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1. INTRODUCTION 
1.1 Background 
1.1.1 Basic hepatic anatomy 

The liver is the largest single organ in the body. It is attached to the 

diaphragm and the anterior abdominal wall by five ligaments: the falciform, the 

coronary, two lateral peritoneal folds and the round ligament, a fibrous cord 

derived from the obliterated umbilical vein. The afferent vessels including hepatic 

artery and portal vein, and the efferent hepatic bile duct enter through the 

hepatoduodenal ligament and leave the liver via the porta hepatis (hilum). The liver 

has a single venous drainage system; the central veins drain into the hepatic veins 

that drain the liver segmentally and join the inferior vena cava. The liver is also 

attached to the duodenum by the hepatoduodenal ligament (Snell 1995). 

 

Our anatomical view of the liver structure is influenced by the classification 

proposed by Couinaud in 1957, which divides the liver into eight functional 

segments according to its portal vein and hepatic artery supply. Each segment is 

drained by single bile duct. Hepatic artery, portal vein and bile duct can be found 

in the center of each segment whereas the hepatic veins branches drain the blood at 

the periphery of each segment. In general, there are three major hepatic veins. The 

middle hepatic vein divides the left and right hepatic lobes while the left hepatic 
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vein often divides segments 2 and 3 from segment 4. The middle hepatic vein often 

unites with the left hepatic vein to form the common trunk before entering the vena 

cava. The right hepatic vein is the largest hepatic vein and divides the right liver 

lobe into the anterior and posterior segments. Segment I, formally known as the 

caudate lobe, is located close to the vena cava. The caudate lobe belongs mainly to 

left liver lobe, and its small hepatic vein drains directly into the IVC (Figure 1).  

 

A line drawn from the middle of the gallbladder fossa to the IVC roughly 

divides the liver into left and right lobes and is known as Cantlie’s line (Cantlie, 

1897). The falciform ligament roughly divides the left lobe into lateral and medial 

segments; the left hepatic vein usually is located slightly to the left of the falciform 

ligament (Figure 1). 

 

Understanding liver anatomy is important in liver resection. Resection of a 

section is called sectionectomy, an anterior right sectionectomy is the removal of 

segments 5 and 8, and a right posterior sectionectomy is a resection of segments 6 

and 7 (Figure 2). Resection of segment 4 can be also called a left medial 

sectionectomy or simply segmentectomy 4. Removal of segments 2 and 3 is called 

left lateral sectionectomy. When the left or the right side of the liver is removed, it 

is called a left or right hemihepatectomy.  Left trisectionectomy or extended left 
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hemihepatectomy is the resection of the left hemiliver plus the right anterior 

section (resection of segments 2-5, 8) (Figure 3). Right trisectionectomy or 

extended right hemihepatectomy is the resection of the right hemiliver plus the left 

medial section (Resection of segments 4-8) (Figure 4) (HPB 2000). 

With knowledge of the segmental anatomy of the liver, a safe transection 

plane can be chosen for resection without excessive blood loss and without 

necrosis of the remaining liver tissue. This specific anatomy of independent 

functional segments makes it possible to resect parts of the liver without 

compromising the hepatic function of the remaining segments (Helling and 

Blondeau, 2005). 

 

Figure 1: Segmental anatomy of the liver (Soyer et al. 1994) 
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Figure 2. Sectionectomies (Gadžijev 2011) 
 
 

 
Figure 3: Hemihepatectomies (Gadžijev 2011) 
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Figure 4: Extended hemihepatectomies or trisectionectomies (Gadžijev 2011) 

 

1.1.2 History of hepatic Resection                                                      

Important dates in the history of liver resection include the first hepatectomy 

performed by Lius in 1886 (the patient bleed to death six hours later), the first 

successful hepatectomy carried out by Langenbuch in 1888 (but which required 

further laparotomy for bleeding), and the first hemihepatectomy by Wendel in 

1911.  The principles of liver haemostasis and regeneration were determined in the 

period 1880-1900. Knowledge of the principles of the inflow and outflow of the 

liver and vascular control was one of the major advancements. In 1903, Anschütz 

described the finger fracture technique which was popularized much later by Lin et 
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al. in 1960. In 1908, Pringle described compression of the portal triad as a 

technique to reduce bleeding. 

 

Liver surgery in general has advanced remarkably, but major challenges 

remain. These include developing more efficient minimally invasive surgical 

techniques, improving patient selection for any given treatment modality, and 

eliminating the risk of recurrence, particularly in the liver. 

 

1.1.3 Preoperative assessment  
 

 In assessing patients with hepatic lesions, remarkable advances have been 

made in the techniques for evaluating liver disease. In our center, there is no single 

algorithm that must be followed to arrive at the correct diagnosis. Often, part of the 

patient’s evaluation will have been performed by the referring physician, which 

may influence the subsequent course of events.  

 

A history of recent symptoms may be revealing and should be elicited. A 

history of chronic underlying liver disease, chronic hepatitis, heavy alcohol 

consumption, or blood transfusions is obviously an important component of the 

overall history. Additionally, certain drugs are associated with the development of 

hepatic tumors, e.g. anabolic steroids and hepatocellular carcinoma, and oral 
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contraceptives and hepatic adenoma, and a thorough history of current and prior 

medications should be obtained. Pain may be caused by benign or malignant 

tumors but is usually associated with large lesions, whereas anorexia, weight loss, 

jaundice, and abdominal distention are more indicative of malignancy. Patients 

with colorectal cancer may report a history of anemia, a change in bowel habits, or 

constipation, while patients with metastatic neuroendocrine tumors may have 

symptoms consistent with hormone overproduction as the initial manifestation of 

their disease. 

 

A complete physical examination, including a rectal examination and breast 

and pelvic examinations in women, is important and occasionally yields findings 

that may help in the diagnosis. 

 

  Laboratory investigations such as liver function tests, hepatitis B and C 

serology, α-fetoprotein and carcinoembryonic antigen (CEA) levels can provide 

valuable information in the initial evaluation of patients.  

