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Introduction

The first successful living donor liver transplantation

(LDLT) in was performed by Strong et al. in 1989 [1],

and LDLT is now performed worldwide as an alternative

to deceased liver transplantation for patients with end-

stage liver failure. Late complications after LDLT can

occur [2–4]. Among these complications, portal vein ste-

nosis (PVS) is serious and may lead to graft failure.

Moreover, delayed diagnosis and treatment of PVS may

lead not only to graft failure, but also to hepatopulmo-

nary syndrome or pulmonary hypertension, which makes

re-transplantation difficult or impossible [4].

In most patients, PVS is diagnosed using imaging

modalities such as ultrasonography (US) [5] and com-

puted tomography (CT) [6], or based on clinical findings,

such as symptoms of portal hypertension [7,8], or labora-

tory data, such as a low platelet count [4]. Interventional

radiology (IVR), such as percutaneous transhepatic bal-

loon dilatation, for PVS in pediatric patients after liver

transplantation was first described by Raby et al. in 1991

[9]. This technique has markedly advanced the treatment

of PVS because of its minimal invasiveness, low rate of

complications, and high success rates, and good outcomes

in LDLT [7,10,11]. Sometimes, however, the portal vein

may already be completely occluded when first diagnosed

and in this case it is difficult to salvage it using IVR [4,8].

The incidence of portal venous complications is higher

in pediatric recipients than in adults [12] attributable to

the small diameter of the portal vein, the intrinsically
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Summary

Portal vein stenosis (PVS) after living donor liver transplantation (LDLT) is a

serious complication that can lead to graft failure. Few studies of the diagnosis

and treatment of late-onset (‡3 months after liver transplantation) PVS have

been reported. One hundred thirty-three pediatric (median age 7.6 years, range

1.3–26.8 years) LDLT recipients were studied. The patients were followed by

Doppler ultrasound (every 3 months) and multidetector helical computed

tomography (once a year). Twelve patients were diagnosed with late-onset PVS

0.5–6.9 years after LDLT. All cases were successfully treated with balloon dilata-

tion. Five cases required multiple treatments. Early diagnosis of late-onset PVS

and interventional radiology therapy treatment may prevent graft loss.
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short graft pedicles, or a size mismatch between the graft

portal vein and the recipient’s native portal vein. PVS is a

complication that can manifest in the immediate periop-

erative period or even many years after liver transplanta-

tion [13], and the incidence of PVS is reported to be 3%

after pediatric LDLT [4]. Portal vein thrombosis (PVT)

can occur in the early or late stages after liver transplanta-

tion. The incidence of PVT is reported to be 4% after

pediatric LDLT [4]. Ueda et al.[12] reported that portal

vein complications that develop within 3 months after

liver transplantation have a high mortality rate. Although

perioperative portal vein complications are well covered

in the literature [7,10,14–18], there are few reports of the

diagnosis and treatment of late-onset PVS in pediatric

recipients at an outpatient clinic [6,19].

In this study, we retrospectively reviewed our late-onset

portal vein-stenotic pediatric LDLT recipients and evalu-

ated the efficacy of our strategy for late-onset PVS in an

attempt to diagnose it at an early stage using Doppler US

and CT at regular intervals on pediatric LDLT recipients

of our outpatient clinic.

Patients and methods

Patients

One hundred thirty-three pediatric LDLT recipients (47

males and 86 females; median age 7.6 years, range: 1.3–

26.8 years) at the outpatient clinic, comprising 67 patients

(71 transplantations) who had undergone LDLT in our

department between May 2001 and September 2005, and

66 patients who had undergone LDLT at other facilities

between June 1991 and September 2005, were retrospec-

tively investigated. The median follow-up period of all

the patients was 55 months (range 3–174 months). Indi-

cations for LDLT in these patients included biliary atresia

(n = 113); Alagille syndrome (n = 6); cryptogenic cirrho-

sis (n = 5); metabolic disorders (n = 3); fulminant hepa-

tic failure (n = 2); and Byler’s disease, hepatoblastoma,

cystic fibrosis, and congenital absence of the portal vein

(n = 1 each).

