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INTRODUCTION 

This thesis describes the results of clinical research on the assessment, prediction and prevention 

of postoperative complications in abdominal surgery.  It reports on a connected series of studies that 

aim at improving clinical practice through evidence-based instruments for evaluating postoperative 

complications and for identifying patients at high risk for complications, and through measures to 

reduce the risk of specific complications. 

Almost 20 years ago, Richard Horton wrote about some deficiencies in most surgical studies, 

which could be attributed to poor methodology, including the lack of standardized outcome measures
1
.  

These shortcomings were also identified by an interdisciplinary group of surgeons, epidemiologists, 

and statisticians, the so-called “Balliol group”, who disclosed a variety of issues related to the 

assessment of surgery in a series of three Lancet articles
2-4

. This group indicated that the most 

significant shortcoming in surgical research was the lack of consensus about the preferred outcome 

measure and how to assess it. Reliable outcome reporting is important to assess and compare quality in 

surgery. Although there is a wide range of outcome measures used in medical published literature, 

there is currently no standardized definition which data should be collected for quality assessment.  

The only endpoint consistently used in surgery is mortality
5
. Mortality could probably be 

considered a reasonable marker a few decades ago, when there was still substantial risk of dying 

following many surgical procedures. Today, however, mortality is low even following most major 

procedures so that, the focus of outcome measurement has turned to postoperative complications 

and/or morbidity to assess surgical quality and outcome
6
. But an unresolved issue is the absence of a 

standardized definition and assessment of postoperative complications
6
. For example, a systematic 

review, published in 2001, found more than 40 different definitions of anastomotic leaks used in 107 

studies
7
. Terms such as major, severe or minor complications were used in an inconsistent manner, 

often even without any definition. 

Concerned about these shortcomings, Clavien and Strasberg published a new definition for post-

operative negative outcome in 1992
8
. They proposed a grading system for complications based on the 

invasiveness and the resources associated with therapy needed to treat the complications
8
. In 2004, a 

revised version of this system was put forward
9
. This was based on the same principle, but eliminated 

a few more arbitrary criteria, such as length of stay
9
. This so-called Clavien-Dindo classification 

classifies postoperative complications as grade I to grade V, according to the need for treatment (see 

Table 1)
9
. The applicability, simplicity and inter-observer variability of this revised classification 

system was concomitantly validated in a large cohort
9
. The Clavien-Dindo classification is now widely 

adopted and used in the non-cardiac surgery, transplantation, urology and gynecology literature
10-16

. 
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Table 1: Clavien-Dindo classification  

 

Grade  Definition 

Grade I Any deviation from the normal postoperative course without 

the need for pharmacological treatment or surgical, 

endoscopic, and 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 

   IIIa 

   IIIb 

Requiring surgical, endoscopic or radiological intervention 

Intervention not under general anesthesia 

Intervention under general anesthesia 

Grade IV 

    IVa 

           IVb 

Life-threatening complication (including CNS complications)* 

requiring IC/ICU management 

Single organ dysfunction (including dialysis) 

Multiorgan dysfunction 

Grade V Death of a patient 

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

CNS = central nervous system; IC = intermediate care; ICU = intensive care unit. 

 
 

Complications following abdominal surgery are relatively frequent
17

. They are associated with 

mortality and costs
18

. The incidence of post-operative complications differs widely between 

subspecialties of abdominal surgery, whereas mortality is low and differs only slightly
18

. Furthermore, 

47.5% of the patients develop more than one complication following a surgery
18

. Even though the 

Clavien-Dindo classification was presented as a possible reference standard by the Balliol group
2-4

, the 

system does not contain an overall evaluation of the outcome of a surgical procedure. Often, only the 

most severe complications are presented
16

.  

To overcome these shortcomings, we performed a series of studies (Chapter one and two) to 

improve the assessment and reporting of postoperative complications and offer a standardized overall 

outcome for future surgical studies.  

Chapter one of this thesis reports on a prospectively planned cross-sectional survey presenting 

the perceptions of surgical complications among patients, nurses and physicians
19

. In this study we 

investigated whether or not the widely established Clavien-Dindo classification system truly reflects 

the severity of postoperative complications by assessing the perception of complications by patients, 

practicing nurses and physicians
19

. We assumed that if the Clavien-Dindo classification system did not 

reflect the perceptions of complication neither of physicians, nurses nor patients, this grading system 
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would not be a useful system to assess the overall morbidity following any surgical intervention even 

if is it widely adopted.  

Based on the results of this validation of the Clavien-Dindo classification system in chapter one, 

Chapter two describes the development and validation of a comprehensive complication index, one 

that aggregates all post-operative complications of an individual patient as well as their different 

severities into one single number
20

. Such a comprehensive complication index could become the 

urgently needed overall outcome measure for postoperative morbidity.   

Not all patients have the same risk of post-operative complications. Identification of predictors and 

the development of prediction scores may help, with effective preventive measures, to reduce the risk 

for post-operative complications
21, 22

. A prediction score for multiple post-operative complications is 

probably too complex to build, and multiple predictions for specific post-operative complications 

could be considered. Therefore, we focused in this thesis on acute renal failure (ARF) as a potentially 

life-threatening outcome following liver resections and developed two prediction scores (Chapter 

three and four) to predict ARF. 

The aim was to develop and validate simple and readily applicable prediction scores, based on pre- 

(Chapter three) as well as intra-operative parameters (Chapter four), in order to calculate the risk of 

postoperative ARF in patients undergoing a liver resection
23, 24

. The use of these two prediction scores 

may allow an early identification of patients at high risk of ARF, and support protective kidney 

treatments peri-operatively. Prediction scores can support the decision making process of patients and 

physicians. They may help to inform patients about different treatment strategies, avoiding under-

treatment in some and over-treatment in others. By analyzing the clinical consequences of using 

prediction scores one can evaluate the clinical usefulness of such prediction scores
25-28

. Such an 

analysis of consequences goes beyond the traditional evaluation of the discrimination and calibration 

of a prediction model
25

.  

