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Abstract 
AIM: To determine utility of transplant liver biopsy 
in evaluating efficacy of percutaneous transluminal 
angioplasty (PTA) for hepatic venous obstruction 
(HVOO). 

METHODS: Adult liver transplant patients treated with 
PTA for HVOO (2003-2013) at a single institution were 
reviewed for pre/post-PTA imaging findings, manometry 
(gradient with right atrium), presence of HVOO on pre-
PTA and post-PTA early and late biopsy (EB and LB, < 
or > 60 d after PTA), and clinical outcome, defined as 
good (no clinical issues, non-HVOO-related death) or 
poor (surgical correction, recurrent HVOO, or HVOO-
related death). 

RESULTS: Fifteen patients meeting inclusion criteria 
underwent 21 PTA, 658 ± 1293 d after transplant. 
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In procedures with pre-PTA biopsy (n  = 19), no 
difference was seen between pre-PTA gradient in 13/19 
procedures with HVOO on biopsy and 6/19 procedures 
without HVOO (8 ± 2.4 mmHg vs  6.8 ± 4.3 mmHg; P  
= 0.35). Post-PTA, 10/21 livers had EB (29 ± 21 d) and 
9/21 livers had LB (153 ± 81 d). On clinical follow-up 
(392 ± 773 d), HVOO on LB resulted in poor outcomes 
and absence of HVOO on LB resulted good outcomes. 
Patients with HVOO on EB (3/7 good, 4/7 poor) and 
no HVOO on EB (2/3 good, 1/3 poor) had mixed 
outcomes. 

CONCLUSION: Negative liver biopsy greater than 60 
d after PTA accurately identifies patients with good 
clinical outcomes.

Key words: Hepatic venous outflow obstruction; Liver 
transplantation; Post-transplant biopsy; Angioplasty
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Core tip: Percutaneous angioplasty and/or stent 
placement is the first-line of treatment in patients 
with hepatic venous obstruction (HVOO) after liver 
transplantation. Recognizing recurrence of HVOO 
after percutaneous treatment solely based on clinical, 
laboratory or imaging findings is difficult, and there is 
not a clear consensus regarding which measure provides 
the best or “gold standard” assessment for response to 
treatment. We report the utility of biopsy in predicting 
outcomes of percutaneous transluminal angioplasty 
(PTA) in patients with HVOO after liver transplantation. 
Specifically, we have found that patients without 
HVOO on a liver biopsy 60 d or more after PTA had no 
recurrence of HVOO on long-term follow-up.

Sarwar A, Ahn E, Brennan I, Brook OR, Faintuch S, Malik 
R, Khwaja K, Ahmed M. Utility of liver biopsy in predicting 
clinical outcomes after percutaneous angioplasty for hepatic 
venous obstruction in liver transplant patients. World J Hepatol 
2015; 7(14): 1884-1893  Available from: URL: http://www.
wjgnet.com/1948-5182/full/v7/i14/1884.htm  DOI: http://dx.doi.
org/10.4254/wjh.v7.i14.1884

INTRODUCTION
Hepatic venous outflow obstruction (HVOO) is an 
uncommon complication after liver transplantation, 
occurring in 1.5%-2.5% of patients with orthotropic 
liver transplantation using the piggyback technique 
and up to 9.5% of patients with living donor liver 
transplantation[1-3]. HVOO can be treated either by 
percutaneous transluminal angioplasty (PTA) (i.e., 
using an inflatable balloon to treat a luminal stenosis; 
PTA), hepatic venous stenting, or when percutaneous 
revascularization is unsuccessful, by surgical revision[3-7]. 
Primary patency rates of PTA for HVOO at 1 year range 

from 51%-67% and recurrent HVOO after PTA occurs in 
20%-50% of patients[3,4,6-9]. 

Response of HVOO to treatment may be determined 
based upon improvements in clinical symptoms, 
laboratory findings or imaging findings[10]. However, 
there is significant overlap of the clinical symptoms 
of HVOO and other causes for early and late allograft 
dysfunction such as rejection, drug toxicity or biliary 
complications[11]. Similarly, liver function tests do not 
always show significant change after successful PTA[8,12]. 
Finally, while an appropriate imaging response can be 
useful in determining effectiveness of PTA, imaging 
assessment can be subjective and may be operator 
dependent[6,13]. 

