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Acute kidney injury following the first stage
of the ALPPS procedure: A case report
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Abstract. Associating liver partition and portal vein ligation for
staged hepatectomy (ALPPS) is a novel approach for performing
liver resection, and the number of clinical applications of this
technique has rapidly increased within recent years. ALPPS
is important in patients who have insufficient residual liver
volume and cannot undergo radical hepatic resection. The
most common postoperative complications of ALPPS include
biliary fistula and infection. To date, postoperative acute kidney
injury following ALPPS has not been reported. The current
study reports the case of a 63-year-old patient with hepatitis
B-induced cirrhosis who underwent the first stage of ALPPS
without completion of the second step. The patient developed
postoperative acute kidney injury following ALPPS. The
present case study suggests that the use of ALPPS in patients
at risk of chronic renal damage should be approached with
caution in order to avoid postoperative acute kidney injury.
Furthermore, improvements in surgical techniques and skills of
the surgeons performing the procedure are required to reduce
the surgery duration and improve patient outcomes.

Introduction

Associating liver partition and portal vein ligation for staged
hepatectomy (ALPPS) is a novel strategy for liver resection
that was originally established in 2007 by the German
surgeon Hans Schlitt (1,2), and was first reported in 2012
by Schnitzbauer et al (3). The original method utilizing
laparotomy surgery has been improved by a completely
laparoscopic surgery (4). However, the potential postoperative
complications and mortality subsequent to ALPPS remains
high, and limited long-term follow-up data exists to date. The
most common postoperative complications of ALPPS include
biliary fistula (10.2-24%) and infection (7.7-20%) (5). To the
best of our knowledge, postoperative acute kidney injury
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following ALPPS in patients with posthepatitic cirrhosis has
not yet been reported.

The present study reported the case of a patient with
hepatitis B-induced cirrhosis who experienced postoperative
acute kidney injury after the first stage of the ALPPS procedure.
The current case report aimed to analyze the potential causes
of this complication and suggests measures that can be
employed in clinical practice to prevent postoperative acute
kidney injury, thereby improving the patient outcome.

Case report

In May 2015, a 63-year-old man was admitted to the
Department of Hepatobiliary Surgery at the First Hospital of
Jilin University (Changchun, China), because of abdominal
pain and faintness for 2 months. The patient provided informed
consent for selective surgery, and the protocol was approved
by the Institutional Review Board of our hospital. The patient's
medical history revealed that he suffered from chronic
hepatitis B for >30 years, diabetes for 7 years (with regular
injection of insulin; fasting blood-glucose was controlled
under ~7.3 mmol/l), and hypertension for 10 years (blood
pressure, 150/90 mmHg). There were no positive signs of
kidney disease, with blood levels of creatinine of 60.6 ymol/l
(normal range, 41-73 ymol/l) and glomerular filtration rate of
95 ml/min (normal range, 80-120 ml/min) during the physical
examination.

Computed tomography examination (Fig. 1A and B)
displayed multiple low density nodules of 0.8-6.8 cmin diameter
in the anterior segment of the right lobe of the cirrhotic liver,
which presented significantly heterogeneous enhancement
at the arterial phase and washout in the portal venous and
delayed phases. In addition, ultrasonography (Fig. 1C) revealed
a large solid tumor in the right lobe of the liver, with a size
of 7.0x5.8 cm.

Various laboratory tests were also performed. The results
of the liver function test were as follows: Elevated aspartate
aminotransferase, 118.0 U/l (normal range, 0-31 U/]); elevated
alanine aminotransferase, 156.1 U/l (normal range, 0-32 U/1);
elevated y-glutamyl transpeptidase, 75.9 U/l (normal range,
7-45 U/1); elevated total bilirubin, 30.4 ymol/l (normal range,
<17.1 ymol/l); and elevated indirect bilirubin, 22.2 ymol/l
(normal range, 0-15 pgmol/l). In addition, the renal function
examination demonstrated normal blood urea nitrogen (BUN)
at 2.93 mmol/l (normal range, 2.86-7.14 pmol/l) and normal
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Figure 1. Preoperative liver contrast-enhanced CT and ultrasound imaging in the patient. The contrast-enhanced CT displayed (A) a liver mass at the VIII
segment of the right lobe that was significantly enhanced at the hepatic arterial phase, and (B) evident washout in the portal vein phase. (C) Ultrasonography
showed a large solid tumor (7.0x5.8 cm) in the right lobe of the liver. CT, computed tomography.

creatinine level at 60.6 ymol/l (normal range, 41-73 pmol/l). A
routine urine culture was negative for urine protein. Hepatitis B
virus (HBV) quantitative test revealed an elevated level of
5.4x107 TU/ml (normal range, <500 TU/ml), while the serum
alphafetoprotein level was elevated at 25.34 ng/ml (normal
range, 0.89-8.78 ng/ml) and carbohydrate antigen was elevated
at 19,978.97 U/ml (normal range, 0-6.9 U/ml). The indocyanine
green retention rate at 15 min was normal at 8.4% (normal
range, <10%). Furthermore, the preoperative liver volume
measurements indicated that the volume of the left lobe in the
liver was 520 ml, the volume of the left external lobe in the liver
was 300 ml and the standard liver volume (SLV) was 1,420 ml.
These results indicated a dysfunction of the liver.

