging with multiple b values usually ranging from 0-800 s/ mm? is used to generate IVIM MRI. Sumi
and Nakamura[26] reported that WTs had significantly higher f values than PMAs. In addition, Sumi
and Nakamura[26] reported that D and D* values contribute to the differentiation of WTs, PMAs, and
MTs, and even the use of these parameters together provides 100% diagnostic accuracy.

PROTON MRS

Metabolite concentration in tissues and organs is measured in Proton MRS (1H-MRS) and used to
characterize metabolic changes associated with tumors. Proton MRS in neoplasms uses a diagnostic
algorithm based predominantly on the detection of high levels of choline compounds. Choline is an
indicator of cellular proliferation and cell membrane transformation[38]. A limited number of studies
have been conducted in the literature with MRS in SGTs[39]. King et al[39] reported that Cho/Cr ratios
were significantly different between PMAs and WTs, and between BTs and MTs.

SGTS

According to the 4" edition of the World Health Organization (WHO)’s head and neck tumors classi-
fication published in 2017, SGTs are classified as MTs, BTs, non-neoplastic epithelial lesions, benign soft
tissue lesions and haematolymphoid tumors[40]. WHO’s head and neck tumors classification version 4
is given in Table 2. Despite efforts to simplify this classification, there are still more than 30 entities. MTs
were divided into 20, BTs 11, non-neoplastic epithelial lesions 4, benign soft tissue lesions 3 subgroups.
Two new entities have been added to this classification: Secretory carcinoma [known as mammary
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Table 2 World Health Organization classification of salivary gland tumors 2017

Salivary gland tumors

Malignant tumors
Mucoepidermold carcinoma
Adenoid cystic carcinoma

Acinic cell carcinoma
Polymorphous adenocarcinoma
Clear cell carcinoma

Basal cell adenocarcinoma
Intraductal carcinoma
Adenocarcinoma, NOS

Salivary duct carcinoma
Myoepithelial carcinoma
Epithelial-myoepithelial carcinoma
Carcinoma ex pleomorphic adenoma
Secretory carcinoma

Sebaceous adenocarcinoma

Carcinosarcoma

Benign tumors
Pleomorphic adenoma
Myoepithelioma

Basal cell adenoma
Warthin’s tumor
Oncocytoma
Lymphadenoma
Cystadenoma
Sialadenoma papilliferum
Ductal papillomas

Sebaceous adenoma

Canalicular adenoma and other ductal adenomas

Non-neoplastic epithelial lesions
Sclerosing polycystic adenosis
Nodular oncocytic hyperplasia

Lymphoepithelial sialadenitis

Poorly differentiated carcinoma Haemangioma
Lymphoepithelial carcinoma Lipoma/sialolipoma
Squamous cell carcinoma Nodular fasciitis
Oncocytic carcinoma Haematolymphoid tumors

Sialoblastoma Extranodal marginal zone lymphoma of mucosa-associated lymphoid tissue

NOS: Not otherwise specified.

analogue secretory carcinoma (MASC)] and sclerosing polycystic adenosis to non-neoplastic epithelial
lesions[41].

SALIVARY GLAND BTS

Pleomorphic adenoma (benign mixed tumor)

Pleomorphic adenoma is the most frequently observed SGT. Great majority of them are located in the
parotid gland, and about 80%-90% is found on the surface of the gland[42-44]. PMAs are slowly
growing, painless masses observed in 30-60 years of age and more frequently in women (ratio 2:1)[43,
44]. Multicentricity of PMAs is less than 1%[43]. At cellular level, morphological diversity characterized
by a mixture of both epithelial and mesenchymal components is a characteristic feature of PMAs[44,45].
Ratio of these components varies greatly in PMAs, and MRI features vary based on the distribution of
these components[44,46]. Stromal components in PMAs could be myxomatous, chondromatous,
lipomatous, hyalinized, fibrous, calcified, or osseous, myxoid stroma being the most frequent (94.2%)
[44,45]. Tsushima et al[47] mentioned that high intensity signals on T2WI represented myxoid histology.
Classical appearance on T2WI of MRI is generally well bordered, microlobule contoured masses with
prominently high signal confined by hypointense fibrous capsule[10,44,46-48]. Zaghi et al[49] evaluated
the diagnostic efficiency of conventional MRI in differentiating PMAs using five different criteria. They
found that masses with bright T2 signal, sharp borders, heterogeneous nodular enhancement, lobulated
contours and a T2 dark rim were predictive of PMAs with a sensitivity of 43.9% and a specificity of 95%.
Cellular variants of PMAs featured intermediate SI on T2WI due to their epithelial components, while
the ones with fibrous stroma were hypointense. PMAs with hypointense signals on T2WI could
represent malignity, but the presence of complete capsule and lobulated contour are good indications of
PMAs[44]. Cystic degeneration was observed in 29%-40% of parotid gland PMAs[50]. Due to their
heterogeneous composition of epithelial, myoepithelial and stromal cells with fluid areas within
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epithelial glandular regions, PMAs have unrestricted diffusion and high ADC values. ADC values of
PMAs were reported to vary between (0.66-2.86) x 10° mm?/s[19-21,51], while ADC,,,,, values varied
from (1.35-2.15) x 10° mm?/s[19,20,51-53]. Cellular variants of PMAs could have lower ADC values in
the range of (1.0-1.3) x 10° mm?/s[44,54]. Average Dapp value of (1.525 + 0.396) x 10° mm?/s and
average Kapp value of 0.394 + 0.172 were reported for PMAs on DKI[37]. Huang et al[30] reported the
mean D value as 1.81 x 10° mm?/s and the K value as 0.51 on DKI. Zheng et al[52] reported that a great
majority of PMAs featured type A TIC pattern (persistent and Tpeak > 120 s) because of unbroken
capillary endothelial cells and more complex nature of stroma in tumor (Figure 1). They also mentioned
slow flow of contrast medium into extracellular space. However, cellular variants of PMAs showed
atypical gradual wash-out pattern on DCE MR due to their high epithelium content and low myxoid
stromal[52]. Frequency of this atypical pattern in all PMA TIC patterns was reported to be about 17%-
18%[24,44,55].

Regarding Tpeak values of PMAs on DCE MRI, Tsushima et al[23] observed Tpeak was equal to or
greater than 260 s while Sumi and Nakamura[26] found Tpeak values of 120 s or longer in 92.9% of the
cases and less than 120 s in 7.1% of them. Similarly, Zheng et al[52] measured 120 s or over in 88.9% of
the cases and less than 120 s in 11.1%. Tao et al[14], on the other hand, found 58 s or longer Tpeak values
in 82.0% of the cases whereas in 18% it was less than 58 s. For WR values of PMAs, Tsushima et al[23]
reported no wash-out while Zheng et al[52] reported no wash-out in 88.9% of the patients and less than
30% WRin 11.1% of the cases. The literature contains a few studies on quantitative DCE perfusion MRI
parameters (Ktrans, Kep and Ve) in SGTs. In these studies, mean Ktrans value of PMAs was 0.101 +
0.069 to 0.217 + 0.036; mean Kep values 0.245 + 0.160 to 0.567 + 0.048; mean and values were determined
as 0.380 £ 0.192 to 0.590 + 0.478[3,7,30].

wr

WT is the second most commonly observed benign SGT[43,48]. It is mostly observed in middle-age or
older men in the parotid gland or periparotid region and more commonly in the inferior pole of the
parotid gland[56,57]. Smoking, autoimmune disease and radiation exposure were reported to increase
WT risk[43,48,56]. About 20% of WTs tend to be bilateral and multicentric[43,56]. They generally have a
spherical to ovoid shape of 2-4 cm diameter, and their surface is smooth. WT is basically an adenoma
with mucoid or brown fluid filled cysts of variable number. The cysts are made of two layered papillary
proliferations of oncocytic epithelium and supporting stroma made of an abundant follicle carrying
lymphoid tissue. They may have focal hemorrhage and necrosis[57]. Transformation of WTs to
malignancy is extremely rare (0.3%)[43,56]. Intermediate or hypointense areas on short tau inversion
recovery and T2WI, and hyperintense area on TIWI on MRI suggest WTs[48,57,58]. Solid WT
components result in iso-intensity or hypo-intensity on T2WI because histopathologically WT is made of
epithelial cells and lymphoid stroma with fibrovascular tissue[56]. About 30%-60% of WTs are partly or
predominantly cystic[50,56,58]. WTs may resemble other less frequently observed benign lesions such as
myoepitheliomas and basal cell adenomas (BCAs) which may also carry cystic components and tend to
involve superficial lobe of parotid gland[48,59,60]. WTs were reported to have low ADC values
(Figure 2) due to their epithelial and lymphoid stroma contents which have microscopic slit-like cysts
containing proteinous fluid[56,57]. In different studies, ADC values of WTs ranged from (0.69-1.36) x
10° mm?/s and ADC,,,, was about (0.74-1.02) x 10° mm?/s[19,52,53,56,57]. Only two studies in the
literature reported ADC_,, values higher than 1.0 x 10® mm?/s, while others had lower values. A study
reported that mean D,,, and mean K, values of WTs on DKI were (0.808 + 0.227) x 10° mm?/s and
0.999 + 0.228, respectively[37]. Huang et al[30] reported the mean D value of WTs as 0.97 x 10° mm?/s
and the mean K value as 0.99 on DKI.

In terms of Tpeak values of WT in studies on the literature dealing with DCE MRI, Tsushima et al[23]
reported < 20 s, Hisatomi et al[61] in the range of 30-45 s, Sumi and Nakamura[26] < 120 s, while Tao et
al[14] found that in 97.6% of the cases Tpeak was less than 58 s and in 2.4% of the cases Tpeak was equal
to or greater than 58 s. For WR values of WTs, Hisatomi et al[61] mentioned that WR was prominent in
the first 30 s after Tmax. On the other hand, Sumi and Nakamura[26] found that WR ranged from 30%-
70%, while Zheng et al[52] found WR values equal to or larger than 30%. Tao et al[14] found that WR
values were 22.6% or over in 85.4% of the cases, less than 22.6% in 12.2% and no wash-out was observed
in 2.4% of the cases. In the literature, quantitative DCE perfusion MRI values in WTs mean Ktrans
values 0.105 £ 0.064 to 0.464 + 0.036; mean Kep values 0.729 + 0.112 to 2.299 + 1.312; mean Ve values are
reported in the range of 0.1439 + 0.093 to 0.272 + 0.013[29-31].

Oncocytoma

Oncocytomas are well bordered, benign epithelial neoplasms of homogeneous solid structure consisting
of mitochondria-rich oncocytes[48,60]. They constitute about 1% of parotid tumors, but about 80% of
them are observed in the parotid gland[48,56,60]. They are commonly observed in people in their 60 s
and 80 s, and are slightly more common in women. Because they have high cellularity and low free
water content, conventional MRI findings of oncocytomas resemble those of WTs[62]. In addition, with
their lower ADC content, fast enhancement and wash-out on dynamic MRI, findings of DWI and DCE
MRI could overlap. However, oncocytomas usually have higher ADC values than WTs[56].
Oncocytomas were reported to have ADC values ranging from (0.8-1.16) x10° mm?/s[56,63]. Hisatomi et
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Figure 1 Twenty-nine years old male patient with smooth lobule contoured pleomorphic adenoma located on the superficial lobe of right
parotid gland. A: The lesion contains prominent hyperintense components and mixed signals on T2-weighted image; B: The lesion contains heterogeneous
hypointense signal on T1-weighted image; C: The lesion appears to have marked heterogeneous enhancement on the contrast-enhanced image; D: The apparent
diffusion coefficient (ADC) value of mass was 1.58 x 10° mm%s on ADC map; E: Hypo-hyper perfused areas on perfusion magnetic resonance imaging color map; F:
The time intensity curve of mass is seen increasing contrast-enhancement towards late phases.
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DOI: 10.4329/wjr.v14.i8.256 Copyright ©The Author(s) 2022.

Figure 2 Sixty-five years old male patient with smooth lobule contoured Warthin’s tumor located on the superficial lobe of right parotid
gland. A and B: Hypointense signal of the lesion compared to the gland on T2-weighted image and T1-weighted image; C: The mass is hyperperfused on the color-

coded perfusion image; D: The mass appears to be slightly heterogenous hyperintense on the diffusion-weighted image, E: The apparent diffusion coefficient (ADC)
value of mass was 0.74 x 10 mm?s on the ADC map; F: The time intensity curve of mass has a wash-out ratio of 50%.

al[61] found that oncocytomas have similar contrasting dynamics to WT, and consequently, they cannot
be differentiated from WTs using DCE MRI alone.

BCA

BCAs are made of basaloid cells carrying eosinophilic cytoplasm, and they have no clear cell borders.
Their nuclei are round-to-oval. They have solid, trabecular, tubular and membranous distribution
patterns. Although most tumors carry one of these patterns predominantly, some of them may have
more than one pattern. Membranous BCAs have different biological characteristics from other BCA
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variants because they carry microfocal adenomas, incomplete capsules or no capsule. Besides, they may
recur after operation and they have malignant transformation characteristics. Their frequency is higher
after 50 years of age, and women have a slightly higher prevalence[51]. BCAs most frequently arise from
the parotid gland and are more frequently located in the superficial lobe[31,51]. They tend to have
clearly defined borders[3,31,51]. BCAs may have cystic or hemorrhagic components[51]. In MRI of
BCAs, signal intensities on T1WIs are relatively low while on T2WIs intensity varies between
hypointense to slightly intense. In studies in the literature, mean ADC values of BCAs were found to be
[(1.21 £ 0.20)-(1.24 + 0.18)] x 10° mm?/s[31,51]. On dynamic MRI, on the other hand, they feature rapid
and prolonged enhancement[51]. Mukai et al[51] found that on DCE MRI, 12 of 14 BCAs (85.7%) had
TIC patterns of either Tpeak > 120 s or Tpeak < 120 s and wash-out < 30%. Yabuuchi et al[31] reported
Tpeak <120 s and wash-out <30% in 61.5% of BCAs in DCE MRI, and Tpeak > 120 s and no wash-out in
15.3% of them.

Myoepithelioma

Myoepitheliomas are responsible only for about 1%-1.5% of all salivary neoplasms. Their primary
location is parotid gland (about 40%) but they may also appear on other salivary gland parts (about
21%)[59,64]. Differentiated myoepithelial cells in the form of spindle, plasmacytoid, epithelioid, or clear
cells constitute most of myoepithelioma[59]. Myoepithelial cells were proposed to have contractile units
helping to excrete glandular secretions. Myoepitheliomas need to be differentiated from parotid cyst,
abscess, mucocele, schwannoma, leiomyoma, neurofibroma, rhabdomyosarcoma, smooth muscle
neoplasms, extramedullary plasmacytoma, benign fibrous histiocytoma, PMA, mucoepidermoid
carcinoma (MEC) and myoepithelial carcinoma[64]. They feature homogeneous isointense signal based
on muscle tissue on TIWI and homogeneous iso-hyperintense signals on T2WI. In the majority of them
(about 80%), hypointense capsule formation and homogeneous contrasting could be observed on T2WI
and contrast-enhanced series[59]. ADC_,, values of myoepithelioma in different studies varied from
1.31 £0.9 to 1.86 £ 0.18 (range 1.18-1.91) x 10° mm?/s[19].

Schwannoma and neurofibroma

Intraparotid neurofibromas or schwannomas could be associated with neurofibromatosis, but they may
also arise sporadically[48]. Frequency of parotid tumors which originate in the facial nerve was
estimated to be between 0.2%-1.55%[65]. A fusiform tumor appearance extending into intratemporal
facial nerve canal could be a distinguishing feature in diagnosis. However, this appearance also
resembles perineural extension of malignant neoplasms. Peripheral nerve sheath tumors could easily be
distinguished by their target and fascicular signs on MRI[48]. The target sign refers to the appearance of
central T2 hypointensity and enhancement and peripheral T2 hyperintensity and non-enhancement[48,
65]. The fascicular sign corresponds to multiple ring-like T2 hypointense foci within a relatively T2
hyperintense and enhancing background[48]. On DWI, neurofibromas were reported to have ADC
values in the range of (1.41-1.91) x 10-3 mm?/s[13,17].

‘mean

Lipoma or sialolipoma

Lipomas are neoplasms consisting of mature adipose tissue. For salivary gland involvement, they may
be intraglandular or extraglandular[48]. Lipomas have similar signal intensities to subcutaneous
adipose tissue on TIWI and T2WI[66]. Fat-suppression is useful on MRI of salivary gland lipomas.
These tumors may have septations when they surround vessels[48]. Some rare variants of lipomas with
a biphasic pattern where serous tissue is diffusely scattered among fat is termed sialolipoma and their
appearance closely resemble normal parotid tissue[48,67]. They are encapsulated but tend to be hetero-
geneous in appearance due to their soft salivary gland tissue and fat tissue[48]. DWI studies showed
that lipomas had ADC,,,, values of (0.09-0.62) £ 0.21 [range (0.08-0.76) x 10° mm?/s] [19].

Hemangioma

Hemangiomas refer to vascular abnormalities involving increased proliferation and endothelial cell
renewal. They are more common in childhood. About 60%-65% of hemangiomas are observed in the
head and neck area, and 81%-85% of them are found in the parotid gland. Hemangiomas constitute
0.4%-0.6% of all tumors in the parotid gland and the ADC value of the hemangioma was found to be 0.8
x 10® mm?/s[68]. On MRI, they have homogeneously hyperintense appearance on T2WI and strong
enhancement, but they are devoid of prominent flow. These tumors often affect the whole gland and
could have additional lesions elsewhere in the head and neck or in other regions[48,68].

SALIVARY GLAND MTS
MEC

MEC refers to the most common salivary gland malignancy and 60% of these lesions involve the parotid
gland. MEC develops in epithelium tissue of salivary gland ducts. It is made of mucus secreting cells,
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epidermoid cells and intermediate cells[46]. They may have low, intermediate or high-grade subtypes
with different radiological appearances. Low grade tumors have smooth borders and cystic components
containing mucin, and have hyperintense signals on TIWI and T2WI. High-grade tumors, on the other
hand, are quite solid with undefined borders due to extension into neighboring structures. They often
appear on T2WI as hypointense or isointense lesions due to their high cellularity[33]. ADC values of
MECs on DWI is low in poorly differentiated lesions. ADC,,,, values of MECs on DWI studies were
reported to vary from [(0.81 + 0.06)-(1.05 £ 0.03)] x 10° mm?/s [range (0.65-1.14) x 10° mm?/s][13,19,20,
69]. Zheng et al[52] reported Tpeak value of 120 s or lower for MECs on DCE MRI. WR of a case was
reported to be less than 30% while that of another was 30% or over.

