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Background and Aims. Liver fibrosis blood tests, platelet count/spleen diameter ratio (PSR), and contrast-enhanced CT are
diagnostic alternatives for gastroesophageal varices, but they have heterogeneous diagnostic performance among different study
populations. Our study is aimed at evaluating their diagnostic accuracy for esophageal varices (EVs) and gastric varices (GVs) in
cirrhotic patients with and without previous endoscopic variceal therapy. Methods. Patients with liver cirrhosis who underwent
blood tests and contrast-enhanced CT scans as well as endoscopic surveillance should be potentially eligible. EVs needing
treatment (EVNTs) and GVs needing treatment (GVNTSs) were recorded according to the endoscopic results. Area under the
curves (AUCs) were calculated. Results. Overall, 279 patients were included. In 175 patients without previous endoscopic
variceal therapy, including primary prophylaxis population (n =70), acute bleeding population (n = 38), and previous bleeding
population (n=67), the diagnostic accuracy of contrast-enhanced CT for EVNTs was higher (AUCs=0.816-0.876) as
compared to blood tests and PSR; by comparison, the diagnostic accuracy of contrast-enhanced CT for GVNTs was statistically
significant among primary prophylaxis population (AUC = 0.731, P = 0.0316), but not acute or previous bleeding population. In
104 patients with previous endoscopic variceal therapy (i.e., secondary prophylaxis population), contrast-enhanced CT was the
only statistically significant alternative for diagnosing EVNTs and GVNTSs but with modest accuracy (AUCs = 0.673 and 0.661,
respectively). Conclusions. Contrast-enhanced CT might be a diagnostic alternative for EVNTSs in cirrhotic patients, but its
diagnostic performance was slightly weakened in secondary prophylaxis population. Additionally, contrast-enhanced CT may be
considered for diagnosis of GVNTs in primary prophylaxis population without previous endoscopic variceal therapy and
secondary prophylaxis population.

1. Introduction

Cirrhosis is the end stage of chronic liver disease, which is
histologically characterized by fibrosis, scar, and regenerative
nodules leading to structural deformation [1]. A major con-
sequence of advanced cirrhosis is portal hypertension, which
leads to the development of gastroesophageal varices (GEVs)
[2]. Endoscopy should be performed at the time of first

diagnosis of liver cirrhosis [3]. GEVs are observed in about
50% of patients with cirrhosis, and 8% of patients without
GEVs develop them each year. Patients with no or small var-
ices and without prior history of variceal bleeding should
undergo endoscopic surveillance every 1-2 years. Bleeding
from GEVs results in a mortality of 5-20% at 6 weeks.
Endoscopic treatment, such as endoscopic variceal ligation
(EVL) or tissue adhesive injection, is recommended for the
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management of high-risk varices and acute variceal bleeding
[3-5]. However, patients undergoing endoscopic treatment
for variceal bleeding have a high variceal recurrence rate of
8-48% [6, 7], a rebleeding rate of 20-43%, and a bleeding
related mortality of 19-34% [8]. Therefore, after endoscopic
treatment, repeated EVL should be performed every 1-2
weeks until variceal obliteration. The first endoscopic surveil-
lance for variceal recurrence should be performed within 1-3
months after variceal obliteration, and then endoscopic
surveillance should be repeated every 6-12 months [5].

Despite endoscopy is the golden approach for diagnosis
and surveillance of GEVs according to the current practice
guideline and consensus, it is often limited by increased inva-
siveness, patients” discomfort and poor adherence, and high
cost [9-11]. Recently, noninvasive blood tests have been used
to diagnose GEVs [12, 13], such as aspartate aminotransfer-
ase (AST) to platelet (PLT) ratio index (APRI), AST to ala-
nine aminotransferase (ALT) ratio (AAR), fibrosis 4 index
(FIB-4), Lok score, and King score. Contrast-enhanced com-
puted tomography (CT), a conventional diagnostic imaging
tool in patients with liver diseases, has also been explored
for the assessment of GEVs [14-17]. Additionally, a combi-
nation of blood tests with imaging examination for screening
GEVs, such as PLT count to spleen diameter ratio (PSR), has
been frequently explored [18].

Notably, the performance of these diagnostic alternatives
may be heterogeneous among different study populations.
However, until now, no study has evaluated their diagnostic
accuracy according to the patient characteristics [11]. For
this reason, we conducted a retrospective observational study
to evaluate the accuracy of blood tests, PSR, and contrast-
enhanced CT for diagnosing esophageal varices (EVs) and
gastric varices (GVs) in cirrhotic patients with and without
variceal bleeding or previous endoscopic variceal therapy.

2. Methods

2.1. Patients. This was a single-center retrospective observa-
tional study on the basis of our prospective database regard-
ing cirrhotic patients undergoing both contrast-enhanced CT
and upper gastrointestinal endoscopy. This study was
approved by the medical ethical committee of our hospital
and the approval number was [k (2018) 08]. The patients’
informed consents were waived. All patients consecutively
admitted to our department from December 2014 to October
2018 were potentially eligible.

The inclusion criteria were as follows: (1) patients had a
diagnosis of liver cirrhosis according to the medical history,
clinical features, imaging, and/or histological results and (2)
both contrast-enhanced CT and endoscopic examinations
were performed at their admissions, and the time interval
between the two examinations was within one month.
Repeated admission was not excluded.

