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Perioperativee morbidity in hepatic surgery 

Introduction n 
InIn the Netherlands most cases of isolated liver metastases occur in patients with colorectal 
cancerr (70%). Median survival of untreated patients is 6 to 12 months 12, 12 to 18 months 
forr patients who received chemotherapy 34 and 42 months for patients who underwent 
hepaticc resection 5. Therefore, if feasible, complete surgical resection of colorectal liver 
metastasess provides the best chance for long-term survival  6. Even liver resection for non-
colorectall  primary tumours show encouraging results in highly selected cases 7. The 
estimatedd 5-year survival in most published series is around 20% 811. An aggressive surgical 
approachh therefore, is indicated to provide the opportunity for maximum benefit. However, 
too achieve a positive end result perioperative morbidity and mortality must be kept to a 
minimum. . 
InIn the last decades several improvements in technological and surgical techniques for the 
treatmentt of hepatic neoplasm-s have had a major impact on operative morbidity and 
mortalityy rates. A better knowledge of both the biologic determinants of colorectal cancer 
andd an improved understanding of functional anatomy of the liver form the basis for these 
advancements.. Currently, the sensitivity of preoperative imaging techniques (computed 
tomographyy (CT)-scan, magnetic resonance imaging (MRI)) has improved considerably to 
thatt compared to the early 1980s. An accurate localization and improved understanding of 
thee relation of the liver neoplasm-s to the hepatic vasculature have played an important role 
whilee peroperative ultrasound (US)-scanning can be utilized for further clarification. After 
thee introduction of both the Pringle's manoeuvre (transclamping of hepatoduodenal 
ligament)) and the Cavitron® Ultrasonic Surgical Aspirator (CUSA) it became possible to 
resectt segmentally, while controlling peroperative blood loss. Thanks to these technical 
improvementss postoperative mortality and morbidity decreased to less than 5% and 25% 
respectivelyy nowadays 8. 
Nextt to these technological and surgical techniques several clinical parameters could be 
relatedd to the perioperative morbidity and mortality. Identifying the main prognostic factors 
cann help to categorize different patient groups. This could be helpful in choosing the 
optimall  treatment for an individual patient. The aim of this study was to identify potentially 
prognosticc factors that predict the morbidity and mortality of liver resection of metastatic 
cancerr in a single institute. 

Methodology y 
Att the time of data collection 180 liver operations in the Netherlands Cancer Institute / 
Antonii  van Leeuwenhoek ziekenhuis had been registered in a prospective database. We 
evaluatedd only those which were performed between January 1, 1990 and December 31, 
19999 with indication metastases of all primaries, who underwent resection, either existing of 
segmentt resection or hemihepatectomy (N=136). 
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Tablee 1: Variables in the analysis 

Variable e 

Preoperativee characteristics 

Gender* * 
Age* * 
(years) ) 

Preoperativee chemotherapy* 
Previouss liver surgery* 
Hemihepatectomy* * 
Yearr hepatectomy* 

Treatmentt characteristics 

Typee resection* 

Extendedd right hemihepatectomy* 
Sizee of resection* 
Vessell resection* 

Cholecystectomy® ® 

Ultrasonography* * 
Pringlee procedure* 

Pringlee type* 

Pringlee duration* 
(minutes) ) 

Durationn surgery* 
(minutes) ) 

Peroperativee characteristics 

Bloodd loss* 
(ml) ) 

Packedd cells* 

Peroperativee complications* 

Male/Female e 
Meann (SD/median/mir 
Category y 

Category y 

Segment t 
Hemihepatectomy y 
Yess / No 
Major// Minor 
Yes s 

No o 
Yes s 
No o 
Alreadyy done 
Usedd / Not used 
Yes s 
No o 
continuous s 
intermittent t 
Meann (SD/median/mir 
Category y 

Meann (SD/median/mir 
Category y 

Meann (SD/median/mir 
Category y 

l-max) ) 
<50 0 
50-59 9 
60-69 9 
>70 0 
yess / no 
yess / no 
leftt / right 
1990-1992 2 
1993-1995 5 
1996-1997 7 
1998-1999 9 