Adenoid cystic carcinoma

Adenoid cystic carcinoma (ACCa) is made of ductal epithelial and myoepithelial cells. It may be in
solid, cribriform or tubular forms, cribriform being most common. It is more frequent in middle-aged or
elderly patients. Perineural spreading and invasion capacity of ACCa is very high[46]. They can result in
distant metastases and local invasions. ACCa is frequently observed as ill-defined masses with
perineural spreading in imaging. ACCa has intermediate to low signal on TIWI and T2WI MRI. The
parotid gland is the most common location for ACCa (about 25%), which often involves perineurium of
cranial nerve VII during the diagnosis[46]. On DWI studies, ACCas were found to have ADC_,,, values
varying from [(0.84 £ 0.07)-(1.46 = 0.03)] x 10° mm?/s[9,13,17,19,69]. Tsushima et al[23] detected PMA-
like TIC pattern (Figure 3) in two ACCa cases using DCE MR (Tpeak > 260 s and no wash-out). It was
suggested that this pattern could be due to increased interstitial space of ACCa which contains
extracellular mucin and low microvessel count[3,23]. Zheng et al[52] reported that one ACCa they
studied had the TIC pattern most commonly observed in MTs (type C, T,.,, <120 s and WR < 30%).
Acinic cell carcinoma

Acinic cell carcinoma is a low-grade malignant lesion, and about 90% of these lesions are located in the
parotid gland[46]. Its characteristic feature is serous acinar differentiation and basophilic granules in
cytoplasm[8]. No specific finding is observed in imaging, but most acinic cell carcinomas are homogen-
eously enhanced, well-bordered, slowly growing masses like other benign or low grade malignant
lesions[33,46]. Most of the malignancies which were previously considered acinic cell carcinomas are
now identified as MASCs[46]. Kashiwagi et al[70] revealed that acinic cell carcinomas tended to be solid
while MASCs were predominantly cystic masses with solid papillary extensions. The authors
mentioned that intermediate-high SI of acinic cell carcinomas on T1WI could help in differential
diagnosis. DWI studies in the literature showed ADC_,,, values from [(0.79 + 0.33)-(1.76 £ 0.11)] x 10°
mm?/s for acinic cell carcinomas[69,70]. Zheng et al[52] studied three acinic cell carcinoma cases on DCE
MRI and observed a Tpeak value of 120 s or less. WR was over 30% in two cases and equal to or larger
than 30% in the other.

MASC

MASC was first described in 2010 as a rare salivary carcinoma mimicking acinar cell carcinoma and was
released to the World Health Organization classification of head and neck tumors in 2017[71,72]. MASC
has morphological and genetic similarities with secretory carcinoma of the breast. The majority of
MASCs (approximately 70%-80%) are located in the parotid gland, while a smaller number are located
in other minor salivary gland areas or major salivary gland glands[72,73]. MASCs are often tumors of
“papillary and cystic” or “non-papillary and cystic” morphology. The cystic and solid components of
these tumors have high signal on TIWIs on MRI, more often in the cystic component. On contrast-
enhanced MRI series, solid components may show different forms of enhancement (homogeneous,
heterogeneous, or scarce)[72]. DWI has been applied in a limited number of cases in MASCs, and ADC
values in the solid components of the tumor vary between (0.5-1.7) x 10° mm?/s[70,72].

Carcinoma ex pleomorphic adenoma

Carcinoma ex pleomorphic adenoma arises in connection with a primary or repeating benign PMA.
About 1.5% of pleomorphic adenoma cases develop carcinoma ex pleomorphic adenoma in five years,
and 10% of them in 15 years. In this condition, a painless mass still for many years starts growing. They
appear in MRI as masses with ill-defined borders extending into surrounding tissues, discontinuous
hypointense rim and mediate to low heterogeneous SI on T2WI[74]. On DWI studies, carcinoma ex
PMAs were reported to have ADC,,,., values in the range of [(0.82 + 0.01)-(1.32 £ 0.035)] x 10° mm?/s[9,
13,17]. Zheng et al[52] found that Tpeak of carcinoma ex PMA was 120 s or less while their WR was less
than 30% on DCE MRI.

Lymphoma

Primary lymphoma of salivary glands is rare and in 75%-80% of the cases parotid gland is involved.
Most commonly encountered Non-Hodgkin lymphoma types of salivary glands are extranodal
marginal zone B-cell lymphoma in mucosa-associated lymphoid tissue (MALT), follicular B-cell
lymphoma and diffuse large B-cell lymphoma. Follicular type and MALT lymphomas are low-grade
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Figure 3 Fourty-four years old female patient with adenoid cystic carcinoma infiltrating into the left maxiller sinus. A: T2-weighted image
shows a hyperintense mass in the left maxillary sinus; B: T1-weighted image shows a hypointense mass in the left maxillary sinus; C: The apparent diffusion
coefficient (ADC) value of mass was 1.19 x 10*mm?/s on the ADC map; D: There was intense contrast enhancement on the contrast-enhanced image of the mass;
E: On the color-coded perfusion magnetic resonance imaging, hyper and hypoperfused areas are seen in the mass; F: On the time intensity curve of mass,
progressive enhancement is seen towards the late phases.

lesions characterized by slow growth, which sometimes regress spontaneously. In cases with
autoimmune conditions such as Sjogren’s syndrome MALT lymphoma risk is 44 times higher. Parotid
MALT lymphomas are mostly solid-cystic lesions which may have a solitary or diffused pattern. In non-
MALT lymphomas, on the other hand, multiple or solitary homogeneous internal structure is more
common. A diffuse large B-cell lymphoma is the most common high-grade lymphoma involving the
parotid gland. Some of them arise from an underlying low-grade lesion. They manifest themselves with
an asymptomatic mass in the parotid gland which grows in a period of four to six months[75]. The ADC
values of lymphomas on DWI were generally lower than other solitary tumors (Figure 4), which helps
in their differential diagnosis. DWI studies found ADC,,,, values from 0.55 to 0.98 [range (0.4-1.21) x 10°
mm?/s] for parotid gland lymphomas[15,20,21,58,76].

It has been known that malignant lymphomas have higher cellularity and less extracellular space
than head and neck carcinomas[27,76]. Therefore, malignant lymphomas show rapid enhancing and
wash-out TIC patterns[19,26,28]. Since TIC patterns of malignant lymphomas and WTs are similar,
differentiation of WTs and malignant lymphomas cannot be done using DCE MRI alone[27]. However,
Tpeak of lymphomas are somewhat longer and their WR is lower compared to WTs. In their study
dealing with head and neck lymphomas, Asaumi ef al[77] measured average maximum duration for
lymphomas to reach contrast index as 78.5 + 29.1 s. Tao et al[14], on the other hand, found that in all of
seven lymphomas they studied Tpeak was less than 58 s while WR was less than 22.6% in six of them
(85.7%) but equal to or greater than 22.6% in one (14.3%). Wang et al[76] evaluated 20 MALToma cases
and reported that parotid MALTomas were usually (94.1% of the patients) in early ascending type (i.e.,
type I, with a Tpeak of less than 79.65 s and an initial slope of increase less than 0.807). They mentioned
that Tpeak values could be used to distinguish between parotid tumor-like benign lymphoepithelial
lesion (BLEL) and MALToma because Tpeak value was at least twice higher in tumor-like BLEL cases
compared to MALToma cases[76].

‘mean

Salivary duct carcinoma

Salivary duct carcinoma (SDC) refers to tumors of different sizes characterized by duct structures which
contain eosinophilic tumor cells. They often have a cribriform structure. SDC constitutes the most
commonly encountered malignant component of carcinoma ex pleomorphic adenoma. Majority of SDCs
originate from PMAs[78]. On DWI studies, ADC,,,,, values of SDCs were reported to vary from (0.88-
1.28) £ 0.16 [range (0.87-1.47) x 10° mm?/s][26,27,30,31,79]. Motoori et al[79] reported that on DCE MRI
78% of SDCs appeared as type B (Tpeak < 120 s and WR < 30%), and 67% of had areas of type C TIC
pattern (Tpeak > 120 s) due to their abundant fibrotic tissue.

Epithelial-myoepithelial carcinoma
Epithelial-myoepithelial carcinoma (EMC) is a rare subtype of malignant salivary gland tumor.
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Figure 4 Sixty-one years old male patient with non-Hodgkin lymphoma infiltrating into the right parotid gland. A and B: Hypointense signal of
the lesion compared to the gland on T2-weighted image and T1-weighted image; C: Contrast enhancement components of different intensities are seen on contrast-
enhanced image in the lesion; D: The apparent diffusion coefficient (ADC) value of mass was 0.55 x 10 mm?/s on the ADC map; E: The mass is hyperperfused on
the color-coded perfusion image; F: The time intensity curve of mass has a wash-out ratio of 43%.
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Histopathologically, it consists of a biphasic array of inner lumen ductal cells and outer myoepithelial
cells. On conventional MRI, EMCs are well-contoured, may contain mostly solid or cystic components,
septa or multi-nodularity can be detected, solid components are isointense or hypointense on T1WIs,
hyperintense or isointense on T2WIs, contrast-enhancement with different forms (homogeneous or
heterogeneous; moderate, mild or none) can be seen as masses. On DWI studies, ADCmean values of
EMCs were reported to vary from (0.96-1.05) £ 0.03 [range (0.789-1.14) x 10° mm?/s][80].

Secondary malignancies of the salivary glands (metastases)

Secondary malignancies of the salivary glands may develop either by distant metastasis or by direct
infiltration of tumors from adjacent tissues. Secondary malignancies of the salivary glands may involve
the parenchyma of the salivary glands or the intraglandular and/or periglandular lymph nodes.
Secondary malignancies most commonly involve the parotid gland, followed by the submandibular
gland. Metastases in other salivary glands are less common. Metastases to the salivary glands most
commonly arise from squamous cell carcinomas of the head and neck region and the upper aerodi-
gestive tract[81,82] (Figure 5). Various hematopoietic and lymphoid malignancies, including
lymphomas, but not as much as squamous cell carcinomas, constitute a significant portion of secondary
malignancies of the salivary glands[81]. Metastases may originate less frequently from distant organs

such as malignant melanoma, breast, lung, kidney, thyroid, pancreatobiliary, prostate, and bladder[81,
82].

Cystic lesions of parotid gland and its tumors which may have cystic component

Parotid gland could have pure cystic benign lesions such as lymphoepithelial cysts, lymphangiomas,
dermoid cysts, first branchial cleft cysts and mucocele, but they could be BTs and MTs which contain
cystic components of different size[50]. Kato et al[50] found cystic components of different size scattered
over different areas which might have different T1 and T2 signal characteristics in 40% of PMAs, 60% of
WTs, 67% of BCAs, 86% of SDCs, 80% of MECs, 75% of epithelial myoepithelial cell carcinomas, 50% of
acinic cell carcinomas, 100% of carcinoma ex PMA, 100% of adenocarcinomas and 100% of ACCs. In
order to avoid erroneous ADC measurements in tumors with cystic or necrotic components using DWI
and in measurements to determine TIC pattern in DCI, region of interest should be placed in solid
sections of the lesions[24,62,83].

CONCLUSION

In addition to the morphological data of conventional MRI, advanced MRI techniques allow us to obtain
information about the cellularity, microstructural features or vascularity of tumors and thus to interpret
the nature and subtypes of tumors. For example, while high cellular tumors such as WTs or lymphomas
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Figure 5 Eighty-seven years old female patient with squamous cell carcinoma infiltrating into the left parotid gland. A: T2-weighted image
shows a mass with a large cystic component; B: The lesion is hypointense on T1-weighted image; C: Solid component of the mass appears to be slightly hyperintens
on the diffusion-weighted image; D: The apparent diffusion coefficient (ADC) value of the solid component of mass was 1.05 x 10 mm?%sec on the ADC; E: There
was intense contrast enhancement of the solid component of mass on the contrast-enhanced image; F: On the color-coded perfusion magnetic resonance imaging,
hyperperfused areas are seen in the solid component of the mass; G: On the time intensity curve of mass, progressive enhancement is seen towards the late phases.
H: Ktrans was measured on quantitative dynamic contrast-enhanced magnetic resonance imaging.

show low ADC values on diffusion MRI, they cause rapid contrast enhancement and significant wash-
out on dynamic contrast MRI series. Except for their cellular variants, PMAs show high ADC values and
an increasing TIC pattern on dynamic MR series. High cellular MTs show diffusion restrictions and
WRs not as much as WTs or lymphomas. Quantitative perfusion MRI values (such as Ktrans, Kep, Ve)
can be measured in accordance with the structural features of the tumors. With the increase in data and
studies on the nature and subtypes of SGTs in the literature, threshold values or acceptance intervals for
quantitative measurements have begun to emerge, although there are overlaps.
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Abstract

In its classic form, amebic liver abscess (ALA) is a mild disease, which responds
dramatically to antibiotics and rarely requires drainage. However, the two other
forms of the disease, i.e., acute aggressive and chronic indolent usually require
drainage. These forms of ALA are frequently reported in endemic areas. The acute
aggressive disease is particularly associated with serious complications, such as
ruptures, secondary infections, and biliary communications. Laboratory
parameters are deranged, with signs of organ failure often present. This form of
disease is also associated with a high mortality rate, and early drainage is often
required to control the disease severity. In the chronic form, the disease is charac-
terized by low-grade symptoms, mainly pain in the right upper quadrant. Ultra-
sound and computed tomography (CT) play an important role not only in the
diagnosis but also in the assessment of disease severity and identification of the
associated complications. Recently, it has been shown that CT imaging
morphology can be classified into three patterns, which seem to correlate with the
clinical subtypes. Each pattern depicts its own set of distinctive imaging features.
In this review, we briefly outline the clinical and imaging features of the three
distinct forms of ALA, and discuss the role of percutaneous drainage in the
management of ALA.

Key Words: Amebic liver abscess; Complicated liver abscess; Refractory liver abscess;
Ruptured amebic liver abscess; Pleuropulmonary complication; Biliary communication;
Needle aspiration; Catheter drainage
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Core Tip: The clinical presentation and imaging findings of amebic liver abscess (ALA) can be classified
into three forms: subacute mild, acute aggressive and chronic indolent. The latter two forms are partic-
ularly associated with most complications of ALA. Despite this, prior literature primarily focused on the
mild form of the disease, which responds well to antibiotics. To the best of our knowledge, there is no
research on the types of ALA. In this review, the distinct clinical and imaging characteristics of each type
are discussed in detail. With this understanding, the therapeutic strategy, medical or interventional, can be
employed more efficiently for patients with ALA.

Citation: Priyadarshi RN, Kumar R, Anand U. Amebic liver abscess: Clinico-radiological findings and
interventional management. World J Radiol 2022; 14(8): 272-285

URL: https://www.wjgnet.com/1949-8470/full/v14/i8/272.htm
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INTRODUCTION

Amebic liver abscess (ALA) is an infection caused by the protozoan Entamoeba histolytica (EH), an
intestinal parasite. The infection is acquired by ingestion of water or food contaminated by EH cysts (the
infective stage of the parasite). The cysts resist gastric juice and reach the distal ileum, where they
undergo excystation producing trophozoites (the feeding stage of the parasite). In > 90% patients, the
trophozoites feed on intestinal tissue and bacteria without producing symptoms. In less than 1% of
cases, however, the trophozoites penetrate the mucosa and, through the portal route, reach the liver
causing liver abscess[1]. ALA is the most common and has the highest mortality of amebiasis manifest-
ations. It continues to remain the most common cause of liver abscess in developing and under-
developed countries[2-6].

ALA was known as a progressive and deadly disease a century ago; however, since the introduction
of modern antibiotics, the mortality has drastically reduced to between 1% and 3%[7]. Metronidazole is
the most effective agent, with cure rates of approximately 90%. Most patients become asymptomatic
within 72 to 96 h of treatment, and drainage adds no benefit to uncomplicated cases[7,8]. This fact seems
to be more relevant for a typical case where the patient presents the classic and the most common form
of the disease, i.e., subacute mild disease. Reports from endemic areas have shown that a greater
percentage of cases require drainage through either a needle or catheter. The reported prevalence of
such cases varies from 44% to 80%[3-5,7,9-14]. A thorough literature search shows that two distinct
clinical settings usually require drainage. In the first, the patients present acutely with severe and
fulminant disease, and drainage is performed to control disease progression and prevent organ failure.
Such abscesses, by different authors, have been denoted by different terms that indicate the aggressive
nature of the disease, such as “acute aggressive ALA”, “severe ALA” or “fulminant ALA”[10,15-17]. In
the second clinical setting of the disease, the patients present late with mild symptoms, usually
tenderness; they usually have a large persistent abscess despite medical therapy. Various terms are used
to describe such abscesses, such as “drug-resistant ALA”, “refractory ALA” or “chronic indolent ALA”
[18-22]. Regardless of the presentations, most cases are usually associated with a few complications,
such as rupture, secondary infection or biliary communication. Considering this fact, a few authors
prefer referring to it as “complicated ALA”[13,14]. Therefore, ALA can be classified into three clinical
subtypes: subacute mild, acute aggressive and chronic indolent. Not only do the ALAs have varied
clinical presentations, but they are also associated with distinct imaging patterns[10].

This review describes the three major types of clinical presentations as well as three types of imaging
patterns (correlating with clinical subtypes). Special emphasis has been placed on the two clinical types
— acute aggressive and chronic indolent. This paper also discusses the complications of ALA and their
percutaneous management.

OVERVIEW OF EPIDEMIOLOGY, RISK FACTORS AND PATHOGENESIS OF
COMPLICATED ALA

Epidemiology

Although ALA occurs globally, most reports emerge from endemic countries, such as India, Sri Lanka,
Bangladesh, Mexico, East and South Africa or parts of Central and South America[23]. A high
endemicity in these countries is related to poor hygiene and sanitation since the parasite is transmitted
via the fecal-oral route. Even in endemic countries, ALA occurs primarily in rural areas where
defecation in the open air is a common practice[11,24-26]. The lack of adequate sewage disposal results
in contamination of drinking water with EH cysts. Using polymerase chain reaction (PCR), a
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population-based study from India detected the prevalence of EH in 14% of stool samples[27]. In
developed countries, ALA occurs mostly in travelers or immigrants from endemic areas[28]. Apart from
endemicity, several other epidemiological factors also increase the risk of developing complicated
disease.

Risk factors

The disease is found almost exclusively in men (male: female > 10:1)[11]. The reason for this is unknown
but several investigators have speculated that it might be related to alcohol, particularly those prepared
locally from the sap of palm trees (toddy)[11,24,25,29]. Not only is the toddy a risk factor for ALA, but in
many studies it has been linked to severe disease[13,30]. The exact mechanism by which it contributes to
the pathogenesis of ALA is unclear. It has been proposed that alcohol may alter the gut mucosa or
convert the pathogen to a more virulent strain or render the liver more susceptible to the infection[23,24,
29]. Most cases occur in middle age ranging from 20 to 50 years[30]. In older patients, the disease tends
to be more severe possibly due to their poor immunity, whereas it is rare in children[31]. Another factor
contributing to the pathogenesis of ALA is malnutrition[11,13,23]. For centuries, the disease has been a
symbol of poverty. A typical patient with ALA, as we have observed, is a thin emaciated villager of low
socioeconomic status. Their poor nutritional status is evidenced by low albumin, BMI and hemoglobin
[11]. ALA has also been shown to be severe in diabetic patients[16,32].