Preventive measures need to be further developed.  The design of a double-blinded randomized 

controlled trial is described in Chapter five, that will investigate for the first time if terlipressin 

improves the renal outcome in patients at moderate to high risk for ARF after liver surgery. Patients 

will be identified to be at moderate or high risk for ARF according to our prediction score developed 

in chapter three and randomized into the control or terlipressin arm. The hypothesis is that terlipressin 

reduces the incidence of ARF following liver resection in patients at moderate to high risk for ARF. 

We will restrict the trial to patients with a moderate or high risk for ARF because terlipressin, which is 

associated with potential harm, is unlikely to provide more benefit than harm in patients at low risk. 

We provide, as an innovative element of a clinical trial protocol, a quantitative benefit harm 

assessment in chapter five that shows above what threshold terlipressin may be more beneficial than 

harmful if a renal-protective effect exists at all.  

In Chapter six, another potentially preventive treatment was investigated with the goal to improve 

the surgical outcome following liver surgery. This chapter presents a retrospective study that assessed 
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whether or not pharmacological conditioning with sevoflurane can protect the remnant liver from 

ischemia-reperfusion injury compared to intravenous anesthesia with propofol
29

. It is known that 

pharmacological preconditioning with volatile anesthetics is an easily applicable non-invasive method 

to protect the remnant liver from ischemia-reperfusion injury
30

. But the timing of the preconditioning 

procedure might be difficult and therefore an alternative could be the use of continuous volatile 

anesthetics throughout the surgical procedure.  

We summarize our findings and present perspectives for future research and clinical practice in 

Chapter seven.  
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ABSTRACT 

 

BACKGROUND: Several scores grade the severity of post-operative complications but it is unclear 

whether such scores truly reflect the perception of patients and practicing nurses and physicians. 

 

STUDY DESIGN: 227 patients, 143 nurses and 245 physicians independently rated the severity of 30 

common post-operative complications on a numerical analogue scale from 0 (not severe at all) to 100 

(extremely severe) while being blinded towards the Clavien-Dindo classification. We considered a 

difference in ratings of >10 to be clinically important in distinguishing between grades of severity and 

groups. We evaluated the level of reproducibility of responses by calculating intraclass correlation 

coefficients (ICC) and compared scores across severity grades and between groups using the 

generalized estimating equations.  

 

RESULTS: Reproducibility of the ratings was good for all three groups (ICCpatients 0.71 (95%-CI 0.64-

0.76), ICCnurses 0.83 (0.78-0.87) and ICCphysicians 0.87 (0.83-0.90)). The participants’ perceptions of the 

severity of complications reflected the Clavien-Dindo classification (median of grade I: 20 (IQR 10-

30), grade II: 40 (31.3-52.5), grade IIIa: 50 (40-60), grade IIIb: 70 (60-75), grade IVa: 85 (80-90) and 

grade IVB: 95 (90-100)). Although patients’ perception differed significantly from those of physicians 

(average difference -8.7 (95%-CI -10.4 to -6.9, p<0.001) and nurses (difference -2.8 (-4.8 to -0.8, 

p=0.007) they did not reach our thresholds for clinical importance.  

 

CONCLUSIONS: The severity of post-operative complications is perceived similarly by patients, nurses 

and physicians and reflects the Clavien-Dindo classification well. Our results support the use of 

Clavien-Dindo classification system as part of the shared or informed decision making process.  

 

KEY WORDS: Perception, surgical complications, patients, nurses and physicians 
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INTRODUCTION   

A well-known editorial in the Lancet highlighted the poor methodology and lack of convincing 

outcome measures in most surgical studies 
1
. Mortality and a variety of markers for morbidity are 

commonly used but there is an ongoing debate on how to define and standardize post-operative 

complications. This is well illustrated by a systematic review that found more than 40 different 

definitions of anastomotic leaks in 107 different studies 
2
. Additionally, terms such as major, severe or 

minor complications were used in an inconsistent manner, often without any explicit definition.  

A group of surgeons, epidemiologists, and statisticians recognized these shortcomings and 

published a series of articles 
3-5

. In 1992, Clavien et al proposed new definitions for post-operative 

complications, and a classification system to grade complications by severity based on the type and 

invasiveness of the treatment needed to treat a complication 
6
. In 2004, a revised version of the 

classification system was proposed, based on the same principle, but eliminating criteria such as length 

of hospital stay 
7
. This revised Clavien-Dindo classification classifies post-operative complications 

from grade I to V according to their need for more or less invasive treatment 
7
.  

However, all attempts to classify postoperative complications were developed by experts without 

taking the perspective of patients and practising health care professionals into consideration. If the 

perception of the severity of postoperative complication is weakly associated with a classification 

system its use in research and practice seems to be of limited value. In turn, if a classification system 

reflects the perspective of patients and health care professionals there would be opportunities to use the 

classification system for research but also to explain potential risks for post-operative morbidity to 

patients and, thereby, to support the decision making process. In the absence of evidence in the 

literature we assessed how patients, nurses and physicians perceive the severity of post-operative 

complications and how strongly their perception is associated with the Clavien-Dindo classification 

system for post-operative complications. 