Venaa cava 
Venaa porta 

-max) ) 
<30 0 
31-60 0 
61-75 5 
>75 5 

-max) ) 
<120 0 
121-180 0 
181-210 0 
>210 0 

-max) ) 
<625 5 
626-1250 0 
1251-2500 0 
>2500 0 

Meann (SD/median/min/max) 
Category y 

Yess / No 

0 0 
1-3 3 
>3 3 

Numberr of patients 

66/70 0 
58(13/16/25-81) ) 

34 4 
31 1 
44 4 
27 7 

18/118 8 
11/125 5 
26/45 5 

26 6 
41 1 
38 8 
31 1 

65 5 
71 1 

30/106 6 
111/25 5 

3 3 
1 1 

132 2 
110 0 

10 0 
16 6 

117/19 9 
131 1 

5 5 
72 2 
59 9 

53(26/48/0-130) ) 
28 8 
59 9 
29 9 
20 0 

177(55/180/80-390) ) 
29 9 
52 2 
30 0 
25 5 

1755(1504/1238/200-9600) ) 
28 8 
41 1 
36 6 
31 1 

1.3(2.2/0/0-12) ) 
89 9 
27 7 
20 0 

21/115 5 

Typee as used: *Binary 'Interval "Nominal 
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StatisticalStatistical methods 
AA stepwise logistic regression analysis was performed to identify factors (see table 1) 
associatedd with the occurrence of acute postoperative complications. In the first stage only 
preoperativee characteristics were considered for inclusion, but in the second and third stage 
alsoo treatment factors and peroperative characteristics were included. In- and exclusion limit 
forr the P-value was 0.05. The amount of blood loss was log-transformed because of its 
extremelyy right-skewed distribution. 
Inn all analyses interval and ordinal variables were primarily considered to be linearly related 
withh log (odds ratio). However, at each step linearity of each variable was tested for and if 
non-linearityy was present (P<0.05) the P-value of linear plus non-linear effect was used in 
thatt step for consideration of inclusion or exclusion. Non-linearity was introduced by 
categorizingg the variables as shown in table 1. Cut points for categorization were chosen to 
resultt in reasonably equally sized categories, while considering only "sensible" values such as 
multipless of 5 for age. 
Residuall  analysis was based on deviance residuals and the diagonal of the hat matrix 12. The 
Hosmer-Lemeshoww statistic 13 was used to judge the fit of the model. 
P-valuess are adjusted for multiple comparisons only where explicitly stated. In those cases 
thiss was done using the procedure of Hommel  14. 95% confidence intervals for percentages 
aree calculated using the exact method of Clopper and Pearson. 

Tablee 2: Postoperative complications 

Type e Number r Percentage e Re-intervention n 

Nonee 99 
Woundd infection 2 
Liverr bleeding 2 
Bilee leakage 4 
Abscesss 5 
Jaundicee 6 
Bowell obstruction (ileus) 1 
Pneumoniaa 3 
Subfrenicc collection 4 
Pneumothorax x 
Decubitus s 
Pyelonephritis s 
Pulmonaryy embolism 
Heartt failure (dec. cordis) 
Atriall f lut ter 
Splenicc bleeding 
Postoperativee death 

73 3 
1 1 
1 1 
3 3 
4 4 
4 4 
1 1 
2 2 
3 3 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
2 2 
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Tablee 3a: Postoperative complications: P-values from stepwise logistic regression analysis* 

Variable e 

Preoperativee characteristics 
Gender r 

Age e 

nonl inearity y 
Preoperativee chemotherapy 
Previouss liver surgery 

Sidee hemihepatectomy 
Yearr resection 

nonl inearity y 

Treatmentt characteristics 
Typee resection 
Ext.. r ight hemihepatectomy 
Sizee resection 
Vessell resection 
Cholecystectomy y 
Sonography y 

