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AIM: To study the diagnostic accuracy and utility of triphasic abdominal computed to-
mography (CT) in the diagnosis and grading of oesophageal varices (OVs) as an alternative to
endoscopy during the COVID-19 pandemic.
MATERIALS AND METHODS: A prospective analysis was undertaken of retrospective data

from cirrhotic patients who underwent oesophago-gastro-duodenoscopy (OGD) and a tri-
phasic abdominal CT from January to December 2019. Endoscopists and radiologists provided
their respective independent assessment of OV grading after being blinded to the clinical
details. Performance of CT grading of OVs was compared with the reference standard endo-
scopic grading using weighted kappa (k). Non-invasive scores such, as aspartate transaminase
(AST)-to-platelet ratio index (APRI), Fibrosis-4 (FIB-4) Index, platelet: spleen (PS) ratio were
correlated between the two techniques.
RESULTS: OV grading between endoscopists and radiologists showed 81.73% agreement (85

out of 104 patients) in the comparative analysis of 104 cirrhotic patients, of which no varices
(57.1%, n¼4), small (85.1%, n¼23), medium (72.2%%, n¼26), and large varices (94.1%, n¼32)
with a weighted k score of 0.88 (95% confidence interval 0.82e0.94). Overall, the sensitivity of
CT in the diagnosis of no, small, medium, and large OVs was 66.6%, 79.3%, 89.6%, and 94.1%,
respectively, with an area under the receiver operating curve (AUROC) score of 0.775, 0.887,
0.839, and 0.914. Performance of APRI, FIB-4, and PS ratio correlated well with the severity of
OVs with no difference between OGD and CT grading.
CONCLUSION: Triphasic abdominal CT can be an invaluable tool in the diagnosis and grading

of OVs during the COVID-19 pandemic.
� 2021 Published by Elsevier Ltd on behalf of The Royal College of Radiologists.
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Introduction

The COVID-19 pandemic has transformed the way
healthcare professionals function. The risk of disease
transmission to healthcare professionals can be as high as
10e20%.1 For this reason, several centres across the world
have deferred elective surgeries and procedures during the
pandemic.2 A number of cases of peri-operative trans-
mission of SARS-CoV-2 via patients undergoing surgeries or
procedures have been reported around the world.3

Patients with liver cirrhosis are at risk of oesophageal
varices (OVs) related to the severity of liver disease and the
degree of portal hypertension. At least 40% of patients with
compensated cirrhosis and 80% with decompensated
cirrhosis have OVs.4 Once developed, the rate of small to
large varices progression occurs at 5e12% per year in Child A
cirrhosis but faster progression (22%) in patients with Child B
and C cirrhosis.5,6 The risk of bleeding is also higher in pa-
tients with large varices leading to significant morbidity and
mortality of around 20%. The size of the OVs determines the
risk of index variceal bleed.7 Therefore, patients with liver
cirrhosis undergo variceal surveillance with oesophago-
gastro-duodenoscopy (OGD) as the best standard proced-
ure at regular intervals, depending on the degree of liver
disease. Patients with small varices and high-risk features,
such as red signs or advanced liver disease, will require non-
specific beta-blockers, preferably carvedilol, whereas pa-
tients with medium and large varices can be treated with
non-specific beta-blockers or endoscopic variceal band
ligation depending on local resources and expertise.8

Unfortunately, endoscopy is considered a risky proced-
ure as this can generate considerable aerosols, potentially
spreading SARS-CoV-2 to the operating team and other
patients. With the median incubation period of 5.5 days,
many patients can be in the presymptomatic phase, and
recent evidence showed as many as 45% of patients are
asymptomatic carriers.9 In addition, COVID-19 can affect
patients with chronic liver disease. These patients are
considered at high risk of disease progression leading to
significant morbidity and mortality.10 Therefore, several
healthcare professional bodies advise against routine
endoscopic procedures.2,11 Hence, there is certainly an im-
mediate need for an alternative technique for OV diagnosis
and screening during this pandemic. Identification of an
alternative technique for OV screening in the absence of
endoscopy can be challenging. The test should be compa-
rable to endoscopy, cost-effective, and should have no risk
of SARS-CoV-2 transmission in order to protect the
healthcare professionals and other patients.