 

MATERIAL AND METHODS 

Study design, Population 

We conducted a prospectively planned cross-sectional study and included physicians, nurses and 

patients between January 21 and December 20, 2009. We invited patients scheduled for elective minor 

or major abdominal surgery with any underlying disease at a single tertiary care centre (Department of 

Visceral and Transplantation Surgery, University Hospital of Zurich, Switzerland). Further inclusion 

criteria were capacity to act without legal guardian and spoken and written German as the daily 

language. Patients were excluded if they had cognitive difficulties and diseases, which may result in 

unreliable answers, and if they were unable to read and/or write. We recruited eligible patients giving 

informed consent from the inpatient clinic completing the questionnaires once before surgery a well as 

from the outpatient clinic completing the questionnaire twice in order to assess its reproducibility 

(figure 1). 
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We recruited nurses and physicians from surgical departments (visceral surgery, general surgery, 

traumatology and urology) and disciplines closely related to surgery (anesthesia and surgical intensive 

care units). We also sent the questionnaire to heads of surgical departments of 63 hospitals in the 

German-speaking part of Switzerland, 29 hospitals in Germany and 4 hospitals in Austria and invited 

them to participate voluntarily and anonymously with their surgical teams in this survey. Since it was 

not possible to retrieve the exact number of nurses and surgeons in those teams we could not calculate 

the response rate in nurses and physicians.   

The study was approved by the institutional review board of Zurich (Switzerland) for human 

studies and internationally registered at clinicaltrials.gov (NCT 00785096). 

 

Development of the questionnaire  

We first identified a total of 161 post-operative complications in abdominal surgery from our 

prospectively managed database and the literature 
8-10

. Five board certified senior staff surgeons 

checked the list for completeness and estimated independently the frequency as well as the relevance 

of these complications on a Likert-type scale from 1 (very infrequent respectively not relevant) to 6 

(very frequent respectively very relevant). In order to select the five most frequent and most relevant 

complications within each complication grade of the Clavien-Dindo classification (grades I, II, IIIa, 

IIIB, IVa and IVb, see below) we multiplied the frequency by the relevance for each complication and 

selected those five complications with the highest product within each complication grade (I to IVB). 

This approach resulted in 30 post-operative complication scenarios representing the most relevant and 

most frequent complications. Some complications appeared repeatedly due to different therapeutic 

consequences (e.g. re-operation due to anastomotic insufficiency [grade IIIb] and multi-organ failure 

due to anastomotic insufficiency [grade IVb]). Each of the 30 clinical scenarios described the 

complications themselves, what patients may feel when having these complications, the adequate 

therapy to treat the complications and its consequences on the length of hospital stay and future health 

outcomes. The questionnaire did not comment on the health state after (partial) recovery or on the 

course of recuperation after the hospital stay. The questionnaire was not disease-or and surgery-

specific and, therefore, applicable to any patient planned for abdominal surgery. The content of the 

questionnaire was identical for patients, physicians and nurses but adapted to appropriate terminology 

so that the scenarios were easily understandable for all three groups. The questionnaire required about 

30 minutes to complete. The full questionnaire is available from the authors on request. 

We also developed a numerical answer scale from 0 (not severe at all) to 100 (extremely severe) to 

estimate the severity of post-operative complications. Numerical answer scales with numbered 

intervals and anchors are known to yield the most reliable answers and to require the shortest time for 

completion as compared with other scales (e.g. visual analogue scale) 
11-21

. 

In cognitive debriefings, fifteen volunteers (five from each group) completed the draft 

questionnaire and were interviewed for completeness and comprehensibility of the 30 scenarios. Based 
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on this feedback we made minor changes in wording and completed the final version of the 

questionnaire.  

 

The Clavien-Dindo classification of post-operative complications 

The Clavien-Dindo classification 
7
 is a widely used therapy-oriented classification system and 

classifies post-operative complications from grade I to V according to their need for treatment. A grade 

I complication is any deviation from the normal postoperative course without the need of further 

treatment. A grade II complication requires a pharmacological treatment. A grade III complication 

requires surgical intervention under local (grade IIIa) or under general anesthesia (grade IIIb). A 

patient with a grade IV complication has a life-threatening complication and requires ICU 

management. Grade V means the death of a patient. This Clavien-Dindo classification has currently 

been used in more than 350 studies from various surgical fields 
22-28

 and was also proposed as a 

possible gold standard to assess post-operative complications 
4
.    

 

Sample size 

There are no standard rules to estimate required sample sizes for the validation of patient-, nurses 

and physicians-reported outcomes. To estimate sample size requirements for reproducibility (test-retest 

reliability) we expected an intraclass correlation coefficient (ICC) of 0.7 to indicate sufficient test retest 

reliability. To estimate the ICCs with good precision (95% confidence interval width of ± 0.1), we 

calculated we needed to include data from 52 patients, 52 nurses and 52 physicians 
29

. This group size 

would be large enough to detect a difference of 5 points on the 0 to 100 rating scale, which we 

considered to be of potential clinical relevance to distinguish between grades and groups of 

participants. Assuming a standard deviation of 12.5, based on a pilot study 
23

, we needed 219 

participants in each group (patient, nurses and physicians) to have a power of 80% at a significance 

level of 0.05 while expecting a dropout rate of 15%.  

 

Statistical Analyses 

Our database did not have any missing values since we paid considerable attention to a complete 

collection of data. In a first step, we expressed the distribution of ratings using means and standard 

deviation or medians and interquartile ranges.  

Almost 20 years ago, Richard Horton wrote about some deficiencies in most surgical studies, 

which could be attributed to poor methodology, including the lack of standardized outcome measures
1
.   

We calculated ICCs to assess the reproducibility of the ratings. We considered ICCs of 0.7 or 

higher to be sufficient to proceed with the main analysis. In the main analysis, we used generalized 

estimating equations (GEE) to compare whether ratings differed between severity grades (I to IVb) 

and between patients, nurses and physicians. We used GEE to take the clustered structure of our data 

into consideration, as every respondent rated each of the 30 scenarios. A statistical model not 
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considering the clustered structure would lead to an underestimation of standard errors. Because of our 

large sample size small differences could be statistically significant but of little clinical relevance. 

