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Abstract

Persistent ascites four weeks after successful liver transplant defines refractory ascites, an uncommon but a challenging problem.
Etiology of the ascites can occur in the presence of cirrhotic or non-cirrhotic grafts. The first step in evaluation of refractory ascites after liver
transplant includes a simultaneous evaluation of the characteristics of ascites, echocardiogram and duplex ultrasound of the graft vasculature.
In portal hypertensive ascites both portal vein (PV) and or hepatic veins (HV) /vena cava abnormalities must be evaluated as the etiology.
Short of massive biliary necrosis and bile peritonitis the hepatic artery plays little role in refractory ascites. Abnormalities on the duplex
ultrasound usually lead the clinician to the most appropriate diagnostic and therapeutic intervention. We offer a simple algorithm based
on the differentiation between cirrhotic and non-cirrhotic liver grafts. In non-cirrhotic liver grafts, we then expand upon the diagnosis and
management of the most common etiology of refractory ascites, venous abnormalities.
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Abbreviations: PV: Portal Vein; RHV: Right Hepatic Vein; MHV: Middle Hepatic Vein; LHV: Left Hepatic Vein; RA: Refractory Ascites; OLT: Orthotopic
Liver Transplant; HCV: Hepatitis C; HBV: Hepatitis B; CT: Computed Tomography; PHT: Portal Hypertension; PVT: Portal Vein Thrombosis; SMV:
Superior Mesenteric Vein; TPA: Tissue Plasminogen Activator; TIPS: Transjugular Intrahepatic Porto-systemic Shunt; POD: Post- Operative Day;
LFT: Liver Function Test

Introduction
parenchymal disease, carcinomatosis or a host of hemodynamic

Ascites is a common complication of advanced liver o
abnormalities [5,7].

disease [1], and refractory ascites (RA) occurs when it cannot
be satisfactorily treated by medical therapy. RA is known to Mechanism of ascites in cirrhotic liver grafts
carry a poor prognosis, with a 1 year transplant-free survival
in advanced cirrhotic patients of 20-50% [2]. Patients with RA
usually have additional complications, including spontaneous

The pathophysiology of ascites as a result of liver graft
cirrhosis is the same as that in native liver cirrhosis. Early graft
dysfunction from non-anatomical causes include recurrent
hepatitis C (HCV; strongest association with a 3x increase in
risk), hepatitis B (HBV), or decreased liver vascular compliance

RA after liver transplantation is uncommon and requires duringacute / chronic cellular rejection [7,8].

a thoughtful approach to diagnosis and treatment. Refractory
ascites is defined according to the International Ascites Club
[1] as persistent ascites present for more than 4 weeks after

bacterial peritonitis, hepatorenal syndrome and hepatic
hydrothorax [3,4].

The accumulation of ascitic fluid represents a state of total-
body sodium and water excess, but the event that initiates the

T ) ) imbalance is unclear. Three theories of ascites formation have
successful orthotopic liver transplant (OLT) and is seen in 3.4%

been proposed: underfilling, overflow, and peripheral arterial
to 5.9% of patients [5,6]. RA post-transplant may be due to

vasodilation. The underfilling theory suggests that the primary
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abnormality is inappropriate sequestration of fluid within the
splanchnic vascular bed due to portal hypertension (PHT) and a
consequent decrease in effective circulating blood volume. This
activates the plasma renin-aldosterone and sympathetic nervous
system, resulting in renal sodium and water retention.

The overflow theory suggests that the primary abnormality
is inappropriate renal retention of sodium and water in the
absence of volume depletion. This theory was developed in
accordance with the observation that patients with cirrhosis
have intravascular hypervolemia rather than hypovolemia.

The most recent theory, the peripheral arterial vasodilation
hypothesis, includes components of both of the prior theories.
It suggests that portal hypertension leads to vasodilation, which
causes decreased effective arterial blood volume. As the natural
history of the disease progresses, neurohumoral excitation
increases, more renal sodium is retained, and plasma volume
expands. This leads to overflow of fluid into the peritoneal cavity.
The vasodilation theory proposes that underfilling is operative
early and overflow is operative late in the natural history of
cirrhosis [9-12].

Although the sequence of events that occurs between the
development of portal hypertension and renal sodium retention
is not entirely clear, portal hypertension apparently leads to
an increase in nitric oxide levels [13]. Nitric oxide mediates
splanchnic and peripheral vasodilation. Hepatic artery nitric
oxide synthase activity is greater in patients with ascites than in
those without ascites.

Regardless of the initiating event, a number of factors
contribute to the accumulation of fluid in the abdominal cavity.
Elevated levels of epinephrine and norepinephrine are well-
documented factors. Hypoalbuminemia and reduced plasma
oncotic pressure favor the extravasation of fluid from the
plasma to the peritoneal fluid, and, thus, ascites is infrequent
in patients with cirrhosis unless both portal hypertension and
hypoalbuminemia are present.