Surgical technique for PV reconstruction

Our modalities for PV reconstruction were chosen accord-

ing to the diameter, wall status, and length of the recipient

PV and diameter and length of the graft PV. Direct anas-

tomosis of the branch patch, trunk, or branch of the reci-

pient PV and graft PV was performed without adjusting

the vein graft to the diameter or length of the vessels

when there were no stenotic changes in the recipient PV.

When the recipient PV trunk was significantly stenotic,

smaller than approximately 5 mm in diameter, the native

PV trunk was removed and a vein graft obtained from the

donor’s ovarian vein, inferior mesenteric vein, middle

colic vein, or splenic vein was interposed. Those anasto-

moses were performed with 6-0 absorbable monofilament

sutures in continuous running fashion with growth factor

and the method was not changed during this study. On

the other hand, detectable portosystemic shunts were

ligated until sufficient portal flow to the graft was con-

firmed by Doppler US during the transplant surgery.

Anticoagulant therapy after LDLT

Anticoagulant therapy after LDLT consisted of prostaglan-

din E1 (0.01 lg/kg/min) and a protease inhibitor (mesi-

late gabexate; 1 mg/kg/h) administered intravenously just

after the operation for 7 days. Low-molecular heparin

(50 units/kg/day) administration was started after con-

firming that there was no general bleeding tendency on

postoperative day 1 or 2 and continued for approximately

14 days. Those anticoagulant drugs were administered

according to the anticoagulant therapy after pediatric liver

transplantation reported by Hashikura et al. [20]. Anti-

thrombin-III concentrates was administered to maintain

plasma antithrombin-III levels of at least 80% in plasma.

The anticoagulant therapy was discontinued after 14 post-

operative days in most patients and then no anticaoagu-

lant agents was administered.

Diagnosis of PVS

Portal vein flow and velocity were monitored by Doppler

US (SSD-400R; ALOKA Co., Tokyo, Japan, once every

3 months) and the portal vein condition, such as patency

and degree of stenosis, was monitored by multidetector

helical CT (SOMATOM sensation 16R, SIEMENS AG,

Germany) once a year. These imaging studies were also

performed when PVS was suspected based on clinical

symptoms (abdominal distention, diarrhea, or tarry

stools), and complementary to each other depending on

the period during which PVS was suspected in the other

images.

Portal vein stenosis was diagnosed based on one or

more of the following findings: greater than 50% stenosis

of the portal vein diameter at the most stenotic point

compared with that of the prestenosis main trunk of the

portal vein measured by US or CT; aggravated collateral

pathways based on multiplanar reconstruction of multide-

tector helical CT images; portal vein diameter <3 mm

with poststenotic dilatation of the intrahepatic portal

vein; and mean velocity of <10 cm/s at the umbilical

portion of the portal vein on Doppler US. PVS that

developed 3 months or more after LDLT was defined as

late-onset PVS in our study. We did not change the

examination interval of the imaging studies using CT and
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US, or the criteria of PVS during the study period. Before

August 2005, the criteria applied to IVR procedure

focused somewhat on the appearance of symptoms of

PVS, and the patients diagnosed with PVS based on the

above-mentioned findings were followed up as candidates

for IVR procedure. After August 2005, the criteria were

strictly maintained, even if clinical symptoms did not

appear, because repeated IVR was required for recurrent

PVS in patients with clinical symptoms. The principal

strategy, from diagnosis to IVR procedure of late-onset

PVS after August 2005, is summarized in Fig. 1.

Portal vein angiography and IVR procedure

The umbilical portion of the portal vein was approached

by direct percutaneous transhepatic puncture guided by

US under general anesthesia, and a 6 or 7 Fr. sheath

(SupersheathR; Medikit Co., Tokyo, Japan) was inserted.

