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Abstract

Portal vein thrombosis (PVT) and acute variceal bleeding (AVB) are frequent complications of cirrhosis. The efficacy,
safety, and timing of anticoagulant treatment in cirrhotic patients with PVT and AVB are contentious issues. We aimed to
establish the safety and efficacy of initiating nadroparin calcium—warfarin sequential (NWS) anticoagulation therapy early
after esophageal variceal band ligation within PVT patients having cirrhosis and AVB. Cirrhotic patients having AVB and
PVT who underwent EVL were included and randomly allocated to either the NWS therapy group (1-month nadroparin
calcium by subcutaneous injection following 5-month warfarin through oral administration, n=43) or the control group
(without any anticoagulation therapy, n=43). The primary endpoint was the rate of PVT recanalization. Secondary endpoints
included major bleeding events mainly referring to variceal rebleeding (5-day failure, 14-day, 4-week, 6-week, and 6-month
rebleeding rates) and mortality after EVL. The overall recanalization (complete and partial) rate in the NWS therapy group
was significantly higher than that in the control group (67.4% vs. 39.5%, P=0.009). Low Child—Pugh score (P =0.039, OR:
0.692, 95% CI 0.488-0.982), D-dimer < 2.00 ug/mL (P=0.030, OR: 3.600, 95% CI 1.134-11.430), and NWS anticoagulation
therapy (P=0.002, OR: 4.189, 95% CI 1.660-10.568) were the predictors of PVT recanalization through univariate analysis
of binary logistic regression. NWS anticoagulation therapy (P=0.003, OR: 4.506, 95% CI 1.687-12.037) was the independent
factor of recanalization through multivariate analysis. Nobody bled except for variceal rebleeding. Five-day failure and 14-day
rebleeding were zero. There were no significantly different in 4-week (2.3% vs. 4.7%, P=1.000), 6-week (4.7% vs. 9.3%,
P=0.672) and 6-month rebleeding (18.6% vs. 20.9%, P =0.787) between the two groups. There was no mortality during
six months follow-up. Low serum albumin (P=0.011, OR: 0.844, 95% CI 0.741-0.962), high MELD score (P =0.003,
OR: 1.564, 95% CI 1.167-2.097) and Child—Pugh score (P=0.006, OR: 1.950, 95% CI 1.206-3.155) were predictors of
rebleeding by univariate analysis of binary logistic regression analysis. The Child—Pugh score (7 [6-8] vs. 6 [5-7], P=0.003)
and albumin levels (33.93 +5.30 vs. 37.28 +4.32, P=0.002) were improved in the NWS therapy group at six months. In
PVT patients with cirrhosis and AVB, starting NWS anticoagulation therapy early after EVL was safe and effective. It has
the potential to raise albumin levels and improve liver function.
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of 5-day failure, 14-day, 6-week, and 1-year rebleeding in
cirrhotic PVT patients [3]. Our team recently confirmed
that PVT was associated with increased 14-day and 6-week
rebleeding in AVB patients following esophageal variceal
band ligation (EVL) [4].

Anticoagulation therapy was the first-line therapy for
PVT, and studies have proved its safety and efficacy in
cirrhotic patients [5—7]. However, early diagnosis and
treatment are key factors for the successful management
of PVT in cirrhosis [8, 9]; anticoagulation must always
be started after implementing adequate prophylaxis for
gastrointestinal bleeding [10]. The crucial question is
whether initiating anticoagulation therapy early after EVL
is safe in cirrhotic PVT patients with AVB.

Most published studies have used LMWH or warfarin
as anticoagulant drugs. Previous research by our teams
demonstrated that 6-month nadroparin calcium—warfarin
sequential (NWS) anticoagulation therapy was safe and
effective in cirrhotic PVT patients, with PVT repermeation
rate increasing from 34.4 to 62.5% and albumin level
increasing [5]. Nevertheless, it is unknown whether the
strategy is proper in PVT patients with cirrhosis and AVB
after EVL.

This study aims to confirm the safety and efficacy of
starting nadroparin calcium warfarin sequential (NWS)
anticoagulation therapy early after EVL in PVT patients
with cirrhosis and AVB.

Methods

The present study was a multi-centric, single-blinded
randomized controlled trial evaluating NWS anticoagulation
therapy's safety and efficacy among PVT patients with
cirrhosis and AVB. The study protocol was approved by the
Medical Ethics Committee of Qilu Hospital of Shandong
University. The informed consent was signed by all
participants. The trial was registered on ClinicalTrials.gov
as NCT04976543.

