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Case Report

Therapeutic plasma exchange as an effective salvage measure for

post-hepatectomy hepatic failure: A case report

Lee Na Ryu, Shin Hwang, and Suhyeon Ha

Department of Surgery, Asan Medical Center, University of Ulsan College of Medicine, Seoul, Korea

Major hepatectomy can result in post-hepatectomy hepatic failure (PHHF) and therapeutic plasma exchange (TPE)
can be used as a salvage procedure for liver support. We herein present a case of 69-year-old male patient with
perihilar cholangiocarcinoma who was successfully managed with salvage TPE. Preoperative portal embolization was
performed to reduce the parenchymal resection rate. The extent of surgery was right hepatectomy with partial excision
of the ventral portion of the segment IV, caudate lobectomy, bile duct resection and extensive lymph node dissection.
No noticeable surgical complications occurred after the operation, but serum total bilirubin level increased gradually
and reached 10 mg/dl at 1 month after the operation. At postoperative day 38, total bilirubin level raised to 19.8 mg/dl
and prothrombin time deteriorated significantly, thus salvage TPE was started. TPE was performed three times per
week for 2 weeks; consequently, the total bilirubin level was maintained below 10 mg/dl. A few days later, a rebound
of total bilirubin occurred; accordingly, 2 sessions of TPE were performed additionally. Overall, a total of 8 sessions
of TPE were performed. The patient was discharged at 84 days after operation. The total bilirubin level returned to
normal at 5 months after operation. This patient is doing well for past 9 months. In Korea, TPE for liver support has
been approved by the social health insurance since August 2020. In conclusion, salvage TPE is an effective liver
support measure for PHHF, thus we suggest starting TPE if serum total bilirubin level reaches 10 mg/dl after

hepatectomy. (Ann Hepatobiliary Pancreat Surg 2021;25:270-275)
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INTRODUCTION

Major hepatectomy of the diseased liver can result in
hepatic decompensation and even fatal hepatic failure. To
minimize such operative risks, the hepatic reserve is as-
sessed preoperatively, including both qualitative and quan-
titative aspects of the liver function. Although when these
preoperative parameters appear to permit major hepatec-
tomy, there exists a possibility of post-hepatectomy hep-
atic failure (PHHF)."” Once PHHF occurs after liver re-
section, there is nearly no effective treatment modality for
the prevention of additional aggravation except for general
liver support. We have previously reported a case of a pa-
tient with PHHF after right hepatectomy who was suc-
cessfully managed by therapeutic plasma exchange (TPE).4
We have occasionally performed TPE for patients waiting

for liver transplantation (LT) as a bridge therapy to LT

and for those showing early allograft dysfunction as a liv-
er function support.”” Nevertheless, TPE has been rarely
performed for patients with PHHF because of its rare
incidence. We herein present the case of a patient with
PHHF after right hepatectomy who was successfully man-

aged by salvage TPE.

CASE

The patient was a 69-year-old male with perihilar
cholangiocarcinoma. He was admitted to our institution
due to recent body weight loss and jaundice. Imaging
studies led to the diagnosis of perihilar cholangiocarci-
noma of Bismuth type IV, with abutting the right hepatic
artery and focal attachment to the left portal vein and
middle hepatic artery (Fig. 1). The patient was not asso-
ciated with viral hepatitis, but had a history of heavy alco-
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Fig. 1. Initial preoperative radio-
logic findings. Bismuth type IV
perihilar cholangiocarcinoma is
visible at the dynamic abdomen
computed tomography images
(A, B) and magnetic resonance
cholangiopancreatography (C, D).