 

In the majority of patients, the clinical history, physical examination, and 

initial screening radiographic studies are insufficient to make the diagnosis, and 

additional imaging is required to further define the nature of the hepatic lesion. The 
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radiological evaluation should define the nature of the hepatic lesion(s), liver 

parenchyma, and the relationship of the lesion to the major vascular and biliary 

structures and if clinically indicated, whether the lesion is resectable. 

 

While the unique sensitivity and specificity of a particular imaging 

technique may provide an accurate diagnosis, multiple studies providing 

complementary information are sometimes necessary. 

  

Ultrasonography (US) and computed tomography (CT) play an important 

role in the diagnosis of hepatic lesions and often complement one another. US can 

provide important diagnostic information for even very small tumors and may be 

able to give a suggestion as to the dignity of the lesion. Ultrasonography is 

particularly useful for distinguishing solid from cystic lesions, a distinction that 

may not be obvious on CT scans, especially with small lesions. While both CT and 

MRI can be used for staging and screening, a particular advantage of MRI is its 

ability to show major blood vessels accurately and demonstrate their relationship to 

tumor masses.  Duplex ultrasonography may provide additional information 

regarding the involvement of major blood vessels and may be particularly useful in 

the preoperative evaluation of hilar cholangiocarcinoma (Hann et al. 1997).  
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Needle biopsy still has a role in some situations, particularly in patients with 

an apparent malignancy of uncertain origin and in whom resection is 

contraindicated on clinical grounds or is not possible (Torzilli et al. 1999). 

 

Laparoscopy is increasingly used to allow direct visualization of liver 

lesions and can be combined with laparoscopic ultrasonography to provide high-

resolution images (John et al. 1994).  

1.1.4 Operative techniques  

Hepatic resection is the appropriate treatment for a variety of benign and 

primary or secondary malignant hepatic lesions. In our center, hepatic resection is 

performed under general anesthesia with a controlled central venous pressure of 

less than 5 mmHg which minimizes bleeding from disrupted hepatic venous 

branches. Most intraoperative blood loss results from injury to the hepatic veins 

and the vena cava. For the majority of hepatic resections in our center, the initial 

incision should be a right subcostal incision with midline extension or a bilateral 

subcostal incision with midline extension. The round ligament is transected, 

leaving a long suture on the hepatic attachment for traction and the falciform 

ligament is divided up toward the hepatic veins. The lymph nodes in the hilum and 

retroperitoneum are palpated, and suspicious nodes are sent for frozen-section 

analysis to exclude extrahepatic dissemination of malignancy. The liver is then 



10 
 

freed of its diaphragmatic attachments. The right triangular ligament and the 

coronary ligament are divided with cautery. The liver is carefully palpated, and 

intraoperative ultrasound is performed to confirm the position of the tumor and its 

relationship to the hepatic vasculature. The lesser omentum is divided, and the 

caudate lobe is inspected and palpated. To maintain a good hepatic arterial and 

portal venous blood supply to the remaining tissue in all major hepatic resection, 

the afferent vessels to the part of the liver will be resected and hepatic venous 

outflow should be controlled. This may be done by dissection of the relevant portal 

pedicle at the hilus and outside the liver substance or alternatively, the major 

branches may be secured within the liver following division of liver tissue. 

 

The liver parenchyma can be transected in a number of ways, including the 

finger fracture technique, sharp dissection, and clamp–crush methods (Lin et al 

1960 and Lin 1974), in which liver parenchyma is crushed between the thumb and 

one finger isolating vessels and bile ducts, which can then be ligated and divided. 

This technique was subsequently improved by using surgical instruments such as 

small Kelly or Péan clamps (clamp crushing) for blunt transection. 
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More recently the cavitron ultrasonic surgical aspirator (CUSA®), described 

by Hodgson in 1979, is used to cut liver parenchyma. The liver parenchyma is 

transected while the vessels in the parenchyma are skeletonized, allowing their 

identification before they are damaged. Small vessels (<2 mm) can be secured by 

diathermy before division, while larger vessels and branches of the hepatic veins 

are best secured by ligation or clipping. 

The water jet dissector is another new technique for parenchyma transection 

using the energy of a pressurized water jet with adjustable pressure to separate 

cells from tissue, differentiating between soft liver parenchyma and blood vessels, 

thus minimizing blood loss and operation time (Rau 1996). 

1.1.5 Definition of surgical complication 

There are many definitions of the postoperative complication, since the 

definition of a surgical complication is a challenging task that is still not 

standardized.  The surgical complication is not a fixed reality but depends on the 

level of surgical skill and the facilities available. Two of the most common and 

practical definitions, which also correlate with our classifications of complications 

are by Dindo and Clavien (2008) and Sokol and Wilson (2008). Dindo and Clavien 

define a complication as “any deviation from the normal postoperative course”. 
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The definition of Sokol and Wilson is a “surgical complication is any undesirable 

and unexpected result of an operation affecting the patient”.  

 

1.2 Study rationale 

 Although there is a decline in the rate of post-liver surgery complications 

worldwide, it is still high in some institutions. 

 Extended hepatic surgery can be performed with low morbidity and 

mortality in the hands of trained and experienced hepatic surgeons. 

 

1.3 Aim of the study 

The present study attempts to explore the preoperative and intraoperative 

predictors of postoperative complications following hemihepatectomy. 
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2. PATIENTS AND METHODS 

2.1 Study design 

This study includes all patients treated with either right hemihepatectomy, 

left hemihepatectomy, extended right hemihepatectomy or extended left 

hemihepatectomy in the University Hospital of Göttingen in the period from 2002 

to 2012. 

According to the electronic medical records, a total of 443 patients were 

treated with right or left hemihepatectomy or right or left extended 

hemihepatectomy. After reviewing and checking all the documents and according 

to the definitions of the abovementioned operations, they were done only for 

267patients. The clinical data was collected for 144 patients where the data was 

complete as much as possible and examined through a retrospective analysis.  