Patients and groups

All the cirrhotic patients admitted at Qilu Hospital of
Shandong University, Liaocheng People’s Hospital, and
Taian City Central Hospital combined with AVB and PVT
were prospectively and consecutively estimated within
this study. The inclusion criteria were as follows: liver
cirrhosis (as determined by the clinical, laboratory, and
imaging examinations or liver biopsies); age between 18
and 75 years; PVT diagnosed using abdominal contrast-
enhanced computed tomography (CT) or contrast-
enhanced magnetic resonance angiography (MRI) before
endoscopy; endoscopy-proven esophageal variceal
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bleeding (EVB) and treated with EVL with or without
gastric variceal obstruction. The exclusion criteria were:
uncontrolled active bleeding, hepatocellular carcinoma or
other extrahepatic malignancy, previous TIPS treatment,
the cavernous transformation of the portal vein, platelet
count < 10 X 10"9/L, creatinine > 170 pmol/L, Budd—Chiari
syndrome, pregnancy or breast-feeding period and any
on-going anticoagulation treatment.

Eligible patients from the three hospitals were randomly
divided into two equal groups: the NWS and control groups.
Randomized patients were grouped using a computer-based
random number table procedure by a specialized researcher.
The numbers produced were put in a sealed envelope and
then successively sent to clinicians during enrollment.
Patients and clinicians providing the interventions were
not blinded, while clinicians assessing the imaging and
analyzing the data were blinded to the group allocation and
the coded data of the patients.

Procedure

To achieve hemodynamic stability, all AVB patients were
immediately resuscitated. Meanwhile, the patients were
given prophylactic antibiotics, proton pump inhibitors
(PPIs), and vasoactive drugs during their admission. When
the patients' hemodynamics were stable, they underwent
contrast-enhanced CT or MRI to determine PVT, followed
by esophagogastroduodenoscopy [11]. Close loop ligatures
were recommended and performed by physicians with
more than three years of experience with the endoscopic
procedure.

EVL was performed using the Cook or Boston Scientific
Medi-Tech. Operators decided the number of bands based
on the conditions of varices, and N-butyl cyanoacrylate
was injected into gastric varices if necessary. Endoscopic
therapy was performed every 28 days until the varices were
eradicated, they were unsuitable for medicine, they died,
or they were converted to another treatment (i.e., liver
transplantation or TIPS).

Carvedilol treatment began 24 h after EVL with an initial
dose of 6.25 mg daily, and doses were gradually increased
until 55 beats per minute (bpm) or a 25% decrease in heart
rate was achieved. All patients in the NWS group began
anticoagulation therapy 48 h after EVL and received a
monthly subcutaneous injection of nadroparin calcium 1 mg/
kg. Then oral warfarin was provided continuously for five
months. Warfarin was initiated five days before nadroparin
calcium was stopped. The international normalized ratio
(INR) was monitored every 3—4 days, and the warfarin dose
was carefully adjusted until 2-3. Anticoagulation therapy
was stopped three days before the subsequent endoscopic
treatment. Patients in the control group did not receive any
anticoagulation therapy.
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Data collection and definitions

Clinical variables such as patient demographics, past
medical and surgical history, ascites, laboratory, imaging,
and endoscopic data were collected during admission.
Clinical ascites were either absent or present. Cirrhosis
severity and liver function were assessed through the end-
stage liver disease score (MELD) model and the Child—Pugh
score based on formulas described previously [12, 13].

PVT was diagnosed based on the absence of blood flow
in part or whole of the lumen of the splenoportomesenteric
axis, with solid material in the vein by imaging (upper
abdominal contrast-enhanced CT or MRI). The site of PVT
(within the portal trunk, the portal branch, both in the trunk
and branches) and the extent of the portal vein system (SV,
SMYV, or both) were recorded [14]. The vessel and residual
patent lumen were outlined at the maximum thrombosis level
for each venous segment. Commercial software was used to
calculate the total and patent lumen area [15]. Thrombus
occlusion was computed as a percentage of the entire lumen
area. Complete thrombosis was defined as equal to or greater
than 90% thrombotic material presence within vessels.
Otherwise, it was described as partial thrombosis [5].