Pathogenesis

The term “amebic liver abscess” is a misnomer as the cavity formation or liquefaction is not due to
suppuration; rather, it is the result of a unique type of necrosis[33,34]. The necrotic area appears as if it
has been dissolved by chemical or toxin. Considering this morphological pattern, it was believed that
the parasite possesses a toxin that lyses the hepatocytes, and therefore the parasite was named
“histolytica”[35]. It is now known that several proteolytic enzymes released by the inflammatory cells
are responsible for tissue destruction[7,36,37].

Understanding the gross morphology is important because it is characteristic and, to a large extent,
can be extrapolated to imaging findings[35,38,39]. The gross appearance varies depending on the
severity and the duration of the disease. In the early stage, it is that of a necrotic area where the center
has liquefied necrotic tissue (chocolate-colored sterile “pus”); however, the periphery has more solid
tissue[10,35,38-40]. The peripheral solid and partially liquified tissue is responsible for the shaggy or
ragged appearance on the abscess wall[10,40]. A mature wall is absent and the tissue surrounding the
abscess is congested, compressed and edematous[41]. There may be pressure over the surrounding liver
parenchyma or the hepatic capsule. Venous thrombosis and ischemic infarction are commonly observed
in fatal cases[42]. As the abscess heals, a fibrous wall forms and the cavity becomes more sharply
defined[38,43]. The edema and congestion regress and the abscess wall is surrounded only by a thin rim
of edema. The peripheral solid tissue becomes more liquefied, the content is gradually resorbed, and the
lesion heals completely without scar. However, a complicated or a very large abscess can persist in the
form of a residual abscess with a thick fibrous wall. A mature wall, as opposed to the ragged wall,
indicates chronicity or secondary infection[42].

ALA is usually solitary, located in the right lobe of the liver. The size varies from a few centimeters to
20 ecm[35]. However, the risk of complications increases with the number and size. In autopsy series,
unlike successfully treated series, 60% of cases show multiple abscesses varying in size from 10 to 15 cm
[35]. Literature shows a higher incidence of large (> 5 to 10 cm) and multiple abscesses (occurring in

about 50% of cases) among the Southeast Asian population compared to other studied populations[8-11,
43-47].

CLINICAL PRESENTATION

The clinical presentation varies from mild to severe. Based on the duration and the severity, ALA can be
classified into three main types: subacute mild, acute aggressive, and chronic indolent[10,15,23,28,48].

Subacute mild ALA

Most patients (approximately 80%) have a subacute course characterized by mild symptoms that
develop in less than 2 to 4 wk[23,28,30,49-51]. The disease typically begins with fever and chills, right
upper quadrant pain and tender hepatomegaly. Other symptoms include anorexia, weakness, nausea
and diarrhea. There may be right shoulder pain when an abscess located in the posterosuperior
segments irritates the diaphragm. The typical finding on physical examination is point tenderness in the
intercostal spaces[31]. The disease is associated with no or minimal organ dysfunction; the laboratory
parameters are near normal except mild to moderate leukocytosis. Dramatic improvement is observed
after medical therapy and no further complications occur. This pattern of presentation has also been
referred to as “acute benign ALA” by a few authors; however, the term “subacute mild” may be
preferable as it correctly defines the clinical course of the disease[15,48]. Additionally, the term also
differentiates it from the two other forms of the disease, i.e., acute aggressive ALA and chronic indolent
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ALA.

Acute aggressive ALA

Acute aggressive ALA is characterized by a more severe and rapidly progressive course. Considering
the acuteness and severity of this form, Katzenstein ef al[15] named it “acute aggressive ALA”. The
prevalence of this type of ALA may be high in endemic areas[10]. In a study of 317 patients with ALA,
Balasegaram reported acute fulminating infection in 13% of cases[17]. The patients often present more
acutely (< 10 d) with signs of severe disease including systemic toxicity, high fevers and chills, and an
exquisitely tender hepatomegaly[15]. Signs related to rupture and other complications may be present.
In fact, rupture is a common presenting manifestation of aggressive ALA, occurring in up to 57% of
patients[10]. The patients with free intraperitoneal rupture often have features of generalized peritonitis.
Sepsis-like features can occur in more severely affected patients. Up to 90% of patients require hospital-
ization and about 13% require intensive care unit management[10]. Signs of organ dysfunction, such as
jaundice, may also be observed in most patients[9,12,32]. Renal dysfunction can occur in 5% to 12% of
cases[6,10]. Hepatic failure and encephalopathy may also occur. Approximately, one-third to one-half of
the patients will have gross fluid derangements including ascites, pleural effusion and edema[5,9,10,13,
52]. Patients with aggressive ALA are often misdiagnosed as having acute cholecystitis, appendicitis or
bowel perforation[30,53-55].

Most patients with aggressive ALA will have markedly deranged laboratory parameters, such as
severe leukocytosis, hyperbilirubinemia, hypoalbuminemia, elevated liver enzymes, and elevated
alkaline phosphatase[10]. A high mortality has been recorded in this group of patients. Most deaths are
usually related to intraperitoneal rupture, which is followed by sepsis and multiorgan failure. Many
findings of aggressive disease have been identified as poor prognostic markers in different studies, such
as multiple abscesses, large (> 500 cc) volume abscesses, presence of encephalopathy, hypoalbu-
minemia, and hyperbilirubinemia (> 3.5 mg/dL)[3,9,13,32]. Medical therapy alone is often suboptimal
to control the disease and the laboratory tests do not return to near normal following treatment.
Therefore, drainage with either a needle or catheter is usually required[10,15].

Chronic indolent ALA

Chronic presentation can occur in approximately 10 to 20% of cases[10,15,23,49,56,57]. This presentation
has been designated in most studies as “chronic indolent ALA”. In this form, patients present late with
mild symptoms for more than four weeks. Most patients complain of pain over the right lower chest or
upper abdomen. Fever is usually absent or of low grade. However, a history of fever with chills at the
onset of the disease may be obtained in most cases. Additionally, many patients will have a history of
prior medical treatment or sometimes prior needle aspirations. On examination, right upper quadrant
tenderness is usually present. Other low-grade symptoms include weight loss, anorexia, or malaise[10,
15]. Laboratory tests are usually normal except elevated alkaline phosphatase level and low serum
albumin. Leukocytosis in chronic abscesses suggests the presence of secondary infection, which is the
most common complication in this form of the disease. In contrast to acute aggressive ALA, chronic
ALA is rarely associated with intraperitoneal rupture.

LABORATORY EVALUATION

The diagnosis of ALA is based on recognition of the typical clinical features, imaging studies and
serological tests. Serological tests are considered confirmatory (sensitivity > 94%; specificity > 95%)[7].
However, their usefulness in the diagnosis of acute ALA is limited in endemic areas because the tests
remain positive for several months to years after resolution of infection. Moreover, the serological tests
may be negative in the first seven to ten days of the infection, limiting their diagnostic use for acute
ALA[7].

Routine laboratory tests in ALA are nonspecific and do not differ from those in pyogenic abscess[58,
59]. However, these tests are useful in assessing the severity and monitoring the treatment response. In
most patients with acute benign ALA, mild to moderate leukocytosis is found with an average WBC
count of 16000/ pL. However, a high WBC count above 20000/ pL should suggest either aggressive, or
secondarily infected abscesses[9,56,60]. In our series, a mean of 24000/ uL was found in patients with
aggressive abscesses. Serum bilirubin and liver enzyme (AST/ALT) levels are normal or minimally
elevated in mild cases. When elevated, the AST/ALT levels return to normal following medical therapy.
However, the alkaline phosphatase level is elevated in 70 to 80% of cases, regardless of the severity of
the disease and the duration of presentation[56,60]. A very high value of bilirubin (> 3.5 mg/dL) and
liver enzymes indicates complications or aggressive disease. A low serum albumin (< 2 g/dL) is found
in almost all patients; however, an exceedingly low value is a poor prognostic marker[34]. Inflammatory
biomarkers, such as C-reactive protein and procalcitonin have been found to be nonspecifically raised in
most patients with ALA[34,59,61].

WJR | https://www.wjgnet.com 275 August 28,2022 | Volume14 | Issue8 |



Priyadarshi RN et al. Clinico-radiological aspects of amebic liver abscess

Jaishideng®

IMAGING EVALUATION: IMAGING CLASSIFICATION AND CLINICORADIOLOGICAL
CORRELATION

Chest radiographs, ultrasound, computed tomography (CT), and magnetic resonance imaging (MRI) are
the most employed modalities for diagnosis of ALA. Radiographs are insensitive, non-specific and are
abnormal in only half of cases[23]. They can reveal elevated diaphragm, pleural effusion and basal
consolidation or atelectasis. MRI seems to offer no advantage over CT[33,62]. Of all radiological tests,
ultrasound and CT are the most employed tools; in fact, they are complementary to one another in
many ways. For example, ultrasound can detect the degrees of liquefaction, differentiating solid necrotic
tissue from more liquefied tissue; this information is not provided by CT. Ultrasound, however, can fail
to detect an early abscess when the lesion is not liquid enough to be visible[63]. CT is more sensitive in
this regard. Another concern with ultrasound may be that early aggressive abscesses might be mistaken
for necrotic malignant masses because they often contain solid (non-liquefied) necrotic material[8,38,39,
47]. Due to its ability to differentiate viable tissue from necrotic tissue, contrast-enhanced CT can
distinguish between necrotic mass and aggressive abscesses. Additionally, CT is useful in the identi-
fication of various complications associated with ALA. Although both ultrasound and CT are highly
sensitive (ultrasound, 85%-95%; CT, 100%)[64], their specificity is low for differentiating ALA from
other infective abscesses or necrotic masses[45].

The imaging features of ALA on CT have been described as round oval hypodense lesions with a rim
enhancing wall and on sonography as hypoechoic or anechoic lesions with internal echoes. This classic
description of ALA, however, does not take into account the entire spectrum of the imaging findings,
which are known to vary considerably. The varied morphology has largely been shown to reflect the
underlying pathological changes, which occur as ALA evolves through the different phases of
maturation. Acute abscesses consist mainly of solid necrotic tissue and their edges are irregular or
ragged. As the abscesses heal, there is formation of a distinct wall, edges become smooth, and the
contents become more liquefied[10,38,43]. This morphologic variation has prompted several invest-
igators to classify the imaging features of ALA into distinct types[46,65,66]. Most investigators have
classified ALA into three types based on sonographic appearance. In 1987, Léonetti et al[65] divided the
sonographic morphology into three stages: pre-suppurative stage (phase I), suppurative stage (phase II),
and scarring stage (phase III). Subsequently, N'Gbesso et al[66] proposed a similar sonographic classi-
fication: non-collected ALA (type I), collected ALA (type II), and healed ALA (type III).

On MRI, a variable degree of wall formation and edema surrounding ALA have been reported
according to the status of abscess healing. Elizondo et al[43], who examined 29 ALAs with MRI, reported
that untreated ALAs are associated with an incomplete ring (corresponding to incomplete wall) and
diffuse or wedge-shaped perilesional edema. Following successful treatment, the ring formation is
complete and the edema regresses to form concentric rings around the abscess. Matching with the MRI
findings, a double-target sign has been described on contrast-enhanced CT; the inner ring corresponds
to the enhancing wall and the outer ring to the perilesional edema[10,67].

Our recent experience suggests that the latest generation CT can effectively evaluate several imaging
characteristics, such as wall formation, degree of liquefaction, enhancement patterns, septa, or perile-
sional hypodensity[10]. These characteristics can provide considerable information on the patient’s
clinical status. It appears that imaging findings of ALA can be classified into three distinct but
overlapping patterns (type I, II and III) that correlate well with the clinical subtypes (Table 1)[10]. This
classification may be useful for identifying those abscesses that would require more aggressive
treatment.

Type I: ALA with ragged edges

Type I pattern is observed in patients with acute aggressive ALA. It is characterized by incomplete or
absent walls and ragged edges (Figure 1A). This pattern is observed in patients with acute aggressive
ALA. Type I pattern indicates an early and progressive abscess, with no sign of healing. Surrounding
the abscess, there is a diffuse or wedge-shaped hypodensity, which is usually due to the combined effect
of hypoperfusion and edemal[10,68]. Most cases show irregular and interrupted enhancement at the
edges. Multiple irregular septa may be observed at the periphery, indicating the viable parenchyma that
is yet to be necrotic[10]. On sonography, they appear heterogeneous due to the presence of both solid
and liquefied necrotic tissue[38,47]. The heterogeneity accounts for the frequent misdiagnosis of
aggressive ALA as malignant lesions[10,38,47,67]. Other imaging features often associated with type I
morphology are large size, multiplicity, and irregular shape (due to coalescence of multiple lesions)[10].

Type II: ALA with a complete rim enhancing wall

Type II pattern indicates subacute mild ALA. It is characterized by a well-defined enhancing wall
(Figure 1B). The rim enhancement of the wall indicates active granulation tissue, a pathological sign of
inflammation and beginning of healing[43]. A thin rim of edema surrounding the wall (in contrast to the
more widespread edema of type I pattern) may be observed to form a perilesional “halo” on contrast
CT. In many cases, a double-target sign (the inner ring of wall enhancement and outer ring of
hypodense edema) is identified. The content is more liquefied and homogeneous compared to those

WJR | https://www.wjgnet.com 276 August 28,2022 | Volume14 | Issue8 |



Priyadarshi RN et al. Clinico-radiological aspects of amebic liver abscess

Table 1 Distinguishing clinical findings, imaging features and treatment strategy of the three forms of amebic liver abscesses

Acute aggressive

Subacute mild

Chronic indolent

Presentation  Acute (<10 d) Subacute (< 2-4 wk) Chronic (> 4 wk)
Symptoms Severe symptoms (RUQ pain, fever, toxicity, abdominal Moderate symptoms(usually Mild (usually RUQ tenderness, fever
distention, leg edema, shock-like syndrome resembling intermittent fever and RUQ if secondary infection)
sepsis, jaundice, signs of intraperitoneal or intrathoracic tenderness)
rupture)
Laboratory ~ Marked leukocytosis (> 20000/ pL), abnormal LFT, Transient leukocytosis and transient Usually normal
tests features of organ failure (hyperbilirubinemia, renal elevation of LFT (returns to normal
dysfunction) after treatment)
Imaging Incomplete or absent wall, ragged edge, interrupted orno  Relatively smooth outline, rim- Smooth outline, thick non-enhancing
features enhancement, septations, heterogeneous content, enhancing wall with perilesional wall, faint or no perilesional “halo”
widespread or wedge-shaped perilesional hypodensity hypodense “halo” (double-target sign)
Size and > 5-10 cm, multiple in over 50% of cases <5-10 cm, usually single > 5-10 cm, usually single
number
Treatment Antibiotics; Early drainage is often required to control Antibiotic alone suffices in most cases; Mostly pre-treated with antibiotics,

severity

rapid recovery, drainage when
symptoms persist

drainage not required unless
pressure symptoms or secondary
infection present

RUQ: Right upper quadrant; LFT: Liver function test.

(4] Distance Ling ™
We00/cm

DOI: 10.4329/wjr.v14.i8.272 Copyright ©The Author(s) 2022.
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Figure 1 Computed tomography images. A: Computed tomography (CT) (coronal image) demonstrating the characteristic imaging findings of an acute
aggressive abscess (type | pattern) in a 60-year-old man who presented with sepsis-like features and markedly deranged laboratory parameters. There are multiple
abscesses in the right lobe with irregular ragged edges, multiple septa and heterogeneous densities indicating partially liquefied tissue. Also, note the presence of a
hypodense area in the surrounding parenchyma (asterisk) and right hepatic vein thrombosis (arrowhead). The thickened cecal wall (arrow) and mild ascites are also
evident; B: CT of a typical case of subacute mild disease. The laboratory profile was near normal. The axial image shows an abscess in the left lobe with a well-
defined wall showing rim enhancement (type Il pattern). This patient presented with mild abdominal pain after 20 d of symptoms; C: CT image of a chronic indolent
abscess (type Il pattern). Coronal image of a 24-year-old man showing a large abscess with a thick non-enhancing wall in the right lobe. He had persistent pain in the
right upper quadrant for two months despite complete resolution of fever and normalization of laboratory tests after metronidazole therapy.

presenting acutely. This pattern is nonspecific and resembles pyogenic abscesses[43,69,70].

Type lll: ALA with a nonenhancing wall

Type III pattern represents chronic indolent ALA. It is characterized by a thick fibrotic wall that is much
smoother and does not enhance with contrast (Figure 1C). The absence of contrast enhancement
excludes active inflammation. This pattern, in fact, represents persistence of amebic pus (usually more
than four weeks), in which the liver fails to clear the necrotic tissue. The abscesses in this form are
usually asymptomatic; however, when they are large enough to cause capsular stretching, they can
cause right upper quadrant pain. Clinicians should be aware that healed ALAs in this pattern often
resemble cysts and can persist for months or years following successful treatment[46,66,71,72].
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COMPLICATIONS: CLINICO-RADIOLOGICAL FINDINGS
Rupture

The most feared complication of ALA is rupture. The overall incidence ranges from 6 to 40%[10,44,52,
73]. ALA generally ruptures into the thoracic cavity or intraperitoneal space. Occasionally, the abscess
can rupture into hollow viscera, such as the stomach, duodenum, or colon[20,60,74,75]. Of all ruptures,
the gravest, but fortunately rare, is rupture into the pericardium[49]. In our experience, the risk of free
intraperitoneal ruptures is high when the abscesses present acutely (type I pattern). However,
intrathoracic ruptures, particularly the intrapulmonary ones, are noted more frequently in chronic cases
(type II or III pattern). This may be due to development of adhesion between the diaphragm and pleura
in older abscesses[10].

Intrathoracic rupture: Pleural empyema, lung abscess, hepatobronchial fistula

Pleuropulmonary rupture occurs in 7% to 20% of patients[7,56,57]. The abscesses located inferior to the
diaphragm can perforate it to enter the pleural space causing amebic empyema, which is the most
common intrathoracic complication. It is important that pleural empyema be differentiated from sterile
pleural effusion, which occurs more frequently than empyema. The sterile effusion is reactionary and
resolves spontaneously, and therefore, it requires no drainage[57]. The presence of loculations and
septations on ultrasound indicate amebic empyema[11]. The next intrathoracic complication is the
development of lung consolidation or lung abscess, which occurs when an abscess directly ruptures into
lung parenchyma invading through both the diaphragm and pleura. The lung abscess may, in turn,
communicate with the bronchi to cause hepatobronchial fistula or with pleura to cause bronchopleural
fistula. Bronchial communication has been reported to occur in over one-third of thoracic complications
[76]. The presence of air in the lung abscess or liver abscess or in the pleural collections indicates these
fistulous complications (Figure 2)[11]. Clinically, the patients complain of productive cough, often
expectoration of amebic pus-like material. The pleuropulmonary rupture is considered less severe than
the intraperitoneal rupture because of spontaneous drainage of the abscesses following the hepato-
bronchial fistula.