Non-invasive tests for liver fibrosis, such as aspartate
transaminase (AST)-to-platelet ratio index (APRI), Fibrosis-
4 (FIB-4) Index, platelet: spleen (PS) ratio, and Fibroscan,
are well studied and validated in patients with cirrhosis as
well as in portal hypertension but cannot replace OGD.
Triphasic abdominal computed tomography (CT) is a
commonly performed investigation in patients with liver
cirrhosis. It provides better information about liver
anatomy, vascularity, and importantly, the presence of he-
patocellular carcinoma (HCC) in most cases. In addition,
triphasic abdominal CT provides valuable information
about portal hypertension and may be a useful tool in this
current pandemic for the diagnosis of OVs. The aim of the
present study was to investigate the diagnostic accuracy
and utility of triphasic abdominal CT as an alternate inves-
tigative tool for OGD in the diagnosis and grading of OVs in
patients with liver cirrhosis.
Materials and methods

Prospective scoring was undertaken of all adult cirrhotic
patients who underwent OGD for OV screening and con-
current triphasic abdominal CT within 6 months before or
after endoscopy from January 2019 to December 2019. Pa-
tients who did not undergo CT or endoscopy and patients
with suboptimal endoscopic images were excluded. This
study was approved by the hospital internal ethical
committee.

Screening OGD (reference standard) was performed with
an Olympus Evis Exera III GIF HQ-190 scope. Respective
endoscopic images were presented to the endoscopists
(endoscopist 1 and endoscopist 2) with >10 years of
experience, after blinding clinical details and original re-
ports. Each endoscopist graded the OVs independently as
described in the Baveno classification.12 Small varices were
defined as minimally elevated varices above the oesopha-
geal mucosa; medium: varices occupying less than one-
third of the oesophageal lumen; large: varices occupying
more than one-third of the lumen as shown in Fig 1aed.
Grading discrepancy between the two endoscopists was
reviewed by a third endoscopist (endoscopist 3) with 10
years of experience, for independent grading.

A triphasic contrast-enhanced CT of the abdomen (index
test) was performed using a 128-section CT system
(Siemens Perspective, Germany) after injecting 90 ml of
intravenous non-ionic iodinated contrast material (Ultrav-
ist, Bayer Healthcare). Three sets of axial images were ac-
quired at 25, 60, and 180 seconds after contrast medium
administration. In the second acquisition, the portal venous
phase was used to evaluate the varices. In CT, OVs were
considered to be present when there was contrast medium
filled tubular structures in the wall protruding into the
lumen of the oesophagus in the portal venous phase. The
varices were considered small when their diameters were
<3mm,mediumwhen theywere>3mm and<5mm, large
when >5 mm (Fig 1eeh). Two radiologists (radiologist 1
and radiologist 2) with 9 and 5 years of experience,
respectively, independently reviewed the CT images after
patient details were blinded. When there was a discrepancy
in grading between these two reviewers, a third radiologist
(radiologist 3) with 7 years of experience was asked to re-
view those cases for an independent grading. Spleen size
was measured in the longest craniocaudal dimension on
coronal images and longest anteroposterior and transverse
dimension on axial images. The largest values of these three



Figure 1 (aed) Endoscopic and (eeh) CT images for OV grading. Endoscopy: (a) no varices, (b) small varices, (c) medium varices, and (d) large
varices. CT images: (e) no varices, (f) small varices, (g) medium varices, and (h) large varices.
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measurements were taken as the maximum bipolar diam-
eter of the spleen.