According to the Japanese Research Society for Portal
Hypertension classification, forms of esophageal varices
were classified as F1, F2, or F3. Red signs included red
whale marks, cherry-red spots, or hematocysts, while
bleeding signs included gushing bleeding, spurting bleeding,
oozing bleeding, a red plug, or a white plug [16]. Gastric
varices were classified depending on the method of Sarin
et al. [17]. Other gastrointestinal lesions (i.e., peptic
ulcer or portal hypertensive gastropathy) were recorded
simultaneously.

Follow-up

Follow-up visits were scheduled at 1, 3, and 6 months or
whenever portal hypertension recurred, containing clinical,
biochemical, and imaging evaluations. After 6 months,
liver function and imaging data were re-evaluated (end of
the anticoagulation therapy). The follow-up began on the
EVL date and ended in May 2022, or on the death day or
the day of the last visit in the 6th month. When a severe
bleeding episode occurred, the anticoagulation treatment
was discontinued.

Endpoints and definitions

The primary endpoint was the overall recanalization rate,
defined as the fraction of patients who had complete or
partial recanalization. Portal vein recanalization was
assessed through imaging. Complete recanalization was
defined as the complete disappearance of the intravenous

thrombus. Partial recanalization refers to reduced thrombus
size >50% and thrombus without extending to other veins.
No response or stable thrombosis was considered when
the thrombus had the same volume, decreased <50%, or
increased < 30% on the cross-section. Progression was
defined when the thrombus size increased by >30% or
extended to other segments [5]. The second endpoint was
severe bleeding and death. Major bleeding was defined as
fatal bleeding in a critical area or organ, such as the upper
gastrointestinal (GI), pericardial, or intracranial regions,
with the accompanied syndrome and/or a>2 g drop in
hemoglobin or requiring transfusion of >2U red cells
[18]. Variceal rebleeding was defined as any significant
hematemesis or melena (i.e., with a>2 g drop in hemoglobin
and proved by re-endoscopy) after a 24-h period of stable
vital signs and post-treatment hemoglobin. Five-day failure
was a composite outcome, including death, failure to control
bleeding (FTCB), and rebleeding within five days. 14-day,
4-week, 6-week, and 6-month rebleeding was defined
as rebleeding within 14 days, four weeks, six weeks, and
six months after EVL, respectively. During the six-month
follow-up, mortality was defined as death from any cause
of illness related to liver dysfunction. Anticoagulation
therapy initiated within 48 h of EVL was referred to as
anticoagulation early.

Group size calculation

The overall recanalization rate of PVT at the sixth month
was selected as the primary outcome of the computed group
size. Twenty-seven patients in each group were required to
detect a difference of 0.30 and achieve 80% power at a 5%
significance level, assuming a recanalization rate of 70%
in the anticoagulation group and 40% in the control group,
depending on previous studies [19]. Thirty patients were
included in each group considering a 10% dropout rate.

Statistical analysis

The statistical software IBM SPSS Statistical 21.0 was used
for the analysis (SPSS, Chicago, IL, US). Intention-to-treat
(ITT) and per-protocol (PP) analyses were used to compare
the outcomes of the groups. ITT analysis was performed
on all eligible patients, and PP analysis was performed on
patients who completed the program.

Quantitative data were expressed as mean + SD and
were assessed through the Student’s ¢ test. As appropriate,
categorical variables were expressed as percentages
and compared using the Chi-square or Fisher exact test.
Univariate and multivariate logistic regression analyses were
used to identify predictors of recanalization and rebleeding.
All the tests were two-sided, and a P value <0.05 was
considered statistically significant.
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Results
Patients

Recruitment was implemented from February 2020 to
December 2021, and the final follow-up was completed
in May 2022. A total of 148 patients were identified at
the beginning. Sixty-two met the exclusion criteria, while
86 were included and randomly separated into two groups
(Fig. 1). One patient dropped out of the NWS group at the
second month, and another discontinued anticoagulation
therapy due to intestinal perforation and underwent partial
small intestinal resection at the third month. One patient
in the control group rebled on day 22 and was admitted
again but dropped out later. The other quit after the third
month. Finally, 82 patients completed the trial (Fig. 1).
Baseline characteristics were comparable between the
groups through ITT analysis (Table 1).

