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Case 1
A 49-year-old male, who underwent orthotropic Liver Transplant (LT) 
for Non-Alcoholic Steatohepatitis (NASH) related decompensated 
Chronic Liver Disease (CLD), presented with ascites not responding 
to standard medications four months after LT. Doppler Ultrasound 
(D-USG) revealed mild narrowing of IVC in the anastomotic region 
(~10 mm) with dampened wave forms and loss of triphasic flow in 
the hepatic veins [Table/Fig-1]. Portal vein showed normal antegrade 
flow. The findings were further  confirmed on Contrast Enhanced 
Computed Tomography (CECT) abdomen, which showed significant 
narrowing of the IVC at the anastomotic site with congestive changes 
in liver [Table/Fig-1c-e]. In view of refractory ascites, patient underwent 
Digital Subtraction Angiography (DSA) for a check venography with 
pressure gradient measurement across the stenosis. With help of a 
10F (French) vascular access sheath in right femoral vein, IVC gram 
was taken followed by pressure gradient measurements in the supra-
hepatic IVC and hepatic IVC across the anastomosis with the help of 
5F Multipurpose Angled (MPA) catheter (Cook Medical, Bloomington, 
Indiana, USA), which was 12 mmHg. The stenosis was serially 
dilated with 12, 14 and 16 mm balloon dilatation catheter (Conquest 
or Atlas UHP balloon, Bard Peripheral Vascular, Inc, Tempe, Ariz) 
[Table/Fig-2]. Post-angioplasty, the pressure gradient reduced to 
normal limit (3 mmHg), hence stenting was not performed. D-USG 
showed restoration of biphasic flow in middle hepatic vein. At 6 
months follow-up, he presented with recurrent ascites and D-USG 
showed partial stenosis at portal vein anastomotic site. At first the 
pressure across the IVC anastomosis was re-checked in DSA and 
confirmed to be normal. A percutaneous portal vein angioplasty 
with pressure gradient measurement was planned. A 5F vascular 
access was secured via transhepatic percutaneous approach in the 
segment 5 portal branch. Pre-dilatation pressure gradient in Main 
Portal Vein (MPV) was ~8 mmHg, which reduced to 2 mmHg after 
serial dilatation with 10 mm and 12 mm balloons (10% oversizing, 
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ABSTRACT
Venous anastomotic site stenosis is a relatively uncommon but an important complication seen in patients post-liver transplant 
surgery. These stenosis can occur at hepatic vein, portal vein or Inferior Vena Cava (IVC) anastomotic site and may result in hepatic 
congestion leading to hepatic dysfunction and massive ascites. Routine Doppler ultrasonography is critical for early detection of these 
complications and in guiding further management. With the advancement in interventional radiology, most of these complications can 
now be managed by minimally invasive endovascular methods with successful long term outcome. This case series of three patients 
(one cadaveric and two live related donor recipient) portrays the role of doppler ultrasonography in post-liver transplant graft surveillance 
and concludes that ultrasound plays a critical role in early diagnosis of venous anastomotic stenosis. The series also highlights the key 
role of interventional radiology in treating the stenosis safely and successfully by balloon angioplasty with or without stenting.

[Table/Fig-1]:	 (a) Pre-procedure colour doppler wave forms in middle hepatic vein 
show dampened monophasic pattern with aliasing suggestive of stenosis; (b) Normal 
anterograde flow in portal vein; (c) Computed Tomography (CT) angiogram venous 
phase coronal image show narrowing of the anastomotic segment of IVC. CT axial 
image in porto venous phase; (d) shows a hypo-enhancing area of liver parenchyma 
in segment VIII with delayed enhancement in late venous phase; (e) suggestive of liver 
congestion; (f) Post IVC stenting doppler shows restoration of biphasic wave forms in 
middle hepatic vein.

[Table/Fig-2]:	 (a) IVC balloon angioplasty across anastomotic IVC stenosis; (b) IVC 
venogram showing normal forward flow (WhiteArrow) in IVC without stenosis.
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month of follow-up resistant to medical treatment. D-USG abdomen 
revealed IVC stenosis at the anastomotic site, hence CECT abdomen 
was performed, which revealed mild IVC narrowing (~7.5 mm). IVC 
angioplasty was planned. A pressure gradient of 9 mmHg was 
recorded across the anastomotic site, and IVC angioplasty was 
done with serial dilatation of 10 and 12 mm diameter balloons. 
The pressure barely reduced to 7 mmHg, hence IVC stenting was 
decided [Table/Fig-5]. A self-expandable metallic stent of 24 mm 
diameter (Cook Z stent- Giantarco Rosch) was placed in the IVC 
avoiding the right hepatic vein ostium, following which the pressure 
gradient decreased to 2 mmHg. He has completed 4.5 years follow-
up and is doing well clinically.