2.2 Source of data 

The data collected from the electronic medical record system of the 

University Hospital of Göttingen and the patients' files, including the biometrical 

data, preoperative studies, intraoperative course of the operations, duration of the 

operations, operations reports, postoperative laboratory investigations, histology 

finding and the discharge summary of the patients for the period 2002 to 2012. 
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2.3 Outcome variables 

All the patients undergoing hepatic resection less than standard 

hemihepatectomy were excluded. The results were either postoperative 

complications occurring during hospital stay or after discharge, or death of the 

patient. Death within three months after the operation is the definition of mortality. 

2.3.1 Classification of surgical complications 

A modified classification of surgical complications (Dindo et al. 2004) was 

used in the current study as shown in Table 1. The definition of a Grade I 

complication is any deviation from the normal postoperative course without the 

need for pharmacological treatment or surgical, endoscopic, or radiological 

interventions. All patients in our study received one or more of the following 

medications postoperatively as antiemetics, antipyretics, analgesics, diuretics, 

electrolytes, and physiotherapy which classified according to Dindo classification 

as Grade I. For this reason, all patients without postoperative complication or any 

minor deviation which needed the above mentioned medications were classified as 

Grade I complication. The patients are divided into two groups: patients with 

Grade II-V complications in whom the postoperative course required 

pharmacological treatment or surgical, endoscopic, or radiological interventions, 

and patients without complication represented by Grade I. 
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Table 1 illustrates components of the Dindo classification of surgical 

complications.  

Grade 
 

Definition 

Grade I Any deviation from the normal postoperative course without the 
need for pharmacological treatment or surgical, endoscopic, or 
radiological interventions.  
Allowed therapeutic regimens are: drugs as antiemetics, 
antipyretics, analgetics, diuretics, electrolytes, and physiotherapy. 
This grade also includes wound infections opened at the bedside. 

Grade II Requiring pharmacological treatment with drugs other than such 
allowed for grade I complications. 
Blood transfusions and total parenteral nutrition are also included. 

Grade III 
    Grade IIIa 
    Grade IIIb 

Requiring surgical, endoscopic or radiological intervention. 
Intervention not under general anesthesia 
Intervention under general anesthesia 

Grade IV 
 
    Grade IVa 
    Grade IVb 

Life-threatening complication (including CNS complications)* 
requiring IC/ICU management 
Single organ dysfunction (including dialysis) 
Multiorgan dysfunction 

Grade V Death of a patient 
Suffix “d”  If the patient suffers from a complication at the time of discharge 

(see examples in Table 2), the suffix “d” (for “disability”) is added 

to the respective grade of complication. This label indicates the 
need for a follow-up to fully evaluate the complication. 

Table 1: Classification of Surgical Complications (Dindo et al. 2004, Page 209)  

*Brain hemorrhage, ischemic stroke, subarachnoid bleeding, but excluding transient ischemic 
attacks. 

CNS, central nervous system; IC, intermediate care; ICU, intensive care unit. 
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2.3.2 Determination of MELD score 

The Model of End-stage Liver Disease (MELD) is a prospectively 

developed and validated chronic liver disease severity scoring system that uses 

serum levels of bilirubin and creatinine, and the international normalized ratio for 

prothrombin time (INR) to predict survival. In patients with chronic liver disease, 

an elevated MELD score is associated with increased severity of hepatic 

dysfunction and increased three-month mortality (Freeman et al. 2002).  

The MELD score currently used by the United Network for Organ Sharing 

(UNOS) for prioritizing allocation of deceased donor organs for liver 

transplantation is calculated according to the following formula: 

MELD = 3.8 ln*[serum bilirubin (mg/dL)] + 11.2 ln*[INR] + 9.6 ln*[serum 

creatinine (mg/dL)] + 6.4  

The value for serum creatinine used should be 4.0 if the patient has been 

dialyzed twice within the previous seven days. Any value less than one is given a 

value of 1 (i.e. if bilirubin is 0.8, a value of 1.0 is used) to prevent the occurrence 

of scores below 0 (the natural logarithm of 1 is 0, and any value below 1 would 

yield a negative result). All patients with liver cancer will be assigned a MELD 

score based on how advanced the cancer is. This modification of MELD score 

calculation was done by UNSO in 2009. 

http://en.wikipedia.org/wiki/Dialysis
http://en.wikipedia.org/wiki/Natural_logarithm
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In cases when only a prothrombin time was reported, the international 

normalized ratio was calculated in the manner described by van den Besselaar  

(1996) according to the following equation:  

[INR= (PTpatient plasma/PTnormal plasma) exp ISI]. 

2.4 Statistical analysis 

Data were analyzed using SPSS software, version 19. A bivariate analysis 

was used to identify the correlation of pre-operative variables with the post- 

operative complication. The chi-square test was used to evaluate categorical 

variables, and continuous variables were assessed using Student's t-test or Mann-

Whitney test (non-normally distributed variables) for comparison of two groups 

and a one-way analysis of variance (ANOVA) test for comparison of more than 

two groups or Kruskal-Wallis test (non-normally distributed variables). A cut-off  

MELD score of 9 was utilized in the analysis. The validity of grouping the patients 

with MELD scores greater or less than 9 was demonstrated by Suman et al. (2004) 

and Farnsworth et al. (2004). A p-value less than 0.05 was considered statistically 

significant.   
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3. RESULTS 
3.1 Prevalence of postoperative complications after hemihepatectomy 

A total of 144 patients were treated with either right hemihepatectomy, left 

hemihepatectomy, extended right hemihepatectomy or extended left 

hemihepatectomy during the study period (2002-2012). 

The age of the patients ranged from 24 to 86 years. The male-to-female ratio 

was 1.2: 1.  Seventy-five of the 144 patients (52.1%) developed Grade II to Grade 

V postoperative complications as shown in Figure 5.  

