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Abstract

Introduction. Resistant ascites after liver transplantation is a relatively
rare complication. At the same time, its presence significantly affects the
prognosis and quality of life. Early diagnosis and successful treatment of
resistant ascites can improve the long-term outcome. However, the
aetiology of post-transplant ascites is heterogeneous, and the
identification of the aetiological factor and the choice of treatment

method in most cases is a significant problem for clinicians.
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Objective: To present the review on methods of diagnosis and treatment
of resistant ascites in liver recipients in the early post-transplant period.
Material and methods. The authors have reviewed the publications
covering the main causes of ascites development after liver
transplantation, the efficiency of instrumental diagnostic methods and
surgical interventions in liver recipients with resistant ascites. The article
has also discussed the authors' own observations of severe clinical cases
of post-transplant ascites.

Conclusions. The preoperative status of the patient, the characteristics of
the donor organ and the peculiarities of the surgical intervention should
be taken into account in diagnosing the post-transplant ascites aetiology.
In the absence of obvious predisposing factors, the patient should be
evaluated sequentially to exclude vascular, intrahepatic and extrahepatic
causes of ascites. The understanding of the main mechanisms of post-
transplant ascites development and a consistent patient evaluation may
help clinicians in choosing the treatment method.
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Abbreviations

APF, arterioportal fistula



CKD, chronic kidney disease

CT, computed tomography

DUS, Doppler ultrasonography

HA, hepatic artery

HVOO, hepatic venous outflow obstruction
HVPG, hepatic venous pressure gradient
IVC, inferior vena cava

LT, liver transplantation

MSCT, multislice computed tomography
PV, portal vein

RA, resistant ascites

SA, splenic artery

SASS, splenic artery steal syndrome

SFF, small-for-flow syndrome

SFS, small-for-size syndrome

VOD/SOS, veno-occlusive disease/sinusoidal obstruction syndrome

Introduction

Ascites is the most common manifestation of decompensated liver
cirrhosis. The main cause of this complication is visceral arterial
vasodilation, which leads to a decrease in the effective circulatory volume
and sodium retention by the kidneys [1]. The appearance of ascites is
associated with a poor prognosis: one-year survival is only 50%, and liver
transplantation (LT) is the only definitive treatment method [2].

Hemodynamic changes that contribute to the development of
ascites in liver cirrhosis are reversible after LT. On average, ascites
resolves spontaneously or with diuretic therapy within 2-4 weeks.
However, 3.4-7% of liver transplant recipients have resistant ascites
(RA), which is not amenable to therapeutic treatments [3, 4]. Although
this complication is relatively rare, it is associated with worse outcomes,
including a decrease in a 1-year survival [5]. While the mechanisms of
ascites development in patients with liver cirrhosis are well understood,
RA after LT is a serious clinical problem and requires a comprehensive
approach to diagnosis and treatment. The etiologic factors of RA are
diverse and can be divided into three main groups: vascular, intrahepatic,

and extrahepatic.



The objective was to present a literature review on the methods for
diagnosis and treatment of resistant ascites in liver recipients in the early

post-transplant period.

Vascular causes

Hepatic venous outflow obstruction

The most common cause of resistant ascites after LT is hepatic
venous outflow obstruction (HVOOQO). The HVOO incidence varies from
0.5% to 9.5%, with a higher rate observed after living donor LT [6].
Previously, mechanical venous outflow obstruction was associated with
the use of the piggyback surgical technique. However, further
observations showed that the incidence of HVOO is more dependent on
surgical experience than on the type of anastomosis to the recipient's
inferior vena cava (IVVC) [7].

The detection of HVOO signs in the early postoperative period
may be associated with stenosis of the cavo-caval anastomosis, kinking,
thrombosis of the hepatic veins or the IVC compression by the liver graft.
At later stages after LT (more than 3 months), the HVOO development is
more often associated with the stenosis formation in the area of the caval
anastomosis as a result of intima hyperplasia or fibrosis. In liver fragment
transplantation, the organ rotation and the deformation of hepatic veins
may occur against the regeneration and an increase in the graft size, with
possible subsequent impairment of venous outflow. As a differential
diagnosis, it is necessary to exclude the HVOO cardiological etiology
(the right heart chamber insufficiency, tricuspid regurgitation,
regurgitation, etc.) [8-11].

The HVOO common clinical manifestations are ascites,
hydrothorax, lower limb edema, renal failure, and/or abnormal liver

biochemical test results [12]. Ultrasound imaging and Doppler



sonography remain important tools for screening for HVOO. Possible
signs of the impaired venous outflow from the liver include dilated
hepatic veins and decreased phasic blood flow in them (venous pulsatility
index less than 0.45), which is due to the absence of the right atrial wave
transmission through the IVVC [13, 14]. However, a preserved three-phase
blood flow waveform excludes HVYOO. Additional signs include stenotic
change in the area of the IVVC anastomosis with turbulent blood flow and
an increase in peak velocity in this segment while the blood flow velocity
in the hepatic veins is reduced (less than 10 cm/s). The absence of blood
flow registration at Doppler ultrasonography and the presence of
echogenic masses in the lumen may indicate thrombosis of the hepatic
veins [15, 16].

The characteristic signs at a computed tomography (CT) with
intravenous contrast enhancement include a typical dilation of the hepatic
veins that are not contrast-enhanced during the venous phase, or contrast-
enhancement defects in the area of the caval anastomosis [9]. In cardiac
causes of HVOO, a retrograde reflux of contrast agent from the right
atrium into the 1VC and hepatic veins may be observed during the arterial
phase [17].

The most important diagnostic method of examination is
venography, which allows both to evaluate not only the anatomical and
hemodynamic features in the area of the IVC anastomosis, and also to
conduct differential diagnostics and to assume the level of venous
outflow obstruction. The stenosis detection and registration of clinically
significant transanastomotic pressure gradient (the difference between
free pressure in the hepatic vein and pressure in the right atrium)
constitute the diagnostic criterion of HVOO. Currently, there is no

consensus regarding the threshold value of the pressure gradient, and this



parameter value varies from 3-20 mm Hg. However, a gradient of more
than 10 mm Hg is most often used to diagnose HVOO [18].