The exclusion criteria were as follows: (1) patients had a
definite diagnosis of malignant tumors, (2) contrast-
enhanced CT was performed after endoscopic treatment at
their admissions, and (3) contrast-enhanced CT images were
not well preserved.
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2.2. Groups. According to the previous history of endoscopic
treatment for variceal bleeding, history of gastrointestinal
bleeding (GIB), and presence of acute upper gastrointestinal
bleeding (AUGIB), the patients were divided into four groups:

(1) Primary prophylaxis population (no history of endo-
scopic treatment, no history of GIB, and absence of
AUGIB)

(2) Acute bleeding population (no history of endoscopic
treatment, but with presence of AUGIB, regardless
of history of GIB)

(3) Previous bleeding population (no history of endo-
scopic treatment, absence of AUGIB, but with a his-
tory of GIB)

(4) Secondary prophylaxis population (a history of endo-
scopic treatment for variceal bleeding, but absence
of GIB)

As for the secondary prophylaxis population, the patients
would be further excluded, if the time interval between prior
endoscopic treatment and present admission was less than
one month [19]. This is primarily because the esophagus
and stomach lumen mucosa may not be fully recovered
during a short postoperative period, which will cause a poten-
tial radiological artifact on CT images and influence its diag-
nostic performance.

2.3. Data Collection. The data were collected as follows: age,
sex, etiology of liver diseases, ascites, interval between prior
endoscopic treatment and present admission, red blood cell
(RBC), hemoglobin (Hb), white blood cell (WBC), PLT, total
bilirubin (TBIL), direct bilirubin (DBIL), albumin (ALB),
ALT, AST, alkaline phosphatase (AKP), y-glutamine trans-
ferase (GGT), blood urea nitrogen (BUN), serum creatinine
(SCr), prothrombin time (PT), activated partial thrombo-
plastin time (APTT), and international normalized ratio
(INR). The maximum diameter of the spleen was measured
on axial contrast-enhanced CT images. The Child-Pugh
[20] model for end-stage of liver disease (MELD) [21], APRI
[22], AAR [23], FIB-4 [24], Lok [25], King [26], and PSR [27]
scores were calculated as follows:

Child - Pugh score = ALB score + TBIL score
+ INR score + ascites score

+ hepatic encephalopathy score,

MELD score = 9.57 x In [Cr (#mol/L) x 0.011]
+3.78 x In [TBIL (umol/L) x 0.058]
+11.2 xIn (INR) + 6.43,

(AST/upper limit of normal) x 100

APRI = >
PLT
AST
AAR= —,
ALT
age X AST
FIB-4 =

PLT x ALT(*/2)’



Gastroenterology Research and Practice

age x AST x INR

King =
g PLT

logodds = -5.56 — 0.0089 x PLT + 1.26

AST
X | —— ] +5.27 X INR,
ALT ratio

_exp (logodds)
~ 1+exp (logodds)’

PLT

PSR= ——— .
spleen diameter

(1)

2.4. Contrast-Enhanced CT Images. Two observers (QL and
RW) used the patients’ names or case numbers to search
contrast-enhanced CT images in the PowerRIS system.
Notably, they were blinded to the laboratory and endoscopic
findings when the CT images were retrospectively analyzed.
They independently evaluated the presence of GEVs. EVs
or GVs were defined as enhancing lesions abutted the lumi-
nal surface of the esophageal or gastric wall or protruded into
esophageal or gastric luminal space at the portal vein phases
of contrast-enhanced CT images [28, 29]. They also indepen-
dently selected the CT layer with the maximum diameter of
varices. In cases of any inconsistency in measuring the
maximum diameter of varices between the two observers, a
discussion with another investigator (XQ) was made until a
consensus was achieved. Additionally, they evaluated the
spleen and measured the maximum diameter of the spleen
on contrast-enhanced CT images.

2.5. Endoscopy. In the present study, an endoscopist (DS)
underwent all endoscopic examinations. The shape of EVs
and red color (RC) signs were described, and then the grade
of EVs was evaluated. The grade of EVs is classified into no,
mild, moderate, and severe according to the 2008 Hangzhou
consensus [30]. The detailed definitions are as follows: (1)
mild EVs: straight or slight tortuous EVs without RC signs;
(2) moderate EVs: straight or slightly tortuous EVs with RC
signs or serpentine tortuous uplifted EVs without RC signs;
and (3) severe EVs: serpentine tortuous uplifted EVs with
RC signs or beaded, nodular, or tumor-like EVs with or with-
out RC signs. EVs needing treatment (EVNTSs) were further
defined as moderate and severe EVs. The presence of GVs
was also evaluated. GVs needing treatment (GVNTSs) were
further defined as large GVs or RC signs in the GVs at the
discretion of our endoscopist.

2.6. Statistical Analysis. All statistical analyses were per-
formed using the SPSS software version 20.0 (IBM Corp,
Armonk, NY, USA) and MedCalc software version 11.4.2.0
(MedCalc Software, Mariakerke, Belgium). Data were
expressed as mean + standard deviation, median and range,
or frequencies and percentages. Kappa statistics were used
to explore the agreement of diagnosing presence of EVs

and GVs between two observers. Receiver operating charac-
teristic (ROC) curve was used to explore the diagnostic
performance of blood tests, PSR, and contrast-enhanced
CT. We calculated the area under the curve (AUC) and com-
pared them by using the DeLong test. P < 0.05 was consid-
ered statistically significant. Additionally, we determined
the optimal cutoff values of contrast-enhanced CT by reach-
ing the maximal negative predictive value (NPV) and then
calculated the rates of spared endoscopy and missed vari-
ces. The bar charts were drawn by the Excel version 16.0
(Microsoft Corp, Redmond, Washington, USA).

3. Results

3.1. Patients. A total of 430 cirrhotic patients underwent both
contrast-enhanced CT and endoscopic examinations.
Finally, a total of 279 cirrhotic patients were included
(Figure 1). Baseline characteristics are shown in Table 1.