As such, liver biopsies are frequently performed to 
assess HVOO response to endovascular intervention 
and to distinguish persistent HVOO from other 
diseases in liver transplants, either at regular intervals 
or in response to change in the clinical or laboratory 
status[14]. Patients with HVOO usually have biopsy 
findings of zone 3 hepatocyte necrosis, sinusoidal 
congestion and hemorrhage in the space of Disse[15,16]. 
Correlation of histologic findings of HVOO with clinical 
findings such as pressure gradients between the 
hepatic vein and right atrium on manometry is not well 
studied. Furthermore, change in histologic findings 
following successful endovascular treatment is currently 
unknown. Therefore, the purpose of our study was to 
evaluate histologic findings at liver biopsy after PTA for 
HVOO in liver transplant patients and correlate these to 
treatment response and long-term outcome. 

MATERIALS AND METHODS
Study population
Institutional Review Board approval was obtained prior 
to initiation of the study. As this was a retrospective 
medical record review, the review board waived the 
need to obtain informed consent. We performed a 
retrospective, HIPAA-compliant electronic medical 
records review of all consecutive patients who underwent 
endovascular revascularization after liver transplantation. 
Between July 3, 2003 and September 12, 2013, 15 
patients known or suspected to have HVOO after 
liver transplantation were referred for a total of 21 
PTA procedures. Patients were suspected of having 
HVOO due to one or more of the following: core biopsy 
histology suggesting outflow obstruction [8/15 patients 
(53%), clinical symptoms (5/15 patients 33%), or 
imaging findings of outflow obstruction (2/15 patients)]. 
Biopsies prior to venograms were performed due to 
abnormal laboratory findings [7/10 (70%)] or clinical 
symptoms [3/10 (30%)]. Clinical symptoms suggestive 
of HVOO included lower extremity edema, ascites, and 
abdominal pain. Abnormal laboratory findings included 
elevated transaminases and elevated total bilirubin. Core 
biopsy findings consistent with HVOO were centrivenular 
or perivenular congestion, hemorrhage, and zone 3 
hepatocyte atrophy (Figure 1)[15]. 
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Liver transplantation
For patients in the study group, liver transplantation 
was performed between February 1998 and August 
2013. Liver transplantation was performed due to 
hepatitis C virus induced cirrhosis [11/15 (73%)], 
primary sclerosing cholangitis [2/15 (13%)], alcoholic 
cirrhosis [1/15 (7%)] and autoimmune hepatitis 
induced cirrhosis [1/15 (7%)]. Two patients received 
living donor right liver grafts and the remaining patients 
received deceased donor transplants. Living donor 
transplant hepatic venous anastomoses were performed 
with either donor right hepatic vein (RHV) to recipient 
vena cava anastomosis or donor RHV to recipient 
RHV. Ten deceased donor transplant hepatic venous 
anastomoses were performed with piggyback technique, 
one was performed with side-to-side anastomosis, and 
two donor transplant hepatic venous anastomoses were 
unspecified (operative records not available in those two 
cases).

Venography and angioplasty
Informed consent regarding percutaneous hepatic 
venography, PTA and percutaneous or transjugular 
liver biopsy was obtained from the patient or the 
patient’s health care proxy during routine clinical 
care. Percutaneous venography and subsequent PTA 
was performed in the same session in all procedures. 
The procedure was primarily performed via right 
internal jugular (IJ) venous puncture [16/21 (76%) 
procedures]. In patients with unfavorable anatomy, 
other routes were used [right IJ and right common 
femoral vein 2/21 (10%), right common femoral vein 
only 2/21 (10%), left common femoral vein 1/21 (5%)]. 

After obtaining access to the infra-renal IVC and/or 
hepatic veins, pressure gradient between the hepatic 
vein/IVC and right atrium were determined using 
manometry. A decision to proceed to PTA was made 
by the operator based on one or more of the following 
criteria: the presence of pressure gradient > 2-3 mmHg 
(20), imaging findings of stenosis (> 50% narrowing in 
the hepatic vein outflow or IVC or both relative to pre- 
and post-vessel caliber), persistent clinical findings, or a 

combination of the above.
PTA was performed matching the balloon diameter 

to that of the vein on the hepatic side of the stenosis. In 
case of poor response to initial PTA, a larger diameter 
or higher pressure balloon was used. After balloon 
dilatation, venography and manometry were repeated 
to evaluate the effectiveness of PTA. No anticoagulation 
was prescribed after PTA. One patient, who underwent 
hepatic vein stenting, was placed on oral Coumadin for 
anticoagulation.