Intraperitoneal rupture: Contained rupture versus free rupture

Intraperitoneal rupture has been said to occur in only 7% of cases[7,56,57]. However, we found an
incidence of intraperitoneal rupture of 33% in our series[10]. In fact, several series from endemic
countries have reported similar findings[6,13,17]. Based on imaging findings, intraperitoneal ruptures
can be divided into two types: contained rupture and free rupture[11,60]. The contained rupture is
characterized by accumulation of the localized fluid collection around the liver, usually in the
subphrenic or subhepatic space (Figure 3A)[11]. The localized fluid from the contained rupture may
occasionally be palpable on abdominal examination. This type of rupture carries a good prognosis and
fortunately, is more common than its counterpart — the free rupture. The free rupture is characterized
by fluid collection that diffusely involves the entire peritoneal cavity; it can cause generalized peritonitis
and carry a poor prognosis (Figure 3B). The differentiation between these two types is significant as
more aggressive treatment for longer duration is required for free ruptures[11,21].

Biliary complication: Communication versus compression

A common cause of drug failure is the presence of biliary complications, which has been reported to
occur in up to 27% of refractory cases[12,22,77]. This occurs either from ductal communication with the
abscess or from external compression by a large abscess[12,41]. When the liver parenchyma is destroyed
by an aggressive abscess, the bile ducts are also damaged, producing ductal communications[12].
Usually, the communication is subtle, and therefore, ductal dilatation may not be evident on imaging. In
several cases, the diagnosis is made only during percutaneous drainage when the initial aspirated fluid
is bilious or when bile (usually persistent) appears thereafter[11,22,77]. Uncommonly, an abscess, partic-
ularly when large and aggressive, can rupture into the central bile ducts, causing duct dilation
(Figure 4). In such cases, the diagnosis may be confirmed when endoscopic retrograde cholangiopan-
creatography (ERCP) or cavitogram demonstrates contrast extravasation into the abscess cavity[22,55].
Usually, the bile ducts are compressed by a large abscess, resulting in biliary duct dilation; these cases
are evident on ultrasound or CT. The size and location of an abscess on imaging can provide anatomic
clues to the presence of a biliary complication. The large (> 5 to 10 cm) and centrally located abscesses
(near porta hepatis) are more likely to have biliary compilations than those smaller and with
subcapsular locations[12]. Clinically, the presence of high jaundice may indicate biliary complications.
Agarwal et al[22] compared the abscesses with and without biliary communications and found that total
bilirubin levels > 2 mg/dL were present only in the patients with biliary complications.

Secondary bacterial infection

ALA is typically sterile. However, in 10% to 20% of cases, it can be complicated by secondary bacterial
infections[58,78,79]. The incidence may be higher than generally recognized. Recently, in a PCR based
study from liver aspirates, Singh et al[2] found bacterial infection in 37% of cases, mostly anaerobes of
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Figure 2 Computed tomography image (coronal view) of a patient who presented with productive cough and mild upper abdominal pain
for more than four weeks. Note the rupture of a subdiaphragmatic abscess into the lung resulting in the formation of a lung abscess. The air-fluid level in the
lung abscess (arrow) indicates fistulous communication between the lung abscess and the bronchus.

-

DOI: 10.4329/wjr.v14.i8.272 Copyright ©The Author(s) 2022.

Figure 3 Computed tomography image. A: Computed tomography image (coronal view) demonstrating a contained rupture. A fluid collection that is localized
in the subphrenic space (asterisk). Note the wide rent in the abscess (arrow). Additional imaging features of an aggressive disease in this image are the presence of
ascites and thrombus in a segment of the hepatic vein (arrowhead); B: Free intraperitoneal rupture in a 40-year-old man who presented with features of generalized
peritonitis. Coronal computed tomography image showing a large amebic abscess with an irregular edge in the right lobe and diffuse intraperitoneal fluid collection

(arrows).
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intestinal microbiota. The authors suggested that intestinal bacteria reach the liver along with the
trophozoites through the portal route, that is, concurrent or coinfection with bacteria. When secondary
bacterial infection occurs as coinfection, the disease may take an aggressive course. This complication
should be suspected in refractory cases, particularly those associated with persistent high fever and
marked leukocytosis (> 20000/ uL)[56]. Another mechanism of secondary infection is bacterial superin-
fection, which usually occurs in the stagnant fluid following unsuccessful needle aspiration or
inadequate catheter drainage[18]. Since most of the abscesses are walled off at this point, symptoms are
of chronic indolent disease. In contrast to sterile amebic aspirate, cultures of pus from secondarily
infected ALA usually yield positive results. Blood cultures, however, may be negative because most
patients are generally pretreated with antibiotics[80].

Vascular complication: Venous thrombosis, venous compression and arterial aneurysm

Venous thrombosis is a common phenomenon in this disease. Autopsy studies have shown that venous
thrombosis occurs in up to 30% of cases; however, we have identified venous thrombus in 70% of cases
with the use of the latest multidetector CT[42,68]. Venous thrombosis may involve the portal or hepatic
vein, but usually both are involved. Thrombus typically occurs in the smaller segmental or subseg-
mental branches. The hepatic vein thrombosis can extend into the inferior vena cava (IVC) or even into
the right atrium[68]. Rarely, it can cause a Budd-Chiari like syndrome[81]. Detection of thrombus in
large veins may be indicative of severe ALA[68,82]. The diagnosis of thrombosis on CT can be suggested
by the presence of a wedge-shaped hypoattenuating area surrounding the abscess, which might be due
to thrombosis led hypoperfusion[68]. Another vascular complication is compression of the intrahepatic
veins and the IVC. Venous compression may be a clue to the presence of a high intracavitary pressure in
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Figure 4 Axial computed tomography of a 60-year-old man showing a large abscess in segment IV of the liver near the porta hepatis. Note
the duct dilation (arrows) that resulted from rupture of the abscess into the central bile ducts. He was managed with catheter drainage. Bilious fluid draining through
the catheter was observed for several weeks in this patient.

Jaishideng®

the abscess, which in turn indicates aggressive abscesses. IVC compression occurs when a large abscess
located in the caudate lobe compresses the IVC, causing leg edemal48]. Additionally, portal vein
compression near the porta hepatis has been reported to cause splenomegaly and portal hypertension
[41]. Hepatic artery pseudoaneurysm is a rare, but serious complication of ALA that results from
erosion of the arterial wall by an aggressive abscess[83].

Concurrent colitis and perforations

Although diarrhea is found in only 15% to 30% of patients with ALA, concurrent colonic ulcers are
detected in approximately 50% of patients with ALA on colonoscopy[17,57,84,85]. The colonic lesions on
colonoscopy appear as small discrete ulcers in the cecum or ascending colon. Approximately 70% of the
ulcers are localized to cecum and contiguous involvement of the appendix (amebic typhlo-appendicitis)
is common[10]. As the ulcers are usually small and localized, symptoms related to colitis are mild. In
severe cases, however, other segments may also be involved or there may be cecal perforations.
Furthermore, the severity of colitis seems to parallel the severity of abscesses. Recently, Premkumar et al
[85], in a study of 52 patients with ALA, reported bleeding and large ileocecal ulcers in the majority of
their patients; most synchronous ALAs in this series had aggressive clinical and imaging features. In an
autopsy study of 76 patients with fatal ALA, Aikat et al[42] found that the incidence of colonic ulcers
was 62%. With multidetector CT, we have observed concurrent colitis in 28% of patients, more
frequently and possibly more severe in the patients with aggressive ALA than those with mild ALA. On
CT, colitis generally manifests as nonspecific bowel wall thickening (Figure 1A)[10].

MANAGEMENT: ROLE OF IMAGE-GUIDED PERCUTANEOUS DRAINAGE

ALA, in most patients, is mild and responds promptly to medical therapy. The drug of choice for the
treatment of ALA is metronidazole, a nitroimidazole, which is given at a dose of 750 mg orally or
intravenously three times daily for seven to ten days[31]. This regime results in resolution of fever,
toxemia, and pain in 80% to 90% of patients with uncomplicated ALA within 72 to 96 h of treatment[7].
The disease resolves without complications or without the need for any invasive procedures. This
treatment is followed by a luminal agent (paromomycin or diloxanide furoate) to clear the luminal
parasites.

The decision to perform drainage is based largely on the clinical grounds. Any symptomatic patient
with persistent symptoms after four days of treatment requires drainage, regardless of the imaging
findings. In the most common scenario of percutaneous drainage, the patients continue to have
symptoms, primarily pain or tenderness in the right upper quadrant, despite completed medical
therapy. In another clinical setting, early drainage is performed for acute aggressive abscesses to control
the disease severity[10]. The third clinical setting may be the patients in whom there is diagnostic
uncertainty between ALA and pyogenic abscess. In such cases, most physicians prefer to drain the
amebic abscesses considering them as a pyogenic abscess.

In addition to clinical criteria, imaging-based criteria for the use of drainage was formulated by de la
Rey Nel et al[86]. They recommended that abscesses with the following risk factors should be drained:
abscesses > 10 cm (because of their long healing time), abscesses located in the left lobe (because of the
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risk of rupture into the pericardium), and large superficial abscesses with a thin rim (because of the risk
of rupture). In this context, it must be emphasized that lack of a mature wall is also an important risk
factor that must be considered while assessing rupture risk. Most intraperitoneal ruptures in our series
occurred when the abscesses lacked a mature wall[10].

Needle aspiration vs catheter drainage

Percutaneous drainage can be performed either by needle aspiration or catheter drainage under image
guidance. Usually, sonographic guidance suffices for the placement of the catheter or needle into the
abscess cavity[11]. CT guidance may be required in some cases, particularly in thoracic complications.
Success of the procedure is dependent on its effectiveness in evacuation of the amebic pus. Needle
aspiration is a simple, less invasive technique and requires less expertise. However, it is not as effective
as catheter drainage, and presents several disadvantages. It fails to evacuate the solid necrotic tissue,
which usually blocks the needle lumen during aspiration. Since tissue necrosis and its liquefaction is a
dynamic process, not all tissue is completely liquid at the time of aspiration, and therefore, multiple
sessions are generally needed to achieve complete drainage. This practice is perhaps related to the most
serious drawback of needle aspiration, i.e., bacterial superinfections. The reported rate of superinfections
following needle aspirations is 15%[18]. Nevertheless, needle aspirations may be useful in the
appropriate settings, such as when the abscesses are small (< 5 cm) and the content is completely
liquefied. Another common scenario includes multiple abscesses, where smaller and more liquefied
abscesses are aspirated using an 18G spinal needle, whereas the larger and partially necrotic abscesses
are drained using catheters[11]. Several randomized controlled studies have demonstrated that catheter
drainage offers a higher success rate (up to 100%) compared to needle aspiration, particularly when
abscesses are larger than 5 cm[78,87-89]. Due to its obvious advantage of having a large bore, it
evacuates the necrotic tissue efficiently. It has an additional advantage of being indwelling, which
makes it more effective in clearing those abscesses that liquefy over a period of time.

Percutaneous drainage in the management of complications

Although aspirations have been useful in the management of refractory abscesses for several decades,
free rupture with peritonitis was typically considered an indication for surgery. The reported mortality
rate in surgically treated patients was as high as 50%[90,91]. In the last three decades, a paradigm shift
has been seen from surgical drainage to catheter drainage. All complications related to ALA are
currently managed with percutaneous catheter drainage[11,19-21,92-94]. By using catheter drainage, we
have achieved a success rate of 97%, without significant mortality[11]. Only the placement of multiple
catheters, usually in multiple sessions, is required to drain intraperitoneal fluid collections. As the
collections are sterile, the peritonitis is not as severe as that seen in cases of bowel perforation. Not only
is catheter drainage curative for the intraperitoneal rupture, it also effectively treats pleuropulmonary
ruptures[11]. The drainage of pleural fluid collections may require CT guidance as ultrasound has low
sensitivity for pleuropulmonary pathology. Lung abscesses usually do not require drainage due to the
presence of bronchial fistula, which provides natural drainage in most patients. Catheter drainage has
also been proved to be excellent in the management of biliary communications. Agarwal et al[22]
evaluated 33 patients with refractory abscesses, nine of the patients were found to have an abscess with
intrabiliary communication, and all patients were successfully treated with prolonged catheter drainage
(12 to 50 d). None of the patients required endoscopic placement of stents. Endoscopic stenting or
sphincterotomy, however, may be required to control bile leak prior to catheter removal when fistulous
communication persists despite prolonged catheter drainage. Catheter drainage has also been shown to
facilitate spontaneous healing of small arterial aneurysms resulting from ALA[83].

Surgical management

The role of surgical drainage in the management of ALA has been reassessed due to the widespread use
of radiologically guided drainage[95]. However, open drainage may be warranted in some cases where
percutaneous drainage may fail to evacuate abscess content. Surgery may also be indicated in selected
cases of intraperitoneal rupture with generalized peritonitis[96]. As an alternative to open surgical
drainage, laparoscopic drainage can result in less morbidity and mortality[97].

CONCLUSION

Clinical and imaging features of ALA are variable and parallel to each other. Although the mild form of
the disease is cured easily with antibiotics alone, the other two forms of the disease-acute aggressive and
chronic indolent-often require percutaneous drainage. Most complications and mortality in ALA occur
when it presents in its acute aggressive form. Imaging studies play a key role in identifying the different
forms of the disease and assessing the complications. All complications, including free intraperitoneal
ruptures, can be managed with percutaneous catheter drainage.
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Abstract

Pulmonary embolism represents a common life-threatening condition. Prompt
identification and treatment of this pathological condition are mandatory. In cases
of massive pulmonary embolism and hemodynamic instability or right heart
failure, interventional radiology treatment for pulmonary embolism is emerging
as an alternative to medical treatment (systemic thrombolysis) and surgical
treatment. Interventional radiology techniques include percutaneous
endovascular catheter directed therapies as selective thrombolysis and thrombus
aspiration, which can prove useful in cases of failure or infeasibility of medical
and surgical approaches.

Key Words: Pulmonary embolism; Interventional radiology; Thrombolysis; Throm-
bectomy; Catheter directed therapy; Endovascular
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Core Tip: Endovascular treatment of massive pulmonary embolism can be a life-saving
intervention in hemodynamically unstable patients.
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INTRODUCTION

Venous thromboembolism, clinically presenting as deep vein thrombosis or pulmonary embolism (PE),
is the third most frequent acute cardiovascular syndrome globally, after myocardial infarction and
stroke[1]. Approximately one-third of all patients with a new diagnosis of venous thromboembolism
have PE, with or without deep vein thrombosis[2]. PE can be defined as the occlusion of the pulmonary
arteries or its branches with embolic material (thrombus, air, fat or amniotic fluid) that originates
elsewhere in the body. Most commonly, the cause is a thrombus arising from the deep veins of the
lower extremities, which travels to the pulmonary circulation.

Diagnosis of PE can be subtle, as there are no specific symptoms, and clinical presentation varies
widely, ranging from asymptomatic to sudden cardiac death, which is seen in 25%-30% of patients[3].
There have been many advances in the field of PE in the recent decades. The development of new
diagnostic and therapeutic strategies, including medical and surgical treatment as well as endovascular
therapy, has led to an increasing complexity of patient treatment and, consequently, to the need of
optimizing the management of this serious condition.

PHYSIOPATHOLOGY

PE, by definition, is characterized by the presence of emboli in the pulmonary arterial circulation. Most
emboli originate as thrombi in the deep veins of the lower extremities; the most common site of
thrombosis is represented by the calf veins, followed by femoro-popliteal veins and iliac veins. Less
frequently, emboli arise from upper extremity veins and are typically associated with central venous
catheters, intracardiac devices, malignancy or venous trauma. A smaller percentage of PE is caused by
pelvic deep vein thrombosis, but they are generally associated with a predisposing factor such as pelvic
infection, pelvic surgery or pregnancy[4]. When 25%-30% of the pulmonary vasculature is obliterated by
a thrombo-embolus, pulmonary artery pressure begins to increase. However, the mechanical
obstruction is not the only element leading to pulmonary hypertension: the disruption of the alveolar-
capillary membrane by the thrombi results in a decrease of oxygen diffusion, with subsequent hypoxia
and release of vasoconstrictors that contribute to the acute development of pulmonary hypertension[5].
The increase of pression in the pulmonary artery determines heterogeneity of pulmonary perfusion,
leading to the simultaneous presence of hypo- and hyperperfused areas; there will be an imbalance
between ventilation and perfusion, generating hypoxemia[6].

Moreover, PE can have significant cardiac and hemodynamic consequences, related to the size of
emboli and the presence or absence of underlying cardiopulmonary disease. In healthy patients, the
mean pulmonary artery pressure can be up to 40 mmHg acutely; right ventricle (RV) failure ensues
when 50%-75% of pulmonary arteries are obstructed[7]. When the degree of pulmonary artery
obstruction exceeds 50%-75%, the right heart dilates and the combination of the increased wall stress
and cardiac ischemia impair RV function and left ventricular (LV) output, leading to hypotension[8].
The presence of pre-existing cardiopulmonary disease results in diminished pulmonary vascular reserve
and hemodynamic compromise at a lower level of pulmonary arterial obstruction.

PULMONARY EMBOLISM RISK STRATIFICATION

The American Heart Association (AHA) and the European Society of Cardiology (ESC) classified PE
according to its severity, identifying three main categories[1,9].

Patients with massive (AHA) or high risk (ESC) PE present with hypotension, defined as a systolic
blood pressure lower than 90 mmHg, or a drop of > 40 mmHg for at least 15 min or need for
vasopressor support.

Submassive (AHA) or intermediate risk (ESC) classifications slightly differ as, according to AHA,
patients with submassive PE present with an RV strain with no hypotension. RV strain is defined as: RV
dysfunction on echocardiography or computed tomography pulmonary angiography, and RV injury
identified by an increase in cardiac biomarkers as troponins or brain natriuretic hormone. On the other
side, the ESC criteria for intermediate-risk PE include patients with a simplified Pulmonary Embolism
Severity Index score 2 1, regardless of RV strain. The Pulmonary Embolism Severity Index score is based
on the patient’s age, comorbidities, heart rate, blood pressure and oxygen saturation. Moreover, the ESC
subclassifies intermediate-risk patients in two groups based on RV dysfunction and RV injury
(intermediate risk-high) or only one or neither of these findings (intermediate risk-low).

Low risk patients, according to both AHA and ESC, do not meet criteria for the abovementioned risk
categories.
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MEDICAL AND SURGICAL TREATMENT

Severe PE leads to hypoxaemia due to the ventilation-perfusion mismatch. Therefore, it is advised to use
oxygen in patients with oxygen saturation < 90%. High-flow oxygen and mechanical ventilation should
be taken in consideration when extreme hemodynamic instability is present (i.e. cardiac arrest), even
though obtaining a good hypoxemia correction is not completely possible without PE reperfusion
techniques[10,11]. Intubation should be considered in patients who are not manageable with
noninvasive ventilation[1].

Acute RV failure is a cause of death in high-risk PE patients due to the reduction of cardiac output.
When low central venous pressure is present, modest fluid challenge (< 500 mL) could be an option,
increasing cardiac index in these patients[12]. On the other hand, fluid challenge could also over-distend
the RV, leading to a reduction of cardiac output. Therefore, it is recommended to use it wisely[13]. If
signs of elevated central venous pressure are present, no volume loading is advised. Vasopressors are
often necessary in association with reperfusion treatment (medical, surgical or interventional).
Norepinephrine leads to an improvement in coronary perfusion and ventricular systolic interaction,
without changing pulmonary vascular resistance[14]; the use of norepinephrine should be limited in
patients with cardiogenic shock.