Treatment of HVOO depends on the etiologic factor and the period
after LT. Balloon angioplasty and stenting are preferable for stenosis of
the cavo-caval anastomosis due to minimal invasiveness and favorable
long-term results of endovascular treatment. However, angioplasty in the
early postoperative period is associated with the risk of extravasation and
restenosis [19]. Relaparotomy can be considered if the signs of venous
outflow obstruction occur in the first weeks after LT, while in the long
term, reconstructive surgeries are associated with high risks of
complications. Another indication for surgical intervention is thrombosis
of the hepatic veins due to the high risks of thromboembolism during
endovascular interventions. Surgical treatment options include revision and
reconstruction of the anastomosis, thrombectomy, hepatopexy to prevent
rotation and kinking [9, 18, 20].

The literature also describes alternative methods of surgical treatment
of HVOO when the IVC is compressed by a large-size graft (large-for-size
syndrome). M. Gastaca et al. published their experience of treating 3
patients using a breast implant placement retrohepatically, which helped to
fix the graft in a midline position and maintain an adequate outflow from the
hepatic veins. Resolution of resistant ascites was observed in all cases within
2 weeks after surgery. In addition, other centers have reported the use of
inflatable balloons (Foley catheter, Blackmore catheter) and surgical gloves
as a fixing elastic material [21-23].

A group of specialists from the Netherlands reported a case of
successful treatment for RA in terms of HVOO by using a temporary
implantation of a cava filter in the area of the IVC compression. A

gradual resolution of ascites was observed on the 16th day after the



procedure, and the removal of the cava filter 3 weeks after its

implantation was not accompanied by ascites recurrence [24].

Obstruction of portal blood flow to the liver

Impaired blood flow to the liver is a rare cause of post-transplant
ascites and in most cases is caused by portal vein (PV) thrombosis or
stenosis [25]. PV thrombosis occurs in 1-2% of liver recipients.
However, among patients with previous portal thrombosis, the incidence
of this complication varies from 4.7% to 36% [26]. PV stenosis is
observed in 5% of cases and is typical mainly for the liver fragment
recipients. The most common risk factors for complications at the PV
level are macroscopic changes in the PV wall, previous splenectomy,
mismatch between the anastomosed areas of the donor and recipient PV,
the use of venous conduits during portal reconstruction, and a decrease in
the portal blood flow velocity to less than 20 cm/s. The debut of the liver
venous inflow occlusion in the first month after transplantation is often
accompanied by the graft dysfunction, while in the late postoperative
period, the manifestations of portal hypertension predominate: RA and
bleeding from esophageal varices [26-29].

The most informative instrumental diagnostic techniques for the
portal vein occlusion are Doppler ultrasonography (DUS) and multislice
computed tomography (MSCT) with intravenous contrast enhancement.
The ultrasonography pattern of portal thrombosis is characterized by
absent blood flow mapping of the main trunk of the portal vein and its
intrahepatic branches, the presence of echogenic masses in the portal vein
lumen and an increased hepatic arterial signal [30]. However, the DUS
sensitivity depends on the grade of PV thrombosis as assessed by Yerdel's
classification (2000) and makes 48% at grade I, 82% at grade I, 100%

grades Il and IV. Thus, a low information value of the method is seen in



partial portal thrombosis [31]. The criteria for diagnosing the PV stenosis
when using the imaging diagnostic techniques include stenosis of the
hepatic vein altered segment by more than 50% according to MSCT, an
increase in the blood flow velocity above 125 cm/s the depletion of
intrahepatic portal blood flow, and an increase in the stenotic/prestenotic
blood flow velocity ratio by 3 times or more according to ultrasound
Doppler imaging [13, 32, 33].

The portal obstruction is confirmed and is treated in most cases by
means of percutaneous transhepatic direct portovenography.
Transjugular, transsplenic, and intraoperative mesenteric venous accesses
have also been described. An increase in the transstenotic pressure
gradient exceeding is significant and requires portal angioplasty and
stenting. The technical success of these procedures ranges from 66—-100%
[28]. If endovascular treatment methods are ineffective, bypass operations
or retransplantation may be considered. A surgical revision is advisable in
the event of portal occlusion in the early postoperative period (no more
than 1 week after LT) and in relation to technical causes (tension, kinking

and(or) PV external compression) [27].

Arterioportal fistula

The resistant ascites can develop in case of fistula occurrence
between the hepatic artery (HA) and a PV branch [25]. The main cause
for the formation of arterioportal fistulas (APF) is the implementation of
percutaneous transhepatic procedures such as liver biopsy and
cholangiostomy with or without bile duct drainage [34]. The
hemodynamic significance of arteriovenous shunt can be determined as
based on a specific image pattern at Doppler ultrasonography or
angiography. The main criteria in ultrasound examination include the

visualization of a turbulent focus at the site of arterioportal shunt, reduced



arterial resistive indices (RI<0.50) of the supplying hepatic artery and
hepatofugal blood flow in the PV with or without arterialization.
Hemodynamically significant arterioportal fistulas (APFs), according to
the results of angiography, are defined as visualization/contrast filling of
the main trunk of the graft PV or its first-order branch [34, 35]. The PV
arterialization and an increased portal pressure lead to the RA
development.

Treatment options for APF include the embolization of the hepatic
artery involved branch, segmentectomy/lobectomy of the liver graft, and

In some cases, repeated LT [36, 37].

Local hemodynamic alterations

In addition to the obvious mechanisms of blood flow impairment in
the graft, in recent years much attention has been paid to numerous
hemodynamic syndromes that can also cause RA [7]. These include the
“splenic artery steal syndrome” (SASS), small-for-flow (SFF) syndrome,
and small-for-size (SFS) syndrome.

In SASS, there is a redistribution of arterial blood flow from the
HA to the splenic artery (SA), which is associated with an increase in the
splenic arterial bed and a decrease in its vascular resistance against the
portal hypertension and splenomegaly in patients with liver cirrhosis. The
development of liver hypoperfusion leads to a graft dysfunction and, in
some cases, to the ascites development [38].

The SFS and SFF pathophysiology is explained by an increased
portal pressure due to the use of a small graft (graft to recipient body
weight ratio GRWR less than 0.8%) or the effect of previously formed
excess portal blood flow on the graft in the presence of liver cirrhosis.

Portal hyperperfusion has an inverse relationship with the hepatic artery



blood flow, being the so-called the hepatic artery buffer response. Blood
flow is diverted to the SA system with the SASS development of [39].