Results of kappa statistics were shown in Supplementary
Table 1.

3.2. Primary Prophylaxis Population. Seventy patients were
included in this group. Prevalence of EVs, EVNTs, GVs,
and GVNTs was 61.4% (43/70), 37.1% (26/70), 25.7%
(18/70), and 11.4% (8/70), respectively. As for EVs, only
contrast-enhanced CT, Lok score, and PSR had statistically
significant diagnostic performance; as for EVNTs, only
contrast-enhanced CT and PSR had statistically significant
diagnostic performance; as for GVs, only contrast-
enhanced CT, AAR score, Lok score, and PSR had statisti-
cally significant diagnostic performance; as for GVNTSs, only
contrast-enhanced CT had statistically significant diagnostic
performance (Table 2).

The presence of EVs and diameter of EVs could be eval-
uated on CT in all of the 70 patients. The diameter of EVs
measured on contrast-enhanced CT <0.50cm should be
considered as the optimal cutoff value for ruling out the
EVNTs. By using this cutoff value, 47.8% (32/67) of endos-
copies were spared, and no (0/32) EVNTs was missed
(Figure 2(a)).

After a discussion among investigators, the presence of
GVs could not be evaluated on CT in one patient and the
diameter of GV could not be measured on CT in 3 patients.
The diameter of GVs measured on contrast-enhanced
CT <1.09cm should be considered as the optimal cutoft
value for ruling out the GVNTs. By using this cutoft value,
76.6% (49/64) of endoscopies were spared, but 4.1% (2/49)
of GVNTs were missed (Figure 2(a)).

3.3. Acute Bleeding Population. Thirty-eight patients were
included in this group. Prevalence of EVs, EVNTs, GVs,
and GVNTs was 92.1% (35/38), 71.1% (27/38), 50.0%
(19/38), and 39.5% (15/38), respectively. As for EVs,
contrast-enhanced CT, APRI score, FIB-4 score, King score,
Lok score, and PSR had statistically significant diagnostic
performance; as for EVNTSs, only contrast-enhanced CT
and PSR had statistically significant diagnostic performance;
as for GVs and GVNTs, all alternatives did not have any
statistically significant diagnostic performance (Table 2).
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and contrast-enhanced CT between 2014.12 and 2018.10

[ Cirrhosis without malignancy who underwent endoscopy ]

(N =430)
N CT images were not well preserved
(N =25)
NN CT was performed after endoscopic treatment
(N =68)
NN Interval between contrast-enhanced CT and
endoscopy was >1 month (N = 4)
History of

endoscopic treatment

[ History of endoscopic ’

[ No history of endoscopic ]

treatment treatment
(N = 158) (N =175)
Presence of GIB <
(N =45)
No history of GIB < - AUGIB
(N=7) History of GIB
Interval between prior endoscopic
treatment and present admission was ~ [<~ =7
L <1 month (N =2) )
Secondary prophylaxis Primary prophylaxis Acute bleeding Previous bleeding
population population population population
(N =104) (N =70) (N =38) (N =67)

FiGuRre 1: Flow chart of patient enrollment. CT: computed tomography; AUGIB: acute upper gastrointestinal bleeding.

The presence of EVs and diameter of EVs could be
evaluated on CT in all of the 38 patients. The diameter of
EVs measured on contrast-enhanced CT < 0.38 cm should
be considered as the optimal cutoft value for ruling out the
EVNTs. By using this cutoft value, 10.5% (4/38) of endos-
copies were spared, and no (0/4) EVNTs was missed
(Figure 2(b)).

After a discussion among investigators, the diameter of
GVs could not be measured on CT in 3 patients. The diame-
ter of GVs measured on contrast-enhanced CT <1.01cm
should be considered as the optimal cutoff value for ruling
out the GVNTSs. By using this cutoff value, 45.7% (16/35) of
endoscopies were spared, but 25% (4/16) of GVNTs were
missed (Figure 2(b)).

3.4. Previous Bleeding Population. Sixty-seven patients were
included in this group. Prevalence of EVs, EVNTs, GVs,
and GVNTs was 91.0% (61/67), 73.1% (49/67), 73.1%
(49/67), and 53.7% (36/67), respectively. As for EVs, only
contrast-enhanced CT had statistically significant diagnostic
performance; as for EVNTS, only contrast-enhanced CT and
PSR had statistically significant diagnostic performance; as
for GVs, only contrast-enhanced CT had statistically signifi-
cant diagnostic performance; as for GVNTs, only AAR score
had statistically significant diagnostic performance (Table 2).

The presence of EVs and diameter of EVs could be eval-
uated on CT in all of the 67 patients. The diameter of EVs
measured on contrast-enhanced CT <0.46cm should be
considered as the optimal cutoff value for ruling out the
EVNTs. By using this cutoff value, 12.1% (8/66) of endos-

copies were spared, and no (0/8) EVNTs was missed
(Figure 2(c)).

After a discussion among investigators, the diameter of
GVs could not be measured on CT in 3 patients (3/67). The
diameter of GVs measured on contrast-enhanced CT < 0.95
cm should be considered as the optimal cutoff value for rul-
ing out the GVNTs. By using this cutoft value, 21.9% (14/64)
of endoscopies were spared, but 45.5% (5/14) of GVNT's were
missed (Figure 2(c)).

3.5. Secondary Prophylaxis Population. One hundred and
four patients were included in this group. Prevalence of
EVs, EVNTs, GVs, and GVNTSs was 90.4% (94/104), 40.4%
(42/104), 34.6% (36/104), and 15.4% (16/104), respectively.