Temporary extracorporeal membrane oxygenation could be used in patients with a high-risk PE,
cardiac arrest and circulatory collapse, but its use needs to be further tested with clinical trials[15,16].

Acute PE may lead to cardiac arrest, in which case the current advanced life support guidelines have
to be followed[17].

Moreover, in patients with intermediate to high risk of PE, it is advised to start subcutaneous antico-
agulation while waiting for diagnostic tests, usually with low-molecular weight heparin, fondaparinux
or unfractionated heparin[18]. Clinical trials with non-vitamin K antagonist oral anticoagulants are
ongoing.

Vitamin K antagonists are vastly used for oral anticoagulation in recent years; when vitamin K
antagonists are used, low-molecular weight heparin or unfractionated heparin should be continued
along with oral anticoagulants for more than 5 d until the International Normalized Ratio value reaches
2-3 for 2 d[19].

Regarding reperfusion treatment, systemic thrombolysis leads to fast improvement of the pulmonary
obstruction and cardiovascular parameters in patients with PE compared to medical treatment alone[20,
21]. The best results are obtained when reperfusion treatment starts 48 h after symptoms onset; however
thrombolysis could be useful even after 6-14 d[22]. Intravenous administration of recombinant tissue-
type plasminogen activator is preferred to first generation thrombolytic agents (i.e. urokinase)[23].

Surgical embolectomy in patients with acute PE is performed through cardiopulmonary bypass, with
incision of the pulmonary arteries and clots removal. This approach is advised in high-risk PE and in
selected intermediate-risk patients[1,24].

ENDOVASCULAR TREATMENTS: CURRENT EVIDENCE AND FUTURE PERSPECTIVES

Catheter directed thrombolysis

Catheter directed thrombolysis (CDT) gives the advantage of locally delivering a high concentration of
fibrinolytic agent to a great clot surface. This way, fibrinolytic dose can be greatly reduced compared to
the systemic one, and side effects are therefore lower. A routine use diagnostic angiography catheter
with multiple holes can be used to deliver the fibrinolytic agent and increase its local blood concen-
tration. This could enhance the efficiency of fibrinolysis, reducing the risk of bleeding. Each pulmonary
artery is catheterized with a multihole catheter, and a fibrinolytic agent such as tissue plasminogen
activator is injected through the clot at a rate of 1 mg/h for 24 h in case of a unilateral PE (single device)
and 1 mg/h for 12 h if bilateral PE (double device) (SEATTLE II Trial)[25]. A more recent trial, the
OPTALYSE PE trial, analyzed the possibility to further lower the dose of tissue plasminogen activator
with shorter infusions. The total dose was significantly lower, ranging from 4 to 12 mg per lung, and
shorter infusion times (2 to 6 h)[26].

Efficient systemic administration of heparin is continued throughout the endovascular fibrinolysis
procedure. Despite the lack of randomized trial studies comparing endovascular and systemic
thrombolytic therapy, several comparative studies have been carried out. In a meta-analysis of Bloomer
et al[27], the rate of intracranial hemorrhage with CDT was 0.35%, which is significantly lower than that
reported with systemic thrombolytics in other randomized trials (1.46%). Bloomer et al[27] also found
that the rate of major bleeding or vascular complication was 4.65%, and the observed mortality rate was
3.4% (12.9% in the massive PE group, 0.74% in the submassive PE group).

In addition, results of an American national registry enrolling 3107 patients who underwent systemic
fibrinolytic treatment and 1319 patients undergoing CDT showed that the systemic thrombolysis group
had increased rates of bleeding-related mortality (18.1% vs 8.4%), general mortality (14.9% vs 6.12%) and
rehospitalization (10.6% vs 7.6%)[28]. According to these data, the risk of fatal bleeding is lower during
CDT than in cases of systemic thrombolysis. This can be due to the higher (approximately four-fold)
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Table 1 Main mechanical thrombectomy devices

Rheolytic Rotational Aspiration +/- retriever Fragmentation Ultrasound
Angiojet (Boston Aspirex (Straub Indigo CATS8 (Penumbra Inc.); ~ Fogarty arterial balloon embolectomy catheter (  Ekos endovascular system (
Scientific) Medical) Flowtriever (Inari) Edwards); Pig-Tail Catheters Boston Scientific)
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dose of fibrinolytic agent used in systemic thrombolysis. However, as these data are extracted from a
national registry and not from randomized studies, they should cautiously be taken in consideration.
The ongoing PE-TRACT and HI-PEITHO studies are designed to overcome this issue.

Mechanical thrombectomy
In cases of massive PE, the first aim should be to quickly declot the affected pulmonary artery to
decrease pulmonary hypertension and the risk of RV failure. Initial fragmentation or thrombectomy by
different devices (Table 1) can help reduce the thrombotic load and improve reperfusion. In addition,
fragmentation of the clot exposes a greater surface of the thrombus, increasing the efficacy of local or
systemic therapies[29].

Current catheters for mechanical thrombectomy or endovascular aspiration are classified based on
the mechanism of action.

Rheolytic: AngioJet (Boston Scientific, Massachusetts, United States) working mechanism is determined
by aspiration of the thrombus using the Venturi-Bernoulli effect. It creates a suction effect with high-
pressure jets in the catheter’s distal holes. Various complications (e.g., bradycardia and heart attack,
severe hemoptysis, kidney failure as well as intra- and periprocedural deaths) were reported during the
use of this device[30]; hence, the use of AngioJet as a first-approach treatment should be avoided.
Currently the main indication of this product remains treatment of peripheral venous districts.

Rotational: A relatively new device for treatment of PE is Aspirex (Straub, Wangs, Switzerland).
Launched in mid-2010, the Aspirex catheter acts as an Archimedean screw that rotates inside the
catheter lumen; this spiral mechanism provides an aspiration supplied by an active motor. Clinical
results are promising; however, only recent studies with small cohorts of patients demonstrated its
safety and efficacy, and there is a lack of randomized studies supporting this evidence[31]. Two
European case series have been reported, with complete thrombus clearance observed in 83% to 88% of
patients with intermediate- and high-risk PE[31,32].

Aspiration: The Indigo mechanical aspiration system (Penumbra, Alameda, United States) is an
aspiration thrombectomy catheter system. A large caliber (8 French) catheter with a directional soft tip,
allows easy aspiration of the clots in the pulmonary arteries due to the great suction power of a suction
pump. Several studies are being performed to evaluate safety and efficacy of this device. The recent
Indigo Aspiration System for Treatment of Pulmonary Embolism Trial (EXTRACT-PE), a prospective
multicenter study on 119 patients demonstrated a significant reduction in the RV/LV ratio and a low
major adverse event rate in submassive PE patients treated with the Indigo CAT8 aspiration system,
with a reduction of administered intraprocedural thrombolytic drugs, which were avoided in 98.3% of
patients[33]. The Indigo CATS received Food and Drug Administration approval for PE treatment in
December 2019. The system is being monitored to assess its safety even in real-world clinical practice,
showing a low incidence of reports linked to the product[34].

FlowTriever® System (Inari Medical) is another aspiration device. Its mechanism features three self-
expanding nitinol mesh disks designed to engage, disrupt and deliver the clot to the Triever Aspiration
Catheter for extraction. It has been evaluated in a recent single-arm multicenter trial involving 106
patients (FLARE Study) and appears safe and effective in patients with acute intermediate-risk PE, with
significant improvement in RV/LV ratio and minimal major bleeding[35]. In 2021 Inari Medical, Inc.
announced enrollment of the PEERLESS randomized controlled trial comparing the clinical outcomes of
patients with intermediate-high risk PE treated with the company’s FlowTriever system vs CDT
(NCTO05111613). PEERLESS is a prospective, multicenter trial that will include up to 700 patients and 60
centers in the United States and Europe. It will be the first ever randomized controlled trial to compare
mechanical thrombectomy to catheter-directed thrombolysis for the treatment of PE and aims to provide
definitive data on interventional treatment options for these patients.

Fragmentation: The EKOSonic system (Boston Scientific, Massachusetts, United States) is an ultra-
sound-assisted catheter-directed thrombolysis system, which was specifically indicated for treatment of
PE. The ultrasound waves that depart from the interior of the 5.4 French catheter can reach and treat the
whole thrombus; in addition, fibrinolytic agent infusion can be performed from the catheter, combining
the two treatment modalities. The functioning tip of the catheter can be of different lengths, with a range
from 6 to 50 cm. Although it has been associated with a relatively safe and effective profile, the clinical
benefits of this treatment when compared to classical CDT has yet to be proven[25]. Ultrasound-assisted
thrombolysis was shown in a randomized trial named ULTIMA to determine faster decreases of the
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RV/LV ratio in patients with acute onset of intermediate-risk PE when compared to medical treatment,
with no occurrence of major bleeding. However, the authors did not observe variations in 90-d patient
mortality[36].

CONCLUSION

Actual ESC guidelines indicate that in high-risk or intermediate/high-risk patients (with RV
dysfunction at transthoracic ultrasonography or at computed tomography pulmonary angiography or
Pulmonary Embolism Severity Index greater than 1 and positive troponin test), reperfusion treatments
should be performed, in association with prompt hemodynamic support[1]. However, systemic
thrombolysis is actually considered as the first indication, and as literature evidence states surgical
pulmonary embolectomy is recommended in patients with high-risk PE in whom systemic thrombolysis
is contraindicated or has failed (level of evidence I). Percutaneous catheter-directed treatment has level
of evidence Ila and therefore should be conditionally considered after failure or infeasibility of the
abovementioned medical and surgical therapies[2].

Set up of a multidisciplinary team and of management protocols for high-risk and intermediate/high-
risk patients with PE should be considered, to promptly and correctly address every PE case.

New perspectives

The 2021 announcement of the multicentric prospective PEERLESS randomized controlled trial
comparing aspiration thrombectomy vs catheter-directed thrombolysis in up to 700 patients will provide
real-life data on interventional radiology treatments for patients with intermediate/high-risk PE. At the
same time, ultrasonography-assisted thrombolysis is proving valuable in intermediate/high-risk PE
patients with good results and low complication rates[36]. However, more prospective studies are
needed to shed light on the best interventional radiology treatment for this critical condition as well as
to give the right place in the guidelines to these endovascular and mini-invasive techniques, on par to
medical and surgical treatments.
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Abstract

BACKGROUND

The World Health Organisation declared the coronavirus disease 2019 (COVID-
19) a pandemic on March 11, 2020. While globally, the relative caseload has been
high, Australia’s has been relatively low. During the pandemic, radiology services
have seen significant changes in workflow across modalities and a reduction in
imaging volumes.

AIM
To investigate differences in modality imaging volumes during the COVID-19
pandemic across a large Victorian public health network.

METHODS

A retrospective analysis from January 2019 to December 2020 compared imaging
volumes across two periods corresponding to the pandemic’s first and second
waves. Weekly volumes across patient class, modality and mobile imaging were
summed for periods: wave 1 (weeks 11 to 16 for 2019; weeks 63 to 68 for 2020) and
wave 2 (weeks 28 to 43 for 2019; weeks 80 to 95 for 2020). Microsoft Power
Business Intelligence linked to the radiology information system was used to mine
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all completed examinations.

RESULTS

Summed weekly data during the pandemic’s first wave showed the greatest decrease of 29.8% in
adult outpatient imaging volumes and 46.3% in paediatric emergency department imaging
volumes. Adult nuclear medicine demonstrated the greatest decrease of 37.1% for the same period.
Paediatric nuclear medicine showed the greatest decrease of 47.8%, with angiography increasing
by 50%. The pandemic’s second wave demonstrated the greatest decrease of 23.5% in adult
outpatient imaging volumes, with an increase of 18.2% in inpatient imaging volumes. The greatest
decrease was 28.5% in paediatric emergency department imaging volumes. Nuclear medicine
showed the greatest decrease of 37.1% for the same period. Paediatric nuclear medicine showed
the greatest decrease of 36.7%. Mobile imaging utilisation increased between 57.8% and 135.1%
during the first and second waves. A strong correlation was observed between mobile and non-
mobile imaging in the emergency setting (Spearman’s correlation coefficient = -0.743, P = 0.000).
No correlation was observed in the inpatient setting (Spearman’s correlation coefficient = -0.059, P
=0.554).

CONCLUSION

Nuclear medicine was most impacted, while computed tomography and angiography were the
least affected by the pandemic. The impact was less during the pandemic’s second wave. Mobile
imaging shows continuous growth during both waves.

Key Words: COVID-19; Pandemic; Radiology; Imaging volume; Modality; Mobile imaging

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Analysis of weekly imaging modality volumes provides an overview of changes in service
demand over time. We describe the changes in imaging modality and mobile imaging volumes during
Victoria’s first and second waves of the coronavirus disease 2019 pandemic.
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INTRODUCTION

The World Health Organisation declared the coronavirus disease 2019 (COVID-19) a pandemic on
March 11, 2020[1]. Healthcare facilities implemented strict infection control, social distancing protocols,
and other measures in the interest of public health and safety[2]. In preparation for the surge in hospit-
alisations across the globe, overall elective surgical services decreased by approximately 72%[3]. In
comparison, in Australia, this fell by about 69%. Others utilised computational modelling to help predict
the health services saturation point for ICU beds and ventilators[4]. While globally, the relative caseload
has been high, Australia’s has been relatively low. In this context, during 2020, Victoria has experienced
most of Australia’s cases, with the new daily caseloads shown in Figure 1.

Due to the overwhelming prevalence of COVID-19 in various countries, for example, Italy, some
radiology departments were dedicated to imaging COVID-19 patients only[5]. Radiology services have
also seen significant changes in workflow across modalities and a reduction in imaging volumes[6-8].
For example, departments were re-configured to separate COVID-19 patients from non-infected
patients, segregation of staff to reduce infection transmission, increased demand for PPE, radiologists
reporting from home, and expansion of video conferencing use[5,9]. For patients presenting to the
emergency department, general radiography was primarily used due to its accessibility, availability and
low radiation levels. The chest X-ray was an ideal first choice for patients with typical symptoms of
COVID-19, such as shortness of breath on exertion, persistent cough and chest pain [8]. To minimise the
transmission risk of suspected COVID-19 (sCOVID) patients in hospital, mobile imaging became partic-
ularly important to manage workflow[10,11]. Imaging in the ward wearing PPE could reduce staff
exposure, with effective cleaning of mobile units possible between imaging patients, without
compromising patient care.
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Figure 1 Victorian new the coronavirus disease 2019 case numbers by date from January 2020-November 2020.
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While it has been reported, there was a decrease in patients presenting with stroke to our institution
during the pandemic[7]. To our knowledge, little is known about the severity of impact on radiology
volumes in Australia. While overall Australian imaging volumes were analysed through Medicare, no
institutional experience has been presented[12].

Objectives

This study investigates the imaging volume changes during the pandemic across the network at a large
Victorian public health service provider. A secondary aim was to study changes in mobile imaging
utilisation and whether that impacted the use of fixed (non-mobile) X-ray imaging systems. This data
will help inform radiology practices for service adaptation with subsequent pandemic phases or other
“once in a lifetime” events.

MATERIALS AND METHODS

This health network has 98 imaging systems across eight imaging modalities analysed according to
Table 1.

Study setting

Our network provided over three million episodes of care from 2019 to 2020. Three of our five hospitals
provide accident and emergency services, and one is a geriatric centre, and the other is an oncology
centre that did not service COVID-19-positive patients (‘clean site”). Data from the geriatric and
oncology centre were excluded due to heterogeneity in these sites. Significant federal, state and local
health policy and guideline changes were implemented and updated during the pandemic that
impacted the imaging pathway, including: patients with typical respiratory symptoms (fever, chest
tightness, dyspnoea, cough) were classified as sSCOVID-19 (suspected COVID-19); recommendation for
all eligible sCOVID-19 patients to have computed tomography (CT) pulmonary angiography (CTPA)
instead of V/Q scans[13]; rescheduling of non-urgent cases as discussed with referring clinicians; use of
mobile X-ray to reduce infection transmission; social distancing guidelines restricting patient waiting
room numbers and minimum area of 4 m? per person in shared spaces.

Data collection

Microsoft Power Business Intelligence, linked to the radiology information system, was used to mine all
completed examinations between January 1, 2019 and December 31, 2020 across three sites. Imaging
modality was defined as the device or technology used in medical imaging (general X-ray,
mammography, nuclear medicine, CT, magnetic resonance imaging (MRI), fluoroscopy, angiography,
ultrasound, with mobile X-ray being a subset of X-ray). Fixed or non-mobile imaging was an X-ray
system permanently secured in an X-ray room. Mobile imaging was defined as using a portable X-ray
imaging system capable of moving to different locations. Patient classes were defined by location
(inpatient (IP), outpatient (OP) or emergency department (ED)). Adult patients were > 16 years, while
paediatric patients were aged < 16 years. Examinations were filtered by modality and patient class.
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Table 1 List of equipment number across all modalities

Modality MRI NM BMD CT X-ray Fluoro us Angio

Equip No. 5 6 2 7 26 4 45 3

MRI: Magnetic resonance imaging; NM: Nanometer; BMD: Bone mineral densitometry; CT: Computed tomography; Fluoro: Fluoroscopy; US: Ultrasound;
Angio: Angiography.

March 2020 and April 2020 [week 63 (March 11 to March 17) to week 68 (April 15 to April 21)] corres-
ponded to Victoria’s first wave of the pandemic; July 2020 to October 2020 [week 80 (July 9 to July 14) to
week 95 (October 21 to October 26)] corresponded to the second wave of the pandemic. Figure 2
provides the timeline of the first and second waves for considering the impact on departmental
caseloads. The outcome measure was total weekly completed imaging case numbers from Wednesday
to Tuesday commencing Wednesday January 2 to Tuesday January 8, 2019 (week 1) for direct day
matched weekly comparisons between 2019 and 2020, allowing for any periodic variability observed.
Weekly modality data were summed to reflect the first and second waves of the pandemic.

Statistical analysis

Weekly volumes across patient class, modality and mobile imaging were summed for defined periods:
wave 1 (weeks 11 to 16 for 2019; weeks 63 to 68 for 2020) and wave 2 (weeks 28 to 43 for 2019; weeks 80
to 95 for 2020). This was to evaluate the impact of COVID-19 on patient class, modality and mobile
imaging case volumes during each COVID-19 wave. For analysis of mean weekly case numbers, pre-
COVID data were defined as weeks 1 to 60 (i.e., January 2, 2019 to February 29, 2020), while COVID-19
data were defined as the mean of weeks 61 to 104 (i.e., March 1, 2020 to December 31, 2020).
Independent sample t-tests were performed comparing the mean weekly imaging case volumes in the
years 2020 and 2019 for each imaging modality type stratified by patient service locations for the pre-
COVID-19 and post-COVID-19 periods with results presented as means and 95% confidence intervals
(95%CI). The relationship between mobile and non-mobile imaging volumes was assessed using
Spearman rank correlation. Statistical significance was considered for p values < 0.05. All analyses were
performed using SAS version 9.4 (SAS Institute, Cary, NC, United States). Dr Eldho Paul reviewed the
statistical methods of this study from Monash University.