The main factors for the SASS development include a spleen volume
of more than 830 cm?3, the SA diameter more than 4 mm and/or SA/HA
diameter ratio exceeding 1.5. DUS results are not specific, but an increase in
the HA resistance index more than 0.80 is often reported [40]. The “gold
standard” for diagnosing SASS is angiography. The diagnosis is based on
recording a decrease in the HA blood flow velocity (a subjective assessment
of a relative flow in the SA) in the absence of significant arterial anatomical
defects, such as stenosis, thrombosis, and/or kinking with a decrease in the
artery diameter by more than 50%. In severe SASS forms, the HA can be
visualized in the portal venous phase of angiography. In other words, the
contrast agent reaches the intrahepatic PV through the splenic vasculature
simultaneously with the contrast-enhanced HA, which is associated with a
significant decrease in the arterial blood flow [38].

The SA embolization is the main treatment of RA associated with
impaired local hemodynamics of liver transplantation. Reduction of the
SA blood flow makes it possible to reduce portal hyperperfusion and
increase the HA blood flow. In case the endovascular treatment turns
ineffective, the spleen devascularization or splenectomy should be
considered [41-43].

Intrahepatic causes

Veno-occlusive disease or sinusoidal obstruction syndrome
(VOD/SOS) is characterized by the development of hepatomegaly,
ascites, and/or hyperbilirubinemia resulted from non-thrombotic
obliteration of small centrilobular hepatic veins due to edema or fibrosis.
The VOD/SOS pathophysiology is associated with endothelial cell injury
caused by cytotoxic agents. The main etiologic factors of VOD/SOS after



LT include an acute cellular rejection, antibody-mediated rejection, and
treatment with tacrolimus or azathioprine [44-47]. Cold ischemia time is
an additional factor of the RA development. Liver tissue ischemia is
reported to be accompanied by sinusoidal endothelial injury and
hepatocyte edema, leading to vascular obliteration and increased
intrahepatic vascular resistance [48].

VOB/SOS is characterized by specific changes suggested by CT or
magnetic resonance imaging signs: heterogeneity/mosaic pattern of the
liver parenchyma, stenosis of the hepatic veins, accentuated contours of
the IVC and intrahepatic PV branches in the portal phase as a result of
interstitial edema. However, such “congestive” changes in the liver are
also possible with suprahepatic blood outflow obstruction, which requires
HVOO exclusion of [49]. The main method of differential diagnosis is
transjugular manometry with calculation of the hepatic venous pressure
gradient (HVPG). HVPG values greater than 10 mm Hg indicate a
clinically significant intrahepatic venous outflow block due to sinusoidal
obstruction. The diagnosis of VOD/SOS can be confirmed by performing
a liver biopsy (percutaneous/transjugular). However, one should bear in
mind possible complications and weigh the risks of this invasive
procedure against its diagnostic value [50].

In most cases, it is very difficult to identify the VOD/SOS etiologic
factor. If an acute graft rejection or the cytotoxic effect of
immunosuppressive therapy is excluded, the method of choice for the
surgical treatment may be transjugular intrahepatic portosystemic shunt
(TIPS). The efficacy of endovascular intervention in post-transplant RA
reaches 86%. However, it is worth considering the possible complications
when performing the TIPS procedure. The development of hepatic
encephalopathy is reported in a third of liver recipients. Also, portal

blood flow shunting can increase the graft ischemia and hepatocellular



insufficiency progression. Thus, TIPS should be performed after a
thorough examination and exclusion of other causes of ascites [6, 51, 52].

RA can develop with relapse of viral hepatitis C in a liver graft
even at early stages, without pronounced liver fibrosis or cirrhosis. In
most cases, the histological examination of the patient liver biopsy can
show perisinusoidal fibrosis [43]. Moreover, the presence of
cryoglobulinemia in HCV-positive patients increases the risk of RA by 7
times, which confirms the assumption about the role of microangiopathy
in the pathogenesis of ascites. The main method of RA treatment in this
group of patients is a timely antiviral therapy using direct-acting antiviral
drugs [25, 53].

Extrahepatic causes

In the absence of obvious surgical causes, the examination of
patients with post-transplant RA should be aimed at excluding
extrahepatic causes of ascites, such as heart failure, chronic kidney
disease, and bacterial peritonitis. Single cases of enteropathy due to
cytomegalovirus (CMV) infection and cryptosporidiosis with severe
hypoalbuminemia due to malabsorption, which led to the development of
RA, have also been described in the literature. A complete resolution of
ascites was observed after the administration of etiotropic treatment [54,
55]. Finally, the RA etiology after LT may remain unknown. One
hypothesis is that this type of ascites may be the result of persistent
peripheral vasodilation and volume redistribution. Moreover, studies have
shown that patients with an unknown cause of post-transplant RA have a
significantly higher rate of spontaneous resolution of ascites [25].

Analysis of clinical cases
In our center practice, the RA incidence after LT was 3.2% (n=5/157).

In 4 (80%) of these patients, the RA onset was observed in the early



postoperative period (less than 3 months after LT). The RA causes included
SOS, SASS syndrome, APF, severe proteinuria resulted from the everolimus
intake in a patient with chronic kidney disease (CKD); in one patient the RA
etiology remained unknown. In all cases, a persistent resolution of ascites was
achieved. Endovascular interventions were performed in 3 patients. The
development of severe nephrotic syndrome in the course of the underlying
CKD required the initiation of renal replacement therapy, and further kidney
transplantation. In a patient with an unclear etiology, a spontaneous resolution
of RA was noted within 6 months.

Below we present clinical cases that, in our opinion, deserve the

most attention.

Clinical case #1

Patient B., 51 years old, underwent orthotopic transplantation for
alcoholic liver cirrhosis receiving the whole liver from a blood-type-
compatible cadaveric donor. By the time of surgery, the abstinence period
had been for over 2 years. The liver cirrhosis was scored 11 by the Model
for End-Stage Liver Disease (MELD), and assessed as Child-Pugh class
C scored 10 points. Clinically, the liver cirrhosis decompensation was
manifested by uncontrolled ascites and grade 2 esophageal varices.
Intraoperatively, 7,500 ml of ascitic fluid was removed, the cold ischemia
time was 5.9 hours. Caval reconstruction was performed with the IVC
replacement. No hepatic steatosis was detected in the donor liver biopsy.
The postoperative period was uneventful. The chosen immunosuppressive
therapy included extended-release tacrolimus in combination with
mycophenolic acid. Four weeks after LT, ascites relapsed. After three
weeks of ineffective high-dose diuretic therapy, diagnostic-therapeutic
laparocentesis was performed. Analysis of ascitic fluid excluded an

infectious RA etiology. Further, an increased serum creatinine to 206



umol/L, blood level tacrolimus up to 18.8 ng/mL, and alanine
aminotransferase up to 200 U/L were noted. The tacrolimus dose was
adjusted to reduce its blood level to 6.6 ng/mL; the serum creatinine level
and blood transaminase decreased to normal. Due to RA persistence,
abdominal CT scanning was performed, which revealed the signs of
congestive changes in the liver, stenosis of hepatic veins and IVC at the

level of the intrahepatic section (Fig. 1).