As for EVs, only contrast-enhanced CT had statisti-
cally significant diagnostic performance; as for EVNTs,
only contrast-enhanced CT and AAR score had statisti-
cally significant diagnostic performance; as for GVs, only
contrast-enhanced CT had statistically significant diagnostic
performance; as for GVNTSs, only contrast-enhanced CT and
FIB-4 score had statistically significant diagnostic perfor-
mance (Table 2).

After a discussion among investigators, the diameter of
EVs could not be measured on CT in one patient. The diam-
eter of EVs measured on contrast-enhanced CT <0.33 cm
should be considered as the optimal cutoff value for ruling
out the EVNTSs. By using this cutoft value, 7.8% (8/103) of
endoscopies were spared, and no (0/8) EVNTs was missed
(Figure 2(d)).
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FIGURE 2: Bar charts showing the rates of spared endoscopy and missed varices by contrast-enhanced CT for predicting the presence of
EVNTs and GVNTs in different population. (a) Performance in primary prophylaxis population. (b) Performance in acute bleeding
population. (c) Performance in previous bleeding population. (d) Performance in secondary prophylaxis population. CT: computed
tomography; EVNTSs: esophageal varices needing treatment; GVNTs: gastric varices needing treatment.

After a discussion among investigators, the presence of
GVs could not be evaluated on CT in 2 patients and the
diameter of GVs could not be measured on CT in 2 patients.
The diameter of GVs measured on contrast-enhanced
CT <1.11cm should be considered as the optimal cutoff
value for ruling out the GVNTSs. By using this cutoff value,
56% (56/100) of endoscopies were spared, but 5.4% (3/56)
of GVNTSs were missed (Figure 2(d)).

4. Discussion

Currently, noninvasive diagnosis of GEVs is a hot topic.
Severity of liver fibrosis is often in parallel with that of portal
hypertension in compensated cirrhosis. Thus, the markers
reflecting the severity of liver fibrosis are frequently used
for noninvasive assessment of portal hypertension in such
patients [10, 31]. Considering that liver stiffness measured
by transient elastography can stage liver fibrosis and PLT
indicates portal hypertension, Baveno VI consensus has
recommended that liver stiffness < 20kPa combined with
PLT > 150 x 10%/L should be a criterion for sparing endos-
copy in compensated cirrhosis [4], and only a minority of
patients within this Baveno VI criterion have a risk of var-
iceal bleeding [32]. Researchers attempted to further

improve its diagnostic accuracy by means of optimizing
the thresholds of liver stiffness and PLT or establishing step-
wise ruling-out and/or ruling-in strategies (Supplementary
Table 2). Noninvasive approaches on the basis of Baveno
VI criterion can accurately diagnose EVNTs with a missing
rate of <5% [33-43]. Despite so, it should be noted
that Baveno VI criterion should be appropriate for only
patients with compensated cirrhosis without any history of
gastrointestinal bleeding or endoscopic treatment. By
comparison, few well-established tools have been employed
for patients with advanced and decompensated cirrhosis,
in whom extrahepatic factors, such as development of
extrahepatic collaterals and splanchnic vasodilation, became
more important for the progression of portal hypertension
than intrahepatic resistance caused by liver fibrosis [44].
In this setting, we have for the first time evaluated the
diagnostic accuracy of blood tests, PSR, and contrast-
enhanced CT for GEVs according to the severity of liver
cirrhosis and portal hypertension, including patients
without variceal bleeding (primary prophylaxis population),
with variceal bleeding (acute bleeding population and
previous bleeding population), and with history of
endoscopic treatment for variceal bleeding (secondary
prophylaxis population).
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(d)

Figure 3: Pitfalls in diagnosis of GEVs on contrast-enhanced CT. (a) Esophageal wall became stiff after repeated endoscopic treatments.
(b) Small EVs were observed on contrast-enhanced CT, but missed on endoscopy. (c) GVs could not be evaluated as gastric cavity was not
fully expanded. (d) GVs appeared as irregular vascular shadows, where the maximum diameter of varices was hard to be measured. CT:
computed tomography; GEVs: gastroesophageal varices; EVs: esophageal varices; GVs: gastric varices.

Our previous meta-analysis demonstrated that APRI,
AAR, FIB-4, and Lok scores had low to moderate diagnostic
accuracy in predicting the presence of EVs and EVNTs in
liver cirrhosis, and their AUCs were 0.6774-0.7885 and
0.7095-0.7448, respectively [12]. Notably, among the studies
included in the meta-analysis, most of patients had well-
preserved liver function. By comparison, our previous
observational study where a majority of patients were
decompensated demonstrated that APRI, AAR, FIB-4,
and Lok scores had low accuracy for EVs and EVNTSs with
AUCs of 0.539-0.567 and 0.506-0.544, respectively [13].
Similarly, our present observational study also confirmed
that these blood tests were insufficient to replace endos-
copy in diagnosing EVs, EVNTs, GVs, and GVNTs in
advanced decompensated patients.

PSR had relatively high diagnostic accuracy in predicting
the presence of EVs in compensated cirrhotic patients and its
AUC was 0.85 [18]. The advantages of PSR as a potential
diagnostic alternative for EVs can be explained by the fact
that splenomegaly and hypersplenism are common clinical
manifestations of portal hypertension, and the PSR model
associates decreased PLT with splenomegaly [27, 45]. By con-
trast, our present study suggested that PSR was unsatisfactory
for prediction of GEVs. This might be related to the charac-
teristics of our patients that a majority of patients in primary
prophylaxis population group had Child-Pugh class B or C

and all patients in 3 other groups (i.e., secondary prophylaxis
population, acute bleeding population, and previous bleeding
population) were decompensated with recent or previous
bleeding. This was in consistency with the results of a previ-
ous study which also included patients receiving secondary
prophylaxis and achieved only an AUC of 0.715 [46].