 

Figure 5: Number of patients with postoperative complications after hemihepatectomy. 

The most common complication grade in this study was III-A which was 

reported in 17.4% of the patients, followed by Grades II and III- B reported in 
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13.9% and 11.8% of the patients, respectively. Sixty-nine patients (47.9%) were 

without postoperative complications and did not require pharmacological treatment 

or surgical, endoscopic, or radiological interventions (Grade I) patients as 

illustrated in Figure 6. 

 

 

Figure 6: Distribution of patients according to severity grade of postoperative complications. 

The most frequent complications were pleural effusion (26.7%), bile leak 

(21.3%), wound dehiscence (13.3%), ascites and intraabdominal abscess (6.7%). 

Death was reported in six cases (8%). 

The intraabdominal complications reported in 59 patients and the pulmonary 

complications reported in 30 patients indicate that two kinds of complication can 
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occur in the same patient. Table 2 summarizes postoperative complications 

according to their sites and incidence percentage of each complication. 

Complications 

 

Number Percentage 

Intra-abdominal 
Bile leak 
Peritonitis 
Subhepatic seroma 
Biliodigestive anastomosis leak 
Persisting elevated liver enzymes 
Ascites 
Small intestinal leakage 
Colon perforation 
Colon inflammation 
Cholangitis 
Acute pancreatitis 
Paralytic ileus 
Intraabdominal abscess 
Intrahepatic abscess 
Gastric ulcer bleeding 
Acute duodenal bleeding 
Enterocutaneous fistula 
Postoperative bleeding 
chylous fistula 
Pulmonary 
Pleural effusion 
Pneumothorax 
Respiratory insufficiency 
Hoarseness 
Pericardial effusion 
Atelectasis 
Pneumonia 
Miscellaneous 
Wound dehiscence 
Fascia dehiscence 

 
16 
4 
4 
2 
4 
5 
2 
2 
1 
2 
2 
2 
5 
1 
1 
1 
1 
3 
1 
 

20 
1 
4 
1 
1 
2 
1 
 

10 
3 

 
21.3 
5.3 
5.3 
2.7 
5.3 
6.7 
2.7 
2.7 
1.3 
2.7 
2.7 
2.7 
6.7 
1.3 
1.3 
1.3 
1.3 
4.0 
1.3 

 
26.7 
1.3 
5.3 
1.3 
1.3 
2.7 
1.3 

 
13.3 
4.0 
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Minimal wound infection 
Acute renal failure 
Coagulation disorder  
Urinary tract infection 
Post operative reactive psychosis 
Depression 
Post operative anemia 
Thyrotoxic crisis 

Sacral decubitus ulcer 

DIC 
Death 

1 
4 
4 
5 
5 
1 
2 
1 
1 
2 
6 

1.3 
5.3 
5.3 
6.7 
6.7 
1.3 
2.7 
1.3 
1.3 
2.7 
8.0 

Table 2: Post hemihepatectomy complications (n=75) 

3.2 Association of preoperative MELD scores with post hemihepatectomy 

complications  

Postoperative complications occurred in 84.2% of patients with preoperative 

MELD scores between 10 and 18 compared to 46.8% of those with preoperative 

MELD scores equal to or lower than 9. There was a statistically significant 

association between the preoperative MELD score and the development of post-

hemihepatetomy complication (p=0.002) as illustrated in Table 3. 

Preoperative MELD 
Score 
 

Complications χ
2-value p-value 

Yes 
n. (%) 

No 
n. (%) 

 
≤ 9 (n=124) 
 
10-18 (n=19) 
 

 
58 (46.8) 
 
16 (84.2) 

 
66 (53.2) 
 
3 (15.8) 

 
 
 
9.25 

 
 
 
0.002 

Table 3: Association of preoperative MELD score with post hemihepatectomy complications (n=143; one 
case is missing) 

 



22 
 

3.3 Distribution of patients according to MELD score and incidence of 

postoperative complications 

Of a total of 143 patients (one missing), 79 patients had a MELD score of 6. 

Forty of these developed postoperative complications. Twenty-seven patients had a 

MELD score of 7, of whom 12 had postoperative complication. Three of the eight 

patients with a MELD score of 8 developed postoperative complications, while 

three of the ten patients with a MELD score 9 developed post- operative 

complication. 

  A total of 19 patients had a MELD score of 9 or higher. Sixteen of them 

developed a postoperative complication. Five of six patients with MELD score 10, 

one of two patients with a MELD score 12, three of four patients with a MELD 

score 13, one patient with MELD score 14, three patients with MELD score 16, 

and one patient with MELD score 17 developed postoperative complication as 

shown in Figures 7 and 8.   
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Figure 7: Distribution of patients according to MELD score (6-9) and incidence of postoperative 

complication 

Figure 8: Distribution of patients according to MELD score (10-18) and incidence of postoperative 

complication 
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3.4 Association between preoperative MELD score and grades of 
postoperative complications after hemihepatectomy procedures 

 

The association between the preoperative MELD score and the postoperative 

severity of complication approached statistical significance (p=0.057, Kruskal-

Wallis); the MELD scores were higher in the patients with postoperative 

complications Grades V and III-B than in patients with other grades. 

* Kruskal-Wallis test 

Table 4: Association between preoperative MELD score and grades of postoperative complications after 
hemihepatectomy operations 

 

3.5 Association between preoperative AST, INR, creatinine, and bilirubin 
levels and post hemihepatectomy complications 

The serum levels of AST, bilirubin, and creatinine were assessed in the 

patients with postoperative complications and compared to the corresponding 

MELD  Mean (SD) F-value p-value 
Preoperative Grade 1 (n=71) 

 
Grade 2 (n=18) 
 
Grade 3-a (n=24) 
 
Grade 3-b (n=17) 
 
Grades 4 (n=7) 
 
Grade 5 (n=6) 

7.0 (1.4) 
 
7.6 (2.9) 
 
7.3 (2.4) 
 
8.6 (3.6) 
 
7.3 (2.2) 
 
9.2 (4.3) 

 
 
 
 
 
 
 
 
 
 
2.20 

 
 
 
 
 
 
 
 
 
 
0.057 
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values of these parameters in patients without complications. The Mann-Whitney 

test was used because the data were not normally distributed. No statistically 

significant association was found between the serum levels of AST, creatinine or 

bilirubin levels and the incidence of post-hemihepatectomy complications (Table 

5). 