Fig. 1. Computed tomography scan of abdominal organs. Signs of
congestive abnormalities in the liver are manifested by diffuse
heterogeneous mottling appearance of the liver parenchyma,
narrowed hepatic veins and the inferior vena cava at the level of the

intrahepatic section (indicated by white arrows)

Venography was performed; an increase in HVPG to 23 mmHg
was recorded in the absence of hemodynamically significant venous
outflow obstruction; based on its results, the SOS/VOB was diagnosed.
Liver biopsy was not performed. As conservative therapy was ineffective,
113 days after LT, a TIPS procedure was performed with the implantation
of a bare metal stent (8 mm in diameter). For the month after the TIPS



placement, a progressive reduction of ascites was observed, and diuretic
treatment was gradually discontinued. No hemodynamic impairments,
graft dysfunction, or encephalopathy were observed thereafter. No RA

recurrence was observed during 11 months of follow-up after TIPS.

Clinical case #2

Patient V., 50 years old had the previous history of liver cirrhosis
due to viral hepatitis C. Despite the elimination of the hepatitis C virus
with successful antiviral therapy, the manifestations of liver function
decompensation persisted: RA, type 2 hepatorenal syndrome (HRS-
CKD), and grade 2-3esophageal varices. The MELD status scored 20.
The patient underwent orthotopic whole liver transplantation from a
cadaveric donor (classical technique with IVC replacement). In the
postoperative period, CKD manifestations persisted: serum creatinine up
to 200 pumol/L, daily proteinuria 0.33 g/day. For the purpose of nephro-
and cardioprotection, a combination immunosuppressive therapy was
chosen: everolimus with the maintained blood serum level of the drug in
the range of 6-8 ng/mL in combination with mycophenolic acid at a dose
of 1 g per day. Due to satisfactory graft function, the patient was
discharged from the hospital on the 20" day. Six weeks after LT, the
patient, having a satisfactory liver graft function, experienced a relapse of
ascites, which, despite the treatment with diuretics, required repeated
laparocenteses. The investigations performed excluded infection of ascitic
fluid; markers of viral hepatitis C, B, CMV and Epstein-Barr virus were
negative; the results of an echocardiography revealed no significant
hemodynamic disorders, daily loss of protein in the urine did not reach
the nephrotic level (0.6 g/day); serum albumin was 33 g/L. The
diagnostic imaging techniques (Doppler ultrasonography, MSCT) showed

no signs of venous outflow obstruction in the liver graft. Noteworthy



signs were the spleen area of 1560 cm?® (over 830 cm?®), the SA/HA
diameter ratio of 1.6 (SA was 8 mm, HA was 5 mm), and the registered
contrast-enhanced HA in the portal phase, which suggested the presence
of SASS syndrome. On day 80 after LT, celiacography was performed: a
delayed HA contrast-enhancement with a predominant discharge of
contrast towards the well-developed SA was recorded. Two-level
occlusion of the SA was performed with the implantation of embolization
coils in the projection of the splenic hilum and the SA proximal third
(Fig. 2). The postoperative period was uneventful. During the first week
after the procedure, a progressive decrease in ascites was noted, which
allowed the discontinuation of diuretics without the need for further
paracentesis. At 10 months after SA embolization, no recurrence of

ascites was observed.

Fig. 2. A. Celiacography: large branches of the splenic artery up to 8
mm in diameter are visualized (white arrows); antegrade filling of
the common hepatic artery does not occur (black arrow). B. Control
celiacography: the embolization coils are visualized being located at
two levels: in the splenic hilum and in the proximal third of the
splenic artery (white paired arrows). The resumed antegrade blood
flow in the common hepatic artery system is also visualized. (black

arrows)



Clinical case #3

Patient M., 29 years old had a history of liver fragment
retransplantation from a cadaveric donor on the 7th day after living donor
liver transplantation due to HA thrombosis. The postoperative period was
further complicated by biliary anastomosis failure, arrosive arterial
bleeding, and arterial thrombosis of the liver graft. Complications were
successfully coped with by a consistent use of open surgical,
endovascular, and minimally invasive interventions, including:
thromboextraction and HA stenting, percutaneous transhepatic drainage
of the bile ducts [56, 57]. Eleven months after LT, ascites, bilateral
hydrothorax, and episodes of encephalopathy were observed. Doppler
ultrasonography showed signs of arterioportal shunt: dilatation of the HA
branches and hepatofugal blood flow in the PV. Subsequent angiography
revealed simultaneous contrast-enhancement of the PV and HA systems.
It was not possible to clearly visualize the APF location, and therefore the
graft HA embolization was performed. Subsequently, a steady resolution
of all symptoms of portal hypertension was observed without laboratory
test signs of increasing liver graft dysfunction. At the time of publication,

the period after LT was more than 5 years.

Conclusion

To determine the etiology of resistant ascites after liver
transplantation, it is necessary to exclude potential ascite-predisposing
factors. Pretransplant predictors of ascites development after liver
transplantation are the following: resistant ascites, hepatorenal syndrome,
hepatic encephalopathy, and spontaneous bacterial peritonitis. These
complications are often accompanied by irreversible changes in the portal

blood flow amid pathological hemodynamics, which is in splenomegaly,



the splenic artery hypertrophy and the presence of collaterals. As a result,
portal hyperperfusion may persist in the postoperative period, which
supports the pathophysiological mechanisms of the resistant ascites
development. Thus, in this category of patients, the presence of local
hemodynamic disorders can be suspected. Previous spontaneous bacterial
peritonitis may also be accompanied by infectious complications with the
development of ascites in the postoperative period.