9 mm diameter of MPV) [Table/Fig-3] and percutaneous puncture 
tract was coil embolised.

[Table/Fig-3]:	 (a) Percutaneous transhepatic cannulation angiogram shows main 
portal vein stricture (arrow head). Serial balloon dilatation; (b,c) (white arrow) was 
done with (10 mm, 12 mm); (d) Check angiogram showed minimal residual stenosis, 
however pressure gradient was reduced.

At 7-month post-orthotopic LT, on routine D-USG an iatrogenic 
Arterio-Portal Fistula (APF) was detected between segment 5 artery 
and corresponding portal vein. Endovascular coil  embolisation 
of APF was done [Table/Fig-4-a,b]. Post-procedure angiogram 
[Table/Fig-4c,d] showed mild residual filling of portal vein from 
very fine feeders, however, these were not embolised to minimise 
graft ischaemia. Patient has completed five years of follow-up and 
is doing fine.

[Table/Fig-4]:	 Selective celiac: (a) and super selective right hepatic artery angiogram; 
(b) reveals haemodynamically significant arterioportal shunting between right hepatic 
artery and anterior branch of right portal vein (white arrows); (c,d) PostCoil embolisation 
of culprit vessel (black arrows) check angiogram reveals partial residual APF getting 
supply from multiple non-defined feeders.

Case 2
A 38 year old chronic alcoholic with CLD underwent Living Donor 
Liver Transplantation (LDLT). He had persistent ascites in the sixth 

[Table/Fig-5]:	 IVC gram with stent across the site of stenosis (a and b). Selective 
catheterization of right hepatic vein (white arrow) showed good forward flow with no 
evidence of stenosis across the IVC (c and d).

Case 3
A 47-year-old male, known case of alcohol related CLD, underwent 
LDLT. After three months, he developed refractory ascites. D-USG 
revealed stenosis at the IVC anastomotic site. IVC angioplasty 
with documentation of pressure gradient was planned in DSA. A 
pressure gradient of 7 mmHg was recorded across the anastomotic 
site; hence IVC angioplasty was done serially with (10 and 12 mm 
diameter) balloons [Table/Fig-6]. Post plain balloon IVC angioplasty, 
the pressure gradient reduced to 2 mmHg. Patient was discharged 
after four days with no complaints and has completed 4 years of 
follow-up.

[Table/Fig-6]:	 IVC gram (a) and Right hepatic vein venogram (b) showed evidence of 
IVC narrowing (white arrow) which was dilated with balloon (12 mm diameter) (c and d). 
Check venogram (e and f) shows no residual stenosis with good forward flow.
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DISCUSSION

Hepatic Vein and IVC Stenosis
Venous anastomotic site stenosis is an uncommon complication 
after the liver transplant surgery but requires prompt diagnosis 
and immediate intervention. With evolving times, endovascular 
interventions have played a significant role in reducing the morbidity 
and mortality of these post-LT patients [1]. These stenosis may 
occur at hepatic vein, portal vein or IVC anastomotic site and result 
in hepatic congestion leading to hepatic dysfunction and ascites [2]. 
In this case series too the first patient had a similar clinical and CT 
picture with areas of hepatic congestion. The incidence of hepatic 
vein stenosis varies from 5-13% with one series of 152 LDLT 
patients, reporting it to be 5.3% and another series mentioning it to 
be upto 12.9% in reduced sized livers [3,4]. It’s common occurrence 
in paediatric liver transplants can be explained by the twisting of 
small graft around the HV anastomosis [4]. Orons PD et al., in their 
study have reported Hepatic arterial thrombosis and stenosis as 
the most common vascular complications (~4-25%) followed by 
portal venous, hepatic venous and IVC stenosis (~3%) in patients 
receiving LT [5].