Portal vein recanalization

The PVT outcomes in patients who dropped out were
considered as no response for the NWS group and
recanalization in the control group. In the ITT analysis, the
overall recanalization (partial or complete) was observed in
29/43 (67.4%) patients in the NWS group compared with
17/43 (39.5%) within the control group. The difference was
significant (P =0.009). The PVT progression rate in the
NWS group was 5/43 (11.5%), which was lower than the
control group's rate of 12/43 (27.9%) (P =0.058). In the PP
analysis, the odds of overall recanalization were higher in
the NWS therapy group (70.7% vs. 36.6%, P=0.002), while
the odds of PVT progression were lower (7.3% vs. 29.3%,
P=0.010) (Table 2).

Child-Pugh score (P=0.039, odds ratio [OR]: 0.692;
95% confidence interval [CI]: 0.488-0.982), D-dimer <2.00
ug/mL (P=0.030, OR: 3.600; 95% CI 1.134-11.430), and
NWS anticoagulation therapy (P=0.002, OR: 4.189; 95% CI
1.660-10.568) were related to the portal vein recanalization
(partial or complete) within the univariate analysis of binary

Fig. 1 Flowchart showing
the study design and patients’
placement

AVB-+liver cirrhosis+PVT
(n=148)

62 excluded
33 refused participation
29 did not meet eligibility criteria

3 uncontrolled active bleeding

16 hepatocellular carcinoma or
other extrahepatic malignancy

1 older than 75 vyears and
complicated with heart failure

9 on-going anticoagulation
treatment

86 randomly assigned
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Table 1 Baseline gharacter istics Variables NWS group Control group P value
of the enrolled patients (n=43) (n=43)
Age (years) 56.54+9.62 55.58+10.62 0.664
Male, n (%) 23 (53.5) 27 (62.8) 0.382
Etiology of cirrhosis, (n%) 0.440
HBV 23 (53.5) 19 (44.2)
HCV 12.3) 24.7)
Alcoholic 4(9.3) 7 (16.3)
Autoimmune 8 (18.6) 4(9.3)
Cryptogenic 7(16.3) 11 (25.6)
First variceal haemorrhagic episode 20 (46.5) 22 (51.2) 0.666
Splenectomy/PSE history, n (%) 16 (37.2) 12 (27.9) 0.357
Previous EVL, n (%) 10 (23.3) 9(20.9) 0.795
HE, n (%) 1(2.3) 24.7) 1.000
Ascites, n (%) 31 (72.1) 29 (67.4) 0.639
Serum bilirubin (pmol/L) 18.16 +8.79 20.49+10.17 0.259
Serum albumin (g/L) 33.73+5.26 34.36+4.61 0.556
Serum creatinine (pmol/L) 62.09+11.65 62.04 +14.80 0.988
PT(s) 14.31+1.85 14.76 +1.95 0.279
INR 1.26 +0.17 1.31+0.20 0.203
D-dimer (pg/mL) 2.10+3.78 2.30+3.61 0.795
Haemoglobin (g/L) 84.35+24.43 91.09+39.00 0.339
Platelet count (10° /L) 116.58 +75.46 108.93 +89.60 0.670
Child—pugh score 6.93+1.33 6.95+1.36 0.936
Child—Pugh class, n (%) 0.839
A 15 (34.9) 15 (34.9)
B 26 (60.5) 27 (62.8)
C 2 (4.7) 1(2.3)
MELD score 9.49+1.80 10.23+2.23 0.093
Form of esophageal varices, n (%) 0.106
F2 3(7.0) 8 (18.6)
F3 40 (93.0) 35(81.4)
Red signs, n (%) 42 (97.7) 43 (100) 1.000
Gushing/spurting/oozing/red plug/white 8 (18.6) 9(20.9) 0.787
plug, n (%)
Number of bands 7.84+2.64 8.47+3.03 0.308
Gastric varices, n (%) 39 (90.7) 36 (83.7) 0.333
Site of PVT, n (%) 0.540
Only trunk 19 (44.2) 19 (44.2)
Trunk and branches 18 (41.9) 21 (48.8)
Only branch 6 (14.0) 3(7.0)
Extent of PVT, n (%) 0.325
Extension into SMV 11 (25.6) 12 (27.9)
Extension into SV 6 (14.0) 24.7)
Extension into SV and SMV 8 (18.6) 10 (23.3)