Data analyses were carried out using SPSS v 21.0. Per-
formance of CT grading of OVs was compared with OGD
grading using weighted kappa (k). Cohen’s kappa is a
coefficient that measures the inter- and intra-rater reli-
ability for qualitative data. It is a robust measure that ac-
counts for the possibility of agreement occurring by chance
rather than a simple percentage agreement calculation.
Weighted kappa is a variant of Cohen’s kappa that
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considers the different levels or degrees of disagreement
between observers and uses weighting schemes to calcu-
late the closeness between categories. Quadratic weightage
was used because it summarises the agreement on an
ordinal scale. The interpretation of the weighted kappa
score was defined as <0, 0.40e0.60, 0.60e0.80, and 0.80e1
indicating no agreement, moderate agreement, substantial
agreement, and almost perfect agreement, respectively.

The area under the receiver operating characteristic
(ROC) curve (AUROC) was calculated to assess the perfor-
mance and measurement of a classification model for
endoscopy and CT. Sensitivity, specificity, positive predic-
tive value (PPV), and negative predictive value (NPV) of CT
diagnosis and grading of OV were calculated. Further, non-
invasive scores such as APRI ([(AST/ULN AST)�100]/
platelet count), FIB-4 (age (years)�AST (U/l)/[platelet (109/
l)�ALT (U/l)]), PS ratio (platelet count (109/l)/spleen
maximum bipolar diameter (mm) ratio) were calculated
and the mean differences in endoscopic and CT grading of
OVs were determined using the t-test. A p-value of <0.05
was considered statistically significant.

Results

The flow chart of patient selection is illustrated in Fig 2.
In total, 104 cirrhotic patients underwent both endoscopy
and triphasic abdominal CT during the study period with a
median age of 53.5�7.54 years, male: female ratio 8.5 : 1,
Model for end-stage liver disease (MELD) score 12 (mean,
normal range: 6e40). Disease aetiology showed non-
alcoholic steatohepatitis, hepatitis B, hepatitis C, alcohol-
Figure 2 Illustrates the flow of p
related liver disease, and others in 43 (41.3%), 16 (15.4%),
six (5.8%), 24 (23.1%), and 13 (12.5%), respectively.

The number of observed agreements for OVs between
the two endoscopists was 92.3% (96 out of 104 patients) of
which no varices (100% agreement, n¼5 out of 5), small
varices (82.8%, n¼24 out of 29), medium varices (88.6%,
n¼31 out of 35) and large varices (97.1%, n¼34 out of 35)
with a weighted k score 0.90 (95% confidence interval [CI]¼
0.78e0.94).

The number of observed agreements for OVs between
the two radiologists was 81.7% (85 out of 104 patients) of
which no varices (100% agreement, n¼4 out of 4), small
(71.9%, n¼23 out of 32), medium (62.1%, n¼18 out of 29),
large varices (97.4%, n¼38 out of 39), with a weighted k
score was 0.89 (95% CI¼0.85e0.94).

The discrepancy in OV grading was noted in eight pa-
tients between the endoscopists and 19 between the radi-
ologists, which were reviewed by an independent
endoscopist and a radiologist for rescoring.

The comparative analysis of OV grading between all the
endoscopists and radiologists showed 81.73% agreement
(85 out of 104 patients) of which no varices (57.1%, n¼4),
small (85.1%, n¼23), medium (72.2%, n¼26) and large
varices (94.1%, n¼32) with a weighted k score 0.88 (95% CI:
0.82e0.94) as illustrated in Table 1. The overall endoscopic
distribution of no varices, small, medium, and large varices
was 6.7%, 26%, 34.6%, and 32.7%, respectively.

The sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV) of CT diagnosis
in predicting no, small, medium, and large OVs compared to
OGD variceal grading is shown in Table 2.
atient selection for the study.



Table 1
Agreement (%) between endoscopists and radiologists for different grades of
oesophageal varices.