In liver fragment transplantation, the probable cause of resistant
ascites is SFS syndrome, especially when using a small-for-size graft
(GRWR less than 0.8). In addition, the complexity of vascular
reconstruction and the unfitting diameters of the anastomosed vessels
predispose to stenosis formation and impaired venous outflow. Surgical
risk factors also include the surgery of the operation, the volume of blood
loss, and cold ischemia time. The donor age and the severity of donor
liver steatosis additionally increase the graft susceptibility to ischemia-
reperfusion  injury.  Subsequently, an impaired intrahepatic
microcirculation provokes the development of sinusoidal obstruction and
the liver graft dysfunction.

In case of unclear etiology of resistant ascites, the investigation
should start with a diagnostic laparocentesis to exclude infection and
determine the nature of ascitic fluid. The next step should include
imaging studies, which include Doppler ultrasonography and/or
multislice computed tomography of the liver with contrast enhancement
to assess the graft blood flow. Echocardiography is indicated to exclude
cardiac causes. Invasive investigations may be required later: venography
with manometry to assess pressure gradients, celiacography and/or liver
biopsy (percutaneous/transjugular).

The treatment of resistant ascites is based on the elimination of the

etiologic factor and the pathophysiological mechanism of its development



(Table). If conservative therapy is ineffective or the cause of post-

transplant ascites has not been identified,

it is possible to use

interventional treatment methods, such as balloon angioplasty, splenic

artery embolization, and the TIPS procedure after a thorough risk

assessment of these invasive interventions.

Table. Diagnostic and treatment methods for resistant ascites

Etiology

| Investigating technique

| Treatment options

Surgical causes of hepatic
venous outflow obstruction

Vascular
Doppler ultrasound, contrast-
enhanced MSCT, venography
with manometry

Obstruction of blood flow to the
liver

Arterioportal fistula

Local hemodynamic
abnormalities:

Splenic artery steal syndrome
Small-for-sizes graft (small-for-
sizes syndrome)

+ Percutaneous transhepatic
direct portovenography

+ HA angiography

Celiacography

Balloon angioplasty +
stenting, reconstructive
surgeries

Embolization of the PA
branch

SA embolization

Sinusoidal obstruction syndrome
(veno-occlusive disease)

Intrahepatic

Venography + manometry

Etiological therapy, if
ineffective, TIPS

Acute liver rejection

Hepatitis C recurrence in liver
graft

Liver function tests + liver
biopsy

+ Diagnostic PCR for hepatitis
C
Extrahepatic

Modification of
immunosuppressive
therapy

Antiviral therapy

Cardiac

Echocardiography, NTproBNP

Chronic kidney disease

Evaluation of renal function,
ultrasound examination of the
Kidneys

Treatment of the
underlying disease

according to the specialist's

recommendations

Infectious complications

Uncertain etiology

Diagnostic laparocentesis,
identifying the location of the
infectious process

Conduct a full range of
investigations

Antibacterial therapy

Conservative therapy

(diuretics, laparocentesis);

if ineffective, consider

splenic artery embolization

or TIPS

Notes: HA, hepatic artery; SA, splenic artery; NTproBNP, N-terminal pro-B-type natriuretic peptide;

PCR, polymerase chain reaction



Conclusion

When verifying the etiology of resistant ascites after liver
transplantation, it is necessary to consider the patient's preoperative
status, donor organ characteristics, and surgical intervention
characteristics. In the absence of obvious predisposing factors, the patient
should be evaluated sequentially to exclude vascular, intrahepatic and
extrahepatic causes of ascites. Understanding the underlying mechanisms
of resistant ascites and a consistent evaluation of patients with

posttransplant ascites may help clinicians in choosing a treatment method.

References
1. EASL Clinical Practice Guidelines for the management of

patients with decompensated cirrhosis. J Hepatol. 2018;69(2):406-460.
PMID: 29653741 https://doi.org/10.1016/j.jhep.2018.03.024

2. Balcar L, Tonon M, Semmler G, Calvino V, Hartl L, Incicco S,
et al. Risk of further decompensation/mortality in patients with cirrhosis
and ascites as the first single decompensation event. JHEP Rep.
2022;4(8):100513. PMID: 35845294
https://doi.org/10.1016/j.jhepr.2022.100513

3. Kulkarni R, Thomas E, Zendejas|, Fair J, Andreoni K.
Refractory ascites after liver transplantation: a stepwise approach to
diagnosis and treatment. Adv Res Gastroenterol Hepatol.
2016;2(2):555584. https://doi.org/10.19080/ARGH.2016.02.555584

4. Mucenic M, Brandao ABM, Marroni CA, Fleck-Junior AM,
Zanotelli ML, et al. Persistent ascites after orthotopic liver
transplantation: analysis of predictive factors. J Liver. 2018;7(4):000232.
https://doi.org/10.4172/2167-0889.1000232

5. Gotthardt DN, Weiss KH, RathenbergV, Schemmer P,

Stremmel W, Sauer P. Persistent ascites after liver transplantation:



etiology, treatment and impact on survival. Ann Transplant.
2013;24(18):378-83. PMID: 23881303
https://doi.org/10.12659/A0T.883982

6. Al-Zoubi M, Alarabiyat M, Hann A, Mehrzhad H, Karkhanis S,
Muiesan P, et al. Management of ascites following deceased donor liver
transplantation: a case series. Transplant Direct. 2022;8(8):€1350. PMID:
35923811 https://doi.org/10.1097/TXD.0000000000001350

7. Jenkins M, Satoskar R. Ascites after liver transplantation. Clin
Liver Dis (Hoboken). 2021;17(4):317-319. PMID: 33968396
https://doi.org/10.1002/cld.1050

8. Ng SS, Yu SC, Lee JF, Lai PB, LauWY. Hepatic venous
outflow obstruction after piggyback liver transplantation by an unusual
mechanism: report of a case. World J Gastroenterol. 2006;12(33):5416—
8. PMID: 16981282 https://doi.org/10.3748/wjg.v12.i33.5416

9. Arudchelvam J, Bartlett A, McCall J, Johnston P, Gane E, Munn
S. Hepatic venous outflow obstruction in piggyback liver transplantation:
single centre experience. ANZ J Surg. 2017;87(3):182-185. PMID:
26471387 https://doi.org/10.1111/ans.13344