Fig. 2. Preoperative percutaneous
biliary drainage (PTBD). (A) A
PTBD catheter was inserted into
the left hepatic duct. (B) The
color of bile from the left hepa-
tic duct appears watery clear,
indicating loss of excretory he-
TR ; patocyte function.

hol intake for a long period. Endoscopic retrograde chol-
angiography was performed for biliary decompression
through the endoscopic nasobiliary drainage (ENBD).
Endoscopic biopsy of the hilar bile duct revealed moder-
ately differentiated adenocarcinoma. The initial serum to-
tal bilirubin level was 10.8 mg/dl, but no decrease was
noted for 4 days following ENBD into the right hepatic
duct. For further biliary decompression, percutaneous bili-
ary drainage (PTBD) was performed through the left hep-
atic duct. The color of bile drained from the left hepatic
duct appeared watery clear, indicating loss of excretory

hepatocyte function (Fig. 2). The serum bilirubin level de-

creased slowly to 3.8 mg/dl at 14 days after biliary de-
compression with ENBD and PTBD.

Although the volume proportion of the future remnant
left liver was 39% of the whole liver, we considered that
this patient was at high risk of PHHLF because of the
very slow resolution of obstructive jaundice. As we plan-
ned to perform right hepatectomy, percutaneous trans-
hepatic portal embolization (PTPE) was performed to in-
duce compensatory hypertrophy of the future remnant left
liver and atrophy of the right liver. After waiting for 20
days, the future remnant left liver appeared as 50% of the

whole liver volume (Fig. 3), thus we decided to perform
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right hepatectomy, caudate lobectomy and bile duct re-
section.

The operation was performed at 22 days after PTPE
and the patient’s total bilirubin concentration was 2.0
mg/dl. The right liver showed noticeable wrinkling with
chronic hepatitis background, which made the interlobar
demarcation noticeable. The extent of surgery was right
hepatectomy with partial excision of the ventral portion
of the segment IV, caudate lobectomy, bile duct resection
and extensive lymph node dissection. After mobilization
of the right liver, the hepatoduodenal ligament was
dissected. After confirming that the resection margin of
the distal bile duct was tumor-negative on the fro-
zen-section biopsy, the right hepatic artery was clamped
with a bulldog clamp, that induced hemihepatic inflow
block because the right portal vein was embolized already.
The liver parenchyma was transected with a Cavitron ul-
trasonic surgical aspirator and electrocautery. The clamp-
ing of the hepatic inflow to the left liver was performed
for only 15 minutes. As intraoperative blood loss was esti-
mated to be 500 ml, blood transfusion was not required.
Roux-en-Y hepaticojejunostomy was performed after uni-
fication of two left hepatic duct openings. The left PTBD
catheter was not removed for later monitoring of the liver

function because the patient showed slow biliary decom-
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Fig. 3. Imaging study findings
before and after percutaneous
transhepatic portal embolization
(PTPE). (A) The pre-PTPE vol-
ume of the future remnant left
liver is 39% of the whole liver
volume. (B, C) Right PTPE is
performed through an ipsilateral
approach. (D) The future rem-
nant left liver is increased to
50% of the whole liver volume
at 20 days after PTPE.
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Fig. 4. Gross photograph of the resected specimen showing
a perihilar cholangiocarcinoma of flat infiltrative type, 4.2
cm-sized moderately differentiated adenocarcinoma, with ex-
tension beyond the bile duct and involvement of the liver.

pression indicating impaired functional reserve of the
liver.

The pathology report of the resected specimen showed
that the tumor was perihilar cholangiocarcinoma of flat in-
filtrative type, 4.2 cm-sized moderately differentiated ad-
enocarcinoma, with extension beyond the bile duct and in-
volvement of the liver (Fig. 4). The depth of tumor in-

vasion was 5 mm from surface epithelia. Lymphovascular



Lee Na Ryu, et al. Therapeutic plasma exchange for hepatic failure 273

invasion and perineural invasion were present. There was

no tumor metastasis in 9 resected lymph nodes. The liver
parenchyma showed bridging fibrosis on the Masson tri-
chrome staining. According to the 8th edition of the
American Joint Committee on Cancer (AJCC), this tumor
was identified as T2aNOMO, thus being stage II.

