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Transdiaphragmatic cavoatrial anastomosis during orthotopic
liver transplantation in a patient with chronic Budd-Chiari
syndrome and thrombosis of inferior vena cava proximal to the
right atrium - case report and review of literature
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ABSTRACT

Introduction: Budd-Chiari syndrome associated with inferior vena cava (IVC) thrombosis
extended to the right atrium is a rare condition, which requires liver transplantation with
different techniques of caval reconstruction. The procedure is technically demanding,
especially if it is performed solely transdiaphragmatically.

Case presentation: An orthotopic liver transplantation (OLT) was performed in April 2014 in
a 24-year old male patient with Budd-Chiari syndrome due to idiopathic thrombophilia and
complete thrombosis of the retrohepatic IVC, up to its intrapericardic portion. Due to the
impossibility of performing a cavo-caval anastomosis, a transdiaphragmatic anastomosis
between the recipient right atrium and the donor superior cuff of the IVC was performed,
without sternotomy.

Results: Postoperative course was uneventful except for persitent ascites, which was
successfully managed with diuretics. The patient was discharged after 34 days; 9 months
postoperatively he has optimal liver function and has returned to normal life

Conclusion: A transdiaphragmatic cavo-atrial anastomosis represents a feasible option in the
setting of OLT, when the recipient [VC cannot be used due to extensive thrombosis, especially if
it is performed by a multidisciplinary operative team.
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INTRODUCTION

Budd-Chiari syndrome (BCS) is provoked by hepatic
venous outflow obstruction due to various underlying
diseases (1,2). Two forms of BCS have been described:
primary, occurring in Asia, caused by internal mem-
branes in the lumina of the inferior vena cava (IVC) and
the hepatic veins, and secondary, mainly found in
Europe and North America, mostly caused by myelo-
proliferative diseases. The location of the obstructive
thrombus tends to be in the hepatic veins (HV) in
Western patients, whereas in Asian patients, both the
HV and the IVC are occluded more frequently (3).
Patients with either acute (4) or chronic Budd-Chiari
syndrome (BCS) benefit from a vast range of therapeu-
tic approaches: surgical portocaval shunts (5), angio-
plasty or transjugular intrahepatic portosystemic shunt
(TIPS) (6,7,8), and liver transplantation (OLT), be it a
whole liver graft (9-11) or a living donor liver transplan-
tation (12). The therapeutic sequence should include
OLT only after the other, less invasive options have been
applied. On the other hand, liver transplantation should
be considered when any of the following occur in the
patient: hepatic encefalopathy, decompensated liver
functon or liver malignancy. So far, the best possibility
of therapeutic approach is OLT, with optimal results
(10). Herein, we report the case of a patient with Budd-
Chiari syndrome, with complete thrombosis of the IVC
proximal to the right atrium, who was transplanted
when the liver function decompensated to such extent

that the ascites and the poor synthetic capability of the
liver were uncontrollable through medical treatment,
thus mandating a swift and viable therapeutic option.

CASE PRESENTATION

The 24-year old patient was referred to our center
for chronic Budd-Chiari syndrome; contrast-enhanced
computed tomography revealed complete thrombosis
of the retrohepatic inferior vena cava extending to the
hepatic veins (figure 1) and to the intrapericardic
portion of the IVC (figure 2), but no veno-occlusive
disease.

The etiology of the thrombophilia was deemed as
idiopathic, as the tests for Factor V Leiden, deficit of AT
Ill, protein C and protein S were all negative.
Considering the extent of the thrombotic process and
the fact that the IVC had a radiologic aspect of complete
fibrosis, any attempt to reduce the portal hypertension
by a TIPS procedure or the hypertension in the caval
system using balloon angioplasty +/- stent placement
was considered both dangerous and ineffective for the
patient. The patient was administered per os warfarin
and the renal dysfunction (albeit with relatively low
creatinin due to the fact that the patient had a reduced
body mass index) and the refractory ascites were
managed with diuretics. As the status of the patient
gradually deteriorated, with severe hypoproteinemia,
uncontrollable ascites and progressive liver decompen-
sation, a decision was taken to transplant the patient.