Post-PTA liver biopsy
Liver core biopsies were performed after 13/21 (62%) 
PTA procedures. Post-PTA biopsies were performed once 
in 6 patients and multiple times in 9 patients for a total 
of 42 post-PTA biopsies. Of these biopsies, 35 (83%) 
were transhepatic and 7 (17%) were transjugular. 
Eighteen of 42 (43%) core biopsies were obtained using 
an 18 gauge needle, 3 (7%) were obtained using a 16 
gauge needle, and the core biopsy needle caliber of the 
remaining procedures was not specified. The samples 
were sent to pathology placed in a formalin container. 
Early biopsy was defined as a biopsy performed within 
2 mo (≤ 60 d) of PTA and late biopsy was defined as a 
biopsy performed greater than 2 mo (> 60 d) after PTA.

Clinical follow-up
Medical records were accessed and available for all 15 
patients. Medical records were reviewed for mortality, 
HVOO-related morbidity (e.g., lower extremity edema, 
recurrent ascites), repeat interventional procedures to 
relieve HVOO, persistent biopsy proven HVOO, surgical 
correction, re-transplantation, or HVOO-related death.

Data collection
As part of our retrospective review, a single observer 
recorded the following data points: patient demographics, 
date and type of transplant, dates of all percutaneous 
revascularization procedures for the transplant hepatic 
veins, and dates and results of all transplant liver 
biopsies. For each percutaneous revascularization 
procedure, the name of the vessel, the luminal and 
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Figure 1  Hemotoxylin-eosin stains of a core liver biopsy from a patient with venous outflow obstruction shows hemorrhage within sinusoidal spaces (A) 
as well as evidence of sinusoidal fibrosis on a trichrome stain (B).
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HVOO. 

Procedure outcomes
All patients had successful traversal of the stenosis and 
PTA of the lesion resulting in a technical success rate 
of 100%. The gradient between stenosed vein and the 
right atrium was 7.5 ± 4 mmHg prior to PTA and 3.8 ± 
3 mmHg after PTA (P = 0.001). The luminal diameter 
as a percentage of vessel diameters at the point of 
maximal narrowing was 50% ± 19% prior to PTA and 
58% ± 22% after PTA (P = 0.21). PTA was performed 
once in 10 (66%) patients, twice in 4 (27%) patients 
and thrice in 1 (7%) patient. Primary patency was 79% 
at 30 d, 79% at 3 mo, 63% at 6 mo, 63% at 1 year 
and 52% at 3 years. Primary-assisted patency was 80% 
at 30 d and 79% at 3 mo, 6 mo, 1 year and 3 years. 
There were no minor or major complications.

Biopsy findings
Liver biopsies were performed prior to PTA in 19/21 
(90%) procedures (Table 1). In patients with pre-PTA 
biopsy findings consistent with HVOO [13/19 (68%)], 
the maximum gradient ranged from 2-17 mmHg (8 ± 
2.4 mmHg). In patients with no evidence of HVOO on 
pre-PTA biopsy [6/19 (32%)], the maximum gradient 
ranged from 5-11 mmHg (6.8 ± 4.3 mmHg). There 
was no significant difference in the pre-PTA pressure 
gradient between patients with evidence of HVOO on 
pre-PTA biopsy vs patients without evidence of HVOO 
on pre-PTA biopsy (P = 0.35). 

In the 13 patients with pre-PTA biopsy showing 
hepatic venous congestion, 9/13 (70%) had clinical 
findings of venous stenosis (ascites, lower extremity 
edema, hepatomegaly, etc.) but only 4/13 (30%) had 
imaging findings of venous stenosis (on computed 
tomography, magnetic resonance imaging or ultrasound). 
In the 6 patients with pre-PTA biopsy showing no hepatic 
venous congestion 5/6 (83%) had clinical findings 
of venous stenosis and only 2/6 (33%) had imaging 
findings of venous stenosis. 