Therefore, we also determined, before conducting the analyses, a difference of 5 points or lower in 

average rating to be clinically non-important in distinguishing between grades of severity and groups. 

We considered a difference between 5 and 10 to be of potential importance, one that would need 

further investigation, and a difference of more than 10 to be clinically important. We conducted all 

analyses using STATA (version 10, Stata Corp., College Station, Texas). 

 

RESULTS 

Participants 

During the study period, 559 patients were assessed for eligibility. Three hundred and thirty-two 

patients were not eligible and 227 patients gave the full consent for the study (Figure 1). One hundred 

and seventy-five patients completed the questionnaire, of which 52 patients completed the 

questionnaire twice before surgery for testing reproducibility (Figure 1). Two hundred patients had 

minor or major abdominal surgery whereas 27 patients (11.9%) suffered from a disease which did not 

require surgery or could not be operated due to different reasons such as age, the presence of risk 

factors (e.g. major cardiac disease) or some patients denied further surgical treatment.   

Patient characteristics and further intra-operative results are summarized in Table 1. Almost a third 

of the patients (73 of 227 patients) already had at least one post-operative complication in their 

medical history. Post-operative outcomes will be reported in detail elsewhere.  

Despite four written reminders and requests for voluntary and anonymous participation, only 143 

nurses participated in the study (Table 2). Fifty-two of the 143 nurses completed the questionnaire 

twice for evaluating reproducibility. The time period between the first and second survey varied 

between five days (minimum) and eight weeks (maximum). In addition, 245 physicians (Table 2) 

participated in the study, of which 52 completed the questionnaire twice. 

 

Reproducibility of the questionnaire 

Reproducibility of the ratings was good for all three groups: ICCpatients 0.71 (95% CI: 0.64 to 0.76), 

ICCnurses 0.83 (95% CI: 0.78 to 0.87 and ICCphysicians 0.87 (95% CI: 0.83 to 0.90)).  

 

Perception of the severity of post-operative complications 

The median severity rating of the 30 complication scenarios differed, from 10 (IQR 5-17.5) to 95 

(IQR 90-100). Median ratings from scenarios in grade I varied from 10 to 30 (IQR 5-40), in grade II 

ratings from 35 to 50 (IQR 25-60) and in grade IIIa from 40 to 60 (IQR 30-70). With an increase in 

severity of the complications (≥ grade IIIb) we observed less variation in median and IQR but still an 

increase in severity from grade to grade according to the Clavien-Dindo classification (Table 3). 
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Association of the patients’ and health care professional perception with the Clavien-Dindo 

classification    

The perception of the severity of post-operative complications of all participants (patients, nurses 

and physicians) increased with the severity in the Clavien-Dindo classification (Figure 2). The ratings 

of all scenarios except for two (wound infections according to the grade IIIa and IIIb) matched with 

what would be expected from the Clavien-Dindo classification. Participants estimated the severity of a 

grade I complication with a median of 20 (IQR 10-30), grade II with a median of 40 (IQR 31.3-52.5), 

grade IIIA with a median of 50 (IQR 40-60), grade IIIB with a median of 70 (IQR 60-75), grade IVA 

with a median of 85 (IQR 80-90) and grade IVB complications with a median of 95 (IQR 90-100). 

Patients, nurses and physicians graded the complication scenarios similarly across all grades of the 

Clavien-Dindo classification (I to IVb) (Figure 3).  

  

Participants’ perception of post-operative complications 

Despite statistical significance, patients estimated the severity of post-operative complications 

similar to physicians with a difference that was below our a priori defined threshold for clinical 

relevance of >10 (unadjusted difference -8.7, 95%-confidence interval (CI) -10.4 to -6.9, p<0.001) and 

nurses (unadjusted difference -2.8, 95%-CI -4.8 to -0.8, p=0.007). Also, there was a statistically 

significant difference between the estimation of the severity between physicians and nurses (difference 

-5.9, 95%-CI -7.9 to -3.9, p<0.001), which, however, did not exceed the threshold for clinical 

relevance. 

  

DISCUSSION 

Our study showed that the perception of the severity of post-operative complications can be 

measured reliably and that it closely reflects the Clavien-Dindo classification. Although the patients’ 

perception differed statistically significantly from those of physicians and nurses we do not consider 

these differences to be clinically relevant.  

For the first time a large number of patients, nurses and physicians estimated the perceived 

severity of the same complications. We compared these perceptions with a widely used classification 

system that was developed, based on the experience and knowledge of expert surgeons 
2, 7

. Although 

systems such as the Clavien-Dindo classifications system seemed to reduce uncertainty about how to 

define post-operative complications, the validity of this classification system was never evaluated 

from the perspective of patients and health care professionals. Notably, not only health care 

professionals but also patients classified the severity of complications according to the need for 

treatment and identically to the Clavien-Dindo classification. This is illustrated by the scenarios that 

refer to identical complications (e.g. anastomotic insufficiency, wound infection or ulcer) but different 

therapeutic consequences. We could also show that nurses, who often have a closer relationship with 
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patients than physicians, perceive the severity of complications between that of physicians and 

patients, a result that is not unexpected.  

The similarity in the perception of post-operative complications by patients and health care 

professionals indicate that they share a common basis, which could be valuable for decision making. 

Today, surgeons mainly explain the frequency of post-operative complications to patients without 

explaining their severity. Frequencies of possible post-operative complications are important but 

patients will be better informed if they also know their severity. Our study indicates that the Clavien-

Dindo classification system could be used as the basis for an improved explanation to the patient, 

allowing the patient to better understand complications and their therapeutic consequences. This may 

greatly support the patients’ decision for the proposed surgical treatment or alternatives. Since nurses 

share a similar perception about post-operative complications they may also get involved in the 

decision making process as equally important partners within the medical team.  