After confirming stenosis of the portal vein and a pres-

sure difference between the pre- and poststenotic lesion

in portography, dilatation using a noncompliant balloon

(Ultra-Thin DiamondR; Boston Scientific Co., Watertown,

MA, USA) was applied to the stenotic lesion. The size of

the applied balloon was selected based on the portal vein

diameter before the stenosis, i.e., balloon size was 100–

125% the diameter of the portal vein. One-minute dilata-

tion was repeated several times with a pressure of

4–12 mmHg until the notch of the stenotic lesion com-

pletely disappeared. After confirming successful dilation

by portography, the sheath was removed, followed by

compression hemostasis for 30 min.

Anticoagulant therapy after IVR for PVS

To prevent thrombus formation during dilatation, an

intravenous bolus injection of 50 units/kg unfractionated

heparin sodium was administered just before balloon

dilatation, followed by additional continuous intravenous

administration at 50 units/kg/h. After IVR, low-molecu-

lar-weight heparin sodium was administered at a dose of

100 units/kg/day for 3 days, after which the dose was

gradually reduced to 50 units/kg/day, and then discontin-

ued 5 days after IVR.

Before August 2005, only unfractionated heparin, not

low-molecular-weight heparin sodium, was administered

for postoperative anticoagulant therapy, but recently

(after August 2005, Cases 10, 11, 12 and the 3rd IVR of

Case 9) we changed the unfractionated heparin to low-

molecular-weight heparin sodium, as also added warfarin

potassium and aspirin to the regimen to prevent recur-

rent PVS. Warfarin potassium was initiated on the first

post-IVR day at a dose of 0.1 mg/kg/day. The dose was

then adjusted to maintain the international normalized

ratio of prothrombin time between 1.5 and 2.0 [21] for

3 months. Aspirin therapy (2 mg/kg/day) was initiated on

the first post-IVR day and continued for 3 months.

Statistical analysis

Values of measured variables were expressed as

mean ± standard deviation, and comparisons between

paired data were performed using the Wilcoxon signed-

rank test using the statistical software dr. spss II (SPSS,

Chicago, IL, USA). Differences were considered significant

at a P-value of <0.05.

Results

Outcome

Among the 133 pediatric LDLT recipients at the outpa-

tient clinic, 12 experienced late-onset PVS (12/133, 9.0%).

The characteristics of these patients are summarized in

Table 1. The graft types of those patients were the left lat-

eral sector (n = 9) and the left liver (n = 3). Biliary atre-

sia was the most frequent underlying disease (11 patients,

91.7%). Median age of the patients with late-onset PVS

was 4.2 years (1.0–19.8 years). The median interval

between LDLT and IVR was 1.5 years (range 0.5–6.9

years).

Portal vein stenosis was confirmed by US and/or CT in

all patients with obvious stenosis; among those, decreased

portal velocity was detected in six patients, and aggra-

vated collateral pathways were detected in five patients

(some patients were included in both groups, Table 1).

Nine patients (45%) presented with tarry stool, and

Continuous diarrhea
Abdominal distentionYes

Clinical findings

Image examination

Tarry stool

US findings
Narrowing of PV anastomosis (<3 mm)

No

Poststenotic dilatation of portal vein
Turbulent jet flow or decreased 
portal flow of  UP (<10 cm/s)

Doppler US: once/3 months 
CT : once/1 year

Protocol image examination

CT findings
Stenosis (≥≥50%)
Increased collateral veins

YYes

Angiography

No

No Stenosis and collateral veins

Yes

Follow up
at outpatient clinic

Stenosis
Pressure gradients (≥5 mmHg)

Interventional radiology
(balloon dilatation)

Figure 1 Strategy for late-onset PVS in our outpatient clinic. Angiog-

raphy and/or balloon dilatation are performed as soon as clinical and

image findings suggesting PVS are confirmed. US, ultrasound; PVS,

portal vein stenosis.
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another two patients developed symptoms of either diar-

rhea or abdominal distention. Since the introduction of

our strategy after August 2005, summarized in Fig. 1

(Cases 10, 11, 12), no patient has developed clinical

symptoms prior to the diagnosis of late-onset PVS by

radiologic findings.