Figure 1 - (a) Pretransplant aspect: Complete thrombosis of the IVC, both in the supra- and infrahepatic
segments; the IVC is transformed into a fibrous chord. (b) Compensatory enlargement of azygos (fat arrow)
and hemiazygous (slim arrow) veins
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Figure 2 - Extensive thrombotic involvement of the IVC,
in the suprahepatic segment with visualization
of a small thrombus at the level of the right atrium (arrow)

Operative technique

Due to the extension of the thrombotic process
inside the intrapericardic portion of the IVC (figure 2),
the inferior vena cava of the donor, together with a
small cuff of the donor right atrium, was harvested en
bloc with the liver graft. The outflow anastomoses of
the OLT consisted in an end-to-end anastomosis
between the inferior portion of the donor IVC and the
suprarenal IVC of the recipient. The superior end of the
donor IVC was anastomosed to the right atrium. No
sternotomy was performed, the latter anastomosis was
performed in a transdiaphragmatic manner by a mixed
team (cardiac surgeon and the liver transplantation
team). A circular incision was performed in the
diaphragm, at a radius of about 1 cm around the IVC,
thus achieving optimal exposure. After incising the peri-
cardium, a clamp was positioned on the intrapericardic
portion of the IVC, after which the anastomosis was
performed, with 2 running sutures of Prolene 4-0.

Despite the important collateral venous circulation,
no venovenous bypass was used, and the intraopera-
tive echoDoppler examination showed a satisfactory
liver outflow and the patient presented an optimal
haemodynamic function. The portal, arterial and biliary
anastomoses were subsequently completed in a
standard manner. The length of the procedure was 319
minutes; the duration of the cold ischemia time was
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Figure 3 - Cavoatrial anastomosis (fat arrow); Right atrium
(slim arrow)

322 minutes and the warm ischemia time was 118
minutes; the transfusion requirement was approxi-
mately 1500 ml; the volume of blood loss was c. 500 ml.
Postoperatively, the liver graft function was within
normal limits, with patent anastomoses. (figure 3) The
patient presented 4-6 L of ascitis per day, which was
successfully managed by repletive treatment (albumin)
and diuretics; the patient presented a low-flow of the
hepatic arterial anastomosis on the routine echo-
Doppler check, which was corrected with a short-term
llomedin therapy. The postoperative cardiologic evalua-
tion noted perfect cardiac function. The prophylaxis of
the rebound of the thrombotic process was achieved by
administering fractioned Heparin (Clexane 1 mg/ kg of
body mass/ day s.c.); after the patients was discharged,
a target international normalized ratio (INR) of 2:3 was
maintained with per os coumarin anticoagulants
(Sintrom). At follow-up, 9 months postoperatively, the
patient has normal liver graft function, with no signs of
thrombosis (figure 4) and has returned to normal life.

DISCUSSION

BCS is a clinical condition determined by a wide
variety of diseases: polycythemia vera, oral contra-
ceptives, paroxystical nocturnal hemoglobinuria,
trauma, systemic lupus eritematosus, Crohn’s disease,
myeloproliferative disorders, immune thrombo-
cytopenic purpura, AT Ill deficiency, protein C deficiency,
factor V Leiden, anti-phospholipid syndrome, pregnancy
or post-partum (13). In the largest series of patients
transplanted for BCS published so far, the etiology
remained undetermined in 29% of the cases (10). 1-year
and 3-year spontaneous mortality in BCS patients is 70%
and 90%, respectively (14). Recently, a multi-step
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Figure 4 - Postoperative aspect of the cavoatrial anastomosis
(arrow)

strategy was imagined, applied to BCS patients that
were stratified according to the extent of the thrombo-
sis and the degree of liver dysfunction: first line
treatment consists in anticoagulation and diuretics;
second-line consists in balloon angioplasty, catheter-
thrombolysis and stent placement for short-segment
thrombosis; TIPS as a third tier option; the fourth step,
in case the symptoms and the thrombotic process have
not been controlled with the previous steps, is OLT (15).

An issue of paramount importance in the manage-
ment of BCS with IVC thrombosis is the sequence of
applying interventional radiologic techniques as
opposed to OLT. A study on a large cohort of patients
(23352) showed that the trend of the surgical therapeu-
tic approach in BCS is decreasing, while interventional
radiology is employed on an increasingly larger scale
(16). Mortality has been proven to increase in patients
whose transplantation procedure was performed
shortly after a TIPS procedure (2 weeks) or a porto-
systemic shunt (1 month) (10).

