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Introduction

Post-hepatectomy liver failure may occur due to liver resec-
tion and can generally be diagnosed from the patient’s 
symptoms and follow-up laboratory findings after surgery. 
Although hyperglycemia commonly develops during sur-
gery, intraoperative hypoglycemia is rarely encountered. 
When it does, it is associated with certain causative factors. 
We present the first reported case of a patient without pre-
disposing factors who developed intraoperative hypogly-
cemia indicative of post-hepatectomy liver failure due to 
liver injury. The patient demonstrated severe hypoglycemia 
detected by glucose testing during surgery. He was diag-
nosed postoperatively with acute liver failure, which was 
conservatively treated.

Case report

A 56-year-old man (weight 64  kg; height 163  cm) was 
diagnosed with cholecystitis and calculi in the intrahepatic 
and common bile ducts. He was hospitalized to undergo left 
lateral segmentectomy, cholecystectomy and T-tube chole-
docholithotripsy. While his medical history was unremark-
able, jaundice without any pitting edema was observed on 
physical examination. His vital signs before surgery were 
stable. Preoperative laboratory data revealed that the total 
bilirubin level was increased to 18.4 mg/dL and the aspar-
tate aminotransferase (AST) and alanine aminotransferase 
(ALT) levels were increased to 80 and 92  IU/L, respec-
tively. Other laboratory findings were within the normal 
range.

Abstract  We present the first reported case of a patient 
with intraoperative hypoglycemia, with no predisposing 
factors, that was indicative of post-hepatectomy liver fail-
ure due to liver injury. A 56-year-old man was hospital-
ized to undergo left lateral segmentectomy, cholecystec-
tomy and T-tube choledocholithotripsy due to calculi in the 
intrahepatic and common bile ducts. His medical history 
was unremarkable. Three hours after surgery initiation, his 
glucose level decreased from 84  mg/dL to below detect-
able levels. We infused 20 % dextrose repeatedly until his 
glucose level returned to within normal limits. His aspar-
tate aminotransferase and alanine aminotransferase levels 
increased to over 10,000 IU/L, and his blood urea nitrogen 
and creatinine levels increased postoperatively. Thus, we 
diagnosed post-hepatectomy liver failure and hepatore-
nal syndrome and treated the patient conservatively. This 
case illustrates that, if no other causative factors for severe 
hypoglycemia occurring during liver resection are present, 
the anesthesiologist should predict post-hepatectomy liver 
failure due to liver injury and inform the surgeon in order 
to enable rapid evaluation and treatment.
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A solution of 5 % dextrose in 0.9 % saline was continu-
ously administered at a rate of 120 mL/h during a fasting 
period without any premedication. After the patient arrived 
in the operating room, he was intravenously administered 
20 mg of famotidine. His initial blood pressure (BP) was 
110/70 mmHg, with a heart rate (HR) of 70 beats/min and 
oxygen saturation by pulse oximetry (SpO2) of 95 %. Anes-
thesia was induced by continuous intravenous infusion of 
0.1  µg/kg/min remifentanil. After intravenous administra-
tion of 130 mg propofol and 50 mg rocuronium, endotra-
cheal intubation was performed, and anesthesia was main-
tained with 4–5 vol% desflurane and 50  % nitrous oxide 
to maintain a bispectral index under 50. The patient was 
infused with Hartmann’s solution and 0.9  % saline. Arte-
rial blood gas analysis (ABGA) findings before surgery 
were normal, and the patient’s glucose level was 84 mg/dL. 
ABGA was performed at hourly intervals.

Two hours after surgery was begun, a hepatic artery 
was injured during dissection of Calot’s triangle for T-tube 
drainage. The surgeon performed temporary clamping 
of the portal triad to control excessive bleeding because 
he experienced difficulty in repairing the injured hepatic 
artery. Ultimately, the surgeon failed to repair the injured 
artery, so he ligated the right hepatic artery. The total 
ischemic time by clamping the portal triad was about 
30  min, during which the patient’s BP was 80–90/45–
50  mmHg, with a HR of 95–105 beats/min and SpO2 of 
100 %.