The values of INR were normally distributed and the association was tested 

using Student` t-test. No significant association was found between preoperative 

INR and the development of postoperative complications as shown in Table 5. 

Variables Post-hemihepatectomy 
complications 

p-value 

Yes 
mean±SD 

No 
mean±SD 

 
AST (IU/L) 

 
58.9±75.5 

 
42.9±44.2 

 
0.354* 

 
Bilirubin (mg/dL) 

 
1.3±2.5 

 
0.6±0.4 

 
0.184* 

 
Creatinine (mg/dL) 

 
0.9±0.3 

 
0.8±0.2 

 
0.581* 

 
INR 

 
0.99±0.13 

 
0.98±0.1 

 
0.755** 

* Mann-Whitney test  ** Student` t-test 

Table 5: Association between preoperative AST, INR, creatinine, and bilirubin levels and post 
hemihepatectomy complications 
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3.6 The relationship between various factors and the development of 

postoperative complications after hemihepatectomy procedures 

A bivariate analysis was used to identify the correlation of pre-operative 

variables including: preoperative diagnosis (malignant, non malignant and LDLT) 

patient's gender, age (stratified as <50, 51-60, >60), body mass index (stratified as 

underweight, normal, overweight, and obesity), and the duration of the operation 

with the occurrence of postoperative complication. 

It is evident that exactly half of non-malignant cases (50%) and more than 

half of malignant cases (53.2%) compared to none of LDLT cases had 

postoperative complications after liver resection as shown in Table 6. However, 

this difference was not statistically significant, p=0.323. More than half (60%) of 

the patients in the age group 51-60 years and slightly more than half of those over 

60 years of age (52.5%) compared to only 40% of the patients under the age of 50 

had post hemihepatectomy complications, p=0.405. Complication rates did not 

differ significantly between the BMI groups (p = 0.220).  Gender and duration of 

the operation were also not significantly associated with the development of 

postoperative complications.   
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* Bivariate analysis 

Table 6: The relationship between various factors and development of postoperative complications after 

hemihepatectomy operations: bivariate analysis. 

 

 

 

 

 

 Complications p-value 
Yes 
n (%) 

No 
n (%) 

Group 
Malignant (n=126) 
Non-malignant (n=16) 
LDLT (n=2) 

 
67 (53.2) 
8 (50.0) 
0 (0.0) 

 
59 (46.8) 
8 (50.0) 
2 (100.0) 

 
 
 
0.323 

Gender 
Female (n=69) 
Male (n=75) 

 
41 (59.4) 
34 (45.3) 

 
28 (40.6) 
41 (54.7) 

 
 
0.064 

Age in years 
≤50 (n=20) 
51-60 (n=25) 
>60 (n=99) 

 
8 (40.0) 
15 (60.0) 
52 (52.5) 

 
12 (60.0) 
10 (40.0) 
47 (47.5) 

 
 
 
0.405 

Body mass index 
Underweight (n=4) 
Normal (n=61) 
Overweight (n=46) 
Obese (n=20) 

 
3 (75.0) 
33 (54.1) 
19 (41.3) 
13 (65.0) 

 
1 (25.0) 
28 (45.9) 
27 (58.7) 
7 (35.0) 

 
 
 
 
0.220 

Incision-to-suture time 
(min) 
25-200 (n=42) 
201-300 (n=41) 
>300 (n=30) 

 
21 (50.0) 
21 (51.2) 
17 (43.3) 

 
21 (50.0) 
20 (48.8) 
17 (56.7) 

 
 
 
0.787 
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3.7 Association between preoperative AST levels and postoperative grade of 

complications after hemihepatectomy procedures 

As mentioned above, preoperative AST levels were not associated with the 

incidence of postoperative complications nor with the grade of complications, 

p=0.130 as shown in Table 7. 

AST  Mean (SD) p-value* 
Preoperative Grade 1 (n=68) 

 
Grade 2 (n=17) 
 
Grade 3-a (n=24) 
 
Grade 3-b (n=15) 
 
Grades 4 (n=7) 
 
Grade 5 (n=6) 

42.5 (43.7) 
 
43.3 (38.0) 
 
79.0 (118.9) 
 
57.3 (38.5) 
 
54.1 (38.0) 
 
43.2 (26.0) 

 
 
 
 
 
 
 
 
 
 
0.130 

* Kruskal-Wallis test 

Table 7: Association between preoperative AST level and postoperative grade of complications after 
hemihepatectomy 

 

3.8 Association between preoperative serum creatinine levels and 

postoperative complication grade after hemihepatectomy procedures 

There was no statistically significant correlation between preoperative serum 

creatinine levels and the grade of postoperative complications after 

hemihepatectomy as shown in Table 8 (p=0.138). 
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Creatinine  Mean (SD) F-value p-value 
Preoperative Grade 1 (n=71) 

 
Grade 2 (n=18) 
 
Grade 3-a (n=24) 
 
Grade 3-b (n=17) 
 
Grades 4 (n=7)  
 
Grade 5 (n=6) 

0.84 (0.22) 
 
0.88 (0.33) 
 
0.82 (0.18) 
 
0.89 (0.26) 
 
0.94 (0.25) 
 
1.15 (0.73) 

 
 
 
 
 
 
 
 
 
 
1.702 

 
 
 
 
 
 
 
 
 
 
0.138 

* Kruskal-Wallis test 

Table 8: Association between preoperative serum creatinine levels and postoperative complication 
severity after hemihepatectomy procedures 

 

3.9 Association between bilirubin levels and postoperative complication grade 

after hemihepatectomy procedures 

 

As shown in Table 5 the preoperative bilirubin levels were not associated 

with the development of post-hemihepatectomy complications. They were also not 

associated with the severity of the postoperative complications as seen in Table 9. 