Our previous meta-analysis demonstrated that contrast-
enhanced CT had high diagnostic accuracy in predicting
the presence of EVs, EVNTs, and GVs, and their AUCs were
0.8958, 0.9461, and 0.9127, respectively [14]. Similarly,
another meta-analysis also confirmed that the AUCs were
0.86 and 0.95 in predicting the presence of EVs and GVs,
respectively [15]. By comparison, our present study con-
firmed such high diagnostic accuracy of contrast-enhanced
CT in predicting EVs and EVNTs and further suggested
that no EVNTs would be missed according to the optimal cut-
off value. However, the diagnostic performance of contrast-
enhanced CT was insufficient in secondary prophylaxis
population.

Several pitfalls of contrast-enhanced CT scans for assess-
ment of GEVs should be recognized. First, esophageal wall
may form scars and stiffen after repeated endoscopic treat-
ments, in which enhanced vascular shadows do not obviously
protrude into esophageal lumen on contrast-enhanced CT
images (Figure 3(a)). Second, during the endoscopic exami-
nations, small EVs may be flattened after dilating esophageal



12

Gastroenterology Research and Practice

100 - r 80
90 - L0
80 - g
- - 60
N
<70 - o
o 2
Z 60 -50 o
> <
== =
S 50 - -40 &
g
§ 407 L3 S
g 3 g
z i
& L2 B
20 4 s
L0 7
10 A
0 T T T T 0
Primary Acute Previous Secondary
prophylaxis bleeding bleeding prophylaxis
population population population population

—e— Prevalence of EVNTSs (%)

—o— Spared endoscopy rate (%)

FIGURE 4: Line chart showing the relation between the rates of spared endoscopy and prevalence of EVNTs in different populations. EVNTs:

esophageal varices needing treatment.

lumen, thereby leading to a missed diagnosis (Figure 3(b)).
Third, the images obtained at the portal vein phases of
contrast-enhanced CT scans are inappropriately selected by
radiological technicians, in which esophageal venous vessels
cannot be obviously enhanced. Fourth, abdominal CT scans
are selected for our present study, in which the lesions at
middle and upper esophagus cannot be observed. Fifth,
contrast-enhanced CT scans can detect GVs located deeply
in gastric mucosa [29], which are hard to be distinguished
from gastric mucosal folds by endoscopy. Sixth, when the
gastric cavity is not fully expanded, small GVs do not pro-
trude from the surface and cannot be differentiated from
the gastric mucosa folds on CT images (Figure 3(c)). Seventh,
some GVs appear as irregular vascular shadows on contrast-
enhanced CT images, thereby misjudging the maximum
diameter of varices (Figure 3(d)).

Several other advantages of contrast-enhanced CT scans
should not be ignored, because it can simultaneously evaluate
the severity of liver cirrhosis and its related complications,
such as grade or quantification of ascites [47], thrombosis
within portal vein system [48], portosystemic collaterals
[49], and liver cancer [50], except for GEVs. On the other
hand, the disadvantages of contrast-enhanced CT scans
include the following. First, the risk of radiation will be
increased. Second, contrast-enhanced CT is not applicable
to patients with renal failure, hyperthyroidism, and hyper-
sensitivity to contrast media. Third, RC sign is valuable for
evaluating the severity of GEVs, but it cannot be observed
on contrast-enhanced CT images.

Our study had several limitations. First, Western studies
evaluated EVNTs by the size of EVs under endoscopy, and
our study employed the Chinese guideline to identify
EVNTs. Second, our patients were more severe and had a
high prevalence of EVNTSs. Because the prevalence of EVNT's
should be inversely associated with the rate of spared endos-

copy, the rate of sparing more endoscopy was relatively lower
in our study (Figure 4). Third, the present study was of the
retrospective nature and performed at a single center. Fourth,
the sample size was small in different study population, espe-
cially in acute bleeding population.

In conclusion, contrast-enhanced CT seemed to have
higher diagnostic accuracy for EVs and EVNTs in cirrhotic
patients as compared to APRI, AAR, FIB-4, FI, Lok, and
King scores and PSR. Among the secondary prophylaxis
population requiring repeated endoscopic surveillance,
contrast-enhanced CT seemed to be the only useful diagnos-
tic alternative for GEVs in cirrhotic patients. However, the
potential pitfalls of contrast-enhanced CT, such as stiff and
scarred esophagus, small or irregular vascular shadows,
and technical errors, can decrease its diagnostic accuracy in
secondary prophylaxis population.

Abbreviations

GEVs:  Gastroesophageal varices

EVL: Endoscopic variceal ligation

AST: Aspartate aminotransferase

PLT: Platelet

APRI:  Aspartate aminotransferase to platelet ratio index

ALT: Alanine aminotransferase

AAR:  Aspartate aminotransferase to alanine amino-
transferase ratio

FIB-4:  Fibrosis 4 index

CT: Computed tomography

PSR: Platelet count to spleen diameter ratio
EVs: Esophageal varices

GVs: Gastric varices

AUGIB: Acute upper gastrointestinal bleeding
RBC: Red blood cell

Hb: Hemoglobin
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WBC:  White blood cell
TBIL: Total bilirubin
DBIL:  Direct bilirubin

ALB: Albumin

AKP: Alkaline phosphatase

GGT-y: y-glutamine transferase

BUN:  Blood urea nitrogen

SCr: Serum creatinine

PT: Prothrombin time

APTT: Activated partial thromboplastin time
INR: International normalized ratio
MELD: Model for end-stage of liver disease
RC: Red color

EVNTs: Esophageal varices needing treatment
GVNTs: Gastric varices needing treatment

ROC:  Receiver operating characteristic
AUC:  Area under the curve

NPV:  Negative predictive value.