This study was approved by the Monash Health Human Research Ethics Committee.

RESULTS
Adults

Total volume (all modalities): During the pandemic’s first wave in Victoria, total adult imaging volume
across all modalities declined by 20.7% between March 11 and April 21, 2020 (weeks 63 to 68) compared
to the same time in 2019 (March 13 and April 23, 2019, weeks 11 to 16). During the pandemic’s second
wave, adult imaging volume across all modalities declined by 6.6% between July 8, and October 27, 2020
(weeks 80 to 95) compared to the same time in 2019 (July 10, and October 29, 2019, weeks 28 to 43).

Volume by patient class

Table 2 shows the summed weekly imaging volumes for the defined periods and the percentage of adult
image volume change across all included modalities by patient class for weeks 11 to 16 (March 13 and
April 23) and 28 to 43 (July 10 and October 29) in 2019 and weeks 63 to 68 (March 11 and April 21) and
80 to 95 (July 8 and 2October 27) in 2020.

Volume by modality: During the pandemic’s first wave between March 11 and April 21, 2020 (weeks 63
to 68), adult angiography, bone mineral densitometry, computed tomography, fluoroscopy, general
radiography, magnetic resonance imaging, mammography, nuclear medicine and ultrasound imaging
volumes declined between 10.3% and 37.1% when compared to the same time in 2019 (March 13 and
April 23, 2019, weeks 11 to 16) shown in Table 3.

During the pandemic’s second wave between July 8 and October 27, 2020 (weeks 80 to 95), adult
angiography, bone mineral densitometry, fluoroscopy, general radiography, magnetic resonance
imaging, mammography, nuclear medicine and ultrasound services declined between 1.6% and 31.6%,
while computed tomography increased by 1.7% when compared to the same time in 2019 (July 10 and
October 29, 2019, weeks 28 to 43) shown in Table 4.

Figure 3 highlights the weekly adult modality imaging volumes.

Comparison of the adult mean weekly 2019 (pre-COVID-19, January 1, 2019 to February 29, 2020,
weeks 1 to 61) with 2020 (March 1 to December 31, 2020 weeks 61 to 104) imaging volumes by modality,
categorised by inpatient, outpatient and emergency services (Table 5) shows statistically significant
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Table 2 Summed imaging volumes and percentage change in adult imaging volume across patient class in waves 1 and 2

Wave1 2020 (weeks 63-68) 2019 (weeks 11-16) % change Wave2 2020 (weeks 80-95) 2019 (weeks 28-43) % change

ED 9521 12783 -25.5 ED 29454 32262 -8.7
IP 9210 9395 -2.0 g 31424 26576 18.2
or 8874 12636 -29.8 or 26967 35236 -23.5
Overall 27605 34814 -20.7 Overall 87845 94074 -6.6

ED: Emergency department; IP: Inpatient; OP: Outpatient.

Table 3 Summed imaging volumes and percentage change in adult imaging volumes across modalities in wave 1

Wave 1 2020 (weeks 63-68) 2019 (weeks 11-16) %

Angiography 269 300 -10.3
Bone Mineral Densitometry 185 239 -22.6
Computed Tomography 5883 6688 -12.0
Fluoroscopy 766 968 -20.9
General Radiography 11668 15311 -23.8
Magnetic Resonance Imaging 2013 2709 -25.7
Mammography 82 123 -33.3
Nuclear Medicine 394 626 -37.1
Ultrasound 6345 7850 -19.2
Total 27605 34814 -20.7

Table 4 Summed imaging volumes and percentage change in adult imaging volume across modalities in wave 2

Wave 2 2020 (weeks 80-95) 2019 (weeks 28-43) %
Angiography 822 835 -1.6
Bone mineral densitometry 690 892 -22.6
Computed tomography 19316 18997 1.7
Fluoroscopy 2313 2550 -9.3
General radiography 36845 40592 9.2
Magnetic resonance imaging 6685 7539 -11.3
Mammography 303 334 -9.3
Nuclear medicine 1149 1679 -31.6
Ultrasound 19722 20656 -4.5
Total 87845 94074 -6.6

declines in six imaging modalities (P = 0.042 to P < 0.0001). There were statistically significant declines
in one inpatient imaging modality (P = 0.002) and nine outpatient imaging modalities (P = 0.027 to P <
0.0001). Statistically significant increases were observed in five inpatient modalities (P = 0.0003 to P <
0.0001). All patient classes observed overall declines across seven imaging modalities (P = 0.027 to P <
0.0001).

Mobile and non-mobile X-ray imaging: During the pandemic’s first wave in Victoria, total adult mobile
imaging volume increased by 57.8% between March 11 and April 21, 2020 (weeks 63 to 68) compared to
the same time in 2019 (March 13 and April 23, 2019, weeks 11 to 16). During the pandemic’s second
wave, adult mobile imaging volume increased by 135.1% between July 8 and October 27, 2020 (weeks 80
to 95) compared to the same time in 2019 (July 10 and October 29, 2019, weeks 28 to 43). Table 6
highlights the mobile imaging changes across inpatient and emergency patient classes during the first
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Table 5 Comparison of mean adult weekly imaging volumes for 2019 and 2020 including 95%Cls, by imaging modality categorised by

patient setting

2020 2019
Adult Setting  Modality P value
Mean Min-max  95%CI Mean Min-max  95%Cl

Emergency Angiography 4.05 1-10 3.38-4.71 5.03 2-12 4.51-5.56 0.02
Computed tomography 541.2 384-663 520-562.4 548.68 473-606 541.7-555.7 0.453
Fluoroscopy 5.18 1-12 4.31-6.05 4.15 0-11 3.58-4.72 0.042
Radiography 1162.64 925-1309 1133.02-1192.25  1299.03 1156-1446  1281.05-1317.02 < 0.0001
Magnetic resonance imaging  12.11 3-27 10.35-13.87 18.55 9-30 17.09-20.01 <0.0001
Nuclear Medicine 3.27 0-8 2.66-3.88 7455 0-21 6.43-8.67 <0.0001
Ultrasound 122.98 85-157 117.52-128.43 17213 116-2556 163.72-180.55 <0.0001
Mammography 0 0-0 0-0 0.02 -0.02-0.05 0-0.1 0.394

Inpatient Angiography 38.8 23-53 36.25-41.34 29.48 17-43 27.94-31.02 <0.0001
Computed tomography 408.05 277-498 392.38-423.71 298.87 210-416 285.57-312.16 <0.0001
Fluoroscopy 125.98 82-162 120.33-131.63 129.25 80-155 125.39-133.11 0.325
Radiography 855.64 557-1015 824.02-887.25 794.77 685-968 779.87-809.67 0.0003
Magnetic resonance imaging  123.09 74-158 117.84-128.34 100.65 67-132 97.32-103.98 <0.0001
Nuclear Medicine 21.64 8-37 19.76-23.52 20.92 12-35 19.68-22.15 0.507
Ultrasound 325.82 215-395 314.29-337.35 264.22 192-323 256.97-271.46 <0.0001
Mammography 0.7 0-7 0.3-1.1 1.87 0-10 1.3-2.43 0.002
Bone mineral densitometry ~ 1.41 0-5 0.97-1.85 1.6 0-5 1.27-1.93 0.479

Outpatient Angiography 9.0 2-26 7.47-10.53 17.08 5-30 15.86-18.31 <0.0001
Computed tomography 249.86 107-333 234.48-265.25 313.7 139-367 302.61-324.79 <0.0001
Fluoroscopy 17.61 6-37 15.2-20.03 24.78 5-43 22.97-26.59 <0.0001
Radiography 268.02 120-473 246.82-289.23 427.12 147-507 410.57-443.66 <0.0001
Magnetic resonance imaging ~ 268.09 98-414 249.76-286.43 347.6 108-401 335.36- 359.84 <0.0001
Nuclear medicine 50.84 19-88 46.88-54.8 71.72 31-112 68.14-75.3 <0.0001
Ultrasound 768.48 492-943 741.33-795.62 855.27 554-931 836.21-874.32 <0.0001
Mammography 15.82 2-24 14.2-17.44 17.75 8-23 16.87-18.63 0.027
Bone mineral densitometry  36.77 4-72 301.13-42.42 50.9 0-72 47.57-54.23 <0.0001

All classes Angiography 51.84 30-70 48.58-55.11 51.6 30-63 49.76-53.44 0.892
Computed tomography 1199.11 768-1458 1154.65-1243.58  1161.25 962-1339 1141.96-1180.54  0.090
Fluoroscopy 148.77 96-205 141.2-145.35 158.18 92-184 153.59-162.78 0.027
Radiography 2286.3 1602-2603  2214.97-2357.62  2520.92 2310-2718  2498.03-2543.80 < 0.0001
Magnetic resonance imaging ~ 403.30 175-556 380.71-425.88 466.8 200-526 452.6-481.0 <0.0001
Nuclear medicine 75.75 29-128 70.65-80.85 100.18 46-134 96.21-104.15 <0.0001
Ultrasound 1217.27 808-1491 1178.47-1256.08  1291.62 918-1429 1268.35-1314.88  .001
Mammography 16.52 2-24 14.87-18.17 19.63 10-30 18.61-20.66 0.001
Bone mineral densitometry ~ 38.18 5-74 32.33-44.03 525 0-72 49.13-55.87 <0.0001
Total 5437.05 3520-6441  5250.9-5623.8 5822.68 4645-6175  5750.97-5894.4 < 0.0001

and second waves.
Comparison of the adult mean weekly 2019 (pre-COVID-19, January 2, 2019 to February 29, 2020,
weeks 1 to 61) with 2020 (March 1 to December 31, 2020, weeks 61 to 104) mobile and non-mobile X-ray
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Table 6 Summed imaging volumes and percentage change in adult mobile imaging volume across patient class in waves 1 and 2

Wave1 2020 (weeks 63-68) 2019 (weeks 11-16) % change Wave2 2020 (weeks 80-95) 2019 (weeks 28-43) % change

ED 1952 372 4247 ED 7526 1037 625.7
IP 2008 2138 -6.1 g 8654 5845 48.1
Overall 3960 2510 57.8 Overall 16180 6882 135.1

ED: Emergency department; IP: Inpatient.

Timeline of major events

COVID-19 impact in Victoria, Australia

Further restrictions invoked; stay at
home in metro Melbourne orders

World Health Organisation from June 30; only leave home for Curfew ended; restrictions
declares COVID-19 a work, shopping, exercise, care/ gradually eased over next few
pandemic caregiving months

January 25, 2020 March 11, 2020 March 16, 2020 June 11, 2020 August 2, 2020 September 28, 2020

First Australian Victoria declared a state of Victoria declared a state of disaster;
COVID-19 case emergency; extended to stage 4 measures for 6 wk including
(Victoria) May 31, 2020 8 pm to 5 am curfew;

September 19 curfew extended 9 pm
to 5 am

DOI: 10.4329/wjr.v14.i8.293 Copyright ©The Author(s) 2022.

Figure 2 Timeline of significant events in Victoria, Australia during the first and second waves of the coronavirus disease 2019
pandemic. COVID-19: The coronavirus disease 2019.

imaging volumes, categorised by inpatient and emergency services (Table 7) shows statistically
significant changes across all mobile and non-mobile imaging (P = 0.001 to < 0.0001). A strong
correlation was observed between mobile and non-mobile imaging in the emergency setting
(Spearman’s correlation coefficient = -0.743, P = 0.000). No correlation was observed in the inpatient
setting (Spearman’s correlation coefficient = -0.059, P = 0.554). Figure 4 shows the weekly adult X-ray
mobile and non-mobile imaging volumes.

Paediatrics

Total volume (all modalities): Total paediatric imaging volume across all modalities declined by 28.6%
between March 11 and April 21, 2020 (weeks 63 to 68) compared to the same time in 2019 (March 13 and
April 23, 2019, weeks 11 to 16). During the pandemic’s second wave, paediatric imaging volume across
all modalities declined by 6.6% between July 8 and October 27, 2020 (weeks 80 to 95) compared to the
same time in 2019 (July 10 and October 29, 2019, weeks 28 to 43).

Volume by patient class: Table 8 shows the percentage of paediatric image volume change across all
included modalities by patient class for weeks 11 to 16 and 28 to 43 in 2019 and weeks 63 to 68 and 80 to
95 in 2020.

During the pandemic’s first wave between March 11 and April 21, 2020 (weeks 63-68), paediatric IP,
OP and ED services declined by between 3.7% and 46.3% when compared to the same time in 2019
(March 13 and April 23 2019, weeks 11 to 16).

During the pandemic’s second wave between July 8 and October 27, 2020 (weeks 80 to 95), paediatric
IP, OP and ED services declined by between 16.1% and 28.5% when compared to the same time in 2019
(July 10 and October 29, 2019, weeks 28 to 43).

Volume by modality: During the pandemic’s first wave between March 11 and April 21, 2020 (weeks 63
to 68), paediatric imaging modality services declined by between 18.6% and 47.8% and 18.6%, while
angiography increased by 50% when compared to the same time in 2019 (March 13 and 23" April 2019,
weeks 11 to 16 shown in Table 9.
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Table 7 Comparison of mean adult weekly imaging volumes for 2019 and 2020 including 95%Cls, by mobile and non-mobile imaging

categorised by patient setting

) ) 2020 2019
Adult Setting Modality - - P value
Mean Min-max 95%Cl Mean Min-max 95%Cl
Emergency Mobile 366.64 63- 550 330.11-403.17 63.23 45-85 60.86-65.61 <0.0001
Non-mobile 783.59 574-1190 739.11-828.08 123433 1095-1385 1216.54-125213 < 0.0001
Inpatient Mobile 451.25 240-614 420.38-482.12 355.65 298-417 348.44-362.86 <0.0001
Non-mobile 404.00 310-514 386.64-421.36 438.93 339-564 428.10-449.77 0.001

Table 8 Summed imaging volumes and percentage change in paediatric imaging volume across patient class in waves 1 and 2

Wave1 2020 (weeks 63-68) 2019 (weeks 11-16) % change Wave2 2020 (weeks 80-95) 2019 (weeks 28-43) % change

ED 804 1498 -46.3 ED 2780 3887 -28.5
IP 1799 2571 -30.0 i 5818 6938 -16.1
or 1162 1207 -3.7 or 3041 3776 -19.5
Overall 3765 5276 -28.6 Overall 11639 14601 -20.3

ED: Emergency department; IP: Inpatient; OP: Outpatient.

Table 9 Summed imaging volumes and percentage change in paediatric imaging volume across modalities in wave 1

Wave 1 2020 (weeks 63-68) 2019 (weeks 11-16) %

Angiography 9 6 50

Bone mineral densitometry 16 22 -27.3
Computed tomography 71 96 -26.0
Fluoroscopy 120 148 -18.9
General radiography 1896 2936 -35.4
Magnetic resonance imaging 253 340 -25.6
Nuclear medicine 12 23 -47.8
Ultrasound 1388 1705 -18.6

During the pandemic’s second wave between July 8 and October 27, 2020 (weeks 80 to 95), paediatric
imaging modality services declined by between 5.2% and 36.7% when compared to the same time in
2019 (July 10 and October 29, 2019, weeks 28 to 43), shown in Table 10. Figure 5 highlights the weekly
paediatric modality imaging volumes.

Comparison of the paediatric mean weekly 2019 (pre-COVID-19, Jan 242019 to 29* Feb 2020, weeks 1
to 61) with 2020 (March 1*to Dec 312020 weeks 61 to 104) imaging volumes by modality, categorised
by inpatient, outpatient and emergency services (Table 11) shows statistically significant changes in two
emergency imaging modalities (P = 0.0001 to P < 0.0001), two inpatient imaging modalities (P = 0.0003
to P < 0.0001), and four outpatient imaging modalities (P = 0.019 to P < 0.0001). Overall changes across
all patient classes were observed in five imaging modalities (P = 0.037 to P < 0.0001).

Mobile and non-mobile X-ray imaging: During the pandemic’s first wave in Victoria, total paediatric
mobile imaging volume decreased by 0.7% between March 11 and April 21, 2020 (weeks 63 to 68)
compared to the same time in 2019 (March 13 and April 23 2019, weeks 11 to 16). During the pandemic’s
second wave, paediatric mobile imaging volume decreased by 6.7% between July 8 and October 27, 2020
(weeks 80 to 95) compared to the same time in 2019 (July 10 and October 29, 2019, weeks 28 to 43).
Table 12 highlights the mobile imaging changes across inpatient and emergency patient classes during
the first and second waves.

Comparison of the paediatric mean weekly 2019 (pre-COVID-19, Jan 2"2019 to 29" Feb 2020, weeks 1
to 61) with 2020 (March 1%to Dec 312020 weeks 61 to 104) mobile and non-mobile X-ray imaging
volumes, categorised by inpatient and emergency services (Table 13) shows statistically significant
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Table 10 Summed imaging volumes and percentage change in paediatric imaging volume across modalities in wave 2

Wave 2 2020 (weeks 80-95) 2019 (weeks 28-43) %
Angiography 19 23 -17.4
Bone mineral densitometry 56 68 -17.6
Computed tomography 226 241 -6.2
Fluoroscopy 314 397 -20.9
General radiography 5472 7938 -31.1
Magnetic resonance imaging 874 922 -52
Nuclear medicine 38 60 -36.7
Ultrasound 4640 4952 -6.3
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Figure 3 Weekly adult imaging volumes by modality from January 2019 to December 2020 (Weeks 1 to 104). A: Week 63-commencement of first
wave; B: Week 80-commencement of second wave.

changes across all mobile and non-mobile imaging (P = 0.025 to < 0.0001). The correlation between
mobile and non-mobile imaging was -0.29 (P = 0.003) in the emergency setting, while no correlation was
observed in the inpatient setting (Spearman correlation coefficient 0.044, P = 0.656). Figure 6 highlights
the weekly paediatric X-ray mobile and non-mobile imaging volumes.