The ABGA findings taken 3 h after the start of surgery 
were normal, but the glucometer signaled a decrease in glu-
cose level to below the detectable limit. We assumed that 
this signal was an instrumental error and repeated the meas-
urement, but the same results were observed. We rapidly 
injected 100  mL of 20  % dextrose solution, and the glu-
cose level was measured as 42 mg/dL. Another 200 mL of 
20 % dextrose solution was administered, and the patient’s 
glucose level increased to 109 mg/dL. Subsequently, 5 % 
dextrose solution was continuously infused. One hour later, 
the surgery was completed. The total operation time was 
4 h and 30 min, and the total anesthesia time was 5 h and 
20 min. Total input was 8500 mL, including the dextrose 
solution, Hartmann’s solution, 0.9 % saline and 500 mL of 
hydroxyethyl starch (Voluven, Fresenius Kabi, Germany). 
Additionally, seven units of packed red blood cells and two 
units of fresh frozen plasma were transfused during surgery. 
Blood loss during surgery was approximately 3500  mL, 
and urine output was 700  mL. The patient was extubated 
and transferred to the intensive care unit (ICU). When the 
patient arrived in the ICU, his BP was 110/50 mmHg, his 
HR was 112 beats/min, and his SpO2 was 100 % with O2 
mask 5 L/min. His mental status was drowsy and Glasgow 
coma scale score was 13. His glucose level was meas-
ured as 48 mg/dL after 1 h in the ICU, so he was infused 

with 100 mL of 50 % dextrose solution. His glucose level 
increased to 265 mg/dL after infusion and was maintained 
between 79 and 172 mg/dL by continuous infusion of 10 % 
dextrose solution.

Laboratory results on the day of surgery showed a 
rapid increase in the AST and ALT levels to 14,641 and 
4086 IU/L, respectively, which further increased to 21,850 
and 1225  IU/L, respectively, on the following day. The 
patient’s AST and ALT levels then began to decrease, 
returning to within normal limits on the sixth day after 
surgery, and slightly increased afterwards (Fig.  1). Levels 
of other enzymes, namely lactate dehydrogenase and cre-
atine phosphokinase, were also increased, to 21,850 and 
1225 IU/L, respectively, on the day of surgery. Blood urea 
nitrogen and creatinine levels increased slightly after sur-
gery to 36.5 and 1.84 mg/dL, respectively, and then steadily 
increased, as seen in Fig. 2. The patient’s urine output was 
reduced to 5–10 mL/h.

We considered these changes to indicate liver failure 
and diagnosed the patient with post-hepatectomy liver fail-
ure and hepatorenal syndrome. Continuous renal replace-
ment therapy was initiated beginning on postoperative day 
(POD) 1. The patient was switched to intermittent hemo-
dialysis on POD 10, which ended on POD 44. In addi-
tion, the patient’s total bilirubin level increased to 20 mg/
dL on POD 9, and plasmapheresis was performed twice 
as symptomatic treatment. The patient’s mental status was 
nearly fully alert while he was receiving intensive care and 
returned to normal on POD 50. He was discharged without 
any specific findings.

Fig. 1   The patient’s aspartate aminotransferase and alanine ami-
notransferase levels increased significantly the day after surgery. The 
vertical axis represents logarithmic values. Day 0 indicates the day of 
operation
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Discussion

It is common for patients to become hyperglycemic during 
surgery. Hyperglycemia is a common response to critical 
illness and metabolic stress [1]. Stress-induced release of 
counter-regulatory hormones, such as cortisol, glucagon, 
epinephrine and growth hormones, leads to upregulation of 
hepatic gluconeogenesis and glycogenolysis despite hyper-
insulinemia and compromised insulin-regulated periph-
eral glucose uptake. Intraoperative hypoglycemia does not 
occur often, and may develop when the nil per os (NPO) 
time is prolonged in children, fluids that do not contain 
dextrose are administered during long surgical procedures, 
intensive insulin treatment or peritoneal dialysis is adminis-
tered due to diabetes mellitus [2], or the patient has certain 
disease states (e.g., pancreatic islet cell adenoma, carci-
noma, hepatoma, fibroma or adrenal insufficiency) [3, 4].