As expected, the two splenectomized patients had

particularly high platelet counts (mean ± SD 41.7 ±

10.5 · 104/ll). When these counts were excluded from

the evaluation, however, the mean platelet count at the

diagnosis of PVS in the remaining 10 patients was

14.0 ± 3.9 · 104/ll (normal range in our institution:

13.0–36.9 · 104/ll). None of the 12 patients experienced

portal vein thrombus before and after LDLT. Late-onset

PVS was observed in two out of seven patients who

underwent simultaneous splenectomy at the time of

LDLT and in one out of seven patients udnergoing portal

vein reconstruction with an interposition graft, but the

incidence was not statistically significant.

IVR findings

In these 12 patients, IVR was performed a total of 20

times. Neither bleeding nor other complications associ-

ated with IVR were observed in our series. Balloon dilata-

tion was required only once in seven patients, twice in

two patients, and three times in three patients. In patients

that required repeated balloon dilatation, the median

interval between each procedure was 40.5 days

(14–839 days, Table 1). Complete occlusion was not

encountered in any case, and all PVS patients were suc-

cessfully treated with IVR, requiring no surgical revision.

To date, we have not performed any stent placements,

and none of the grafts have failed. All patients were free

from clinical signs and recurrence of PVS during our

study period with a median follow-up period of

55 months (range 3–174 months).

Portal venous velocity was 17.5 ± 11.1 cm/s pre-IVR

and 34.4 ± 14.7 cm/s post-IVR, which indicated a signifi-

cant increase in portal velocity after IVR (P < 0.001).

Portal venous velocity decreased below 10 cm/s in six

patients. The prestenotic portal venous pressure was

7.2 ± 3.8 mmHg higher than the poststenotic portal

venous pressure, but no difference was observed in Cases

7, 8, and 11, in which apparent collateral pathway forma-

tion was confirmed in CT findings. The diameter of the

stenotic portal vein was 2.4 ± 1.1 mm.

Former PVS patients with anticoagulant therapy

including only unfractionated heparin (Cases 1–8, and

first and second IVRs of Case 9) frequently developed

recurrent PVS, which necessitated repeated balloon dilata-

tion, but after the introduction of combined anticoagu-

lant therapy with low-molecular-weight heparin sodium,

warfarin potassium, and aspirin, there were no PVS

recurrences (third IVR of Case 9, and Cases 10–12). No

adverse effects of the anticoagulant drugs were experi-

enced.

Discussion

One of the major and devastating complications of PVS

is PVT. Although, the rates of those complications are

not very frequent, they can be serious and lead to graft

failure. Buell et al. [6] reported that the incidence of PV

complications was higher in LDLT compared with that in

reduced and split-liver transplantation or in whole liver

transplantation from a deceased donor. Therefore, the

diagnosis and treatment of those complications is essen-

tial after pediatric LDLT.

Late-onset PVS is caused by fibrous and organic

thrombus and fibrous hyperplasia of new intima [15];

therefore, to prevent turbulent portal vein blood flow, it

is extremely important that the anastomosis is performed

meticulously with consistent diameters and without twist-

ing. On the other hand, because risk factors that predis-

pose a patient to portal vein complications include

decreased portal vein inflow and the presence of portosys-

temic shunts before transplantation [22], we also regard

pre-existing portosystemic shunts as important factors

influencing post-LDLT complications. We can detect

pre-existing portosystemic shunts in the recipient by pre-

transplant CT and US findings. In our patients, detectable

portosystemic shunts were ligated until sufficient portal

flow to the graft could be confirmed by Doppler US dur-

ing the transplant surgery. After LDLT, protocol Doppler

US was performed at least twice every day for 2 weeks to

confirm the direction and amount of portal vein flow.