DISCUSSION

We found a reduction in the imaging volume between 2% and 30% across all adult patient classes and
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Table 11 Comparison of mean paediatric weekly imaging volumes for 2019 and 2020 including 95%Cls, by imaging modality

categorised by patient setting

2020 2019
Paediatric Setting Modality P value
Mean Min-max  95%ClI Mean  Min-max  95%Cl

Emergency Angiography 0.02 0-1 -0.02-0.07 0.02 0-1 -0.02-0.05 -0.83
Computed tomography 43 0-11 3.54-5.05 5.0 0-12 4.33-5.67 0.17
Fluoroscopy 227 0-6 1.68-2.86 258 0-7 2.08-2.99 0.48
Radiography 160.77 75-281 1444417711 206.58 123-268 198.64-214.52 < 0.0001
Magnetic resonance imaging 1.7 0-5 1.33-2.08 1.87 0-5 1.49-2.24 0.55
Nuclear Medicine 0.07 0-1 -0.01-0.15 0.05 0-1 -0.01-0.11 0.70
Ultrasound 14.41 6-25 13.16-15.65 17.67 8-26 16.59-18.74 0.0001

Inpatient Angiography 1.18 0-4 0.83-1.53 1.17 0-6 0.85-1.48 0.95
Computed tomography 5.66 1-14 4.92-6.4 5.66 0-11 5.0-6.27 0.96
Fluoroscopy 17.8 7-38 15.86-19.73 19.98 7-30 18.61-21.36 0.061
Radiography 85.84 56-120 81.74-89.94 97.97 70-143 93.99-101.95 <0.0001
Magnetic resonance imaging 25.73 11-41 23.6-27.86 25.05 8-41 23.41-26.69 0.61
Nuclear Medicine 0.55 0-3 0.28-0.81 0.98 0-5 0.72-1.25 0.025
Ultrasound 58.36 33-76 55.51-61.21 65.33 40-84 62.9-67.77 0.0003
Bone mineral densitometry ~ 0.82 0-4 0.47-1.17 1.27 0-4 1.01-1.53 0.038

Outpatient Angiography 0.05 0-1 -0.02-0.11 0.38 0-3 0.20-0.57 0.003
Computed tomography 4.43 1-9 3.82-5.04 4.28 0-10 3.75-4.82 0.72
Fluoroscopy 2.25 0-7 1.7-2.8 2.72 0-9 2.22-3.22 0.22
Radiography 1212 66-197 110.62-131.79 167.88 87-215 161.21-174.55  <0.0001
Magnetic resonance imaging  25.48 10-37 23.49-27.46 28.82 11-47 26.92-30.72 0.019
Nuclear medicine 2 0-6 1.54-2.46 2.47 0-6 2.08-2.86 0.13
Ultrasound 198.77 92-266 186.88-210.66 208.77 117-260 201.54-215.99  0.13
Bone mineral densitometry  1.86 0-8 1.37-2.35 2.8 0-7 2.35-3.25 0.007

All classes Angiography 1.25 0-4 0.89-1.61 1.57 0-6 1.22-1.91 0.22
Computed tomography 14.39 8-23 13.10-15.67 14.92 5-21 14.01-15.83 0.49
Fluoroscopy 22.32 11-44 20.04-24.60 25123 8-40 3.59-4.54 0.037
Radiography 367.82 239-538 340.73-394.90 472.43 331-581 458.91-485.96 < 0.0001
Magnetic resonance imaging 52.91 23-78 49.27-56.55 b5Y/8 22-84 52.78-58.68 0.23
Nuclear Medicine 2.61 0-8 2.01-3.21 3.5 0-7 3.05-3.95 0.017
Ultrasound 271.55 149-346 258.11-284.98 291.77 184-350 283.07-300.46  0.010
Bone mineral densitometry  2.68 0-9 2.03-3.33 4.07 0-8 3.59-4.54 0.001
Total 735.52 476-1024 693.13-777.91 869.22 553-1016 845.88-892.55 < 0.0001

10% and 37% in adult imaging volumes by modality during the first wave of the pandemic. Nuclear
Medicine was the modality most impacted, and angiography the least impacted. While periods analysed
may differ slightly, the findings for adult imaging volumes were less than those reported in Germany
(41%, all modalities)[14], New York (14% to 53%)[15], California, Florida, Michigan, Massachusetts and
New York (40% to 70%)[16], and Ohio (53%)[17]. During the second wave of the pandemic, all adult
radiology modalities reported a reduction of between 2% and 32% in imaging volumes and between 9%
and 24% in imaging volumes across all patient classes. Adult computed tomography imaging volumes
experienced a 2% increase. Nuclear medicine was the modality most impacted. This is less than the data
obtained from Medicare reported by Sreedharan ef al[12], who found that general radiography and
ultrasound were most impacted, while computed tomography and nuclear medicine services were less
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Table 12 Summed imaging volumes and percentage change in paediatric mobile imaging volume across patient class in waves 1 and 2

Wave1 2020 (weeks63-68) 2019 (weeks 11-16) % change Wave2 2020 (weeks 80-95) 2019 (weeks 28-43) % change

ED 44 32 375 ED 370 151 145.0
P 400 415 -3.6 P 1021 1340 -23.8
Opverall 444 447 -0.7 Opverall 1391 1491 -6.7

ED: Emergency department; IP: Inpatient.

Table 13 Comparison of mean paediatric weekly imaging volumes for 2019 and 2020 including 95%Cls, by mobile and non-mobile

imaging categorised by patient setting

. ) ) 2020 2019
Paediatric Setting  Modality - - P value
Mean Min-max  95%Cl Mean Min-max  95%ClI
Emergency Mobile 18.70 1-38 16.08-21.33 6.62 1-17 5.69-7.54 <0.0001
Non-mobile 142.07 63-251 126.62-157.52  199.97 121-261 19212-207.81  <0.0001
Inpatient Mobile 66.89 44-95 63.13-70.64 72.95 46-102 69.31- 76.59 0.025
Non-mobile 18.95 7-33 17.22-20.69 25.00 9-42 23.24-26.76 <0.0001
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Figure 4 Weekly adult X-ray mobile and non-mobile imaging volumes from January 2019 to December 2020 (Weeks 1 to 104). A: Week 63-
commencement of first wave; B: Week 80 commencement of second wave. ED: Emergency department; IP: Inpatient.

affected. It was unclear whether paediatric data were included in their analysis[12].

Similarly, during the first wave of the pandemic, there was a reduction in paediatric imaging volumes
of between 19% and 48% across all modalities except for angiography reporting a 50% increase in the
imaging volume. There was a 4%-46% reduction across all paediatric patient classes. Nuclear Medicine
was the modality most impacted, with ultrasound being the least impacted. While paediatric emergency
patient presentations decreased by 25% in one Sydney health service, we observed a larger decrease in
paediatric imaging service utilisation in the emergency department and inpatient settings[18].

During the second wave of the pandemic, there was a reduction of between 5% and 37% in paediatric
modality cases and between 16% and 28% across paediatric patient classes. Nuclear Medicine was most
impacted, while magnetic resonance imaging was least affected.

Decline in adult services (2% IP, 30% OP, 26% ED) were generally less to those reported by Naidich et
al[15] (ED (27%), OP (57%), IP (14%)). Furthermore, outpatient services were reported in South Africa
(40% over six months)[5]. outpatient imaging (58%, 72%[14,17], inpatient imaging (41%, 43%)[14,17],
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and emergency department imaging (39%, 49%)[14,17] in Ohio and Berlin highlighted greater declines
in demands than we observed. Australia utilised the experience of other nations in preparation for
COVID-19. For example, Australia reduced elective medical procedures in line with other countries and
implemented PPE measures, social distancing, and stay-at-home measures for non-essential workers[5].
We found that most of our outpatient imaging services were severely impacted (19%-50% loss in
imaging volume) by new social distancing and appropriate cleaning measures. Inpatient services were
also affected by the decline in elective surgeries, while emergency patient volume was reduced due to
more people isolating at home.

From July to September 2020, Australia experienced the pandemic’s second wave. This was most
prevalent in Victoria. The government implemented border closures, curfews, limiting movement to a
five-kilometre radius, working from home for non-essential workers, business and education closures,
wearing masks indoors and outdoors, and physical distancing measures to reduce COVID-19 cases[5].
During this phase of the pandemic, we observed a minor reduction in patient volume across all
modalities at our institution compared to the first wave’s impact. This could be due to health services
becoming better equipped, informed and organised to manage pandemic outbreaks[5]; earlier diagnosis
of COVID-19 via more rigorous PCR testing[5,20]; patients were better informed about the risks of
contracting COVID-19, thus more likely to seek medical care. Earlier in the pandemic, it had been
reported that patients were afraid to come to the hospital, potentially compromising their health[21,22].

Angiography

Our angiography statistics represented interventional radiology procedures performed in the
angiography suite primarily guided by fluoroscopy or ultrasound. Like other modalities, the
angiography suite was substantially impacted in outpatient volume when the Department of Health
and Human Services ruled that only Category 1 patients could attend. In April and August 2020, there
was a decrease in inpatient studies. However, recovery in this patient class was swift, with patient
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Figure 6 Weekly paediatric X-ray mobile and non-mobile imaging volumes from January 2019 to December 2020 (Weeks 1 to 104). A: Week
63-commencement of first wave; B: Week 80 commencement of second wave. ED: Emergency department; IP: Inpatient.
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volume surpassing pre-COVID attendances. Patients delayed procedures during the first wave of
COVID-19 for fear of contracting the virus while in hospital.[7] This increased unplanned hospital
admissions with patients requiring procedures, leading to increased service demand. Some patients
may have also been scheduled to relieve burgeoning waitlist times.

Bone mineral densitometry

United Kingdom bone mineral densitometry (BMD) wait lists increased during the pandemic, resulting
in treatment delays for osteoporosis[23]. We observed the same relative reduction in imaging volumes
during the first and second waves of the pandemic, likely determined by clinic closures[24], use of
telehealth to minimise hospital visits[5], staff redeployment[25], or delaying medical treatment[26].

CcT

CT was one of the modalities least impacted by new policies and guidelines implemented during the
pandemic. This is not surprising given the importance of CTPA for early contribution to patient
diagnosis[5]. While early in the pandemic, CT was the modality of choice for assisting in COVID-19
diagnosis[5], this changed due to the high radiation doses and availability of PCR testing[5]. While there
was a reduction in CT demand during the peak waves of the pandemic, we observed an increase in CT
utilisation during the second wave of the pandemic, consistent with other reports[27]. During the
pandemic, outpatient CT studies for malignancy staging were delayed based on criteria set by senior
management due to the risk of cross-contamination between inpatients and outpatients. Access to an
independent CT scanner within the hospital at an onsite research facility improved workflow for this
patient cohort. During the pandemic, elderly Victorians in aged care died from the virus as transmission
rates among staff members in certain aged care facilities increased. The government intervened by
placing aged care residents into Victorian hospitals as a safety measure for our most vulnerable. The
increase in inpatient CT scans during this period can likely be attributed to this mandate.

Fluoroscopy

Many non-clinically urgent fluoroscopy studies, such as barium swallows for outpatient studies, were
placed on hold or rescheduled during the pandemic. Following Victoria’s second wave, there was a
resurgence of patient bookings from October 2020. The end of September 2020 marked the easing of
stage 4 restrictions, with COVID-19 infections decreasing significantly. Thus outpatient and inpatient
bookings were rescheduled over the coming months to cope with demand. A significant change in
imaging volume was observed between June and July, with a below-average patient number in July
(Figure S2). This can be likely attributed to the similar timing of outbreaks in COVID-19 at aged care
centres, prompting the Victorian government to move aged care residents to hospitals to prevent further
COVID-19-related deaths.
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General radiography

While adult general X-ray was particularly impacted during the pandemic’s first wave, likely due to the
cancellation of elective surgery and outpatient clinics, less impact was observed during the second
wave. Conversely, paediatric general X-ray imaging volumes significantly reduced during both
pandemic waves. In 2020, the utilisation of mobile imaging saw significant growth. This can be
attributed to workflow changes such as infection control measures to reduce patient movement[28].
Senior management purchased extra mobile imaging systems to manage the increased demand,
contributing to the observed changes. Other imaging protocol modifications to reduce the risk of
contracting COVID-19, such as imaging through glass, were performed but not used routinely at our
institution[8]. The utilisation of mobile imaging more than doubled during the peak of the pandemic at
our institution, particularly in the emergency setting. This is comparable with the findings of others.
Surveyed Western Australian medical imaging professionals perceived increased mobile chest imaging,
particularly in the public hospital setting[29]. At the same time, in Singapore, there was a three-fold
increase in emergency department mobile imaging usage[30]. Although mobile imaging utilisation
increased, there was little change in radiographer-reported doses[31]. There was a slight shift in imaging
regions other than the chest (data not shown)[31]. We also observed that fixed X-ray imaging decreased
when adult mobile imaging increased in the emergency setting. This was likely to reduce transmission
risk and manage potential increased demand[8,32]. The greatest impact on adult mobile imaging usage
was observed during the pandemic’s second wave, when the risk of cold and influenza was heightened
(July-September 2020)[33].

MRI

We observed appreciable declines due to work practice changes implemented in adult and paediatric
MRI services during the pandemic contributed to long waiting lists across our network. Elective general
anaesthetic cases were placed “on hold” as per Victorian Government recommendations and aerosol-
generating procedure policies to allow room resting and cleaning that extended the total examination
time, particularly impacted paediatric services[3,34,35].

Mammography

As with other imaging modalities, our mammography service also experienced a reduction in imaging
volumes during the first and second waves of the pandemic. This is consistent with other findings,
though to a lesser extent, in our health service[15,36,37]. In Australia, breast screening services were
temporarily suspended, with services reopening based upon government recommendations. Similarly,
changes in workflow required stricter patient management protocols and cleaning protocols to minimise
transmission risk[28,37,38].

Nuclear medicine

We found that nuclear medicine, then mammography were the modalities most impacted by the
pandemic and consistent with the findings of others[15,16,36,37]. This could, in part, be due to logistical
changes to isotope supply. From March to July and October to November 2020, there were significant
issues with isotope transportation locally and overseas, particularly during the first wave of the
pandemic. Due to unforeseen mechanical problems at the Australian Nuclear Science and Technology
Organisation manufacturing site, there were also supply interruptions. These included a broken
conveyer belt, storm causing electrical faults, production failure, isotope refinement and contamination
issues. Other challenges included scheduled reactor shutdown, with difficulty in alternate isotope
sourcing to meet demand. These interruptions could have contributed to the significant changes
observed.

Ultrasound
At our institution, ultrasound was less impacted than other modalities, which is consistent with other
experiences[16,19]. However, data from Germany found ultrasound was the most significantly affected
imaging modality, though not all modalities were included in their analysis[14]. Ultrasound services
were transformed considerably in the early weeks of the outbreak, with the expansion of ambulatory
centres to provide ‘clean’ sites. In the main hospital centres, there was a substantive need for mobile
ultrasound examination both in ED and in the wards. In the lead-up to the pandemic, we observed a
decrease in ED patients. ED patient imaging volume stabilised during the pandemic, with some growth
observed. The reason for this surge was thought to be multi-factorial. There seemed to be a tendency for
patients to attend an ED rather than their local GP. It was also believed that patients” examinations were
initially delayed, and the surge compensated for this. There was no obvious change in the referral
patterns for the types of examinations requested. Anecdotally, point of care ultrasound (PoCUS)
examinations decreased across this period. This seemed to be related to clinicians minimising patient
contact and deciding to suspend PoCUS training.

Inpatient services overall increased, but there were small reductions in patient volumes during the
first and second waves. While other services reported some value for lung ultrasound, this was not used
in evaluating COVID-19-positive patients at our institution[10]. Consistent with the other modalities, we
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did see a decrease in outpatient attendances, which returned relatively quickly. This is likely due to
outpatient clinic closures, halting non-essential ultrasound intervention, and patients' choice to delay
their scans. As with other modalities, ultrasound was less impacted during the second wave. Obstetric
cases throughout this period were deemed an essential service and did not change. Sonographers were
activated to perform blood pressures as part of a third-trimester pathway as many women were seen via
telehealth. The Early Pregnancy Bleeding pathway and clinic were also relocated to ultrasound. Minor
changes were made to scan protocols. Targeted scans were introduced for high-risk patients. The timing
of paediatric hip screening was adjusted to minimise the risk of repeat examinations.

Paediatrics

Overall, there was a decrease of approximately 55% from April to October 2020 compared to 2019.
Recovery of paediatric imaging, particularly after the second wave (September to December 2020), was
more rapid, coinciding with the gradual reduction in Melbourne’s COVID-19 case numbers and the
subsequent easing of restrictions. Many patients and families deferred non-urgent imaging during the
lockdown. Moreover, lockdown, home-schooling and suspension of group sports further reduced
paediatric cases from sporting injuries[39]. We did observe a slight increase in some services, such as
MRYI, during 2020 despite COVID-19 disruption, as services returned to pre-COVID-19 demand. This
was due to the new software and hardware upgrade in February 2020, reducing the total scan time and
potentially increasing patient throughput while providing additional time for cleaning. As observed
with adult modality data, following lockdowns in April and July-September 2020 and elective surgery
deferral, there was a dramatic decrease in paediatric imaging across all modalities, except for
angiography (minimal imaging volume). Recovery was observed between the first and second waves.
However, it did not reach the pre-COVID-19 Levels. We also observed an increase in mobile usage in
emergencies to help reduce the transmission risk.

Study limitations
While our health service cared for the first Australian COVID-19 patient, other health services across
Melbourne, particularly in the north and west, experienced higher caseloads. Consequently, these health
services may have experienced more significant declines in radiology services than we observed across
our health services. Our institution purchased additional mobile X-ray units to prepare for the
pandemic, contributing to the increased use. Of note, the MRI software and hardware upgrades did not
significantly increase the imaging volume. However, they did provide additional time for practice
changes, such as improved infection control measures. Nuclear medicine experienced even more
significant challenges during the pandemic due to unforeseen interruptions to isotope supplies as a
confounding variable. This required additional patient rescheduling, often at short notice. Given that
data was analysed between 2019 and 2020, some underlying baseline year-to-year variability may be
contributing to the findings. Timeframes defining COVID-19 may vary worldwide, making data
comparison somewhat difficult.

This work represents one large Victorian health service; however, it may not be generalisable to other
health services.

Lessons learned: (1) Once-in-a-lifetime events such as a global pandemic can significantly impact
workflow across imaging modalities, with the need to implement new processes; (2) Our experience
during the pandemic was not the same as those experiences described by other nations due to the
variation in severity and (3) Modalities across our health network were impacted differently due to
changes in service demands, closures of outpatient clinics, and rescheduling elective surgeries.

CONCLUSION

Collected data provides an evidence-based insight into changing imaging volume related to COVID-19.
This information will allow the network to predict the dynamic demands in imaging more accurately
and promptly adapt its policies. We found that adult CT, angiography and ultrasound recovery
following the first and second waves of the pandemic recovered faster than nuclear medicine, BMD and
MRI. Paediatric MRI and ultrasound recovered faster than nuclear medicine and general radiography
following the first and second waves of the pandemic. Modalities were less impacted during the second
wave (July-September 2020) than during the first wave (April 2020), except for angiography outpatients.
At our health network, nuclear medicine was the imaging modality most impacted by COVID-19 in
adult and paediatric settings. There may have been other factors, however, influencing these results.
Adult CT imaging increased during the second wave, while paediatric ultrasound was the least affected.
Radiology departments can minimise the impact of future COVID-19/public health outbreaks on
imaging volumes by ensuring each modality is appropriately resourced to continue providing safe and
patient-centred care.
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ARTICLE HIGHLIGHTS

Research background

Medical imaging modalities worldwide were significantly impacted by the the coronavirus disease 2019
(COVID-19) pandemic; however, each country's experience differed. This study provides an in-depth
analysis of the impact on adult, paediatric, inpatient, outpatient, emergency and mobile services across
the first and second waves of the COVID-19 pandemic in a large public health network in Victoria,
Australia.

Research motivation

This work provides evidence for managing and redeploying resources during "once in a lifetime" events
such as a pandemic and impact duration. Using this work, modelling and forecasting anticipated
changes to imaging demand can be performed, allowing optimal utilisation of departmental staffing to
manage workloads.