Pringle e 

Pringlee type 
Pringlee durat ion 

nonlinearity y 
Durat ionn surgery 

nonl inearity y 

Peroperativee characteristics 
Bloodd loss 

nonlinearity y 

Packedd cells 
nonlinearity y 

Peroperativee complication 

StepO O 

0.69 9 
0.26 6 

0.14 4 
0.54 4 

1.00 0 
0.078 8 
0.017 7 

0.92 2 

0.16 6 

0.20 0 
0.38 8 
0.066 6 
0.61 1 

0.65 5 
0.52 2 
0.93 3 

0.0027 7 
0.82 2 
0.0015 5 

0.81 1 

0.0029 9 
0.54 4 

0.0005A A 

0.046 6 
0.0015 5 

Stepl l 
Preoperative e 

0.74 4 

0.45 5 
0.13 3 
0.54 4 

0.66 6 
0.13 3 
0.017 7 

0.92 2 

0.077 7 

0.11 1 
0.27 7 
0.18 8 

0.58 8 
0.50 0 
0.82 2 

0.51 1 
0.011 1 
0.84 4 
0.0025 5 

0.69 9 

0.0070 0 
0.52 2 

0.0013A A 

0.033 3 
0.0050 0 

Stepp 2 
Treatment t 

0.83 3 

0.45 5 
0.21 1 

0.66 6 
0.62 2 
0.29 9 

0.035 5 
0.71 1 

0.24 4 

0.15 5 
0.55 5 

0.26 6 
0.60 0 
0.91 1 
0.86 6 

0.44 4 
0.21 1 
0.81 1 

0.0025 5 
0.69 9 

0.32 2 

0.50 0 
0.025A A 

0.036 6 

0.13 3 

Stepp 3 
Peroperative e 

0.39 9 
0.43 3 
0.27 7 

0.72 2 

0.63 3 

0.26 6 
0.040 0 
0.83 3 

0.19 9 
0.079 9 
0.57 7 

0.20 0 
0.81 1 
0.91 1 

0.77 7 
0.70 0 
0.15 5 

0.56 6 
0.045 5 
0.53 3 

0.31 1 
0.21 1 

0.025A A 

0.036 6 
0.44 4 

** Underlined: covariates adjusted for 
AA Including nonlinearity 

Results s 
Thirty-sevenn patients (27%; 95% confidence interval: 20-36%) suffered a postoperative 
complication.. Table 2 lists the types and the number of complications and re-interventions. 
Tablee 3a gives the results of the stepwise logistic regression. 
Thee percentage postoperative complications decreased during the observation period (table 
3aa step 1, see also table 4-A), but this may still be due to chance in view of the number of 
variabless tested. 
Whenn treatment characteristics are considered for inclusion (table 3a, step 2), there is 
evidencee that the longer the duration of surgery the higher the chance of postoperative 
complications,, see also table 4-B. 
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Tablee 3b: Gall bladder problems/Icterus or 
analysis* * 

Variable e 

Preoperativee characteristics 
Gender r 
Age e 
Preoperativee chemotherapy 
Previouss liver surgery 
Sidee hemihepatectomy 
Yearr resection 

Treatmentt characteristics 
Typee resection 
Ext.. r ight hemihepatectomy 
Sizee resection 
Vessell resection 
Cholecystectomie e 
Sonography y 
Pringle e 
Pringlee type 
Pringlee duration 
Durationn surgery 

Peroperativee characteristics 
Bloodd loss 
Packedd cells 
Peroperativee complication 

Abscess:: P-values from stepwise logistic regression 

Galll bladder / Icterus 
StepO O 

0.93 3 
0.54 4 
0.13 3 

# # 
0.13 3 
0.91 1 

0.038 8 
0.0068 8 
0.49 9 
0.21 1 
0.97 7 
0.71 1 
0.98 8 
0.75 5 
0.072 2 
0.15 5 