No noticeable surgical complications occurred after the
operation (Fig. 5A). However, the serum total bilirubin
level increased gradually and reached a stationary state
level of 10 mg/dl at 1 month after operation (Fig. 6). At
that time, the levels of blood tests were as follows: serum
aspartate transaminase (AST) 83 IU/L, alanine trans-
aminase (ALT) 61 TU/L, total bilirubin 10.3 mg/dl, albu-
min 2.8 g/dl, total cholesterol 98 mg/dl, prothrombin time
58.6% (1.32 INR), and platelet count 125X103/ul. CT scan
showed a moderate amount of ascites (Fig. 5B), thus re-
peated albumin infusion with diuretics therapy was con-
tinued. As the general condition of the patient deteriorated
slightly, we continued intravenous hyperalimentation and
oral intake was encouraged. There was no evidence of
surgical complications, and biliary tubogram through the
remained PTBD catheter showed the good passage through
the hepaticojejunostomy.

We continued supportive care for post-hepatectomy hy-

perbilirubinemia for more than 1 month, but the total bi-

Fig. 5. Postoperative computed
tomography (CT) follow-up ima-
ges. No abnormal findings can
be seen in the 1-week CT scan
(A). One-month CT scan shows
ascites and splenomegaly (B).
No abnormal findings except
splenomegaly are visible in the
3-month (C) and 8-month (D)
CT scans.

> ] TPE

E

c

S 20-

s PTPE

c

S 151

Q

(&)

£

g 10 1

z

© i

IS 5

S

2

Q 0 T T T T T T 1
? 50 0 50 100 150 200 250 300

Pre- and postoperative days

Fig. 6. Changes in the serum total bilirubin level before and
after surgery. A total of 8 sessions of therapeutic plasma ex-
change (TPE) were performed. PTPE denotes percutaneous
transhepatic portal embolization.

lirubin level raised to 19.8 mg/dl and prothrombin time
INR deteriorated further at postoperative day 38. On the
same day, TPE was started. TPE was performed three
times per week for 2 weeks; subsequently total bilirubin
level was maintained below 10 mg/dl. A few days later,
as a rebound of total bilirubin occurred, 2 additional ses-
sions of TPE were performed. Thereafter, the total bilir-
ubin level was lowered below 5 mg/dl and decreased

gradually over 3 months (Fig. 6). The patient was dis-
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charged at 84 days after the operation. The total bilirubin
level returned to normal after 5 months of operation and
no abnormal findings were identified at the follow-up CT
scans (Fig. 5C, D). Currently, the patient is doing well
for the past 9 months, without tumor recurrence or deteri-

oration of liver function.

DISCUSSION

Progressive deterioration of liver function after major
hepatectomy usually lead to fatal sequences. PHHF usu-
ally shows hyperbilirubinemia, coagulopathy and hepatic
encephalopathy. Its pathophysiology is unknown, but it is
reported that PHHF is mediated by postoperative portal
hyperperfusion into the small liver remnant which leads
to transient portal hypertension, sinusoidal constriction
and endothelial injury.® Risk factors of the development
of PHHF include an excessively high rate of liver re-
section that induces small remnant liver volume, under-
lying liver cirrhosis, steatosis, advanced age, malnutrition,
diabetes, and the existence of preoperative portal hyper-
tension.”'’ Infection has been reported to complicate the
course of treatment as a precipitant or during later stages
due to the reduced phagocytosis capacity of the hepatic
reticuloendothelial system.” Bacterial translocation from
prolonged fasting and diminished hepatic clearance of
bacteria might enhance the susceptibility for the develop-
ment of infections."