Data are means + standard deviations

NWS nadroparin calcium-warfarin sequential therapy, CCG cirrhotic control group, PSE partial splenic
embolysis, EVL oesophageal variceal band ligation, PT prothrombin time, /NR international normalized
ratio, HE hepatic encephalopathy, PVT portal vein thrombosis, SV splenic vein, SMV superior mesenteric

vein
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Table 2 Recanalization and rebleeding between the NWS therapy
group and control group by ITT and PP analysis

NWS group Control group P value
ITT analysis N=43 N=43
Portal vein recanalization,
n (%)
Overall recanalization 29 (67.4) 17 (39.5) 0.009
Complete recanalization 14 (32.6) 7 (16.3) 0.079
Partial recanalization 15 (34.9) 10 (23.3) 0.235
Stable 9(20.9) 14 (32.6) 0.223
Progress 5(11.6) 12 (27.9) 0.058
Rebleeding, n (%)
5-Day failure 0 (0) 0(0)
14-Day rebleeding 0 (0) 0(0)
4-Week rebleeding 1(2.3) 247 1.000
6-Week rebleeding 24.7) 4(9.3) 0.672
6-Month rebleeding 8 (18.6) 9(20.9) 0.787
PP analysis N=41 N=41
Portal vein recanalization,
n (%)
Overall recanalization 29 (70.7) 15 (36.6) 0.002
Complete recanalization 14 (34.1) 5(12.2) 0.018
Partial recanalization 15 (36.6) 10 (24.4) 0.230
Stable 9 (22.0) 14 (34.1) 0.219
Progress 3(7.3) 12 (29.3) 0.010
Rebleeding, n (%)
5-Day failure 0(0) 0 (0)
14-Day rebleeding 0(0) 0(0)
4-Week rebleeding 1(2.4) 1(24) 1.000
6-Week rebleeding 2(4.9) 3(7.3) 1.000
6-Month rebleeding 6 (14.6) 8 (19.5) 0.557

ITT analysis intention-to-treat analysis, NWS nadroparin calcium—
warfarin sequential, PP analysis per-protocol analysis

logistic regression. In the multivariate analysis, only the
NWS anticoagulation therapy (P=0.003, OR: 4.506; 95%
CI 1.687-12.037) was characterized as an independent
predictor of recanalization (Table 3).

Safety

During the 6-month follow-up, all patients (n=43)
completed the nadroparin calcium therapy, and no patients
experienced other sites of bleeding except for variceal
rebleeding. Five-day failure and 14-day rebleeding were both
zero. Four-week (2.3% vs. 4.7%, P=1.000), six-week (4.7%
vs. 9.3%, P=0.672), and six-month rebleeding rates (18.6%
vs. 20.9%, P=0.787) rebleeding rates (18.6% vs.20.9%,
P=0.787) were all similar between the two groups. In the
PP analysis, there were also no significantly different in the
rates of four-week (2.4% vs. 2.4%, P=1.000), six-week
(4.9% vs. 71.3%, P=1.000), and six-month rebleeding (14.6%
vs. 19.5%, P=0.557) between the two groups (Table 2). No
patient died during the six months of follow-up.

Child-Pugh score (P=0.006, OR: 1.950; 95% CI
1.206-3.155), MELD score (P =0.003, OR: 1.564; 95% CI
1.167-2.097), and albumin levels (P=0.011, OR: 0.844;
95% CI1 0.741-0.962) were associated with rebleeding in the
univariate analysis of binary logistic regression. However,
in the multivariate analysis, we were unable to identify an
independent predictor of rebleeding (Table 3).

Impact on liver function

Compared with the baseline, the Child—Pugh score at the
sixth month was better in both the NWS therapy group
(7 [6-8] vs. 6 [5-7], P=0.003) and the control group (7
[6-8] vs. 7 [6-8], P=0.267). However, the difference
was significant only in the NWS therapy group. Similarly,

Table 3 Univariate and

ST Univariable Multivariable

multivariate analyses of the

baseline predictive factors OR 95% CI Pvalue OR 95% C1 P value

associated with recanalization

and rebleeding from binary Portal vein recanalisation

logistic regression MELD score 0.833  0.668-1.039  0.105
Child-Pugh score 0.692  0.488-0.982 0.039 0.705 0.475-1.044 0.081
D-dimer <2.00 (ug/mL) 3.600 1.134-11.430  0.030 2.221 0.774-6.374 0.137
NWS therapy 4.189 1.660-10.568  0.002 4.506 1.687-12.037  0.003