The preoperative clinical diagnosis was primary liver cancer
with decompensated hepatitis B-induced cirrhosis. Entecavir
(0.5 mg/day; Sino American Shanghai Squibb Pharmaceuticals
Ltd., Shanghai, China) was administered for antiviral treatment
following admission. Blood glucose levels under fasting
conditions and subsequent to meals were monitored, and
the dose of insulin was adjusted accordingly. As the nodules
were predominately located in the right lobe of the liver and
closely connected to the middle and right hepatic veins, right
hemihepatectomy or right hepatictrisegmentectomy was
required to achieve an RO resection in the patient. However, as
the patient suffered from hepatitis B-induced cirrhosis, for which
the postoperative future liver remnant size would be <40% of the
SLV (5) and he could not tolerate one-stage complete resection
of the tumor, laparoscopic ALPPS was selected.

Intraoperative probe examination detected moderate
cirrhosis of the liver with a firm, pale mass with a diameter of
7 cm in the right anterior lobe, which was closely connected
to the middle and right hepatic veins. In addition, there were
several nodules of 0.5-1.5 cm in diameter in the right posterior
lobe and left internal lobe, while another 0.8-cm nodule was
located on the surface of the left external lobe of the liver.
These lesions are typically observed in patients with primary
liver cancer. ALPPS was performed (6), during which the
lesion that was 1.5 cm in diameter in the left external lobe of
the liver was locally resected. The right branch of the hepatic
vein and the right hepatic artery were ligated, and preset
lines were identified for the secondary surgery. Postoperative
pathology confirmed the diagnosis of primary hepatocellular
carcinoma (HCC) with moderate differentiation.

Postoperatively, the patient's urine output gradually
decreased from the first day following surgery, with blood
levels of creatinine and BUN continuously increasing. On
the third day following ALPPS, the levels of creatinine and
BUN in the patient's blood were elevated, at 386.4 ymol/l
(normal range, 41-73 ymol/l) and 24.58 mmol/l (normal
range, 2.86-7.14 mmol/l), respectively, which are considerably
higher than the normal values. All these tests (urine output,
creatinine and BUN) indicated a decline in kidney function,
and therefore, the patient was diagnosed with postoperative
acute kidney injury, according to the evaluation criteria for
acute kidney injury from the Acute Kidney Injury Work
Group (7). Thus, the patient was treated with continuous
dialysis for 3 days, beginning on postoperative day 3, resulting
in improvement in the renal function. However, higher blood
levels of creatinine (707.9 ymol/l) and BUN (81.9 mmol/I)
were detected in the patient when dialysis was stopped, while
even volume expansion and fluid supplement therapy failed
to decrease these levels. The patient was recommenced on
dialysis for 2 days, beginning on postoperative day 16, and
the levels of creatinine and BUN decreased to 136.4 ymol/l
(normal range, 41-73 ymol/l) and 26.44 mmol/l (normal
range, 2.86-7.14 mmol/l), respectively (Fig. 2). Subsequent to
symptomatic treatments, such as liver and kidney protection
and fluid therapy (reduced glutathione, 1,200 mg/day, i.v.;
magnesium isoglycyrrhizinate, 100 mg/day, i.v.; spironolac-
tone, 60 mg/day, orally administered), renal function improved
and the 24-h urine volume gradually returned to normal.
Other complications were also observed, such as refractory
ascites and bacterial peritonitis, although the symptoms of
peritonitis were gradually improved after abdominal drainage,
hemofiltration and administration of antibiotics (vancomycin,
2 g/day, i.v.) effective against Enterococcus faecium. However,
the patient refused further treatment due to financial reasons,
and selected to be discharged from hospital care.