Post-hepatectomy liver failure is defined as a postop-
erative acquired deterioration in the ability of the liver to 
maintain its synthetic, excretory and detoxifying functions. 
It is characterized by an increased international normalized 
ratio (INR) >1.5 and hyperbilirubinemia >3  mg/dL on or 
after POD 5. The reported incidence of post-hepatectomy 
liver failure ranges from 1.2 to 32 %, partly as a result of 
differences in the patient populations studied and proce-
dures performed [5, 6].

The patient in this case had no underlying disease and 
his NPO time was 24 h. He was continuously supplied with 
dextrose-containing fluids during the fasting period, and his 
glucose level was 84 mg/dL at the start of the operation.

He had multiple risk factors for post-hepatectomy liver 
failure, including cholangitis, male sex, excessive intra-
operative blood loss (approximately 3500 mL) and a pro-
longed operation time (Table 1) [7]. Although this patient 
only underwent a two-segment resection, he met the cri-
teria for post-hepatectomy liver failure. We believe that 
the patient developed liver failure because of the massive 
bleeding, long ischemia time from the portal triad clamp-
ing, and insufficient hepatic blood flow due to hepatic 
artery ligation. As a result, the unexpectedly severe hypo-
glycemia during the surgery was expressed as a sign of liver 
failure. We believe that this was due to reduced gluconeo-
genesis in the dysfunctional liver, because ischemic injuries 
occurred as the hepatic blood flow decreased, leading to 
liver failure and hepatic glucose, protein and lipid metabo-
lism defects that could cause either hyperglycemia or hypo-
glycemia [8, 9]. Mellinkoff et al. [10] reported unexpected 
hypoglycemia due to decreased hepatic blood flow in a 
non-diabetic patient with congestive heart failure. Numura 
et al. [11] reported severe hypoglycemia in ischemic hepa-
titis, and they hypothesized that the hypoglycemia was due 
to reduced gluconeogenesis in the exhausted liver.

Here, we presented the first reported case of a patient 
with intraoperative hypoglycemia and no predisposing fac-
tors that was indicative of post-hepatectomy liver failure 
due to liver injury. In conclusion, if hypoglycemia is noted 
during surgery, the measurement should be repeated for 
confirmation, and possible causative factors for the hypo-
glycemia should be assessed. If there are no causative fac-
tors for severe hypoglycemia while performing liver resec-
tion, the anesthesiologist should predict post-hepatectomy 
liver failure due to liver injury and inform the surgeon in 
order to enable rapid evaluation and treatment.

Fig. 2   The patient’s blood urea nitrogen and creatinine levels 
increased postoperatively, and the oscillations indicate hemodialysis. 
The total bilirubin level also increased and slowly returned to normal. 
Day 0 indicates the day of operation. INR International normalized 
ratio

Table 1   Risk factors for post-hepatectomy liver failure when per-
forming liver resection

Patient-related Pre-existent liver disease (cirrhosis, steatosis, fibro-
sis, cholangitis)

Neoadjuvant treatment because of chemotherapy-
associated hepatotoxicity

Male gender

Advanced age (>65 years)

Comorbidity

Malnutrition

Surgery-related Small remnant liver volume

Excessive intraoperative blood loss (>1250 mL)

Prolonged operation time

Miscellaneous Hepatic parenchymal congestion

Ischemia–reperfusion injury

Infection
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