10. Kubo T, Shibata T, Itoh K, Maetani Y, Isoda H, Hiraoka M, et
al. Outcome of percutaneous transhepatic venoplasty for hepatic venous
outflow obstruction after living donor liver transplantation. Radiology.
2006;239(1):285-90. PMID: 16567488
https://doi.org/10.1148/radiol.2391050387

11. Lim C, Osseis M, Tudisco A, Lahat E, Sotirov D, Salloum C, et
al. Hepatic venous outflow obstruction after whole liver transplantation of
large-for-size graft: versatile intra-operative management. Ann
Hepatobiliary Pancreat Surg. 2018;22(4):321-325. PMID: 30588522
https://doi.org/10.14701/ahbps.2018.22.4.321



12. Viteri-Ramirez G, Alonso-Burgos A, Simon-Yarza |, Rotellar
F, Herrero JI, Bilbao JI. Hepatic venous outflow obstruction after
transplantation: outcomes for treatment with self-expanding stents.
Radiologia. 2015;57(1):56-65. PMID: 24784003
https://doi.org/10.1016/j.rx.2013.09.010

13. Chong WK, Beland JC, Weeks SM. Sonographic evaluation of
venous obstruction in liver transplants. AJR Am J Roentgenol.
2007;188(6):W515-21. PMID: 17515341 https://doi.org/10.2214/AJR.06.1262

14. Kim PH, Yoon HM, Jung AY, Lee JS, Cho YA, Oh SH, et al.
Diagnostic accuracy of CT and Doppler US for hepatic outflow
obstruction after pediatric liver transplantation using left lobe or left
lateral section grafts. Ultrasonography. 2024;43(2):110-120. PMID:
38369738 https://doi.org/10.14366/usg.23190

15. Monroe EJ, Jeyakumar A, Ingraham CR, Shivaram G, Koo
KSH, Hsu EK, et al. Doppler ultrasound predictors of transplant hepatic
venous outflow obstruction in pediatric patients. Pediatr Transplant.
2018;22(8):€13310. PMID: 30338622 https://doi.org/10.1111/petr.13310

16. Pandhi M, Lipnik A, Niemeyer M. Endovascular treatment of
hepatic venous outflow obstruction after liver transplant. Dig Dis Interv.
2019;3:277-286. https://doi.org/10.1055/5-0039-3400494. Available at:
https://www.thieme-connect.de/products/ejournals/pdf/10.1055/s-0039-3
400494.pdf [Accessed December 26, 2024].

17. Yudin AL, Afukova OA, Klyanshin AA, Uchevatkin AA.
Visualization of congestive hepatopathy. Medical Visualization.
2016;(5):59-66. (In Russ.).

18. Pitchaimuthu M, Roll GR, Zia Z, Olliff S, Mehrzad H, Hodson
J, et al. Long-term follow-up after endovascular treatment of hepatic

venous outflow obstruction following liver transplantation. Transpl Int.



2016;29(10):1106-1116. PMID: 27371935
https://doi.org/10.1111/tri.12817

19. Nagata R, Akamatsu N, Shibata E, Takao H, Ichida A,
Kawaguchi Y, et al. Metallic stents for hepatic venous outflow
obstruction after living-donor liver transplantation and their therapeutic
effects. Transplant Proc. 2024;56(1):125-134. PMID: 38177046
https://doi.org/10.1016/j.transproceed.2023.11.009

20. Chu HH, Yi NJ, Kim HC, Lee KW, Suh KS, Jae HJ, et al.
Longterm outcomes of stent placement for hepatic venous outflow
obstruction in adult liver transplantation recipients. Liver Transpl.
2016;22(11):1554-1561. PMID: 27516340
https://doi.org/10.1002/1t.24598

21. Gastaca M, Valdivieso A, Ruiz P, Gonzalez J, Ventoso A, de
UrbinaJO. Venous outflow obstruction after orthotopic liver
transplantation: use of a breast implant to maintain graft position. Clin
Transplant. 2011;25(3):E320-326. PMID: 21651618
https://doi.org/10.1111/j.1399-0012.2011.01423.x

22. Pérez-Sanchez LE, Orti-Rodriguez RJ, Reyes Correa B,
Moneva Arce E, Barrera Gomez MA. Breast implant during orthotopic
liver transplant to avoid hepatic outflow obstruction. Acta Chir Belg.
2020;120(2):146-147. PMID: 31690217
https://doi.org/10.1080/00015458.2019.1689644

23. Wahab MA, Shehta A, Hamed H, Elshobary M, Salah T, Sultan
AM, et al. Hepatic venous outflow obstruction after living donor liver
transplantation managed with ectopic placement of a foley catheter: a
case report. Int J Surg Case Rep. 2015;10:65-68. PMID: 25805611
https://doi.org/10.1016/j.ijscr.2015.03.017

24. Fang Y, Moelker A, den Hoed CM, Porte RJ, Minnee RC,
Boehnert MU. Outflow obstruction after living donor liver transplantation



managed with a temporary vena cava filter: a case report. Int J Surg Case
Rep. 2023;112:108981. PMID: 37883875
https://doi.org/10.1016/j.ijscr.2023.108981

25. Ostojic A, Petrovic 1, Silovski H, Kosuta I, Sremac M,
Mrzljak A. Approach to persistent ascites after liver transplantation.
World J Hepatol. 2022;14(9):1739-1746. PMID: 36185723
https://doi.org/10.4254/wjh.v14.i9.1739

26. Barrera-Lozano LM, Ramirez-Arbelaez JA, Mufioz CL,
BecerraJA, Toro LG, ArdilaCM. Portal vein thrombosis in liver
transplantation: a retrospective cohort study. J Clin Med.
2023;12(12):3951. PMID: 37373645
https://doi.org/10.3390/jcm12123951

27. Sambommatsu Y, Shimata K, lbuki S, NaritaY, Isono K,
Honda M, et al. Portal vein complications after adult living donor liver
transplantation: time of onset and deformity patterns affect long-term
outcomes. Liver Transpl. 2021;27(6):854-865. PMID: 33346927
https://doi.org/10.1002/1t.25977

28. Schneider N, Scanga A, Stokes L, Perri R. Portal vein stenosis:
a rare yet clinically important cause of delayed-onset ascites after adult
deceased donor liver transplantation: two case reports. Transplant Proc.
2011;43(10):3829-3834. PMID: 22172855
https://doi.org/10.1016/j.transproceed.2011.09.068