Recent studies have shown promising results in BCS
patients treated with IVC placement and balloon angio-
plasty (17). Wang et al. proved that decreasing IVC
hypertension by radiologic interventional means as a
first step also alleviates portal hypertension in a subset
of patients with important collateral venous circulation
(18); however, this was possible in patients with short
segmental obstruction of the IVC. A longer extent of the
thrombosis would not only seriously increase the risk of
pulmonary embolism, but would also render any
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attempt of recanalization by interventional means
futile; therefore, conservative management before the
OLT was the strategy of choice in our case. The choice
between minimally invasive procedures as opposed to
surgery in BCS with obstruction of IVC seems to also
depend on whether the condition is caused by mem-
branous obstruction, as is the case in Asian patients in
which interventional radiology is applied to increasing
numbers of patients with improving results, or by
myeloproliferative diseases, in the case of Western
patients. In the latter group of patients the benefits of
the above named minimally invasive procedures are
less evident, and TIPS is the procedure of choice; the
consequent next step if the TIPS does not improve the
condition is OLT (19,20,21).

Apart from liver transplantation, mesoatrial (MAS)
or meso-superior caval shunts have been proven
successful in increasing survival in patients with acute
or chronic BCS. Meso-cavo-atrial shunts (MCAS) using
ePTFE-covered Gore-Tex artificial vascular grafts
showed further improved results in terms of 5-year sur-
vival and graft patency, while concomitantly improving
clinical symptoms and decreasing complications, com-
pared to meso-atrial shunts (22). However, both MAS
and MCAS have been performed in relatively small
series of patients, albeit with good results (23, 24). A
promising approach consists in mesoatrial shunt
combined with side-to-side portacaval shunt (SSPCS)
(25), yet, in our case, a MCAS would simply not work,
due to the inferior extent of the thrombus on the IVC. A
superior mesenteric vein-caval-right atrium Y shunt, as
described by Zhang et al. (26) was taken in considera-
tion for solving the IVC hypertension and the portal
hypertension, yet, since the patient had been listed for
OLT with an already damaged liver function, it was
considered that supplementary pretransplant surgery
would be detrimental in terms of added risk of surgical
complications.

OLT for BCS was first performed in 1974 (27); in BCS
patients it has the advantage of completely solving the
thrombotic process, with satisfactory 10-year survival
(68%) (10). A cavoatrial anastomosis should be taken in
consideration during OLT in patients with a thrombotic
process of the IVC extending from the renal veins to the
right atrium (2, 28).

The most important pitfall of the OLT for BCS is the
recurrent thrombosis of the IVC (29). Thrombotic recur-
rence is mainly associated with either poor coagulative
status posttransplantation or a stenotic suprahepatic
IVC. Resecting the entire donor IVC superior to the
renal veins, en bloc with a small portion of the recipient
right atrium (RA), with a subsequent cavoatrial anasto-
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mosis, precludes a posttransplant stenosis, thus
decreasing the risk of recurrent thrombosis.

One of the available procedures for BCS is LDLT.
Although the experience with this procedure is
relatively limited in comparison with OLT, important
progress has been made in order to overcome the
difficulties associated with the venous outflow recon-
struction. Unless a thrombectomy of the IVC can be
properly performed (30), the recipient fibrotic retro-
hepatic IVC also has to be resected, consequently
requiring reconstruction with a vascular graft (auto-
logous (31), cryopreserved (32), or a synthetic Dacron
one (33).

A novel procedure reported by Mancuso et al. (34)
consists in solving the thrombotic obstruction of the
IVC near to the atrium by resecting the affected
segment and replacing it with a caval homograft.

Due to the fact that BCS with IVC obstruction has a
relatively low incidence, most studies regarding the
efficacy of various therapeutic approaches are retros-
pective (15), therefore the issue of the optimal treat-
ment in an individual patient should remain open to
discussion.

In conclusion, orthotopic liver transplantation is the
best therapeutic option available for patients with
decompensated liver function due to Budd-Chiari
syndrome. Various technical modifications to the
standard OLT procedure can be successfully applied in
order to overcome pathological challenges, such as the
extensive thrombotic process, in our particular case.
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