 

Strengths and limitations 

The large sample size of 615 participants and the three different groups (patients, nurses and 

physicians) strengthened the results of this study. Moreover, we had no missing values, neither in the 

answers of the questionnaire nor in other ratings. However, we were not able to reach the planned 

sample size of 219 nurses. In order to avoid any circularity, this is that respondents were aware of the 

Clavien-Dindo classification for each vignette and would, therefore had made matching ratings, 

patients, physicians and nurses were blinded and also unaware of the Clavien-Dindo classification. 

Only twenty-five surgeons (out of 245) knew the Clavien-Dindo classification because they were from 

our surgical department but they were also blinded for our classification of each vignette. 

Our study had also some potential limitations. Each complication scenario described a single 

complication and its consequences but we did not take into account that quite commonly more than 

one complication may occur. Further studies will need to assess how patients and health care 

professionals perceive multiple complications. Although we included a broad sample of participants, a 

possible selection bias could be that all our participants were from a university hospital. Participants 

from peripheral hospitals may grade the severity of post-operative complications differently. Further 

studies will also be needed on this topic.  

 

Conclusion 

In conclusion, the perception of post-operative complications estimated by patients, nurses and 

physicians was similar and associated with the Clavien-Dindo complication classification. Our results 

lend support to the use of this classification system as part of the shared or informed decision making 

process.  
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Table 1: Patients’ characteristics, intra-operative parameters and post-operative outcome 

 

Patients’ characteristics Patients (n=227) 

Age (years)  54 (41-66) 

Gender, male/female (%)  116 / 111   (51.1% / 48.9%) 

ASA score  

-       ≤ 2 

-       >2  

2 (2-3) 

149 (65.6%) 

78 (34.4%) 

Nutrition risk score  

-       <3  

-       ≥3  

1 (0-2) 

189 (83.3%) 

38 (16.7%) 

Benign/malign disease (%)  153 / 74   (67.4% / 32.6%) 

Pre-operative chemotherapy (%)  31 (13.7%) 

Pre-operative radiotherapy (%) 19 (8.4%) 

Body mass index (kg/m
2
)  25.5 (22.1-31.6) 

 

Intra-operative parameters Patients (n=200) 

Minor/major surgery (%)  133 / 67   (66.5% / 33.5% ) 

Surgery time (minutes)  120 (83.8-200) 

Blood transfusion (%)  4 (2%) 

Blood loss (mL)  20 (5-100) 

 

Post-operative outcome Patients (n=200) 

Length of hospital stay (days)  7 (4-9) 

Intensive care unit stay (%)  33 (16.3%) 

Intensive care unit stay (days)  0 (0-1) 

Mortality (%)  0% 

Morbidity (%)  107 (53.5%) 

All results in median and interquartile range (IQR) 

ASA = American Society of Anesthesiologists 
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Table 2: Nurses’ and physicians’ characteristics 

 

 Nurses (n=143) 

Gender, male/female (%)  29 / 114   (20.3% / 79.7%)  

Years on the job  12 (1-41) 

Specialization 

-  abdominal surgery 

-  intensive care unit 

-  emergency 

-  cardiac/vascular 

-  others 

 

 

57 (39.8%) 

27 (18.9%) 

24 (16.8%) 

18 (12.6%) 

17 (11.7%) 

 Physicians (n=245) 

Gender, male/female (%)  167 / 78   (68.2% / 31.8%)  

Years on the job  9 (4-18) 

Country  

-  Switzerland 

-  Germany 

-  Austria 

 

192 (78.4%) 

38 (15.5%) 

15 (6.1%) 

 

Position 

- resident 

- chief resident 

- junior attending surgeon 

- senior attending surgeon 

- chief of service 

 

114 (46.5%) 

8 (3.3%) 

68 (27.8%) 

27 (11.0%) 

28 (11.4%) 

 

Specialization 

- general surgery 

- abdominal surgery 

- anesthesia 

- cardiac/vascular  

- others 

 

94 (38.4%) 

79 (32.2%) 

23 (9.4%) 

10 (4.1%) 

39 (15.9%) 

 

All results in median and interquartile range (IQR) 

Others in nurses = anesthesia, traumatology, thoracic surgery and operating-room nurses 

Others in physicians = internal medicine, urology, gynecology, thoracic surgery, traumatology, gastroenterology, orthopedic and pediatric 

surgery 
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Table 3: 

 

Complication Treatment Grade Median Interquartile range 

Hypopotassemia oral substitution of potassium I 10 5-17.5 

Oedema diuretics I 15 10-25 

Dystelectasis breath-physiotherapy I 20 10-30 

Postoperative nausea and vomiting antiemetics I 20 10-30 

Wound infection wound opened at the bedside, secondary wound healing I 30 20-40 

Local infection antibiotics II 35 25-50 

Arrhythmia medical treatment (e.g. beta-blockers) II 40 30-55 

Subileus gastric tube, procinetics, antiemetics II 45 30-60 

Gastroparesis gastric tube, procinetics, antiemetics II 45 30-60 

Upper GI-bleeding due to ulcer medical treatment (e.g. PPI), blood substitution II 50 35-60 

Wound infection wound closure in local anesthesia IIIa 40 30-50 

Pneumothorax thoracic drain in local anesthesia IIIa 50 40-60 

Upper GI-bleeding due to ulcer gastroscopy with local treatment of the ulcer bleeding, medical treatment 

(e.g. PPI), blood substitution 

IIIa 50 40-65 

Intra-abdominal abscess drainage IIIa 57.5 40-70 

Deep venous thrombosis lyses IIIa 60 50-70 

Wound infection wound closure in full anesthesia IIIb 40 30-55 

Post-operative acute bleeding blood substitution, surgical revision IIIb 70 60-80 