CT variceal
grading

Endoscopic variceal grading

No varices
n¼7

Small
varices
n¼27

Medium
varices
n¼36

Large varices
n¼34

No varices 4 (57.1%) 2 0 0
Small varices 3 23 (85.1%) 2 1
Medium varices 0 2 26 (72.2%) 1
Large varices 0 0 8 32 (94.1%)
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Correlation between non-invasive markers (APRI, FIB-4,
and PS ratio) to endoscopy and CT-guided oesophageal
variceal grading

Non-invasivemarkers of liver fibrosis such as APRI, FIB-4,
and PS ratio were calculated (n¼104) and correlated with
endoscopy and CT OV grading. The overall mean APRI, FIB-4,
and PS ratio was 1.36 (95% CI: 1.01e1.70), 5 (95% CI: 4e6),
and 1,089 (95% CI: 881e1297.9), respectively.

The mean APRI, FIB-4, PS ratio for endoscopic diagnosis
of no varices, small, medium, and large varices was 0.70,
0.97, 1.13, 1.82; 2.4, 4.02, 4.32, 6.42, and 2,538, 1,012, 1,010,
983, respectively. Similarly, the mean APRI, FIB-4, PS ratio
for CT diagnosis of no varices, small, medium, and large
varices was 0.57, 1.06, 0.99, 1.8; 2.12, 4.41, 4.06, 6.14 and
2,062, 1,164, 1,085, 933, respectively.

The comparative analysis of the performance of these
non-invasive markers between different grades of varices
showed no significant difference for endoscopy and CT as
shown in Fig 3.
Discussion

Routine endoscopy can be risky during the COVID-19
pandemic, because of the increased risk of disease trans-
mission to healthcare professionals. An Italian survey
identified that the majority of endoscopy units reduced
their elective endoscopy services and modified their
approach for emergency procedures.13 Endoscopy generates
Table 2
Sensitivity, specificity, PPV*, NPV* and AUROC of CT in the diagnosis of
oesophageal variceal grading.

CT grading No varices Small Medium Large

Sensitivity
95% CI

66.6%
22.3e95.7

79.3%
60.3e92

89.6%
72.7e97.8

94.1%
80.3e99.3

Specificity
95% CI

96.9%
91.3e99.4

94.6%
86.9e98.5

86.6%
76.8e93.4

88.5%
78.7e94.9

PPV*
95% CI

57.1%
27.7e82.3

85.1%
68.5e93.8

72.2%
59e82.4

80%
67.5e88.5

NPV*
95% CI

97.9%
93.9e99.3

92.2%
85.3e96

95.5%
88.1e98.5

96.8%
89e99.2

AUROC
95% CI

0.775
0.54e1

0.887
0.80e0.97

0.839
0.75e0.93

0.913
0.85e0.98

p-Value 0.015 0.00 0.00 0.00

PPV, positive predictive value; NPV, negative predictive value; AUROC, area
under the receiver operating curve.
a higher amount of aerosol particles during the scope
intubation, insertion, and during the usage of scope chan-
nels posing risk to the endoscopy team.

The present study clearly demonstrates 81.73% agree-
ment between the endoscopists and radiologists in the
diagnosis of OVs, indicating that venous phase images of
triphasic abdominal CT is comparable to OGD for screening
and grading OVs with a weighted k score of 0.88 (95%
CI¼0.82e0.94). In addition, the agreement between the
endoscopists and radiologists was better for all grades of
varices: no varices (57.1%), small (85.1%), medium (72.2%),
and large (94.1%) OVs. A previous study of 137 cirrhotic
patients showed that triphasic abdominal CT is as good as
endoscopy for diagnosis and grading of OVs; however, the
distribution of large varices in that study was only 9.7% in
comparison, 32.7% in the present study.14 Moreover, only
the radiologists were blinded in that study, whereas, both
the operators in the present study were blinded for the
reports, providing a complete independent grading
assessment.

In a study of 109 cirrhotic patients with triphasic
abdominal CT-guided detection of OVs, the interobserver
agreement between the radiologists was k¼0.64 indicating
substantial agreement.15 Whereas it was 0.89 in the present
study equating to near-perfect agreement.