Post-PTA liver core biopsies were performed after 
13/21 (61%) PTA procedures. Early biopsy was 
performed after 10/21 (48%) PTA (mean 29 ± 21 
d, range 2-48 d); late biopsy was performed after 
9/21 (43%) PTA (mean 153 ± 81 d, range 62-304 d) 
and 8/21 (38%) patients had no biopsy after PTA. Of 
patients with late biopsy, 6/9 (67%) had both early and 
late post-PTA biopsy, 3/9 (33%) patients had only late 
biopsy after PTA.

Patients with evidence of HVOO on early biopsy 
(n = 7) included 3/7 patients (43%) with no HVOO-
related complications on follow-up (205-3096 d) and 
4/7 patients (57%) with HVOO related complications 
requiring repeat PTA or surgical revascularization (1-47 
d). Patients without evidence of HVOO on early biopsy (n 
= 3) included 2/3 patients (67%) with no HVOO related 
complications on follow-up (62-964 d) and 1/3 patients 
(23%) requiring repeat PTA (at 66 d).

vessel diameter at the point of maximal narrowing and 
the pre-PTA and post-PTA venous pressure gradients 
were recorded. For each patient, medical records were 
reviewed and clinical outcomes were recorded as 
persistent HVOO or no HVOO-related symptoms up to 
death, re-transplantation or loss to follow-up.

Definitions
Technical success and patency rates were calculated. 
Technical success of PTA was defined as successful 
traversal of the stenosis with a catheter and completion 
of PTA. Clinical success was defined as resolution 
or improvement in presenting signs, symptoms or 
laboratory data or no further need for revascularization. 
Complications were defined by the Society of Inter
ventional Radiology classification system[17]. Minor 
complications were defined as those requiring nominal 
or no additional treatment. Major complications were 
defined as those requiring significant additional treatment 
or hospitalization or those causing permanent sequelae 
up to death.

Primary patency was defined as the interval 
between initial PTA and first instance of a repeat hepatic 
venogram necessitated by adverse clinical status. 
Primary assisted patency was defined as patency 
after initial PTA until treatment with percutaneous 
intervention was abandoned.

“Good outcomes” were defined as resolution of 
clinical signs, symptoms, laboratory and/or imaging 
findings, resolution of venous congestion on biopsy 
findings and/or death due to non-HVOO related reasons. 
“Poor outcomes” were defined as unresolved clinical 
signs, symptoms, laboratory and/or imaging findings, re-
transplantation, surgical correction and/or HVOO-related 
death.

Statistical analysis
Statistical analysis of pressure gradients before and 
after PTA was performed using a paired students t-test. 
Kaplan-Meier analysis was used to determine primary 
patency and primary-assisted patency rates[3,4,6-9]. 
Patency rates were calculated for patients with sufficient 
clinical documentation during follow-up intervals. 
Patients were censored if they expired, underwent 
retransplantation for non-HVOO related causes or were 
lost to follow-up during the study interval. Fisher’s exact 
test was used to calculate correlation between biopsy 
findings and clinical outcomes. P < 0.05 was considered 
to be significant. Data processing and analysis was 
performed using Microsoft Excel (Microsoft, Seattle, 
WA) and online statistical calculators (www.vassarstats.
net). 

RESULTS
Fifteen patients (10 males, 5 females, 54 ± 8 years) 
consecutive patients underwent 21 PTAs, 94 ± 184 wk 
(range 4-652 wk) after transplantation for treatment of 
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Two patients with evidence of HVOO on late biopsy 
[2/9 (22%)] underwent additional revascularization. 
Patients without evidence of HVOO on late biopsy [7/9 
(78%)] did not need revascularization [4/7 (57%)] with 
no clinical issues and 3/7 (43%) with non-HVOO related 
death in 205-964 d. 

Patients with both early and late biopsy (n = 6) 
showed late biopsy findings to be more predictive of 
clinical outcomes (Table 2). 

In patients with no biopsy after PTA (n = 8), 2 (25%) 
patients died of non-HVOO related causes (12 and 86 
d post-PTA), 4 (50%) needed revascularization (8, 22, 
43, 138 d post-PTA) and 2 (25%) are doing well (215 
and 223 d post-PTA).

The correlation of histologic findings on early vs late 
biopsy with clinical outcomes is outlined in Table 2.
 