Rebleeding

Serum albumin (g/L) 0.844  0.741-0.962 0.011 0.889 0.760-1.040 0.142
Serum bilirubin (pmol/L) 1.055 0.999-1.113 0.055
MELD score 1.564 1.167-2.097 0.003 1.473 0.990-2.190 0.056
Child-Pugh score 1.950 1.206-3.155 0.006 1.031 0.505-2.108 0.932
NWS therapy 0.709  0.224-2.252 0.560
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albumin levels significantly increased only in the NWS
therapy group (33.93 +5.30 vs. 37.28 +4.32, P=0.002)
compared to the control group (34.27 +4.61 vs. 35.57+4.48,
P=0.199). However, the MELD score in both the NWS
group (9 [8-10] vs. 9 [7-10], P=0.104) and the control
group (10 [9-12] vs. 9 [8-11], P=0.124) showed no
significant improvement (Fig. 2).

Discussion

Our findings show that starting nadroparin calcium
anticoagulation therapy within 48 h of EVL is both safe
and effective in PVT patients with cirrhosis and AVB. It
also resulted in improved liver function. This is the first
prospective randomized trial to investigate the effect of
anticoagulation therapy on PVT in cirrhotic patients with
AVB after EVL.

AVB is a severe complication of liver cirrhosis with
a high rate of recurrence and death. For AVB, most
adverse events (i.e., death, failure to control bleeding,
and rebleeding) occur within the first five days and
are defined as a 5-day failure [4]. Therefore, clinicians
continue to face difficulties in initiating anticoagulation
early in PVT patients with cirrhosis and AVB. We started
anticoagulation as soon as 48 h after EVL, and none of
the patients experienced 5-day failure. Another concerns
with anticoagulant therapy in cirrhotic patients with AVB
after EVL is that it may increase the risk of post-banding
ulcer bleeding (PBUB), with a mean of 12 + 5.6 days after
variceal ligation [20]. In this study, no patients in the NWS
group rebled within 14 days after EVL, indicating that
nadroparin calcium anticoagulation therapy was safe. It
was supported by a recent study, which pointed out that
hepatocellular carcinoma and poor liver function were
associated with a higher risk of PBUB [20]. Moreover,

P=0.002

P=0.104
: -

MELD score

10 P=0.003
T

0

albumin (g/L) Child-pugh score

baseline M Sixth month

the rate of four-week, six-week, and 6-month rebleeding
in the NWS group was also similar to the control group,
depicting that NWS anticoagulation therapy was safe in
PVT patients having cirrhosis and AVB.

Further analysis showed that Child—Pugh score, MELD
score, and albumin levels were associated with 6-month
rebleeding. The Child—Pugh and MELD scores are two of
the most important scores, which are widely used to evaluate
the severity of liver dysfunction and predict prognosis in
cirrhosis [21-23]. Albumin is predominantly synthesized
in the liver, with several functions such as anti-oxidant,
anti-inflammation, modulation of hemostasis, etc. [24].
Hypoalbuminemia causes damage to the functions listed
above, resulting in circulatory dysfunction, bacterial
spontaneous peritonitis, and a high rate of variceal
rebleeding. According to the findings, variceal rebleeding
was more associated with liver function than anticoagulation
therapy.

It is worth noting that rebleeding rates in this study were
lower than that in our previous study [4]. It perhaps because
first, the published article had shown that higher Child—Pugh
score, lower albumin levels, and more bands were risk
factors for 14-day and six-week rebleeding [4], while
patients in this study had better liver function and fewer
bands. Second, close-loop ligatures were recommended
and performed by more experienced physicians in this study.
Moreover, carvedilol was administrated to patients, which
further decreased the rebleeding rates.

Despite the fact that variceal bleeding was serious and
had a high mortality rate, no one died during the six-month
follow-up period in this study. It was primarily due to our
patients' relatively good liver function reserves, with 96.5%
of them having Child—Pugh A/B. Furthermore, the treatment
and preventive measures were effective, potentially lowering
rebleeding and mortality rates. However, the Child—Pugh
C patients were too few to evaluate the safety and efficacy

40 P=0.199
35 T
30
25
20
> P=0.124
10 P=0.267 T
i
0
albumin (g/L) Child-pugh score MELD score

baseline M Sixth month

Fig.2 Comparison of albumin level, Child—Pugh score and MELD score between baseline and sixth month in the NWS therapy group (A) and
control group (B). MELD score Model for End-Stage Liver Disease score, NWS therapy nadroparin calcium—warfarin sequential therapy
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of anticoagulation in this population. Consequently, future
studies with more Child—Pugh C patients are required.