Data Availability

The data used to support the findings of this study are
available from the corresponding authors upon request.

Disclosure

Qiangian Li and Ran Wang are co-first authors.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

Qiangian Li reviewed and searched the literature, wrote the
protocol, collected the data, performed the statistical analysis
and quality assessment, interpreted the data, and drafted
the manuscript. Ran Wang searched the literature, wrote
the protocol, collected the data, and performed the statis-
tical analysis and quality assessment. Xiaozhong Guo
checked the data and gave critical comments. Hongyu Li
checked the data and gave critical comments. Xiaodong
Shao checked the data and gave critical comments. Kexin
Zheng collected the data. Xiaolong Qi gave critical com-
ments. Yingying Li collected the data. Xingshun Qi conceived
the work, reviewed and searched the literature, wrote the
protocol, performed the statistical analysis, interpreted the
data, and revised the manuscript. All authors have made
an intellectual contribution to the manuscript and approved
the submission.

Acknowledgments

This work was partially supported by the Natural Science
Foundation of Liaoning Province (20180530057).

Supplementary Materials

Supplementary Table 1: kappa statistics of diagnosing the
presence of esophageal varices and gastric varices on

13

contrast-enhanced CT. Supplementary Table 2: diagnostic
performance of noninvasive approaches on the basis of
Baveno VI criteria: an overview. (Supplementary Materials)

References

[1] E. A. Tsochatzis, J. Bosch, and A. K. Burroughs, “Liver cirrho-
sis,” The Lancet, vol. 383, no. 9930, pp. 1749-1761, 2014.

[2] A.J.Sanyal, ]. Bosch, A. Blei, and V. Arroyo, “Portal hyperten-
sion and its complications,” Gastroenterology, vol. 134, no. 6,
pp. 1715-1728, 2008.

[3] G. Garcia-Tsao, J. G. Abraldes, A. Berzigotti, and J. Bosch,
“Portal hypertensive bleeding in cirrhosis: risk stratification,
diagnosis, and management: 2016 practice guidance by the
American Association for the Study of Liver Diseases,” Hepa-
tology, vol. 65, no. 1, pp. 310-335, 2017.

[4] R. de Franchis and V. I. F. Baveno, “Expanding consensus in
portal hypertension: report of the Baveno VI consensus work-
shop: stratifying risk and individualizing care for portal hyper-
tension,” Journal of Hepatology, vol. 63, no. 3, pp. 743-752,
2015.

[5] G. Garcia-Tsao, A. J. Sanyal, N. D. Grace, W. D. Carey, and
the Practice Guidelines Committee of the American Associ-
ation for the Study of Liver Diseases and the Practice
Parameters Committee of the American College of Gastro-
enterology, “Prevention and management of gastroesopha-
geal varices and variceal hemorrhage in cirrhosis,” The
American Journal of Gastroenterology, vol. 102, no. 9,
pp. 2086-2102, 2007.

[6] M. Lahbabi, I. Mellouki, N. Aqodad et al., “Esophageal variceal
ligation in the secondary prevention of variceal bleeding: result
of long term follow-up,” The Pan African Medical Journal,
vol. 15, p. 3, 2013.

[7] L. Masalaite, J. Valantinas, and J. Stanaitis, “Endoscopic ultra-
sound findings predict the recurrence of esophageal varices
after endoscopic band ligation: a prospective cohort study,”
Scandinavian Journal of Gastroenterology, vol. 50, no. 11,
pp. 1322-1330, 2015.

[8] J. Bosch and J. C. Garcia-Pagan, “Prevention of variceal
rebleeding,” The Lancet, vol. 361, no. 9361, pp. 952-954, 2003.

[9] R. de Franchis and A. Dell’Era, “Invasive and noninvasive
methods to diagnose portal hypertension and esophageal var-
ices,” Clinics in Liver Disease, vol. 18, no. 2, pp. 293-302, 2014.

[10] D. Thabut, R. Moreau, and D. Lebrec, “Noninvasive assess-
ment of portal hypertension in patients with cirrhosis,” Hepa-
tology, vol. 53, no. 2, pp. 683-694, 2011.

[11] E.Pateu, F. Oberti, and P. Cales, “The noninvasive diagnosis of
esophageal varices and its application in clinical practice,”
Clinics and Research in Hepatology and Gastroenterology,
vol. 42, no. 1, pp. 6-16, 2018.

[12] H. Deng, X. Qi, and X. Guo, “Diagnostic accuracy of APRI,
AAR, FIB-4, FI, King, Lok, Forns, and FibroIndex scores in
predicting the presence of esophageal varices in liver cirrhosis:
a systematic review and meta-analysis,” Medicine, vol. 94,
no. 42, p. 1795, 2015.

[13] H. Deng, X. Qi, Y. Peng et al., “Diagnostic accuracy of APRI,
AAR, FIB-4, Fl, and King scores for diagnosis of esophageal
varices in liver cirrhosis: a retrospective study,” Medical
Science Monitor, vol. 21, pp. 3961-3977, 2015.

[14] H. Deng, X. Qi, and X. Guo, “Computed tomography for
the diagnosis of varices in liver cirrhosis: a systematic review


http://downloads.hindawi.com/journals/grp/2019/6704673.f1.docx

14

(15]

(16]

(17]

(18]

(19]

[20]

(21]

(22]

(25]

(26]

(27]

(28]

and meta-analysis of observational studies,” Postgraduate
Medicine, vol. 129, no. 3, pp. 318-328, 2017.