0.092 2 
0.075 5 
0.0037 7 

Stepl l 
Treatment t 

0.70 0 
0.16 6 
0.17 7 

# # 
0.10 0 
0.82 2 

0.17 7 
0.0068 8 
0.95 5 
0.22 2 

# # 
0.89 9 

# # 
0.41 1 
0.093 3 
0.17 7 

0.13 3 
0.065 5 
0.024 4 

StepO O 

0.67 7 
0.41 1 
0.85 5 

# # 
0.49 9 
0.0053 3 

0.38 8 
0.43 3 
0.052 2 
0.18 8 
0.49 9 
0.10 0 
0.013 3 
0.53 3 
0.76 6 
0.0088 8 

0.070 0 
0.0070 0 
0.023 3 

Abscess s 
Stepl l 
Preoper. . 

0.70 0 
0.71 1 
0.93 3 

# # 
0.15 5 
0.0053 3 

0.18 8 
0.60 0 

# # 
0.65 5 

# # 
0.92 2 
0.12 2 
0.13 3 
0.50 0 
0.0085 5 

0.18 8 
0.064 4 
0.083 3 

Stepp 2 
Treatment t 

0.34 4 
0.64 4 
0.79 9 

# # 
0.075 5 
0.0057 7 

0.67 7 
0.35 5 

# # 
0.89 9 

# # 
0.49 9 
0.15 5 
0.46 6 
0.13 3 
0.0085 5 

0.70 0 
0.79 9 
0.64 4 

** Underlined: covariates adjusted for 
## Problems because of empty cells 

Furtherr adjustment for the infusion of packed cells during surgery (table 3) markedly 
increasess the P-value for duration of surgery, as already happened the other way round (see 
stepp 2). This is due to the high association between the two variables, making it difficult to 
decidee whether they both predict complications independently. However, the association 
betweenn packed cells and complications seems to be non-linear: more complications for 
eitherr no packed cells (21/89) or >3 (13/20) and less in between (3/27). 
Noo other characteristics were found to be independently associated with postoperative 
complications. . 
AA separate analysis of abscess and subfrenic collection doesn't lead to further new findings 
(seee table 3b, last 3 columns). 
However,, bile duct problems/jaundice appear to occur more often after extended 
hemihepatectomyy (P=0.0068, see also table 4-C), while there is no evidence that the 
incidencee of these complications decreases with more experience. 
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Tablee 4: Correlations 

4A:: Correlation Postoperative complications --Year r 

POO complications 
Yearr metastasectomy No 

1990-19922 15 
1993-19955 28 
1996-19977 31 
1998-19999 25 

Totall 99 

4B:: Correlation Postoperative complications -

metastasectomy y 

Yess (%) 

111 (42) 
13(32) ) 
7(18) ) 

6(19) ) 

377 (27) 

-- Duration of surgery 

POO complications 
Durationn of Surgery No 

<120minn 26 
121-1800 min 39 
181-2100 min 20 
>210minn 14 

Totall 99 

4C:: Correlation Bile duct problems/Jaundice -

Yess {%) 

3(10) ) 
133 (25) 

100 (33) 
111 (44) 

377 (27) 

Number r 
off procedures 

26 6 
41 1 
38 8 
31 1 

136 6 

Number r 
off procedures 

29 9 
52 2 
30 0 
35 5 

136 6 

-- Extended right hemihepatectomy 

Bilee duct problems / Jaundice 
Ext.. hemihepatectomy No Yes (%) 

Noo 102 
Yess 23 
Totall 125 

4 (( 4) 
7(25) ) 

111 ( 8) 

Numberr of 
procedures s 

106 6 
30 0 

136 6 

Residuall  analyses didn't raise doubts about the validity of the analysis. 
Noo perioperative factor was determined to be exclusionary when considering a patient for 
resection. . 