Research objectives

To identify adult and paediatric imaging volume changes, including mobile imaging across a large
Victorian public hospital network. We realised our objectives, and the findings highlighted significant
differences across the modalities analysed. Future research could monitor the long-term impacts of such
events, such as staff burnout or opportunities for additional training to address deficiencies identified.

Research methods

The use of statistical methods in data analysis highlighted the modalities, patient classes and differences
between adult and paediatric imaging. Particularly, methods to identify any correlation between mobile
and non-mobile imaging volumes were novel.

Research results

We identified that the greatest impact occurred in Nuclear Medicine during the first and second waves,
with all modalities less affected during the second wave; other modalities such as computed
tomography were less impacted, requiring greater resources to manage service demand. We observed a
shift in regions imaged using mobile imaging. It would be essential to understand this impact regarding
image quality, workflow and patient radiation dose.

Research conclusions

Medical imaging modality services across a large Victorian public health network were significantly
affected during the COVID-19 pandemic; however, the impact on different modalities varied relative to
studies performed in other countries. It is essential to have a broad perspective of the impact to each
imaging modality in both the adult and paediatric context to help better address the need for workflow
changes. It is essential to consider whether imaging services are inversely correlated to manage optimal
departmental resourcing.

Research perspectives

Future research could further investigate the long-term impact of lockdowns and the pandemic on
imaging modality volumes and their recovery. This can help inform future budgeting requirements
regarding the need for additional equipment and staffing to manage continuous workflow demands.
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Abstract

BACKGROUND

The aim of this study was to define clinical evidence supporting that triple rule-
out computed tomography angiography (TRO CTA) is a comprehensive and
feasible diagnostic tool in patients with novel coronavirus disease 2019 (COVID-
19) who were admitted to the emergency department (ED) for acute chest pain.
Optimizing diagnostic imaging strategies in COVID-19 related thromboembolic
events, will help for rapid and noninvasive diagnoses and results will be effective
for patients and healthcare systems in all aspects.

AIM

To define clinical evidence supporting that TRO CTA is a comprehensive and
feasible diagnostic tool in COVID-19 patients who were admitted to the ED for
acute chest pain, and to assess outcomes of optimizing diagnostic imaging
strategies, particularly TRO CTA use, in COVID-19 related thromboembolic
events.

METHODS

TRO CTA images were evaluated for the presence of coronary artery disease,
pulmonary thromboembolism (PTE), or acute aortic syndromes. Statistical
analyses were used for evaluation of significant association between the variables.
A two tailed P-value < 0.05 was considered statistically significant.

RESULTS
Fifty-three patients were included into the study. In 31 patients (65.9%), there was
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not any pathology, while PTE was diagnosed in 11 patients. There was no significant relationship
between the rates of pathology on CTA and history of hypertension. On the other hand, the
diabetes mellitus rate was much higher in the acute coronary syndrome group, particularly in the
PTE group (8/31 = 25.8% vs 6/16 = 37.5%, P = 0.001). The rate of dyslipidemia was significantly
higher in the group with pathology on CTA while compared to those without pathology apart
from imaging findings of the pneumonia group (62.5% vs 38.7%, P < 0.001). Smoking history rates
were similar in the groups. Platelets, D-dimer, fibrinogen, C-reactive protein, and erythrocyte
sedimentation rate values were higher in COVID-19 cases with additional pathologies.

CONCLUSION
TRO CTA is an effective imaging method in evaluation of all thoracic vascular systems at once and
gives accurate results in COVID-19 patients.

Key Words: COVID-19; Pulmonary thromboembolism; Coronary artery disease; Acute aortic syndromes;
Triple rule-out computed tomography angiography

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Acute chest pain might be due to pneumonia itself or accompanying vascular events in novel
coronavirus disease 2019 (COVID-19) cases. Triple rule-out computed tomography angiography (TRO
CTA) is an effective and non-invasive diagnostic method in COVID-19 patients who were admitted to the
emergency department with acute chest pain. TRO CTA is an imaging method that evaluates all thoracic
vascular systems at once and gives accurate results in the COVID-19 patient group with acute chest pain,
which has been proven to be susceptible to thrombotic events.

Citation: Bahadir S, Aydin S, Kantarci M, Unver E, Karavas E, Senbil DC. Triple rule-out computed tomography
angiography: Evaluation of acute chest pain in COVID-19 patients in the emergency department. World J Radiol
2022; 14(8): 311-318

URL: https://www.wjgnet.com/1949-8470/full/v14/i8/311.htm

DOI: https://dx.doi.org/10.4329/wijr.v14.i8.311

INTRODUCTION

Acute chest pain is one of the major complaints among the admissions to the emergency department
(ED)[1,2]. In some patients, diagnoses can be made by electrocardiographic (ECG) changes, elevated
cardiac laboratory biomarkers, and typical symptoms. However, a normal ECG or cardiac biomarkers
do not rule out acute cardiovascular disease and symptoms might be atypical[3]. Moreover, after the
novel coronavirus disease 2019 (COVID-19) pandemic, it has been more complicated to make a differ-
ential diagnosis list of acute chest pain in the ED. To date, many studies have presented that COVID-19
causes hypercoagulability[4]. Hypercoagulability is attributed to endothelial cell dysfunction, hypoxia-
induced pathways, and increased blood viscosity[5]. Therefore, to make a rapid and accurate diagnosis
in COVID-19 patients presenting with acute chest pain is of utmost importance.

Triple rule-out computed tomography angiography (TRO CTA) covers all thoracic vascular systems
and has advantages in the detection of coronary artery disease, pulmonary thromboembolism (PTE), or
acute aortic syndromes[6]. TRO CTA has ability to rule out pathology in all three vascular systems,
particularly in COVID-19 patients who have already increased risk of thrombosis and myocardial injury
[71.

The aim of this study was to define clinical evidence supporting that TRO CTA is a comprehensive
and feasible diagnostic tool in patients with COVID-19 who were admitted to the ED for acute chest
pain. Optimizing diagnostic imaging strategies in COVID-19 related thromboembolic events, will help
for rapid and noninvasive diagnoses and results will be effective for patients and healthcare systems in
all aspects.

MATERIALS AND METHODS

This study was approved by our Institutional Review Board and as it was a retrospective study, written
informed consent was waived. No author has any conflict of interest to declare in this study. Our
radiology archiving system was searched for patients who applied to the ED for acute chest pain and
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underwent TRO CTA between September 2020 and January 2021. Patients older than 18 years, who had
COVID-19 pneumonia and applied to the emergency department for acute chest pain, and underwent
TRO CTA for further evaluation were included in this study. The exclusion criteria were as follows:
Unreachable clinical or laboratory data and incomplete documentation of imaging data or inadequate
imaging quality. Six of the patients were excluded from the study and the remaining 47 patients fulfilled
the inclusion criteria. Medical records were used for the collection of demographics and clinical and
laboratory findings. TRO CTA images were evaluated for the presence of the coronary artery disease,
PTE, or acute aortic syndromes.

In our center, TRO CTA examination is performed according to the eligibility criteria in the article of
Eltabbakh AR et al[8].

TRO-CTA protocol

All TRO CTA scans were acquired using a third-generation dual-source CT scanner (Somatom Force,
Siemens Healthineers). The protocol begins with a noncontrast prospectively ECG-triggered acquisition
between the levels of the carina and the base of the diaphragm for coronary artery calcium scoring.
After this, CTA was acquired from the lung apices to the diaphragm after the administration of
intravenous contrast. According to patients” condition, prospectively ECG-triggered, retrospectively
ECG-gated, or prospectively ECG-triggered high pitch spiral acquisition was used. An intravenous
iodinated contrast material of 60 to 90 mL was administered at an injection rate of 4 to 6 mL/s, followed
by a saline chaser of 50 mL. Nitroglycerin or beta-blocker administration was not used. Primarily, the
coronary arteries were opacified during image acquisition, while homogeneous enhancement of the
pulmonary arteries happened. For the evaluation of the maximum intensity projection of the aorta,
coronary and pulmonary arteries, curved planar and volume-rendered reconstructions were obtained;
findings were then confirmed on the axial CT source images.

Statistical analysis

Data were analyzed using the Statistical Package for Social Sciences (SPSS) for Windows 20 software
(IBM SPSS Inc., Chicago, IL, United States). Normal distribution of the data was evaluated using the
Kolmogorov-Smirnov test. Numerical variables with a normal distribution are shown as minimum-
maximum values. Categorical variables are shown as percentages. Differences in normally distributed
variables between groups were evaluated using Student’s t-test. Categorical variables were evaluated by
the chi-square test between groups.

A two tailed P-value < 0.05 was considered statistically significant.

RESULTS

In this study, 53 patients who were previously diagnosed with laboratory-proven (real-time PCR)
COVID-19 pneumonia and underwent triple rule-out computed tomography angiography due to
sudden chest pain between September 2020-January 2021, were retrospectively searched. Six of these
patients were excluded from the study because of insufficient quality of the images or because the
necessary laboratory and/or clinical data could not be reached. The study population consisted of 47
patients. The creatinine values of 47 patients included in the study were within the physiological range.

Twenty-nine (61.7%) of 47 patients were men and 18 (38.3%) of them were women. Mean age was
61.7 £13.6 years and median age was 59 years (min-max: 47-84 years).

In 31 patients (65.9%), there was not any pathology except for parenchymal findings of COVID-19
pneumonia. PTE was diagnosed in 11 patients (Figure 1), significant stenosis in the coronary arteries
diagnosed in 4 (Figures 2 and 3), and dissection in the descending aorta diagnosed in 1 (Figure 4). All
coronary artery stenoses were observed in the left anterior descending artery and its branches. The
patient with thoracic aortic dissection had a history of previous abdominal aortic dissection.

Forty-one (41/47, 87.2%) of the patients included in this study had a history of hypertension. All
patients with hypertension were using antihypertensive drugs and blood pressures were under control.
There was no significant relationship between the rates of pathology on CTA and history of
hypertension. When patients with findings on CTA and those without findings other than COVID-19
pneumonia on CTA were compared, HT rates were similar (normal group 14/16, 87.5% vs pathologic
group 27/31, 87%, P = 0.09).

Fourteen patients had a history of diabetes mellitus (DM) (14/47, 29.7%). Eight of these 14 patients
were in the group with no imaging findings other than pneumonia, 5 of them were in the PTE group,
and 1 was in the acute coronary syndrome group. When compared with those without any imaging
findings other than pneumonia on CTA, the DM rate was much higher in the acute coronary syndrome
group, particularly in the PTE group (8/31 = 25.8% vs 6/16 = 37.5%, P = 0.001).

Dyslipidemia was detected in the blood test taken just before (1-3 d) the CTA examination in 22
(22/47, 46.8%) patients. Nine of these patients also had a history of DM. Fourteen of these patients were
previously aware of the history of hypercholesterolemia and were using statin derivatives.
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Figure 1 A 77-year-old male patient. Curved multiplanar reformatted image shows embolus in the right lung lower lobe artery (arrow).

DOI: 10.4329/wjr.v14.i8.311 Copyright ©The Author(s) 2022.

Figure 2 A 73-year-old male patient. A: Diffuse calcific and soft plaque formations are seen in the left main, left anterior descending (LAD), and left circumflex
arteries on axial maximum intensity projection image; B: Moderate stenosis (50% to 69%) is present (linear marker) in the proximal segment of LAD on curved
multiplanar reformatted image.

DOI: 10.4329/wjr.v14.i8.311 Copyright ©The Author(s) 2022.

Figure 3 A 63-year-old female patient. A: Moderate stenosis (50% to 69%; linear marker); B: Calcific plaque formations are seen in the right coronary artery on
coronal maximum intensity projection images.

The mean total cholesterol level of these patients was 243.9 + 71.2 mg/dL, and the low-density
lipoprotein cholesterol level was 171.5 + 42.6 mg/dL. All of the patients with significant findings on
TRO CTA had a total cholesterol level above 240 mg/dL and low-density lipoprotein cholesterol level
above 175 mg/dL. Twelve of these 22 patients were in the group without imaging findings other than
pneumonia, 7 were in the PTE detected group, 2 were in the acute coronary syndrome group, and 1 was
in the group with aortic dissection. The rate of dyslipidemia was significantly higher in the group with
pathology on CTA while compared to those without pathology apart from imaging findings of the

WJR | https://www.wjgnet.com 314 August 28,2022 | Volume14 | Issue8 |

Jaishideng®



Bahadir S et al. Triple rule-out computed tomography angiography in COVID-19

DOI: 10.4329/wjr.v14.i8.311 Copyright ©The Author(s) 2022.

Figure 4 A 78-year-old male patient. Sagittal maximum intensity projection image depicts Stanford type B dissection.
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pneumonia group (10/16 = 62.5% vs 12/31 = 38.7%, P < 0.001).

Nine of the patients included in this study (9/47, 19.1%) had a smoking history. There was not any
significant relationship between smoking history and the rate of pathology detected using TRO CTA.
Smoking history rates were similar in the group who had pathology on CTA, compared to those
without pathology apart from imaging findings of the pneumonia group (3/16 = 18.7%, 6/31 =19.3%, P
<0.08).

Two patients (2/47, 4.2%) had a history of cancer (breast cancer and lymphoma). There was not any
pathology except for imaging findings of pneumonia detected on CTA in these patients.

The mean PLT value of the whole population was 231.99 + 64.15 (x 10°/L), the D-dimer value was
854.75 + 347.65 ug/L , the fibrinogen value was 333.05 + 66.3 mg/dL, the C-reactive protein (CRP) value

was 37.31 + 2.01 mg/dL, and the erythrocyte sedimentation rate (ESR) value was 55.9 + 8.2 mm/h
(Table 1).

DISCUSSION

Our study revealed that TRO CTA is an effective and non-invasive diagnostic method in COVID-19
patients who were admitted to the ED with acute chest pain. Acute chest pain might be due to
pneumonia itself or accompanying vascular events which are related to an increased risk of thrombosis,
endothelial dysfunction, and myocardial injury in COVID-19 cases|[5,7,8].

TRO CTA accelerates the precise diagnosis and utilizes the evaluation of the aorta, coronary arteries,
and pulmonary vascular systems with a single examination for safe and rapid decisions[9]. However, it
requires a larger amount of contrast medium and higher radiation dose, and might not be easily
reachable in all centers[10]. But still instead of separate examinations, it is plausible to choose TRO CTA
not only for acute thoracic vascular emergencies but for parenchymal pathologies in COVID-19 patients.
Because the correct diagnosis of PTE, acute coronary syndrome, and aortic dissection, influences early
treatment and thus, it is life-saving[11].

It has been previously emphasized that COVID-19 increases the risk for pulmonary thromboembolic
events, so the thromboprophylaxis is suggested to prevent PTE[12]. Being a common cause of acute
chest pain, coronary vascular pathologies can be encountered as a potential differential diagnosis for
COVID-19. In addition to being an alternative diagnosis, coronary vascular pathologies can also increase
the mortality of COVID-19 cases[13]. The results of the current study demonstrated that pathologies that
can be easily diagnosed via the TRO CTA method, such as PTE and coronary vascular pathologies, were
also frequently encountered in COVID-19 cases. Therefore, easy, accurate, and rapid diagnosis of
accompanying pathologies can help guide treatment and reduce mortality/morbidity rates. Moreover,
the effective use of TRO CTA in the ED can enable clinicians to both detect comorbidities and eliminate
the mimickers of COVID-19 pneumonia.

Performing TRO CTA in every patient with acute chest pain might be challenging and it will not be a
cost-effective method. According to our results, accompanying pathologies were mostly seen in COVID-
19 patients with DM and dyslipidemia. These data can help the clinicians to select the more eligible
patients for TRO CTA examinations. In addition to clinical properties, laboratory parameters can also
help to define suitable patients. We showed that PLT, D-dimer, fibrinogen, CRP, and ESR values were
higher in COVID-19 cases with additional pathologies other than pneumonia. The relationship between
D-dimer and fibrinogen levels with thromboembolic events, and the relationship between CRP/ESR
levels with severity of inflammation and the course of disease were previously studied for COVID-19
cases[14]. Hence, it would be a wise choice to prefer TRO CTA examinations in cases with severe
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Table 1 Mean values and statistical significance according to subgroups

Normal group Pathological group P value
PLT (x 109/L) 202.18 + 45.59 289.75 +109.68 0.003
D-Dimer (ug/L) 651.53 £167.71 1248.49 + 520.11 0.001
Fibrinogen (mg/dL) 307.49 £ 61 382.59 £ 80.1 0.002
CRP (mg/dL) 28.75 £ 3.02 53.91£22 0.001
ESR (mm/hr) 431+73 81.23£12.2 0.003

WIR |
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inflammation and who are prone to thromboembolic events.

To the best of our knowledge, there is no research to date that has examined the TRO CTA findings in
COVID-19 cases and related them to the clinical features. By examining the TRO CTA findings,
performed in the emergency setting of COVID-19 cases, the current study might increase the awareness
about the diagnostic utility and effectiveness of the technique, and increase its use.

The limitations of this study are that it is a retrospective single-center study with a small sample size.
Although our center is a third-level university hospital and has a wide variety of facilities, future studies
in larger populations are required to support the use of TRO CTA in COVID-19 patients with acute
chest pain. Subsequently in times to come, our findings should be confirmed in well-powered clinical
studies in multicenter hospitals. Since our study was retrospective, ECG data of some patients could not
be accessed.

CONCLUSION

Our study has shown that TRO CTA is an imaging method that evaluates all thoracic vascular systems
at once and gives accurate results in the COVID-19 patient group with acute chest pain, which has been
proven to be susceptible to thrombotic events.

ARTICLE HIGHLIGHTS

Research background

The aim of this study was to define clinical evidence supporting that triple rule-out computed
tomography angiography (TRO CTA) is a comprehensive and feasible diagnostic tool in patients with
novel coronavirus disease 2019 (COVID-19) who were admitted to the emergency department for acute
chest pain. Optimizing diagnostic imaging strategies in COVID-19 related thromboembolic events, will
help for rapid and noninvasive diagnoses and results will be effective for patients and healthcare
systems in all aspects.

Research motivation

Acute chest pain in COVID 19 patients becomes more difficult due to increasing differential diagnosis.
TRO CTA helps diagnosis by excluding pulmonary thromboembolism (PTE), coronary artery disease,
and acute aortic syndrome at the same time.

Research objectives
To decrease the morbidity and mortality rates in patients.

Research methods
Our study is a retrospective study.

Research results

No pathology was detected in 31 of 57 patients included in the study. PTE was detected in 11 patients.
The diabetes mellitus rate was much higher in the acute coronary syndrome group, particularly in the
PTE group. The rate of dyslipidemia was significantly higher in the group with pathology on CTA while
compared to those without pathology apart from imaging findings of the pneumonia group

Research conclusions

TRO CTA can be a useful method in the differential diagnosis of COVID-19 patients who present to the
emergency department with chest pain.
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Research perspectives
The use of TRO CTA will reduce mortality and morbidity as it will accelerate the diagnosis and
treatment process in the future. Studies will proceed in this direction.
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