Clinical outcomes
Clinical follow-up was available in all patients (mean: 56 
± 110 wk; Figure 2). Eight/15 (53%) patients had no 
recurrence of HVOO after a single PTA. Of the 7/15 (47%) 
patients with recurrence, 5 (71%) underwent repeat 

PTA, 1 (14%) underwent surgical revascularization and 
1 (14%) needs further percutaneous treatment. Of the 
5 patients undergoing repeat PTA 3/5 patients (60%) 
had no recurrence, 1/5 patients (20%) with recurrence 
required repeat PTA and 1/5 patients (20%) with 
recurrence resulting in re-transplantation (Table 1). 

Importantly, of the 5 patients with clinical symptoms 
of HVOO without histological evidence of HVOO on 
pre-PTA biopsy, 60% (3/5) had a good outcome with 
resolution of clinical symptoms. Separately, in the 4/13 
(30%) patients with histological evidence of HVOO 
without clinical symptoms of HVOO, 100% (4/4) had 
resolution of venous congestion on post-PTA biopsy.

Five out of 15 patients (33%) died of non-HVOO 
related causes (mean: 43 ± 54 wk, median 29 wk). 
Causes of death included cholestatic hepatitis, methicillin 
resistant staphylococcus aureus bacteremia and sepsis, 
recurrent hepatitis C virus infection in the transplant 
liver and disseminated intravascular coagulation in 2 
patients. In the remaining 10 patients, 6 (60%) are 
alive with no signs or symptoms of HVOO (mean follow-
up 142 ± 181 wk, median 40 wk). In the remaining 

Early biopsy findings Late biopsy findings Clinical outcome (days post-PTA)

HVOO (3 patients ) No HVOO (3/3) Non-HVOO related death (205 d)
Non-HVOO related death (242 d) 

Doing well (3096 d)
No HVOO (3 patients ) No HVOO (2/3) Doing well (62, 964 d)

HVOO (1/3) Needed repeat PTA (66 d) 

Table 2  Clinical outcomes in patients with both early (< 60 d) and late (> 
60 d) biopsy after percutaneous transluminal angioplasty for hepatic venous 
obstruction

PTA: Percutaneous transluminal angioplasty; HVOO: Hepatic venous obstruction.

Table 1  Pre- and post-procedure gradients, biopsy findings and clinical outcomes

Patient No. Procedure No. Gradient (mmHg) Biopsy findings indicating HVOO Clinical outcome

Pre Post Pre- < 60 d > 60 d
1 1   8 NA + + - Good
2 1   7 NA - - - Good
3 1   8   4 + + - Good
4 1   5   8 - + - Good
5 1   9   9 NA NA - Good
6 1   2   1 NA NA NA Good

2   5   4 - NA NA Poor
7 1 15 17 + + NA Poor

2 17 12 + NA NA Poor
8 1   7   2 + NA NA Poor
9 1 NA NA + NA + Poor

2   6   1 + NA NA Good
10 1   5 NA - NA NA Good
11 1   9   2 + - + Poor

2   8   1 - NA - Good
12 1   2   2 + NA NA Good
13 1   4 NA + - - Good
14 1   8   6 + + NA Poor

2   5   4 + + NA Poor
3 11   5 + NA NA Poor

15 1 11   8 - + NA Poor

HVOO: Hepatic venous obstruction; NA: Not available.
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4 patients, 2 (50%) underwent surgical correction for 
HVOO and 2 (50%) still have signs and symptoms of 
HVOO (3 and 8 d post-PTA). 

Overall, histological findings on biopsies < 60 d did 
not correlate with clinical outcomes (P = 0.99) whereas 
histological findings on biopsies > 60 d correlated with 
clinical outcomes (P = 0.02).

DISCUSSION
Percutaneous angioplasty and/or stent placement is 
the first-line of treatment in patients with HVOO after 
liver transplantation. Recognizing recurrence of HVOO 
after percutaneous treatment solely based on clinical, 
laboratory or imaging findings is difficult, and there is 
not a clear consensus regarding which measure provides 
the best or “gold standard” assessment for response 
to treatment. While liver biopsy is often utilized to 
determine response to therapy and need for repeated 
treatments, pathologic results after intervention have 
not been correlated to clinical symptoms nor long-term 
clinical outcomes. 