Y. J. Tseng, X. Q. Zeng, J. Chen, N. Li, P. J. Xu, and S. Y. Chen,
“Computed tomography in evaluating gastroesophageal vari-
ces in patients with portal hypertension: a meta-analysis,”
Digestive and Liver Disease, vol. 48, no. 7, pp. 695-702, 2016.

M. J. Lipp, A. Broder, D. Hudesman et al., “Detection of
esophageal varices using CT and MRIL” Digestive Diseases
and Sciences, vol. 56, no. 9, pp- 2696-2700, 2011.

H. Deng, X. Qi, Y. Zhang, Y. Peng, J. Li, and X. Guo, “Diagnos-
tic accuracy of contrast-enhanced computed tomography for
esophageal varices in liver cirrhosis: a retrospective observa-
tional study,” Journal of Evidence-Based Medicine, vol. 10,
no. 1, pp. 46-52, 2017.

S.S.Sami, D. Harman, K. Ragunath, D. Bohning, J. Parkes, and
I. N. Guha, “Non-invasive tests for the detection of oesopha-
geal varices in compensated cirrhosis: systematic review and
meta-analysis,” United European Gastroenterology Journal,
vol. 6, no. 6, pp. 806-818, 2018.

R. E. Perri, M. V. Chiorean, J. L. Fidler et al., “A prospective
evaluation of computerized tomographic (CT) scanning as a
screening modality for esophageal varices,” Hepatology,
vol. 47, no. 5, pp. 1587-1594, 2008.

R.N. H. Pugh, I. M. Murray-Lyon, J. L. Dawson, M. C. Pietroni,
and R. Williams, “Transection of the oesophagus for bleeding
oesophageal varices,” The British Journal of Surgery, vol. 60,
no. 8, pp. 646-649, 1973.

P. S. Kamath and W. R. Kim, “The model for end-stage liver
disease (MELD),” Hepatology, vol. 45, no. 3, pp. 797-805,
2007.

C. T. Wai, J. K. Greenson, R. J. Fontana et al., “A simple
noninvasive index can predict both significant fibrosis and
cirrhosis in patients with chronic hepatitis C,” Hepatology,
vol. 38, no. 2, pp. 518-526, 2003.

E. Giannini, D. Risso, F. Botta et al., “Validity and clinical
utility of the aspartate aminotransferase-alanine aminotrans-
ferase ratio in assessing disease severity and prognosis in
patients with hepatitis C virus-related chronic liver disease,”
Archives of Internal Medicine, vol. 163, no. 2, pp. 218-224,
2003.

R. K. Sterling, E. Lissen, N. Clumeck et al., “Development of a
simple noninvasive index to predict significant fibrosis in
patients with HIV/HCV coinfection,” Hepatology, vol. 43,
no. 6, pp. 1317-1325, 2006.

A. S. F. Lok, M. G. Ghany, Z. D. Goodman et al., “Predicting
cirrhosis in patients with hepatitis C based on standard labora-
tory tests: results of the HALT-C cohort,” Hepatology, vol. 42,
no. 2, pp. 282-292, 2005.

T.]J.S. Cross, P. Rizzi, P. A. Berry, M. Bruce, B. Portmann, and
P. M. Harrison, “King’s score: an accurate marker of cirrhosis
in chronic hepatitis C,” European Journal of Gastroenterology
& Hepatology, vol. 21, no. 7, pp. 730-738, 2009.

E. Giannini, F. Botta, P. Borro et al., “Platelet count/spleen
diameter ratio: proposal and validation of a non-invasive
parameter to predict the presence of oesophageal varices
in patients with liver cirrhosis,” Gut, vol. 52, no. 8§,
pp. 1200-1205, 2003.

Y. J. Kim, S. S. Raman, N. C. Yu, K. J. To'o, R. Jutabha, and
D. S. K. Lu, “Esophageal varices in cirrhotic patients: evalua-
tion with liver CT,” AJR. American Journal of Roentgenology,
vol. 188, no. 1, pp. 139-144, 2007.

(29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

[41]

(42]

Gastroenterology Research and Practice

J. K. Willmann, D. Weishaupt, T. Bohm et al., “Detection of
submucosal gastric fundal varices with multi-detector row
CT angiography,” Gut, vol. 52, no. 6, pp. 886-892, 2003.

Chinese Society of Gastroenterology CSoH, Chinese Society of
Endoscopy CMA, “Consensus on prevention and treatment
for gastroesophageal varices and variceal hemorrhage in liver
cirrhosis,” Chinese Journal of Digestive Diseases, vol. 28,
pp. 551-558, 2008.

X. Qi, H. Li, J. Chen et al., “Serum liver fibrosis markers for
predicting the presence of gastroesophageal varices in liver cir-
rhosis: a retrospective cross-sectional study,” Gastroenterology
Research and Practice, vol. 2015, Article ID 274534, 6 pages,
2015.

A. Marot, E. Trepo, C. Doerig, A. Schoepfer, C. Moreno, and
P. Deltenre, “Liver stiffness and platelet count for identifying
patients with compensated liver disease at low risk of variceal
bleeding,” Liver International, vol. 37, no. 5, pp. 707-716,
2017.

P. Jangouk, L. Turco, A. De Oliveira, F. Schepis, E. Villa, and
G. Garcia-Tsao, “Validating, deconstructing and refining
Baveno criteria for ruling out high-risk varices in patients with
compensated cirrhosis,” Liver International, vol. 37, no. 8,
pp. 1177-1183, 2017.