Once PVS occurs, however, prompt diagnosis and treat-

ment without delay is crucial to avoid complete occlusion

or subsequent graft failure.

Portal vein anastomosis is technically challenging

because the graft portal venous segment is short and

necessitates the use of an interposition graft. These grafts

significantly increase the risk of portal vein complications

[6]. When the recipient PV trunk was significantly ste-

notic, and approximately smaller than 5 mm in diameter

in our pediatric LDLT recipients, the native PV trunk was

removed and a vein graft was interposed. The vein graft

was obtained from the donor’s ovarian vein and inferior

mesenteric vein in most procedures. In two procedures,

however, we obtained the middle colic vein or splenic

vein for use as an interposing vein graft (one case each),

because we could not otherwise obtain vessels with an

adequate diameter and length to graft to the portal vein

in those patients. We carefully observed those donors

using a fiberscope and CT. The donors are both doing
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well and there have been no abnormal findings or com-

plications. Late-onset PVS was observed in one out of

seven patients undergoing portal vein reconstruction with

an interposition graft, but the increase in incidence was

not statistically significant.

Although clinical symptoms, such as splenomegaly,

liver dysfunction, and tarry stools [4] might be helpful

for diagnosing PVS, these symptoms usually develop in

the late stage of PVS, at which time IVR might be diffi-

cult or impossible. Ueda et al. [4] reported that a low

platelet count (below the normal range at their admission

stage itself) was observed in all patients with late-onset

PVS. This was not the case, however, in our study. Plate-

let count is not helpful in splenectomized recipients and

thrombocytopenia may develop after liver transplantation

in association with other factors, such as infection [23],

rejection [24], and hematologic disorders [25].

Ultrasonography and CT findings might be the most

reliable and most sensitive diagnostic tests for the early

diagnosis of PVS. Three-dimensional multidetector helical

CT is useful for detecting vascular complications after

liver transplantation [6,26,27]. Although the procedure

requires an experienced technician and sometimes the

results are poor because of the patient’s general condition,

Doppler US examination is also a useful and noninvasive

modality for detecting vascular complications [5,28–30].

Indeed, periodic Doppler US and multidetector helical

CT in recent procedures have led to the diagnosis of late-

onset PVS prior to the development of clinical symptoms

or complete portal vein occlusion, allowing us to avoid

graft or patient loss attributable to PVS.

Once late-onset PVS has developed, IVR should be per-

formed without delay, as it is essential for a definite diag-

nosis and effective treatment of PVS [10,15,18]. In our

study, before August 2005, although we did not experi-

ence complete obstruction and could conduct IVR proce-

dure without surgical treatment in all cases, frequently

PVS recurrences were experienced. In consideration of

these findings, we concluded that it was necessary to

change the criteria for applying the IVR procedure. After

August 2005, we changed the principal strategy from

diagnosis to IVR procedure of late-onset PVS, summa-

rized in Fig. 1, and did not experience a recurrence of

PVS after IVR. This satisfactory result seemed to be

enhanced by our strategy for monitoring PVS, which

included periodic imaging examinations and adequate

diagnostic criteria. On the other hand, one issue requiring

caution in our image examinations is radiation exposure

by CT. We are well aware of this concern relating to chil-

dren undergoing radiologic investigations, especially in

pediatric liver transplant recipients who will require a

life-long follow up. In our department, CT was applied

for periodic imaging examination, because CT is readily

available, can be performed quickly, obtains sharp images,

etc. Because a decade ago, patients undergoing magnetic

resonance angiography (MRA) were required to hold

their breath and keep quiet for prolonged periods of time

during the examination to obtain a clear image, these

techniques were difficult to apply in pediatric patients,

especially in infants and young children [31]. Recently,

with the advent of high-performance gradients, fast mag-

netic resonance scanning imaging protocols can now be

performed with a single breath-hold, even in pediatric

patients after liver transplantation [32]. MRA has many

advantages over CT angiography, such as noninvasiveness,

the lack of a need for iodinated contrast agents, and mul-

tiplanar capability, which allows for imaging in coronal,

sagittal, or other planes, we advocate the use of this

modality for the follow-up of pediatric liver transplant

recipients [32,33] and converting CT to MRA for our

periodic imaging examination is currently under consid-

eration.