Here, in a retrospective review of this cohort at our 
institution, we report the utility of biopsy in predicting 
outcomes of PTA in these patients with HVOO after liver 
transplantation. Specifically, we have found that patients 
without HVOO on a liver biopsy 60 d or more after 
PTA had no recurrence of HVOO on long term follow-
up. Conversely patients with HVOO on a liver biopsy 
performed more than 60 d after PTA had recurrent 
stenosis or other adverse outcomes. On the other hand, 
liver biopsy findings of HVOO on early biopsy (less 
than 60 d after PTA) did not correlate with treatment 
durability or long term outcomes. This “latency” period 
of 60 d between percutaneous treatment of HVOO and 
resolution of histological changes may represent the 
time needed for the liver to recover following successful 
treatment of HVOO. In clinical terms, a patient with 

HVOO on biopsy less than 60 d after PTA may not need 
repeat PTA, if there are no associated clinical symptoms 
(e.g., worsening ascites or lower extremity edema). On 
the other hand, patients with HVOO on biopsy more 
than 60 d after PTA represent an at-risk population and 
should undergo attempts at percutaneous or surgical 
revascularization.

In a recent study, Lorenz et al[9] reported the follow-
up interval from PTA to the first biopsy demonstrating 
absence of HVOO. They found in 25 patients with 
primary inferior vena cava stenosis following liver 
transplantation, the interval from treatment to biopsy 
findings without evidence of HVOO was 37-4136 d. To 
our knowledge, no study has systematically investigated 
the ability of post-transplant liver biopsy to predict 
long-term response to percutaneous revascularization. 
However, features of HVOO on histology are known to 
overlap with features of other hepatic diseases such 
as chronic biliary disease or drug-induced reactions[15]. 
Therefore, the pathologist often recommends clinical 
correlation of histological findings suggestive of HVOO. 
While this may represent a limitation in our study, we 
used identical histological findings to categorize biopsy 
findings as HVOO in the two cohorts (biopsy less than 
and greater than 60 d after PTA) and found the latter to 
be more predictive of long-term outcomes.

Additionally, we found intra-procedural parameters 
such as pressure gradients or luminal diameter to be 
poor surrogate markers of existing histologic HVOO 
and poor predictors of histologic response to therapy 
(Figures 3 and 4). In our study, four patients with 
HVOO on pre-PTA biopsy had a gradient less than 6 
and 1 patient had a gradient less than 3. Specifically, 
there was no significant difference in pre-PTA pressure 
gradients between patients with or without evidence of 
HVOO on a pre-PTA biopsy. Similarly, improvement in 
pressure gradients to < 3 mmHg or persistent pressure 
gradients > 3 mmHg were not always associated with 

HVOO No pre-PTA biopsy 2/15

Pre-PTA biopsy 13/15

1st balloon angioplasty

No recurrence 8/15 Recurrence 7/15

Retransplantation 1/7 2nd balloon angioplasty

No recurrence 3/5 Recurrence 2/5

Retransplantation 1/2 3rd balloon angioplasty

Short term follow-up (2/2)

Figure 2  Flowchart presenting number of treatments and recurrence of hepatic venous obstruction in all patients. HVOO: Hepatic venous obstruction; PTA: 
Percutaneous transluminal angioplasty.
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1890 July 18, 2015|Volume 7|Issue 14|WJH|www.wjgnet.com

good or poor clinical response, respectively (Table 1, e.g., 
patients 3, 4, 5, 8). While gradients (rather than degree 
of stenosis on venography) have been the primary 
intra-procedural measure in all of the available studies 
on HVOO, there is currently no consensus on what 
constitutes an abnormal gradient between the hepatic 
veins and the right atrium. Early reports of PTA for 
HVOO recommended using a gradient of 10 mmHg[18,19] 
however, a surgical evaluation of normal hepatic vein 
to right atrium gradient during liver transplantation 
found the mean gradient to be less than 3 mmHg[20]. 
Multiple reports in the literature corroborate our findings 
of patients where an elevated post-PTA gradient (> 3 
mmHg) can still have good clinical outcomes[3,4,6-8,21]. 
These findings suggest that a combination of clinical 
symptoms and biopsy findings are more accurate than 
any gradient threshold in diagnosing HVOO and a good 
clinical outcome may be obtained despite a post-PTA 
gradient > 3 mmHg.