Infected bilioma surgical revision IIIb 70 60-80 

Anastomotic insufficiency surgical revision, re-anastomoses IIIb 70 60-80 

Mechanical ileus surgical remove of adhesions IIIb 70 55-80 

Delirium medicaments, intubation IVa 80 70-90 

Lung emboli anticoagulation, intubation IVa 80 70-90 

Acute liver failure medical substitution, ICU support IVa 85 75-90 

Acute renal failure hemofiltration, ICU support IVa 85 75-90 

Anastomotic insufficiency antibiotics, surgical revision, hemodynamic stabilization on the ICU IVa 90 80-97.5 

Low output syndrome hemodynamic stabilization, hemofiltration IVb 90 80-100 

Post-operative acute bleeding blood substitution, surgical revision, hemodynamic stabilization, 

hemofiltration 

IVb 90 80-100 

Colon ischemia antibiotics, colon resection, hemodynamic stabilization, hemofiltration IVb 95 90-100 

ARDS intubation, hemodynamic stabilization IVb 95 85.6-100 

Anastomotic insufficiency antibiotics surgical revision, hemodynamic stabilization, hemofiltration IVb 95 90-100 

Local infection was defined e.g. as central venous infection; PPI = proton-pump-inhibition treatment; ARDS= Acute respiratory distress syndrome
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Outpatient clinic

n=52

Inpatient clinic

n=175

Admission for

surgery

First 

self-administration

of the questionnaire 

at home

10 – 14 days

Second 

self-administration

of the questionnaire 

at home

Admission for 

surgery

Surgery

Discharge

Self-administration

of the questionnaire 

one day before 

surgery

Surgery

Discharge

Group for test-retest

reliability

Included patients

with signed

informed consent

n=227

Eligible patients

n=559

Exclusion: n=332

- no participation: n = 9

- Transplantation: n  =  40

- Neurology: n = 16

- Psychiatry: n = 15

- Outpatient surgery: n = 132

- Language: n= 100

- < 18 years: n = 2 

 

 

 

Figure 1: Flow chart 
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Figure 2: Perception of the severity of post-operative complications from all participants: The 

questionnaire included 30 scenarios with five scenarios for each severity grade according to the 

Clavien-Dindo classification. The box plots represent the median, interquartile range and 95%-

confidence interval for all scenarios rated within each grade of the Clavien-Dindo classification. The 

perception of the severity of post-operative complications of all participants (patients, nurses and 

physicians) increases with the rise in the Clavien-Dindo classification. 
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Figure 3: Patients’, nurses’ and physicians’ perception of the severity of post-operative               

complications: The box plots represented the median, interquartile range and 95%-confidence interval 

for all scenarios rated within each grade of the Clavien-Dindo classification and compares the three 

groups of participants (patients, nurses and physicians). Patients, nurses and physicians graded the 

complication scenarios similarly across all grades of the Clavien-Dindo classification (I to IVB). 
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ABSTRACT 

 

OBJECTIVE: To develop and validate a comprehensive complication index (CCI) that integrates all 

events with their respective severity.  

 

BACKGROUND: Reporting of surgical complications is inconsistent and often incomplete. Most 

studies fail to provide information about the severity of complications, or only inform on the most 

severe event, ignoring events of lesser severity.  

 

METHODS:  We used an established classification of complications, adopting methods from operation-

risk-index analysis in marketing research to develop a formula that considers all complications that 

may occur in a patient. The weights of each grade of complication, defined as median reference values 

(MRV), were obtained from 472 participants, who rated 30 different complications. Validation to 

assess sensitivity to treatment effects and validity of the CCI was performed through four different 

approaches based on 1299 patients.  

 

RESULTS: The CCI is calculated as the sum of all complications that are weighted for their severity 

(multiplication of the MRVs from patients and physicians). The final formula yields a continuous 

scale to rank the severity of any combination of complications from 0 to 100 in a single patient. The 

CCI was highly sensitive in detecting treatment effect differences in the context of a randomized trial 

(effect size detected by CCI vs. conventional standardized morbidity outcomes). It also showed a 

negative correlation with postoperative health status (r = -0.24, p = 0.002), and high correlation with 

the results of patient-rated single and multiple complications on conjoint analysis (r = 0.94, p < 0.001). 

 

CONCLUSIONS: The CCI summarizes all postoperative complications and is more sensitive than 

existing morbidity endpoints. It may serve as a standardized and widely applicable primary endpoint 

in surgical trials and other interventional fields of medicine. The CCI can be readily computed on the 

basis of tabulated complications according to the Clavien-Dindo classification (available at 

www.assessurgery.com). 
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INTRODUCTION 

For many years, mortality has been the sole measure to assess the risk of most surgical 

procedures
1-3

. With the dramatic decrease of mortality following major interventions
4, 5

, the focus has 

shifted towards other endpoints, such as morbidity, quality of life, and cost
6
. Morbidity, as a 

consequence of complications following a procedure, has emerged as the key parameter to measure 

harmful outcome for most studies evaluating invasive interventions, especially when efficacy is 

similar. Unfortunately, the various and unstandardized definitions used to describe complications have 

led to much confusion in the literature
7-13

. About 80% of studies describing complications fail to 

provide any information about their severity
14

. Most authors selectively report only complications 

judged to be relevant, e.g. those requiring surgical re-exploration, while ignoring any event of lesser 

magnitude
10

. This “tower of Babel” syndrome has led to a heterogeneous and obvious under-reporting 

of complications throughout the surgical literature, and has globally hindered surgical research due to 

a lack of standardized methodology
15, 16

.   