The sensitivity of CT for OV grading in the present study
was between 66.6 to 94.1% from no to large varices, which is
much better than previously quoted studies. The accuracy of
CT in detecting OVs in the present study improved with the
severity of varices (AUROC 0.775 for no varices to 0.913 for
large varices). A study from 2007 on 67 cirrhotic patients
showed a sensitivity of 53e90% for all varices16; however,
the quality of CT imaging has considerably improved over
the last decade. With the currently available 128-section
systems and better quality images, the sensitivity is much
higher as shown in the present study, once again indicating
that CT is probably a better alternative for screening OVs. A
large meta-analysis of 11 studies with 807 patients showed
a pooled sensitivity and specificity for identifying OVs as
89% and 72.3%, respectively, with an AUROC of 0.86 for CT
for grading OVs.17

Non-invasive markers of fibrosis have been evaluated in
portal hypertension. The present study compared APRI, FIB-
4, and PS ratio with OV grading and subsequently correlated
with CT grading of varices. The present study showed all
three non-invasive markers correlated well with no differ-
ence between the two techniques, strengthening the pre-
sent finding that CT grading of OVs is comparable to
endoscopic grading. A study by Civan et al., showed that the
APRI score was a better predictor of variceal bleed (AUROC
0.89).18

In a study of 139 cirrhotic patients using APRI, FIB-4, and
PS ratio, FIB-4 strongly correlated with OVs with a sensi-
tivity of 72% and an AUC 0.68.19 Similarly, analysis of 153
patients with cirrhosis, the AUROC values of APRI and FIB-4
for the prediction of OVs were 0.681 and 0.642 indicative of
good predictors of disease progression.20

In the largest dataset analysis of 620 cirrhotic patients by
Sebastiani et al., APRI and FIB-4 were identified as reliable



Figure 3 Comparison on non-invasive markers (APRI, FIB-4 and PS ratio) to endoscopy and CT-guided OV grading.
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non-invasive markers of OVs with AUC and sensitivity
values of 0.63, 54% and 0.64, 70%, respectively.21

The outcome of the present study is further supported by
a 2017 Cochrane database review that recommends a PS
ratio<909 n/mm3 for the detection of OVs with a sensitivity
of 85% indicating the utility of these non-invasive markers
in portal hypertension.22 Similar studies showed AUC,
sensitivity, and specificity of 0.9, 88.7%, and 81.4%, respec-
tively, for PS ratio correlating with portal hypertension.23

Likewise, a meta-analysis showed APRI and FIB-4 corre-
lated “moderately” with endoscopic large varices.19

In the absence of routine endoscopy during the COVID-
19 pandemic, these non-invasive markers may have an in-
direct role in the diagnosis of portal hypertension. CT-
guided varices diagnosis and grading, however, has a
direct correlation with OGD as shown in the present study.
A 2014 budget impact analysis by Lotfipour et al., showed
that abdominal CT was less expensive and sensitive tool in
the detection of OVs.24 The cost of an upper GI endoscopy
may vary between US$100e2,750 and the cost of a triphasic
abdominal CT can be between US$135e1,500 depending on
the country; however, given the current COVID-19
pandemic additional personal protective equipment for
patients and the endoscopy staff members should be added
to the endoscopy cost. Although triphasic abdominal CT is
useful in patients with liver cirrhosis, it should be consid-
ered only after weighing its benefits and risks such as ra-
diation exposure, cost and the possibility of contrast
allergy; however, it has the added benefit of investigating
other indications in cirrhotic patients with hepatic
decompensation, to assess vascular anatomy, or for HCC,
where it can provide additional information about OVs.
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Limitations of the present study include the small
number of patients, that it is a single-centre study, and the
inability of CT in detecting OVs with high-risk signs of
bleeding such as red spots, haemorrhagic areas, and varices
in collapsed oesophagus.

In conclusion, venous phase images of triphasic contrast-
enhanced abdominal CT is probably an optimal non-
invasive tool for diagnosing and grading of OVs in situa-
tions where routine upper GI endoscopy is not recom-
mended, such as during the COVID-19 pandemic. The utility
of triple phase-contrast CT-guided oesophageal variceal
grading is comparable to the reference standard upper GI
endoscopy.
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