Similarly, we found that 70% of patients with 
histological evidence of HVOO also have clinical symp
toms but more importantly, even the 30% of these 
patients who do not have clinical symptoms show 
resolution of their histological findings after PTA. We also 

found that 83% of patients can have clinical symptoms 
of HVOO without histological evidence of HVOO. These 
findings support the combined used of clinical symptoms 
and pre-PTA biopsy findings in diagnosing HVOO and 
pursuing interventional treatment.

Finally, we report primary patency rates of 53% 
at 3 years and primary assisted patency rates of 79% 
at 3 years after only PTA for HVOO. This is similar to 
post-PTA patency rates reported in the literature using 
Kaplan-Meier analysis (Table 3). Some authors advocate 
the use of primary stenting for HVOO when it occurs 
early in the post-transplant period or when dealing with 
primarily IVC stenosis[3,9]. The patency rates for these 
studies were similar to our results, however, the hepatic 
veins are technically challenging for stent deployment 
and stent migration is a rare but severe complication[3,8]. 
Therefore, we agree with the use of PTA as a primary 
treatment for HVOO and reserving use of hepatic 
venous stenting for patients refractory to multiple PTA 
sessions, as previously proposed[8,22].

There are some limitations to our study. This includes 
a small sample size and retrospective nature of the study 
as well as the absence of a control group. However, given 
the low frequency of HVOO in liver transplant patients 

Figure 3  Fifty years old woman with elevated LFTs after liver transplantation and biopsy findings of venous outflow obstruction found to have a right 
hepatic vein stenosis (A, arrow); following angioplasty with a 10 mm × 4 cm balloon (B), there was decrease in pressure gradient from 8 mmHg to 1 mmHg, 
though the venographic appearance remained the same (C, arrowhead). Late biopsy demonstrated no evidence of venous outflow obstruction and the patient 
was doing well at 1 year follow-up. 

A B C

A B C

Figure 4  Sixty-six years old man with elevated LFTs after liver transplantation and biopsy consistent with venous outflow obstruction found with right 
hepatic vein stenosis (A, arrow); following angioplasty with 6, 8, 10, and 12 mm × 4 cm balloons (B), mild improvement was seen in luminal diameter on 
venography (C, arrowhead). On late biopsy, the patient had persistent evidence of venous outflow obstruction and repeat angioplasty was performed.
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COMMENTS
Background
Hepatic venous outflow obstruction (HVOO) is an uncommon complication after 
liver transplantation, occurring in 1.5%-2.5% of patients with orthotropic liver 
transplantation using the piggyback technique and up to 9.5% of patients with 
living donor liver transplantation. HVOO can be treated either by percutaneous 
transluminal angioplasty (PTA) (i.e., using an inflatable balloon to treat a 
luminal stenosis; PTA), hepatic venous stenting, or when percutaneous 
revascularization is unsuccessful, by surgical revision. As such, liver biopsies 
are frequently performed to assess HVOO response to endovascular 
intervention and to distinguish persistent HVOO from other diseases in liver 
transplants. Correlation of histologic findings of HVOO with clinical findings 
such as pressure gradients between the hepatic vein and right atrium on 
manometry is not well studied. Furthermore, change in histologic findings 
following successful endovascular treatment is currently unknown. Therefore, 
the purpose of the authors’ study was to evaluate histologic findings at liver 
biopsy after PTA for HVOO in liver transplant patients and correlate these to 
treatment response and long-term outcome. 

Research frontiers
The use of an appropriately timed biopsy to determine response to treatment 
after angioplasty of hepatic veins will improve patient outcomes and reduce 
uncertainity in treating these patients. 

Innovations and breakthroughs
Although the techniques used to treat and assess these patients are well 
known. The precise correlation of histological findings with clinical findings, 
liver function tests and imaging findings as well as the effect of treatment on 
histological findings is not well known. This study shows the accuracy of post-
angioplasty biopsy in determining prognosis.

Applications
These findings suggest that in patients who do not immediately respond to 
balloon angioplasty with improvement in clinical symptoms should undergo 
biopsy to determine histological response. However, the biopsy should be 
performed up to 60 d after endovascular treatment.

Peer-review
This is an interesting paper that assesses the utility of liver histopathology to 
predict the outcome of PTA after HVOO in transplant patients.
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