29. Sare A, ChandraV, Shanmugasundaram S, Shukla PA,
Kumar A. Safety and efficacy of endovascular treatment of portal vein
stenosis in liver transplant recipients: a systematic review. Vasc
Endovascular  Surg.  2021;55(5):452-460. PMID: 33618615
https://doi.org/10.1177/1538574421994417

30. Novruzbekov MS, Olisov OD. Vascular complications after
orthotopic liver transplantation. Transplantologiya. The Russian Journal



of Transplantation. 2017;9(1):35-50. (In Russ.).
https://doi.org/10.23873/2074-0506-2017-9-1-35-50

31. Barrera-Lozano LM, Ramirez-Arbeldez JA, Mufioz CL,
Becerra JA, Toro LG, ArdilaCM. Portal vein thrombosis in liver
transplantation. Arq Bras Cir Dig. 2012;25(4):273-8. PMID: 23411928
https://doi.org/10.1590/s0102-67202012000400012

32. Kim KS, Kim JM, Lee JS, Choi GS, Cho JW, Lee SK. Stent
insertion and balloon angioplasty for portal vein stenosis after liver
transplantation: long-term follow-up results. Diagn Interv Radiol.
2019;25(3):231-237. PMID: 31063137
https://doi.org/10.5152/dir.2019.18155

33. Kykalos S, Karatza E, Kotsifa E, Pappas P, Sotiropoulos GC.
Portal vein stent placement in anastomotic stenosis after deceased donor
liver transplantation: a case report. Transplant Proc. 2021;53(9):2779-2781.
PMID: 34593252 https://doi.org/10.1016/j.transproceed.2021.08.035

34. Saad WE. Arterioportal fistulas in liver transplant recipients.
Semin Intervent Radiol. 2012;29(2):105-110. PMID: 23729980
https://doi.org/10.1055/s-0032-1312571

35. Dawkins M, Cheung N, Rozenblit G, Wolf DC. Intrahepatic
arterioportal  fistula with subsequent portal hypertension after
percutaneous liver biopsy. ACG Case Rep J. 2024;11(3):e01287. PMID:
38425943 https://doi.org/10.14309/crj.0000000000001287

36. Torres Cuevas BL, Castillo Lara GE, Péez Suérez D, Eilers M.
Traumatic high flow arterioportal fistula. Correction by a covered stent.
Rev Esp Enferm Dig. 2023;115(1):39-40. PMID:35255703
https://doi.org/10.17235/reed.2022. 8724/2022

37. Taher H, Kidr E, Kamal A, ElGobashy M, Mashhour S,
Nassef A, et al. Transhepatic ultrasound guided embolization as a
successful novel technique in treatment of pediatric complex intrahepatic



arterioportal fistula: a case report and review of the literature. J Med Case
Rep. 2023;17(1):412. PMID: 37710289
https://doi.org/10.1186/s13256-023-04047-0

38. Mendoza Quevedo MD, Vaca-Espinosa MC, Marin Zuluaga JI,
Amell Baron BC, Vargas AK. Refractory ascites after liver
transplantation treated with splenic artery embolization: a case report and
literature review. Cureus. 2023;15(8):e43910. PMID: 37746399
https://doi.org/10.7759/cureus.43910

39. Calderon Novoa F, Mattera J, de Santibafies M, Ardiles V,
Gadano A, D'Agostino DE, et al. Understanding local hemodynamic
changes after liver transplant: different entities or simply different sides
to the same coin? Transplant Direct. 2022;8(9):e1369. PMID: 36313127
https://doi.org/10.1097/TXD.0000000000001369

40. Saad WE. Nonocclusive hepatic artery hypoperfusion
syndrome (splenic steal syndrome) in liver transplant recipients. Semin
Intervent Radiol. 2012;29(2):140-146. PMID: 23729985
https://doi.org/0.1055/s-0032-1312576

41. Bharathy KG, Shenvi S. Portal Hemodynamics after
living-donor liver transplantation: management for optimal graft and
patient outcomes — a narrative review. Transplantology. 2023;4(2):38-58.
https://doi.org/10.3390/transplantology4020006

42. Quintini C, D'Amico G, Brown C, Aucejo F, Hashimoto K,
Kelly DM, et al. Splenic artery embolization for the treatment of
refractory ascites after liver transplantation. Liver Transpl.
2011;17(6):668-673. PMID: 21618687 https://doi.org/10.1002/1t.22280

43. Bloom PP, Gilbert T, Santos-Parker K, Memel Z,
Przybyszewski E, Bethea E, et al. The incidence and natural history of
ascites after liver transplantation. Hepatol Commun. 2023;7(6):e0158.
PMID: 37219847 https://doi.org/10.1097/HC9.0000000000000158



44. Lee TB, Yang K, Ko HJ, Shim JR, Choi BH, Lee JH, et al.
Successful defibrotide treatment of a patient with veno-occlusive disease
after living-donor liver transplantation: a case report. Medicine
(Baltimore). 2021;100(25):626463. PMID: 34160449
https://doi.org/10.1097/MD.0000000000026463

45. Takamura H, Nakanuma S, Hayashi H, Tajima H, Kakinoki K,
Kitahara M, et al. Severe veno-occlusive disease/sinusoidal obstruction
syndrome after deceased-donor and living-donor liver transplantation.
Transplant  Proc.  2014;46(10):3523-3535. PMID: 25498084
https://doi.org/10.1016/j.transproceed.2014.09.110

46. Sanei MH, Schiano TD, Sempoux C, Fan C, Fiel MI. Acute
cellular rejection resulting in sinusoidal obstruction syndrome and ascites
postliver transplantation. Transplantation. 2011;92(10):1152-1158.
PMID: 21993182 https://doi.org/10.1097/TP.0b013e318234119d

47. Yamada N, Urahashi T, lharaY, SanadayY, Wakiya T,
Okada N, et al. Veno-occlusive disease/sinusoidal obstruction syndrome
associated with potential antibody-mediated rejection after pediatric
living donor liver transplantation: a case report. Transplant Proc.
2012;44(3):810-813. PMID: 22483502
https://doi.org/10.1016/j.transproceed.2012.01.008

48. Cesaretti M, 1zzo A, Pellegrino RA, Galli A, Mavrothalassitis
O. Cold ischemia time in liver transplantation: an overview. World J
Hepatol. 2024;16(6):883-890. PMID: 38948435
https://doi.org/10.4254/wjh.v16.16.883