Mechanism of ascites in non-cirrhotic liver grafts

The etiology of post liver transplant ascites can be

multifactorial. The most common anatomic issues are
inadequate venous outflow from the liver graft, such as stenosis
of the hepatic veins and/or vena cava anastomoses or inflow
abnormalities such as portal vein stenosis or thrombosis (PVT)
[5-7,14,15]. The use of reduced grafts or ‘small for size’ grafts
maycause inadequate accommodation of liver blood flow and
relative portal hypertension. Other causes include functional
liver outflow obstruction from right heart failure, severe

malnutrition and underlying renal failure [7,16].

The literature contains several single center series with
descriptions of the cause of refractory ascites post liver
transplant; however, none gives a step wise approach to the
diagnosis and management of this challenging problem.

Illustrative Case Report

A 54 y/o female with hepatitis C cirrhosis and hepatocellular
carcinoma underwent orthotopic liver transplantation without
peri-operative complications. Her transplant was performed
in a piggyback fashion with supra-hepatic donor vena cava
anastomosed to all three recipient hepatic veins. The liver
graft was profoundly right lobe dominant. Her immediate
post-operative ultrasound revealed patent vessels and her
post-operative course was unremarkable for the first week.
However, on post-operative day (POD) 7 her total bilirubin was
increasing and a repeat ultrasound showed a small perihepatic
fluid collection and a possible right hepatic vein thrombus. A
contrasted CT scan was obtained which confirmed the thrombus
(Figure 1). A heparin drip was started to prevent thrombus
propagation and a venogram was performed revealing right
hepatic vein obstruction at the site of the anastomosis. Attempts
to traverse the occlusion by transjugular and transhepatic
approaches were unsuccessful. She was transitioned to warfarin
and discharged home with normal liver function tests (LFTs).

Figure 1: CT scan on
thrombus.

Figure 2: 15 weeks post-transplant, CT scan showing MHV and
LHV obstruction.

Six weeks post-transplant, a transjugular venogram with
balloon angioplasty of the left, middle and right hepatic veins
(LHV, MHV, RHV) was performed. The RHV/ right atrial (RA)
gradient was reduced from 7 mmHg to 4 mmHg and the MHV /
RA gradient was reduced from 5-6 mmHg to 1-2 mmHg. A month
later, another venogram was performed demonstrating complete
occlusion of the RHV. Angioplasty of the MHV was successful
with a resultant gradient of 0 mmHg. Despite these treatments,
she developed newly symptomatic ascites over the following 2
months. A CT scan obtained revealed moderate ascites and stable
RHV thrombosis with patent MHV and LHV. At 15 weeks post-
transplant, she presented with abdominal pain and distention
with a repeat CT scan revealing RHV occlusion and high grade
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LHV and MHYV stenosis due to mass effect from the congested
right lobe (Figure 2). She was admitted for serial paracentesis
and medical management of her worsening ascites.

After failure of medical management of her ascites, it was
determined that the patient might benefit from a mesocaval
shunt to decompress the portal hypertension given stable liver
graft function. Because there was some risk to liver function
with this procedure, the patient was relisted for liver transplant
with a low MELD score prior to attempting the surgical shunt.
To construct the mesocaval shunt, a 14 mm Goretex® graft was
used as a conduit between the superior mesenteric vein (SMV)
and infra-renal vena cava (Figure 3A). The patient tolerated the
procedure well and the patient was discharged home two weeks
after the procedure with stable graft function. CT scan done two
weeks later revealed resolution of the ascites and widely patent
shunt (Figure 3B).

2 N

Figure 3A: 14mm mesocaval shunt in stu.

Figure 3B: Patent mesocaval shunt with resolution of ascites
two weeks after creation.

Discussion

Orthotopic liver transplantation is considered the best
therapeutic option for end-stage liver disease, with excellent
survival and substantial improvement in quality of life. The
postoperative period is characterized by a high incidence of
medical and surgical complications, including graft rejection,
bacterial infections, and vascular or biliary problems, all of which
have been extensively described. However, the development of
ascites after transplantation has received less attention.

RA post liver transplant can have physiologic or anatomic
origin. In our practice, we evaluate both of these potential
etiologies in parallel. For physiologic causes, an echocardiogram
evaluates heart function. Paracentesis is performed with gram
stain, cell count/cytology, and cultures to evaluate for infection.
Also, the serum-ascites albumin gradient (SAAG) is calculated

to differentiate between portal hypertension (PHT) vs non-
PHT causes of RA, including malignancy. In patients with a past
history of HCC with elevated AFP levels, AFP can be obtained. A
hypercoagulable work up should be entertained. A liver biopsy
is performed with suspicion of parenchymal disease which
may include graft rejection, recurrence of viral or autoimmune
hepatitis, or cirrhosis.