In 1992, a categorization of adverse events after a surgical procedure was proposed to differentiate 

“complications” from “failure to cure” and “sequelae”
1
. Failure to cure referred to the inability to 

achieve the goal of the operation, such as residual cancer after an attempt at curative resection of a 

tumor or the recurrence of disease, and sequelae to events inherent to a procedure, such as diabetes 

after total pancreatectomy. All other negative events were covered under the umbrella 

“complications”, and their severity was defined according to the degree of invasiveness of the therapy 

needed to correct the complication
1, 9, 12

. This system was modified after 10 years of routine use in 

several centers leading to the Clavien-Dindo classification, which describes five grades of severity for 

most known complications
9
. This system has seen extensive use and been validated in hundreds of 

studies across many fields of surgery
9, 12, 17-20

. 

For ease of handling, usually only the single most severe complication occurring in a patient 

during a given episode of care is reported, although a description of all postoperative complications is 

possible in a tabulated form
10, 21

. It thus “ignores” events of lesser severity, failing to represent the true 

overall morbidity burden of a procedure. To better report and summarize the overall morbidity 

following surgery, we conducted a series of studies to develop and validate a novel comprehensive 

scoring scheme, based on the widely-established Clavien-Dindo classification.  

 

MATERIAL AND METHODS 

The study addresses two aims: first, to develop a comprehensive complication index (CCI) taking 

into account all complications following a procedure and their respective severity and second, to 

validate this index from four different perspectives. The development of the CCI was based on the 

adapted Clavien-Dindo classification system (Table 1)
9, 12

. The studies were all approved by the local 

IRB and internationally registered at clinicaltrials.gov (NCT00782704, NCT00516711). 
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Development of the CCI   

Estimation of the relative importance of single complications of the CCI–Development cohort  

We obtained data on 30 common post-operative complications, as scored by patients and 

physicians, which have been reported elsewhere
22

. The physicians were enrolled from multiple 

institutions: the Zurich University Hospital and community hospitals in the German speaking part of 

Switzerland, Germany and Austria
22

. These included surgeons as well as physicians from closely 

related disciplines, such as anesthesiolgy and intensive care units. Patients scheduled for any elective 

abdominal surgery were enrolled from the Department of Surgery of the Zurich University Hospital, 

and were tested on the day prior to surgery
22

. Candidates for organ transplantation and outpatients 

were excluded. 

In brief, 227 patients and 245 physicians rated the severity of 30 individual complications using a 

numerical analogue scale from 0 (best) to 100 (worst). They received a questionnaire, with appropriate 

and slightly different phrasing for each population of evaluators, describing the typical manifestation 

and therapeutic consequences for each of these events
22

. The 30 scenarios presented the five most 

frequent and relevant complications within each grade of the Clavien-Dindo score (grade I-IVb), 

excluding death (grade V)
22

 (see Questionnaire example for patients, Supplemental Digital Content 1, 

see Questionnaire example for physicians, Supplemental Digital Content 2).  

 

Development of a mathematical formula for the CCI  

Whereas the Clavien-Dindo classification is based on an ordinal scale and selects the single most 

severe complication following a procedure, we postulated that the CCI must incorporate all post-

operative complications, while including their relative severity, as reflected by both the perspectives of 

patients and physicians. We recognized that simply summing up complications by their ascending 

severity, as described in the Clavien-Dindo classification would give too much weight to the 

complications with moderate severity (e.g. grade II). This is particularly true with concurrent 

complications, where adding up moderately severe complications would give an inappropriately high 

score. To weigh complications with different severities more appropriately, we thus adopted the 

“operation risk index” approach, which is widely used in economic sciences, and which synthesizes 

perspectives from different stakeholders
23-25

. The operation risk index was first developed to predict 

the general business climate by a number of predictive criteria, such as political stability, corruption, 

and inflation rate. Briefly, stakeholders (st) representing different professional groups in economy 

were asked for their opinion on different items by appointing a value (v) of 0 (bad) to 4 (excellent). 

The risk index is then calculated stepwise by first multiplying these values for a given item as 

perceived by each stakeholder Vitem(i) = (Vst1xVst2 …xVstn). By taking products of these values rather 

than single values more important items receive more weight than less important values in the 

summary index that includes the sum of these products (Σ Vitem(i))
23-25

. 



27 

 

As a first step, we used physicians and patients, as different expert populations. The median 

(ratings are not normally distributed) reference value from physicians (MRVphys) and patients 

(MRVpat) for each grade of complication were then (see Table, Supplemental Digital Content 3) 

multiplied (MRVphys*MRVpat) and compared: for example, a grade I complication such as wound 

infection drained at the bedside (e.g. MRVphys = 15 and MRVpat =20, i.e. 15x20=300) had a much 

lower weight than a grade IIIb complication such as a reoperation due to a complication (MRVphys = 

65 and MRVpat =70, i.e.65x70=4550). In a next step, these figures were summed 

(∑(MRVphys*MRVpat)) to incorporate all postoperative complications of different severities occurring 

in an individual patient, giving a “raw” CCI which reflects the totality of the postoperative morbidity 

experience. 

Theoretically, there is no limit for the “raw” CCI, due to the possibility of an “unlimited” number 

of complications per patient. However, in a cohort of over 1200 patients operated from 2005 to 2008, 

who underwent major abdominal surgery such as Roux-en-Y gastric bypass surgery, liver, pancreas, 

small bowel and colon resections, >99% had a “raw” CCI below 40,000.  To ease the clinical 

applicability of the CCI, we tested different transformations (logarithmic, square and third roots) to 

find a distribution of CCI scores close to a normal distribution and to set the lower CCI limit at 0 and 

the upper at 100.  

 

Validation of the CCI  

The newly developed CCI was validated through four different approaches. 

Briefly, in the first validation, we used histograms and interquartile ranges to assess how well the 

CCI discriminated in 764 patients from Zurich experiencing at least one postoperative complication. 

This first validation population was composed of patients out of a cost analysis study
26

, a trial 

examining pharmacological preconditioning in the context of liver resection
27

, and the current CCI 

development population.  