Bilirubin  Mean (SD) p-value* 
Preoperative Grade 1 (n=71) 

 
Grade 2 (n=18) 
 
Grade 3-a (n=24) 
 
Grade 3-b (n=17) 
 
Grade 4 (n=7)  

0.64 (0.37) 
 
1.26 (2.57) 
 
0.95 (1.28) 
 
1.89 (4.03) 
 
0.97 (1.08) 
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Grade 5 (n=6) 

 
1.55 (2.10) 

 
0.648 

* Kruskal-Wallis test 

Table 9: Association between preoperative bilirubin levels and postoperative complication grade after 
hemihepatectomy procedures  

 

3.10 Association between preoperative INR levels and postoperative 

complication grade after hemihepatectomy procedures 

Table 10 shows that the preoperative international normalized ratio level is a 

poor predictor of the postoperative severity of complications.  

INR  Mean (SD) F-value p-value 

Preoperative Grade 1 (n=71) 
 
Grade 2 (n=18) 
 
Grade 3-a (n=24) 
 
Grade 3-b (n=17) 
 
Grade 4 (n=7) 
 
Grade 5 (n=6) 

0.99 (0.1) 
 
0.98 (0.06) 
 
1.02 (0.17) 
 
1.01(0.18) 
 
0.91 (0.04) 
 
0.93 (0.06) 

 
 
 
 
 
 
 
 
 
 
1.456 

 
 
 
 
 
 
 
 
 
 
0.208 

* Kruskal-Wallis test 

Table 10: Association between preoperative INR levels and postoperative grade of complications after 
hemihepatectomy procedures 

 

There were three patients with microscopic hepatic cirrhosis, of whom two 

had no postoperative complications (Grade I). One had a Grade III-A postoperative 
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complication.  There was also one patient with macroscopic hepatic cirrhosis who 

had no postoperative complication (Grade I). The MELD scores of these four 

patients ranged between 6 and 10 preoperatively. 

Six patients died giving a mortality rate of 4.17%. The preoperative MELD 

scores of those patients were not associated with the mortality rate as will be 

discussed below. 
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4. Discussion 

4.1 Complication rate after hemihepatectomy procedures 

  Intensive evaluation of the patients before liver resection surgery is very 

important to avoid any abnormal deviation of the postoperative course. 

Liver surgery is the collective term for a large variety of operations on the 

liver for various disorders both benign and malignant. The most common operation 

performed on the liver is a resection, i.e. removal of part of the liver. Liver 

resection can be a small piece or a large portion such as a hemihepatectomy or 

extended hemihepatectomy as performed on the patients in this study. The most 

typical indication for liver resection is a malignant tumor (Gupta 2012). 

 

Although the complication rates following liver resection have declined over 

the years, they remain high; 52.1% of the patients in the current study had at least 

one complication that required pharmacological treatment or surgical, endoscopic, 

or radiological interventions. In the National Surgical Quality Improvement 

Program-Patient Safety Study (NSQIP PSS) sample, 22.6% of the patients 

experienced at least one complication and 5.2% underwent a second operation for 

complications (Virani et al. 2007). There is a marked diversity in both the reported 

rates and definitions of complications in the literature. Complication rates in large 
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studies of unselected patients range from 22% to 45% (Belghiti et al. 2000, Dimick 

et al. 2003, Jarnagin et al. 2002, Poon et al. 2004, Sun et al. 2005 und Wei et al. 

2003). Furthermore, definitions for complications are not standardized, and 

varying criteria for complication make it difficult to compare the results of 

different studies. In addition, all patients in the present study underwent 

hemihepatectomy and extended hemihepatectomy which are the most extensive 

procedures done on the liver. Also, results of single-center studies may not be 

reliable indicators of population-wide results, as single-center studies are more 

sensitive to the institution-specific case mix.  

 

4.2 The effect of infection on the morbidity and mortality after 

hemihepatectomy procedures  

            Infection after hepatic resection is a major contributor to postoperative 

morbidity and mortality and might be predictive of long-term outcomes (Neal et al.  

2011).  Risk factors predictive of postoperative infectious complications are 

obesity, preoperative biliary drainage, extent of hepatic resection, intraoperative 

blood loss , co-morbid conditions and postoperative bile leak (Kaibori et al. 

2011,Okabayashi et al.  2009, Ferrero et al. 2009 and Garwood et al. 2004). 
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            In the current study, there were many cases of postoperative infection. Two 

patients had cholangitis, five patients had an intraabdominal abscess, one patient 

had intrahepatic abscess. Two patients had atelectasis and one patient had 

pneumonia. The other instances of infections in this study were wound infections 

in 11 patients and urinary tract infection in five patients. 

The predictive value of various preoperative factors and postoperative 

complications including infections were studied in our survey.  We can confirm 

that preoperative predictive factors of postoperative infection in earlier studies 

such as obesity, operative blood loss or postoperative bile leak were not predictive 

factors of postoperative mortality in our study, as two patients who died had an 

intraabdominal abscess while the rest of the patients who died did not have any 

infection in their postoperative course. A bile leak was reported in only one of the 

six patients who died. The other risk factors, obesity and intraoperative blood loss 

did not correlate with postoperative morbidity or mortality as will be discussed 

below.  

4.3 Mortality rate after hemihepatectomy procedures 

Belgithit et al. (2000) studied 747 hepatectomies to evaluate the risk of liver 

resection. The authors found no intraoperative deaths and an overall mortality rate 

of 4.4%. In our study the mortality rate was 4.17%. This is somewhat less than that 
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in the previous studies and other mortality rates based on population-wide data in 

unselected patients.  For example, based on data from the Nationwide Inpatient 

Sample (NIS), Dimick et al. reported that the mortality rate for liver resection 

declined from 10.4% in the period 1988 – 1999 to 5.3% in 1998 to 2000 (Dimick 

et al. 2004). A mortality rate of 2.6% was reported in the NSQIP PSS study (17). 