According to a previous study, the rate of spontaneous
recanalization of PVT ranged from 25 to 48% [15, 25] and
can increase to 51-83% under anticoagulant therapy [5, 7,
19]. In this study, the recanalization rate was 67.4% and
39.5% in the NWS and control groups. The anticoagulation
group had a significantly higher rate of PVT recanalization,
indicating that 6-month NWS therapy was effective. The
PVT progression rate in the control group was as high as
27.9%, whereas it was only 11.6% in the NWS therapy
group. The results were in line with the recent meta-
analysis of Loffredo et al. [19], which reported a 9% rate of
progression during therapy and 33% for untreated patients.
Therefore, anticoagulation therapy becomes necessary.

Further analysis revealed that NWS anticoagulation
therapy, lower Child—Pugh score, and D-dimer <2 pg/
mL were related to PVT recanalization, while NWS
anticoagulation therapy was the independent predictor
of PVT recanalization. Existing articles observed that
Child—Pugh score and D-dimer were associated with PVT
recanalization [5, 26], which were also observed in this
study. Advanced liver disease [27] and an increased D-dimer
concentration [28] were associated with a higher risk of
PVT formation in liver cirrhosis. On the contrary, lower
Child—Pugh scores and D-dimer were prone to recanalization
among PVT patients.

Studies reported that anticoagulation therapy could
increase albumin levels and improve the Child—Pugh score
[5, 9], as observed in this study. It is direct evidence that
anticoagulation therapy is effective in improving liver
function. The result should be ascertained by more extensive
prospective studies in PVT patients with cirrhosis in the
future.

NWS therapy is safe and readily accepted by cirrhotic
patients [5]. All AVB patients in the NWS therapy group
completed 1 month of nadroparin calcium after EVL, with
only one patient dropping out during the 5S-month warfarin
therapy. The findings suggested that NWS therapy could
be easily accepted by AVB patients, resulting in high
compliance.

Finally, it is interesting to note that comparable variceal
rebleeding rates were found between the two groups during
follow-up despite higher portal vein recanalization rates
in NWS in this study. Similar results were found in recent
research [25, 29]. A series of studies indicated that liver
function was the most important predictor for rebleeding
[4, 11, 30] rather than PVT. Though anticoagulation can
improve liver function, the effect during 6th month was
not obvious enough to decrease the risk of rebleeding.
Furthermore, a large proportion of patients had partial
portal vein recanalization, which had a limited effect on
reducing portal vein hypertension and the risk of rebleeding.

@ Springer

More research with a longer duration of follow-up and
anticoagulation therapy is needed.

This research has some limitations. For starters,
this study lacked a later anticoagulation therapy group.
Anticoagulation was typically initiated following varices
removal [31]. However, varices are easy to relapse, which
made varices eradication difficult. Second, this study did not
investigate direct oral anticoagulants (DOAC). DOAC have
been licensed for atrial fibrillation and treatment/prophylaxis
of venous thromboembolism, but no information is available
on cirrhotic patients [10]. Third, the 6-month follow-up
period was inadequate to assess the effect of anticoagulation
therapy on rebleeding and the recurrence rate of PVT in
patients who achieved recanalization after 6 months. A
recent retrospective study of 122 cirrhotic PVT patients
followed for a median of 44.1 (14-79.1) months discovered
that the anticoagulation therapy group had a lower rate of
variceal bleeding. [9]. In another retrospective study of 214
cirrhotic PVT patients, the median time of PVT recurrence
following anticoagulation therapy discontinuation was 9.2
(6.4-11.3) months [29]. Further studies with more patients
and a longer time of follow-up are necessary. Fourth, there
were only three Child—Pugh C patients, and the safety and
efficacy of NWS therapy in advanced cirrhotic patients
had not been fully assessed. Future studies with more
Child-Pugh C patients are needed.

Finally, starting NWS anticoagulation therapy within 48 h
of EVL was safe and effective in PVT patients with cirrhosis
and AVB. Furthermore, it may raise albumin levels and
improve liver function. Future research with more advanced
cirrhosis patients and a longer follow-up period are required.
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