J. B. Maurice, E. Brodkin, F. Arnold et al., “Validation of the
Baveno VI criteria to identify low risk cirrhotic patients not
requiring endoscopic surveillance for varices,” Journal of
Hepatology, vol. 65, no. 5, pp. 899-905, 2016.

S. Augustin, M. Pons, J. B. Maurice et al., “Expanding the
Baveno VI criteria for the screening of varices in patients with
compensated advanced chronic liver disease,” Hepatology,
vol. 66, no. 6, pp- 1980-1988, 2017.

M. . Silva, C. Bernardes, J. Pinto et al., “Baveno VI recommen-
dation on avoidance of screening endoscopy in cirrhotic
patients: are we there yet?,” GE Portuguese Journal of Gastro-
enterology, vol. 24, no. 2, pp. 79-83, 2017.

J. Bae, D. H. Sinn, W. Kang et al., “Validation of the Baveno VI
and the expanded Baveno VI criteria to identify patients who
could avoid screening endoscopy,” Liver International,
vol. 38, no. 8, pp. 1442-1448, 2018.

M. Bellan, P. P. Sainaghi, M. T. Minh et al., “Gas6 as a predic-
tor of esophageal varices in patients affected by hepatitis C
virus related-chronic liver disease,” Biomarkers in Medicine,
vol. 12, no. 1, pp. 27-34, 2018.

P. Cales, S. Sacher-Huvelin, D. Valla et al., “Large oesophageal
varice screening by a sequential algorithm using a cirrhosis
blood test and optionally capsule endoscopy,” Liver Interna-
tional, vol. 38, no. 1, pp. 84-93, 2018.

A. Colecchia, F. Ravaioli, G. Marasco et al,, “A combined
model based on spleen stiffness measurement and Baveno VI
criteria to rule out high-risk varices in advanced chronic liver
disease,” Journal of Hepatology, vol. 69, no. 2, pp. 308-317,
2018.

N. Matsui, K. Imajo, M. Yoneda et al., “Magnetic resonance
elastography increases usefulness and safety of non-invasive
screening for esophageal varices,” Journal of Gastroenterology
and Hepatology, vol. 33, no. 12, pp. 2022-2028, 2018.

C. Moctezuma-Velazquez, F. Saffioti, S. Tasayco-Huaman
et al,, “Non-invasive prediction of high-risk varices in patients
with primary biliary cholangitis and primary sclerosing cho-
langitis,” The American Journal of Gastroenterology, vol. 114,
no. 3, pp. 446-452, 2019.



Gastroenterology Research and Practice

(43]

(44]

(45]

(46]

(47]

(48]

(49]

(50]

S. Petta, G. Sebastiani, E. Bugianesi et al, “Non-invasive
prediction of esophageal varices by stiffness and platelet in
non-alcoholic fatty liver disease cirrhosis,” Journal of Hepatol-
0gy, vol. 69, no. 4, pp. 878-885, 2018.

Vienna Hepatic Hemodynamic Lab, T. Reiberger, A. Ferlitsch
et al., “Non-selective -blockers improve the correlation of
liver stiffness and portal pressure in advanced cirrhosis,” Jour-
nal of Gastroenterology, vol. 47, no. 5, pp. 561-568, 2012.

A. Berzigotti, P. Zappoli, D. Magalotti, C. Tiani, V. Rossi, and
M. Zoli, “Spleen enlargement on follow-up evaluation: a non-
invasive predictor of complications of portal hypertension in
cirrhosis,” Clinical Gastroenterology and Hepatology, vol. 6,
no. 10, pp. 1129-1134, 2008.

H. Stefanescu, C. Radu, B. Procopet et al, “Non-invasive
ménage a trois for the prediction of high-risk varices: stepwise
algorithm using lok score, liver and spleen stiffness,” Liver
International, vol. 35, no. 2, pp. 317-325, 2015.

R. Wang, X. Qi, and X. Guo, “Quantification of ascites based
on abdomino-pelvic computed tomography scans for predict-
ing the in-hospital mortality of liver cirrhosis,” Experimental
and Therapeutic Medicine, vol. 14, no. 6, pp. 5733-5742, 2017.

X. Qi, G. Han, C. He et al., “CT features of non-malignant por-
tal vein thrombosis: a pictorial review,” Clinics and Research in
Hepatology and Gastroenterology, vol. 36, no. 6, pp. 561-568,
2012.

X. Qi, X. Qi, Y. Zhang et al., “Prevalence and clinical character-
istics of spontaneous splenorenal shunt in liver cirrhosis: a ret-
rospective observational study based on contrast-enhanced
computed tomography (CT) and magnetic resonance imaging
(MRI) scans,” Medical Science Monitor, vol. 23, pp. 2527-
2534, 2017.

K. M. Elsayes, J. C. Hooker, M. M. Agrons et al., “2017 version
of LI-RADS for CT and MR imaging: an update,” Radio-
graphics, vol. 37, no. 7, pp. 1994-2017, 2017.

15



	Contrast-Enhanced CT May Be a Diagnostic Alternative for Gastroesophageal Varices in Cirrhosis with and without Previous Endoscopic Variceal Therapy
	1. Introduction
	2. Methods
	2.1. Patients
	2.2. Groups
	2.3. Data Collection
	2.4. Contrast-Enhanced CT Images
	2.5. Endoscopy
	2.6. Statistical Analysis

	3. Results
	3.1. Patients
	3.2. Primary Prophylaxis Population
	3.3. Acute Bleeding Population
	3.4. Previous Bleeding Population
	3.5. Secondary Prophylaxis Population

	4. Discussion
	Abbreviations
	Data Availability
	Disclosure
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments
	Supplementary Materials