To improve the sequences of PHHF, liver function sup-
port during the acute phase of hepatic function deterio-
ration appears to be effective. Various blood purification
therapies have been developed for the treatment of acute
liver failure.'” We previously reported our experience on
the use of TPE and Molecular Adsorbent Recirculating
System (MARS) in patients with posttransplant graft dys-
function.” After a single MARS session, patients showed
a significant reduction in the levels of creatinine, urea ni-
trogen, bilirubin, and ammonia. After a single TPE ses-
sion, patients showed a significant improvement in the
levels of prothrombin time, total bilirubin, ALT, alkaline
phosphatase, and albumin. After the completion of treat-
ment, both MARS and TPE led to significant improve-
ment in the bilirubin levels. Regarding PHHF, TPE is
considered as more suitable as a supportive measure.

TPE as a method of plasma exchange to replace fresh
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plasma after separation from blood has demonstrated en-

couraging results in selected patients.u'14

In our present
patient, soon after salvage TPE, serum total bilirubin be-
gan to decrease probably due to initial dilution effect and
restoration of hepatic metabolic capability. The sessions
of TPE were repeated until a marked decrease in serum
total bilirubin level was attained. Besides the total bilir-
ubin level, we focused on the changes in the total choles-
terol levels and prothrombin time. We previously reported
that a rise in total cholesterol level can indicate recovery
of hepatic function.* Hypocholesterolemia has been found
to be an independent predictor of mortality in critical sur-
gical illnesses."'® Notably cholesterol is produced only
by the liver."” Temporary liver support using TPE may in-
duce the functional recovery of a failing liver. Prothrom-
bin time also showed a similar pattern of recovery as the
serum cholesterol level. Initial improvement in prothrombin
time could have been due to coagulation factor replace-
ment through plasmapheresis per se, but its recovery pat-
tern was indicative of the rapid recovery of hepatic syn-
thetic function. It is known that parenteral vitamin K re-
placement corrects coagulopathy related to biliary ob-
struction, bacterial overgrowth or rnalnutrition,18 thus we
frequently administered vitamin K1 for patients with ob-
struction jaundice and impaired coagulation profiles.

On the contrary to serum cholesterol and prothrombin
time, the decrease in serum total bilirubin concentration
was often delayed in our previous case and the present
case." TPE was continued until the disappearance of the
rebound rise in serum bilirubin was achieved, because the
initial and temporary decrease in bilirubin concentration
was probably due to the blood dilution effect and its small
therapeutic effect.

Although we knew the beneficial effect of TPE, the ini-
tiation of TPE was significantly delayed because TPE for
liver support was not financially approved until July 2020
by the Health Insurance Review and Assessment Service
in Korea. TPE has been approved as a useful procedure
for PHHF and graft dysfunction since August 2020, in
which the first 3 sessions of TPE are fully covered and the
next sessions are half covered by the social health insurance
in Korea. This recent approval of TPE is beneficial to per-
form TPE at an early stage and more frequently than before.

There exists a randomized controlled trial on TPE in

patients with acute liver failure,” in which treatment with
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TPE has led to the improvement in the outcome in pa-
tients with acute liver failure by increasing liver trans-
plant-free survival. This is attributable to the attenuation
of innate immune activation and amelioration of multi-or-
gan dysfunction. A Japanese single-center study suggested
that TPE improved liver function in living donor liver
transplantation recipients with progressive liver failure
and appears to be indicated in patients with total bilirubin
levels ranging between 13 and 24 mg/dl.*

There exist no practical guidelines to start TPE for liver
support in the literature. The task force team for TPE in
the Korean Association of Hepato-Biliary-Pancreatic Surgery
and the Korean Society for Transplantation recommends
that TPE is eligibly indicated if the total serum bilirubin
level exceeds 10 mg/dl after hepatectomy or liver trans-
plantation and TPE sessions can be repeated every 2 or
3 other days until loss of rebound rise in serum total bilir-
ubin level is achieved.

In conclusion, salvage TPE is a useful liver support for
PHHF, thus we suggest starting TPE if serum total bilir-

ubin level reaches 10 mg/dl after hepatectomy.
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