Frequent recurrence of PVS after balloon dilatation is a

major problem [18,19,34]. Anticoagulant therapy after

IVR for PVS is important for preventing short-term

recurrence, but there is currently no established regimen

for the prevention of PVT formation after balloon dilata-

tion. In our experience, 16 IVR procedures were con-

ducted in nine patients in the earlier cases (Cases 1–8,

and first and second IVRs of Case 9), that is, five patients

required more than one balloon dilatation (55.6%). Then,

we applied conventional anticoagulant therapy using the

three-drug regimen, low-molecular-weight heparin, warfa-

rin, and aspirin, which has proved to be effective for the

prevention of recurrent venous thromboembolism [21]

and re-occlusion after coronary intervention [35]. The

introduction of the anticoagulant regimen abolished the

incidence of recurrent PVS in our study and enabled us

to manage all of our patients without complications, such

as puncture-site bleeding, after the procedure. Although

the three-drug anticoagulant therapy may be effective for

preventing the recurrence of PVS, it may also be that the

early treatment for PVS based on our sequential strategy

is effective, because three out of four patients on the anti-

coagulant therapy underwent balloon dilatation before

developing clinical symptoms, such as tarry stool.

Although PVT after liver transplantation is a rare event

with a reported incidence between 1% and 4% [4,36–38],

it is an agonizing complication that may lead to acute

graft failure. Technical complications, a small diameter of

the portal vein, history of pre-liver transplantation PVT,

surgical shunt operation before liver transplantation, use

of cryopreserved vein grafts for portal vein reconstruc-

tion, and splenectomy are known risk factors for the

development of PVT [15,36]. Clinical symptoms include

emerging ascites, variceal bleeding, elevated values on

Late portal vein stenosis after pediatric LDLT Kawano et al.

ª 2009 The Authors

1156 Journal compilation ª 2009 European Society for Organ Transplantation 22 (2009) 1151–1158



hepatic function tests, splenomegaly, and lower extremity

edema [6,13]. For imaging-based diagnosis, PVT may

appear as anechoic and imperceptible on gray-scale on

US, as the lack of detectable flow within the portal vein

on Doppler US, and as a low-attenuation filling defect

with cavernous formation around the thrombus on

enhanced CT [38,39]. Treatment of PVT may include

mechanical thromboectomy, segmental portal vein resec-

tion, percutaneous thrombolysis and stent placement, or

balloon angioplasty [13,40,41]. Although, fortunately

none of the patients in our experience developed PVT

after LDLT, an early diagnosis of PVT before formation

of a complete thrombus would be important. Our strat-

egy of periodic imaging examination for liver transplant

recipient is expected to be able to detect early-stage PVT,

and when partial PVT was diagnosed in our patients, we

planned to administer warfarin potassium at a dose of

0.1 mg/kg/day, initially.

The management of recurrent PVS is another problem

of IVR. Although successful stent placement for recurrent

PVS in liver transplant recipients has been reported

[19,31], patient growth and the possibility of future

re-transplantation made us reluctant to perform this pro-

cedure in our pediatric recipients. Fortunately, we have

managed to salvage at-risk grafts by repeated balloon dila-

tion without surgical revision, stent placement, or

re-transplantation, but the optimal strategy for recurrent

PVS remains to be determined.

Conclusion

Our findings of a 9% incidence of late-onset PVS with-

out complete occlusion and graft loss demonstrate the

efficacy of our strategy for diagnosing and treating late-

onset PVS using periodic Doppler US and multidetector

CT at an outpatient clinic. The optimal treatment for

recurrent PVS after IVR, however, remains to be deter-

mined.
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