Patients with Hepatic vein or IVC stenosis commonly present with 
hepatic dysfunction, ascites, lower extremity oedema or they be 
asymptomatic [6]. However, early identification and management of 
these vascular complications are very important to salvage the graft 
and to avoid severe complications like portal hypertension, hepatic 
necrosis, haemorrhage, liver failure and even death [7-12]. Routine 
screening with doppler is critical and in many cases sufficient for early 
detection of these complications [13]. There are many techniques 
which are used for hepatic vein and IVC reconstruction during LT 
and in-depth knowledge of these techniques is very important 
while doing doppler ultrasound of these liver transplant patients or 
planning the route of endovascular treatment. Two commonly used 
techniques of surgery are conventional and piggy back techniques. In 
conventional technique-donor’s hepatic IVC is harvested along with 
the graft liver and is interposed between the recipient supra-hepatic 
and hepatic/infra-hepatic IVC with end-to-end anastomosis, hence 
risk of stenosis is usually at either ends of caval anastomosis. In 
piggyback technique, the supra-hepatic donor IVC is anastomosed 
to the recipient hepatic vein in end to end manner with total ligation 
of infra-hepatic end of donor IVC, hence here the stenosis of the 
hepatic vein origin is common. In LDLT patients, hepatic vein origins 
are dissected free and graft hepatic veins are anastomosed with 
cuff of recipient’s hepatic veins in end to end manner [14].

Most of the HV occlusions can be identified on routine D-USG. 
The normal hepatic venous flow is triphasic due to transmission of 
cardiac pulsations from the heart, and in cases of HV stenosis, this 
tri-phasic flow pattern is lost. Although the presence of triphasic flow 
has good sensitivity for excluding hepatic vein stenosis, however, 
absence of triphasic waveform does not mean the presence of 
HV stenosis, as this finding is commonly seen in post-operative LT 
patients [13].

In scenarios where the D-USG cannot completely exclude HV 
stenosis, IVC venography and pressure measurements across the 
anastomosis are of critical importance and are considered gold 
standard for diagnosis [15]. A pressure gradient of >10 mmHg 
across stenosis makes it haemodynamically significant, although 
few studies have shown satisfactory results with treating patients 
having a gradient of 3 mmHg [1]. The fibrotic IVC lesions are easily 
treated with balloon angioplasty; however for recurrent or compliant 
lesions stenting is the treatment of choice [16]. Occasionally, with 
tight venous anastomosis, percutaneous trans-hepatic approach 
can be considered. Parvinian A and Gaba RC, have described how 
a recalcitrant stenosis in post-LT patient, was not responsive to 
single session of IVC balloonplasty. However, he showed dramatic 
improvement on repeat session of serial dilatation of balloon 

angioplasties thus, highlighting the role of programmed approach 
to balloon venoplasty with multiple sessions [17]. Similarly, in case 1 
and case 3 serial balloon dilatations helped in reducing the pressure 
gradient and thereby in clinical improvement of the patients. A 
recent study mentioned the effectiveness of IVC stenting in post-
LT patients showing 100% technical success, 85% clinical success 
and 96% of stents showed long term patency [18]. Lee JM et al., 
have discussed the long-term patency of IVC stenting in fourteen 
post-LT patients, wherein elastic restenosis of more than 50% or a 
pressure gradient of more than 5 mm Hg, or failure to show clinical 
improvement following balloon angioplasty was established as 
criteria for IVC stenting [19]. Weeks SM et al., described that initial 
balloon angioplasty failed in 13 of 16 patients who later underwent 
stent placement in their literature review of a total of forty-three 
patients who had IVC abnormalities post-LT [20]. Thus, we can 
compare these scenarios to case 2 which showed no improvement 
to serial balloon dilatations and hence IVC stenting had to be 
done which resulted in significant drop in pressure gradient and 
symptomatic improvement of the patient.

PV Stenosis
Values higher than 5 mm Hg are considered significant for portal 
vein stenosis [6]. Percutaneous Transluminal Angioplasty is (PTA) 
the treatment of choice with a success rate of ~70% and stenting is 
usually reserved for resistant or recurrent stenotic lesions [21,22].

Arterio-Portal Fistula
Iatrogenic APF commonly occurs due to liver biopsies [23,24]. APF 
show low resistance pattern in the supplying artery and arterial 
flow in the portal vein on D-USG. Surgical ligature is not a practical 
option as it involves extensive dissection and hence endovascular 
embolisation with micro coils, N-butyl cyanoacrylate and detachable 
balloons is the treatment of choice to prevent the risk of graft 
infarction [25,26].

CONCLUSION(S)
D-USG plays a critical role in surveillance of Liver transplant 
recipients by helping in early detection of vascular complications, 
most of which can be managed successfully and safely by 
Endovascular techniques. However, a good knowledge of the 
surgical technique utilised for transplantation is of utmost importance 
for doppler evaluation and planning the appropriate endovascular 
therapy.
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