High volume hospitals (> 10 resections per year) in the NIS data set reported a 

3.9% overall mortality rate in 1998 to 2000. Although there are important 

differences between the NSQIP, the NIS and our study data sets (e.g. the present 

study reported the 3-month mortality rate, while the NSQIP study reported 30-day 

mortality and NIS reported in-hospital mortality) it must be noted that the outcome 

after hepatic resection has significantly improved over the past few decades 

(Belghiti et al. 2000, Jarnagin et al. 2002, Melendez 1998 and  Ryan et al. 1982). 

4.4 The predictive values of the MELD score on the morbidity and mortality 

after hemihepatectomy procedures 

While the Child-Turcotte-Pugh scores and the American Society of 

Anesthesiology (ASA) physical status classification are predictive of mortality but 

not morbidity for patients after hepatic resection, the MELD score had no 

predictive value (Schroeder et al. 2006). 

Nagorney and Kamath reported in 2006 that further investigation is 

necessary before using the MELD score in a clinical setting as a prognostic tool for 
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patients other than those awaiting liver transplantation. In addition, they disputed 

the conclusion that MELD should not be used in the setting of elective hepatic 

resection. The contradiction between our results and the aforementioned results 

could be attributed to the fact that in our study we included the preoperative 

MELD score as a predictive indicator of morbidity but not mortality for patients 

after hemihepatectomy or extended hemihepatectomy. 

 

The Model for End-stage Liver Disease (MELD) score can accurately 

predict both postoperative liver failure and postoperative morbidity of cirrhotic 

patients after hepatectomy for hepatocellular carcinoma. A MELD score equal to 

or greater than 11 prior to surgery is associated with a very high incidence of liver 

failure (37.5%) and postoperative complications (83.3%) (Cucchetti et al. 2006). 

 

In comparison with our study, the MELD score was also a predictor of 

postoperative morbidity; the incidence of complications was increased in the 

patient group with MELD scores equal to or greater than 10; sixteen of 19 patients 

developed postoperative complications. Note that none of the patients in our study 

had liver cirrhosis, except for four patients, three of whom had microscopic liver 

cirrhosis which was only diagnosed by postoperative histology.   
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The applicability of MELD in patients without cirrhosis, regardless of the 

intervention, is unknown. Serum creatinine and INR affect the MELD score 

(essential components in the MELD score calculation). For this reason, patients 

with chronic renal failure and using anticoagulants should be excluded before 

using the MELD score in non-cirrhotic patients (Nagorney and Kamath 2006). 

 On the other hand, Teh et al. (2005) have shown that a MELD score ≥ 9 is 

strongly predictive of perioperative mortality in patients with chronic liver disease 

who are undergoing hepatic resection. Others have shown that MELD is predictive 

of perioperative mortality after other operations in patients with cirrhosis (Suman 

et al. 2004, Befeler et al. 2005, Northup et al. 2005).  

                

We did not concentrate on the cirrhotic patients. It was our aim to see the 

significance of the MELD score for predicting complications even in non-cirrhotic 

patients undergoing major hepatic operations. In this study, the preoperative 

MELD score was significantly associated with post hemihepatectomy 

complications after adjusting for confounders. It confirmed that there was no 

association between serum bilirubin, serum creatinine and INR and post 

hemihepatectomy complications. In addition, chronic renal failure was not present 

in any patient in our study. We cannot exclude the use of anticoagulants in every 

patients included in our study because a definitive anticoagulant history was not 
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recorded for some patients. However, all INR values were in the normal range 

except in two patients with INR values 1.4 and 1.6. The patient with INR 1.4 did 

not develop a postoperative complication but the other patient with INR 1.6 

developed a Grade III-A complication.  

 

In our study, there were only four patients with hepatic cirrhosis (one 

macroscopic and three microscopic which were diagnosed postoperatively). Two 

of the patients with microscopic cirrhosis had no postoperative complications 

(Grade I) while one patient had Grade III-A complication. The patient with 

macroscopic cirrhosis had a Grade I postoperative complication. Their MELD 

scores were ranged between 6 and 10 preoperatively.  

 

Six patients in this study died giving a mortality rate of 4.17%. The 

preoperative MELD scores were not significantly associated with their deaths, 

since four of the patients had MELD scores below 9, while two had MELD scores 

of 13 and 16, respectively. 
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4.5 Correlation of extent of liver resection and preoperative serum aspartate 

aminotransferase (AST) levels with severity of postoperative complications 

Four preoperative parameters were identified by Breitenstein et al. (2010) as 

independent predictors of postoperative complication severity in non-cirrhotic 

patients undergoing liver resection. These were the American Society of 

Anesthesiologists (ASA) category, serum transaminase levels (aspartate 

aminotransferase), extent of liver resection (>3 vs <3 segments), and the need for 

an additional hepaticojejunostomy or colon resection. In their study, the authors 

described severe complications as complications of Grades III, IV, and mortality 

(Grade V) (Dindo-Clavien classification). 

Grades III to V complications occurred in 159 (26%) of the 615 patients 

after liver resection, 90 (15%) were Grade III, 48 (8%) were Grade IV, and 21 

(3%) were Grade V. 

In the present study, Grade III to Grade V complications occurred in 54 

(37.5%) of the 144 patients after hemihepatectomy or extended hemihepatectomy 

(≥ 4 segments resection) which corresponds to the patients with severe 

complication in the previous study, 41 (28.5%) were grade IIIa and IIIb, 7 (4.9%) 

grade IVa and b, and 6 (4.17%) grade V.  
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One of the preoperative predictive factors in the abovementioned study was 

the resection of more than 3 segments. All of the patients in our study underwent 

hemihepatectomy or extended hemihepatectomy which is the resection of four or 

more segments. Preoperative serum AST levels were a second predictive factor. 