49. Zhang Y, Yan Y, Song B. Noninvasive imaging diagnosis of
sinusoidal obstruction syndrome: a pictorial review. Insights Imaging.
2019;10(1):110. PMID: 31748956 https://doi.org/10.1186/s13244-019-0791-x

50. Dalle JH, Giralt SA. Hepatic veno-occlusive disease after
hematopoietic stem cell transplantation: risk factors and stratification,



prophylaxis, and treatment. Biol Blood Marrow Transplant.
2016;22(3):400-4009. PMID: 26431626
https://doi.org/10.1016/j.bbmt.2015.09.024

51. Masek J, Fejfar T, Frankova S, Husova L, Krajina A, Renc O,
et al. Transjugular intrahepatic portosystemic shunt in liver transplant
recipients: outcomes in six adult patients. Vasc Endovascular Surg.
2023;57(4):373-378. PMID: 36593684
https://doi.org/10.1177/15385744221149907

52. Bianco G, Pascale MM, Frongillo F, Nure E, Agnes S,
Spoletini G. Transjugular portosystemic shunt for early-onset refractory
ascites after liver transplantation. Hepatobiliary Pancreat Dis Int.
2021;20(1):90-93. PMID: 32967815
https://doi.org/10.1016/j.hbpd.2020.09.005

53. Tripon S, Francoz C, Albuquerque A, Paradis V, Boudjema H,
Voitot H, et al. Interactions between virus-related factors and
post-transplant ascites in patients with hepatitis C and no cirrhosis: role of
cryoglobulinemia. Transpl Int. 2015;28(2):162-169. PMID: 25267442
https://doi.org/10.1111/tri.12466

54. Lipi L, Choudhary NS, Dhampalwar S, Kathuria A, Saraf N,
Soin AS. Cytomegalovirus duodenitis causing persistent
hypoalbuminemia and ascites after liver transplantation. J Clin Exp
Hepatol. 2024;14(4):101387. PMID: 38495464
https://doi.org/10.1016/j.jceh.2024.101387

55. Choudhary NS, Lipi L, Dhampalwar S, Saraf N, Soin AS. A
rare cause for persistent ascites after liver transplantation. Indian J
Gastroenterol. 2024;43(2):513-514. PMID: 38446348
https://doi.org/10.1007/s12664-024-01553-x

56. Porshennikov IA, Ammosov AA, Sidorenko AB, Pavlik VN,
Bykov AYu, Saakyan GS, et al. Split liver transplantation in two



recipients for urgent indications: an example and logistics of interregional
cooperation. Annaly khirurgicheskoy gepatologii = Annals of HPB
Surgery. 2020;25(4):71-84. (In Russ.).
https://doi.org/10.16931/1995-5464.2020471-84

57. Gegenava BB, Kurnosov SA, Moysyuk YaG, Vetsheva NN,
Ammosov AA. Emergency interventional endovascular treatment for
early disorder of arterial blood flow in the liver graft. Transplantologiya.
The Russian Journal of Transplantation. 2021;13(4):367-381. (In Russ.).
https://doi.org/10.23873/2074-0506-2021-13-4-367-381

Information about the authors

Ksenia Yu. Kokina, Cand. Sci. (Med.), Senior Researcher,
Transplantology Department, Moscow Regional Research and Clinical
Institute n.a. M.F. Vladimirskiy, https://orcid.org/0000-0003-4864-1483,
kseniaur@yandex.ru

30%, writing the text of the manuscript, review of publications on
the topic of the article, participation in patient management, design of
illustrations

Yan G. Moysyuk, Prof., Dr. Sci. (Med.), Head of the Department
of Transplantology, Moscow Regional Research and Clinical Institute
na. M.F. Vladimirskiy, https://orcid.org/0000-0002-0002-9183,
moysyuktrans@list.ru

10%, scientific editing of the manuscript text

Olga V. Sumtsova, Researcher, Transplantology Department,
Moscow Regional Research and Clinical Institute n.a. M.F. Vladimirskiy,
https://orcid.org/0000-0003-3440-6685, ovmoniki@gmail.com

10%, review of publications on the topic of the article


https://orcid.org/0000-0003-4864-1483

Anna O. Grigorevskaya, Junior Researcher, Transplantology
Department, Moscow Regional Research and Clinical Institute n.a.
M.F. Vladimirskiy, https://orcid.org/0000-0002-6225-5856, anna_gy@bk.ru

10%, review of publications on the topic of the article

Yulia O. Malinovskaya, Cand. Sci. (Med.), Senior Researcher,
Transplantology Department, Moscow Regional Research and Clinical
Institute n.a. M.F. Vladimirskiy, https://orcid.org/0000-0003-4580-278X,
yumalinovskaya@gmail.com

10%, writing the text of the manuscript, review of publications on
the topic of the article

Alexey B. Sidorenko, Head of Surgical Department No 3, Moscow
Regional Research and Clinical Institute n.a. M.F. Vladimirskiy,
https://orcid.org/0000-0003-2019-7878, sidor-alexsey@yandex.ru

10%, review of publications on the topic of the article

Svyatoslav L. Malov, Interventional Radiologist, Laboratory of
Emergency Surgery and Portal Hypertension, Petrovsky National
Research Centre of Surgery. https://orcid.org/0000-0002-8431-9179,
malovsl@mail.ru

10%, review of publications on the topic of the article, design of
illustrations

Aleksei V. Azarov, Dr. Sci. (Med.), Head of the Department of
Endovascular Treatment for Cardiovascular Diseases and Rhythm
Disorders, Moscow Regional Clinical Research Institute n.a.
M.F. Vladimirskiy; Associate Professor of the Department of
Interventional Cardioangiology, I.M. Sechenov First Moscow State
Medical University (Sechenov University), https://orcid.org/0000-0001-
7061-337X, azarov_al@mail.ru

5%, design of illustrations


mailto:azarov_al@mail.ru

Maksim S. Kapranov, Researcher, Department of X-ray
Endovascular Surgery, Moscow Regional Clinical Research Institute n.a.
M.F. Vladimirskiy, Teaching Assistant at the Department of Innovation
Medical Technologies, Belgorod National Research University,
https://orcid.org/0000-0002-2382-8682, kharouk@mail.ru

5%, design of illustrations

The article was received on December 2, 2024;
Approved after reviewing on December 18, 2024;

Accepted for publication on December 25, 2024


mailto:kharouk@mail.ru