Discussion n 
Hepaticc metastases are usually from colorectal origin (70%). Left untreated, the 5-year 
survivall  rate for these patients is 1% 2-14. Surgical resection is the only treatment that offers 
aa change of long term survival and sometimes of cure 6. Some specialized centers have 
demonstratedd 5-year survival rates up to 40% after complete metastasectomy in selected 
casess 15~18. However surgery can only be justified if operative mortality remains substantially 
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beloww the anticipated 5-year survival rates. This study showed morbidity and mortality rates 
off  27% and 2% respectively. This is in agreement with the experience from other series 
8,19,20 0 

Thee aim of this study was to identify potentially prognostic factors that determine the 
morbidityy and mortality. This could help to categorize different patient groups which could 
bee helpful in choosing the optimal treatment for an individual patient. The following 
(various)) prognostic perioperative risk factors analysed in many series are mentioned: extent 
off  resection, vena cava resection, concomitant colon and hepatic resection, blood loss, 
perioperativee blood transfusion and operative time 21"24. In the logistic model we found the 
durationn of surgery (P=0.0025) and the number of packed cells given during surgery 
(P=0.0013)) as perioperative prognostic factors for postoperative complications in general; 
specificc for bile duct related problems we found a relation with an extended right 
hemihepatectomyy (P=0.0068). These results are comparable with literature. 
Durationn of surgery, amount of blood loss, amount of packed cells given and occurrence of 
perioperativee complications are all markedly associated with each other, making it difficult 
too decide statistically which is the best predictor of postoperative complications. All these 
factorss may be considered to be indicators of the occurrence of untoward events during 
operation.. No preoperative factor or treatment characteristic was found to predict such 
events.. Hence, indications used in this study to select the patients for hepatic surgery seem 
too have been adequate and cannot be strengthened on the basis of our results. Also, no major 
differencess in safety were found between the different types of surgical procedures used in 
thiss study and hence treatment selection should be based on other criteria such as efficacy 
andd costs. The only exception is the relatively high occurrence of bile duct related problems 
afterr extended right hemihepatectomy. 
AA specific problem in hepatic surgery is the occurrence of perihepatic abscess or fluid 
collection,, especially caused by bile leakage (in this study 8%). The presence of bile, blood, 
devitalisedd tissues and fluid accumulation in the space left empty by the removal of liver 
parenchymaa may provide the ideal environment for bacterial growth and may impair the 
normall  host defence mechanisms 25,26. In our series we found evidence of a relationship 
betweenn bile duct problems resulting in jaundice and an extended hemihepatectomy. This 
wass not found in the previous literature. Yamashita and colleagues 27 reported that damage 
too the major Glissonss sheath around the hepatic hilum was an independent risk factor for 
thee development of postoperative bile leakage. High risk surgical procedures around the 
hepaticc hilum are particularly anterior segmentectomy, central bisegmentectomy, or total 
caudatee lobectomy and in general patients with liver cirrhosis. Other previous studies have 
reportedd that extended resections are well tolerated and can be done without prohibitive 
risk;; anatomical resections usually result in smaller cut surface. Bile leaks occurred mainly in 
patientss with primary cholangiocarcinomas, where intrahepatic reconstruction on small 
secondaryy bile ducts is needed 28,29. Damage of the remaining left bile duct after extended 
rightt hemihepatectomy, may lead to stenosis. Underdevelopment of the left liver lobe and 
thuss a small sized left bile duct can be an indication preoperative embolization of the right 
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portall  vein. This will lead to hypertrophy of the parenchyma and improve blood and bile 
flowflow to and from the remaining left liver lobe and decrease impaired function after right 
extendedd hemihepatectomy 30. 
InIn conclusion, our study shows that an elective hepatic resection is a safe procedure with 
mortalityy and morbidity rates of 2% and 25% respectively. We found factors indicative of 
unpredictablee untoward events during surgery, such as duration of surgery and perioperative 
bloodd transfusion, as prognostic factors for postoperative complications in general. 
Specificallyy for postoperative bile duct related problems we found a relation with an 
extendedd right hemihepatectomy. The importance of flow inhibition and careful 
parenchymaa dissection technique to prevent blood loss and bile leakage has to be 
underlined.. Most importantly however, no perioperative factor was determined to be 
exclusionaryy when considering a patient for resection. 
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