The patient attended scheduled follow-up appointments
until October 2015. The final results of the liver function
test were as follows: Aspartate aminotransferase, 200.0 U/l
(normal range, 0-31 U/l); alanine aminotransferase, 250.5 U/1
(normal range, 0-32 U/l); y-glutamyl transpeptidase, 100 U/I
(normal range, 7-45 U/l); total bilirubin, 120.6 gmol/l (normal
range, <17.1 pmol/l); and indirect bilirubin, 80.3 gmol/l
(normal range, 0-15 gmol/l). In addition, the renal function
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Figure 2. Laboratory tests demonstrated changes in parameters associated with the (A) renal function and (B) liver function of the patient in the preoperative
and postoperative periods. Parentheses show the reference ranges and/or units. PRE, preoperative period; POD, postoperative day.

examination demonstrated BUN at 30.23 mmol/l (normal
range, 2.86-7.14 ymol/l) and creatinine level at 180.6 ymol/l
(normal range, 41-73 ymol/l). As the patient only underwent
the first stage of the ALPSS procedure, the liver tumor was
still present. Liver and kidney function appeared to be worse
than when he was first admitted.

Discussion

Patients with multiple intrahepatic tumors or a large liver tumor,
regardless of the functional residual liver volume, are usually
treated with liver resection. However, concerns have been
raised regarding the small liver remnants and the development
of postoperative complications in these patients (2). Portal
vein embolization (7) and portal vein ligation (8,9) are two
conventional techniques, which are widely used prior to liver
resection to maintain sufficient liver volumes following surgery.
Recently, ALPPS has emerged as a novel procedure to rapidly
increase the residual liver volume with a 74-99% increase in
the remnant liver in the short term (9 days). In addition, the
ALPPS technique meets the safe liver resection criteria (3),
while it reduces the surgery duration and the incidence
of postoperative hepatic failure. As of September 2015,
553 patients were registered as having undergone ALPSS from
84 medical centers worldwide (www.alpps.net) (10). However,
ALPPS has certain limitations, including high morbidity
and mortality rates, and postoperative complications. In the
present case report, a patient who underwent the first stage of
the ALPSS procedure without completion of the second stage
was reported. The patient experienced acute kidney injury
following ALPPS, a rare postoperative complication.

To date, a limited number of published case reports exist
on postoperative complications following ALPPS, and acute
kidney injury has not previously beenreported as a postoperative

complication of ALPPS. Therefore, there is no predictive
guidlines that can be followed in order to avoid postoperative
renal damage following ALPPS. Schadde et al (10) analyzed
the early postoperative survival rates and safety of the
procedure in 202 registered ALPPS patients. In their report,
the independent risk factors associated with postoperative
complications were as follows: Intraoperative erythrocyte
transfusion, surgery duration of the first stage ALPPS of
>300 min, patient age of >60 years, and liver metastasis other
than colorectal liver metastasis. In the present case study, the
patient was 63 years old with a history of hypertension and
diabetes, which are known to induce chronic renal damage.
The patient was, therefore, at risk of acute kidney injury (10).
Furthermore, the long surgery duration of ~380 min during
the first stage of ALPPS, along with the adverse effects of
anesthesia and surgical stress on renal function possibly
increased the risk and contributed to the development of acute
kidney injury. Of patients undergoing the ALPPS procedure,
70% of cases presented liver metastasis from colorectal cancer,
~17% of patients presented primary liver cancer (2,10,11),
and a small number of patients had liver cancer secondary to
hepatitis-induced cirrhosis. The latter group of patients are
more likely to suffer with viral nephropathy and are at a high
risk of postoperative acute kidney injury.

Suggestions of the present study for measures that can
be performed in clinical practice in order to reduce the
risk of postoperative acute renal injury and improve patient
outcomes also merit attention. Firstly, when the postoperative
urine volume or renal function are decreased, an insufficient
circulating blood volume should be considered. Therefore, the
first step is to replenish the circulating volume, and subsequent
diuretics should increase the daily urine output with an
adequate fluid intake. Secondly, if patients are diagnosed
with HBV infection, antiviral drug therapy should be used
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prior to liver resection (12) in order to avoid impairment in
kidney function caused by HBV infection. Antibiotics with
less adverse effects on renal function should be selected when
spontaneous bacterial peritonitis occurs. Abdominal drainage
should be performed if refractory ascites are suspected.
Finally, if no improvement in renal function is reported or the
patient develops metabolic acidosis and severe hyperkalemia,
then renal replacement therapy should be considered to remove
toxins (13). Hemofiltration therapy can also help to restore
liver function. In the present study, the hepatic function of the
patient was improved subsequent to the second hemofiltration
treatment. Overall, when renal insufficiency occurs following
ALPPS, the patient should be treated as soon as possible to
avoid further deterioration of potential acute kidney injury or
failure.

In conclusion, the use of ALPPS in patients at risk of
chronic renal damage should be carefully considered in order
to avoid the development of postoperative acute kidney injury
following ALPPS. Furthermore, improvement in surgical
techniques and skills are required to reduce the surgical
duration and improve the clinical outcomes of patients.
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