This was not significantly associated with post-hemihepatectomy complications or 

severity of complication in our study. 

4.6 Predictive value of serum bilirubin for post-hemihepatectomy 

complications 

As discussed above, the preoperative MELD score is a predictor of post- 

hemihepatectomy complications, and, as is well-known, the MELD score depends 

on three parameters, one of which is bilirubin. Sitzmann and Greene (Sitzmann and 

Greene 1994) reported that preoperative hepatic function as assessed by serum 

bilirubin levels was a potent predictor of postoperative complications. In the 

present survey, bilirubin was not a predictor of post hemihepatectomy 

complications, which increases the importance of the MELD score for predicting 

the development of postoperative complications. 
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4.7 Predictive value of serum creatinine for post-hemihepatectomy 

complications 

The predictive value of preoperative serum creatinine levels for 

postoperative complications after liver resection was studied in 2009 by Armstrong 

et al. The authors divided the patients into two groups: serum creatinine ≤124 

µmol/l (Group 1) and ≥125 µmol/l (Group 2). They concluded that there was no 

difference in the rate of surgical complications between the two groups, but that 

systemic complications were higher in the group with serum creatinine ≥125 

µmol/l. 

In our study, serum creatinine was not significantly associated either with 

the incidence or the severity of post hemihepatectomy complications.  In the 

present study, serum creatinine was also not associated with mortality; five of the 

six patients who died had normal preoperative creatinine levels while only one 

patient had 2.6 mg/dl. This result can most probably be attributed to the relatively 

small sample size in our study. 

4.8 Predictive values of INR for post-hemihepatectomy complications 

A preoperative INR value > 1.2 was independently associated with a 

prolonged hospital stay of more than 10 days after liver resection (Greco 2006). 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Armstrong%20T%5Bauth%5D
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The INR value is one of the factors that contributes to raise the value of the MELD 

score, and, as mentioned above, the preoperative MELD score was significantly 

associated with post hemihepatectomy complications. We found no correlation 

between INR values and postoperative complications. Depending on this result, 

INR value is not only or usually the cause of MELD score elevation which make 

the MELD score a significant predictor of postoperative complication. 

 

4.9 Correlation of body mass index and posthemihepatectomy complications 

Body mass index was evaluated by Thomas et al. (1997) as a correlate of 

postoperative complications. In their study in 2,964 patients they found no 

difference in the complications rates in the four BMI groups (underweight < 20, 

normal 20 to 29, overweight 30 to 34, obese > 34). 

In our study, the patients were also divided into four groups: underweight, 

normal, overweight, and obese. The body mass index did not correlate significantly 

with the development of postoperative complications which confirms the results of 

the previous study.  
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5. SUMMARY  

Background: As diagnostic techniques and surgical outcomes improve, the rate 

that hemihepatectomy is performed for various indications will continue to rise.  

Objectives: To explore the preoperative predictors of postoperative complications 

following hemihepatectomy. 

Subjects and Methods: This study is a retrospective analysis of the clinical data 

of patients who underwent either liver hemihepatectomy or extended 

hemihepatectomy at the Georg August University Hospital Göttingen during the 

period 2002 to 2012. The outcomes were either postoperative complications or 

death of the patient within three months following the operation. A modified 

classification of surgical complications was used. Preoperative MELD scores, 

serum AST, creatinine, and bilirubin levels, INR, biometric patient characteristics 

and intraoperative blood loss were analyzed as predictive factors for post 

hemihepatectmy complications.  

Results: 144 patients underwent hemiheptectomy or extended hemihepatectomy 

dudring the study period. Postoperative complications were reported in 75 patients 

(52.1%). The most frequent complications were pleural effusion (26.7%), bile leak 

(21.3%), wound dehiscence (13.3%), ascites and intra-abdominal abscess (6.7%). 

Six of the patients with complications died (8% of patients with complications).  
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Four patients had hepatic cirrhosis (one macroscopic and three microscopic). Two 

of the patients with microscopic cirrhosis had no postoperative complications 

(Grade 1), and one developed a Grade III-A complication. The patient with 

macroscopic cirrhosis had a Grade I complication. Their MELD scores were 

ranged between 6 and 10 preoperatively. The overall mortality rate was 6 of 144 

(4.17%). The preoperative Meld score was the only significant predictor of 

postoperative complications. 

Conclusions: The complication rate following hemihepatectomy remains high; 

52.1% of the patients in the current study had at least one complication. The 

overall mortality rate was 4.17%. A high preoperative MELD score is the only 

significant predictor of the development of post-hemihepatectomy complications. 
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7. APPENDIX 

7.1 List of abbreviations 

Abbreviation Description 
AFP Alphafetoprotein 
AST Aspartate Transaminase 
BMI Body Mass Index 
CEA Carcinoembryonic Antigen 
CI Confidence Interval 
CT Computed Tomography 
CUSA Cavitron Ultrasonic Surgical Aspirator 
GOT Glutamic Oxaloacetic Transaminase 
INR International Normalized Ratio 
IU/L International Units per Liter 
IVC Inferior Vena Cava 
LDLT Living Donor Liver Transplantation 
LHV Left Hepatic Vein 
MELD The Model of End-Stage Liver Disease 
mg/dL milligrams per deciliter 
MHV Middle Hepatic Vein  
MP Main Portal Vein 
MRI Magnetic Resonance Imaging 
NSQIP PSS The National Surgical Quality Improvement 
OR Odds Ratio 
PVE Portal Vein Embolisation 
R Round ligament 
RFDS The Hydrojet and the Radiofrequency Dissection Sealer 
RHV Right Hepatic Vein 
SPSS Statistical Package for Social Sciences 
TIPS Transjugular Intrahepatic Portosystemic Shunt 
UNOS United Network for Organ Sharing Programme-Patient Safety 

Study 
US Ultrasonography 
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