To evaluate the anatomic causes, a duplex ultrasound (DUS)
of the liver is performed which is highly sensitive and specific
for determining vascular insult [17,18]. The DUS demonstrates
whether there is an inflow (PV) or an out flow (HV) abnormality,
based (monophasic through triphasic
appearance), absolute velocities, and step-up velocities across
an anastomosis. A tri-phasic CT scan can be considered to better
delineate the anatomy. However, if the DUS is of good quality a
venogram can be performed directly avoiding a CT scan with its
contrast load.

on wave forms

Figure 4A: Anastomotic PV stricture with catheter tip in superior
mesenteric veinto measure pressure gradient.

Figure 4B: Successful stent deployment in PV to relieve
pressure gradient.

If the DUS shows an inflow abnormality as suggested
by low velocity flows (<20 cm/sec) or a step up velocity > 4
across an anastomosis, a transhepatic portogram is performed.
Portography will define the portal anatomy in terms of its
patency and presence of porto-systemic shunts, while also
allowing for direct portal pressure and gradient measurements
with concurrent venoplasty if necessary. Problems with the
portal vein could involve thrombosis, anastomotic stricture or
kinking due to excessive length. With limited thrombosis of the
portal vein, interventional radiology can attempt mechanical
thrombolysis followed by tissue plasminogen activator (TPA),
and if necessary, coiling of large portosystemic shunts if PV flow
isinadequate due to steal. If intrahepatic portal veins are involved
or attempted thrombolysis of the main portal vein is unsuccessful,
then surgical intervention can be considered (thrombectomy /
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retransplant). Anastomotic strictures with > 5mm Hg gradient
can be balloon venoplastied (Figure 4A). Regular follow up with
duplex US is required due to reported stricture recurrence as
high as 28.6% to 36.8% following a single balloon angioplasty
alone. PV stricture may require repeat balloon venoplasties or
eventual stent placement [19-21].Portal Vein stents do carry a
significant thrombosis rate, so PV stent placement should only
be done after several attempts at venoplasty alone and close
discussion with the transplant surgical team (Figure 4B).

Obstruction due to kinking of vein can be treated with
stents, but again, PV stenting has a high rate of thrombosis and
stenting will also make surgical repair of the anastomosis more
challenging. DUS and/or portograms are required for follow up
after all significant venous interventions.

Figure 5: Large stent in RV aIIowor unobstructed outflow of
contrast into vena cava.

In case of an outflow abnormality on DUS, a transjugular
hepatic venogram is performed. The venogram allows one to
obtain direct imaging and pressure gradients. The transjugular
approach allows for pressure measurement at the right atrium,
suprahepatic and infrahepatic cava, hepatic veins, and finally a
wedged hepatic vein as an indirect estimate of the PV pressure.
A liver biopsy can also be performed in the same setting which
can identify rejection or recurrent disease, especially in HCV.
Thrombosis of one or more hepatic veins can be treated with
mechanical thrombolysis and stent placement (Figure 5).
However the success rate is limited. For anastomotic strictures,
balloon venoplasty may be attempted with or without stent
placement; however this approach may not provide durable
relief [22-26]. Stent placement which usually helps empty
the RHV into the cava can occasionally occlude the MHV or
LHV requiring additional smaller stents in these other HVs.
With intact liver function, if HV stenting is not an option and
multiple venoplasties have failed, then a surgical mesocaval or
a side to side splenorenal shunt can be attempted. If the liver
function is not preserved, then consider a retransplant with
possible transjugular intrahepatic porto-systemic shunt (TIPS)
placement for temporary control of the RA. The use of TIPS
is associated with an increased risk of infection as well as the
development of liver failure [27,28]. Renal function and bilirubin
should be checked carefully prior to selecting a patient for TIPS.
The TIPS may need to be placed just into the cava to allow for
decompression of the PHT caused at least partially by the venous
outflow obstruction (Figure 6).

Figure 6: Representative venogram of successfully deployed
TIPS.

LeVeen shunt is one of the options used in treating RA,
however, risks include infection, disseminated intravascular
coagulopathy, thrombosis and heart failure [29].

Conclusion

The description of our approach to refractory ascites after
liver transplantation is based on small series and case reports
in the literature as well as our clinical observations over several
decades of dealing with this uncommon complex post-transplant
complication. The proposed algorithm first separates the origin
of the RA into cirrhotic and non-cirrhotic etiologies. Once the
practitioner has determined a non-cirrhotic etiology for post-
transplant RA, we offer a stepwise approach to diagnosis and
management focused on the vascular complications commonly
encountered.
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