In the second validation study, we focused on the ability of the CCI to detect treatment effects, 

referred to as “responsiveness”
28

. We re-analyzed data collected from a previously published 

randomized clinical trial
27

 (RCT) in which patients undergoing liver surgery were randomly pre-

treated with or without protective volatile anesthetic (sevoflurane). We postulated a priori greater 

responsiveness for the CCI compared to the endpoints used in the RCT (proportion of patients with a 

major complication and with any complication according the Clavien-Dindo) because the CCI 

includes substantially more information (i.e. all complications vs. only single most serious 

complication). This responsiveness is reflected by the effect size expressing the magnitude of coded 

complications
29

.  

In a third validation we assessed the post-operative health status according to the EuroQol-5D
30

 at 

the day of discharge in 172 patients who had undergone any elective abdominal surgery. We 
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hypothesized that there would be a statistically significant negative correlation (p-values ≤0·05) 

between the CCI and the postoperative health status.  

For the fourth validation, we conducted a “conjoint analysis”, another method adopted from 

economic sciences and increasingly applied in the medical field
31

. The most frequent use of conjoint 

analysis is in the market research. A conjoint analysis is testing different attributes (e.g. color or tire 

dimension of a new car) of a specific product by rating each attribute of a product on a score. Finally, 

the conjoint analysis is used to determine how people value and favor different attributes. 

We assumed that the estimations of post-operative scenarios with multiple complications will 

positively and highly correlate with the CCI that only considered single complications. We tested 

whether combining the relative weights, obtained for single complications in our development cohort 

adequately represent scenarios where multiple complications occurred.  Therefore we created another 

questionnaire where we asked patients undergoing any elective abdominal surgery in Zurich between 

February and April 2011 about the severity of several different combinations of complications on a 

numerical analogue scale from 0 to 100. Inclusion criteria were equal to those in the development 

population. We excluded patients for any transplantation, living donors and one-day-surgery patients. 

The questionnaire contained 15 self-administered question cards including four scenarios (generalized 

edema (grade I), intestinal ileus (grade II), anastomotic insufficiency (grade IIIb) and acute renal 

failure (grade IVa), which describe each of these four complications in isolation, and eleven different 

scenarios with a combination of up to four simultaneous complications. We calculated the CCI for 

each of these fifteen scenarios and compared the CCI to the ratings obtained in the conjoint analysis. 

We postulated that the CCI could adequately combine multiple combinations, if the correlation with 

the ratings from the conjoint analysis exceeded 0.8 (Pearson correlation coefficient).    

 

Sample size calculation and statistics  

  The sample size calculation for the development cohort was based on a pilot study
12

. To detect a 

difference of 5 on the 0-100 scale we calculated that we would need 219 patients and 219 physicians, 

assuming a standard deviation of 12.5, a power of 80% at a significance level of 0.05, and expected a 

drop-out rate of 15%. 

For the second as well as the third validations we used data collected in previously published 

studies
22, 27

. Therefore, we did not perform a separate sample size calculation. Sample size calculations 

for a conjoint analysis (fourth validation) are a topic of controversy
32, 33

. With four attributes (grades 

of complications), 15 tasks (scenarios) and a 20% drop-out rate we estimated to need a minimum of 72 

respondents would be required
33

. We used means (standard deviation [SD]) to describe CCI data and 

the Pearson correlation coefficient for correlations. For the re-analysis of the randomized trial we used 

multivariable linear regression with the CCI as dependent and group allocation as independent 

variables, with adjustment for potential confounders as reported earlier
27

. In order to assess the relative 

responsiveness of the CCI, major complications and any complications to detect a change, we 
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calculated effect sizes for the effect of preconditioning (Cohen’s effect size for the continuous CCI and 

logarithm of the odds ratio multiplied by √3/pi for the dichotomous variables any [yes/no] or major 

complication [≤ IIIa / >IIIa])
29

.  

We conducted all analyses using STATA (version 10, Stata Corp., College Station, Texas). 

 

RESULTS 

Development of the CCI 
Two hundred and forty-five physicians and 227 patients participated in the development cohort, 

for which detailed characteristics were reported elsewhere
22

. As only one patient of the development 

cohort had a value of over 40,000 (0·4%, 41,050) (see Figure, Supplemental Digital Content 4a), we 

further looked at an independent cohort of 1,255 patients undergoing major elective abdominal surgery 

from 2005-2008. In the latter, again a single patient exhibited a value >40,000 (0.08%) (see Figure, 

Supplemental Digital Content 4b), therefore we arbitrarily set the maximum to 40,000 for the sum of 

complications, representing >99.5% of all patients. Applying the square root of the sum of 

complications came closest to converting results to a normal distribution. Finally, dividing by two, the 

scale of the “raw” CCI of 0-40,000 could be transformed in almost all cases to a number between 0 

(no complication) and 100 (see Figure, Supplemental Digital Content 5a-c). The final formula for the 

CCI is therefore: CCI= √(∑MRVphys*MRVpat.)/2.  

 

Examples of the CCI 

Six patients, who developed a single complication, and five patients, who developed several post-

operative complications, are presented to illustrate the clinical application of the CCI (Table 2a&b). 

For single complications, the CCI ranged from 8.7 to 46.2 (Table 2a, Figure 1a), while these figures 

ranged from 17.3 to 88.6 in the presence of multiple complications (Table 2b, Figure 1b). The 

examples show that the CCI weighs severe complications (patient
#
10: CCI of 56.1) more heavily than 

several complications of lesser degree (patient 8: CCI of 30.8), whereas multiple mild and severe 

complications lead to a much greater CCI (patient
#
11: 88.6) (Table 2b, Figure 1b). 

To further demonstrate the consequences of this algorithm, the weight of a single grade I Clavien-

Dindo complication is highlighted under different scenarios. If experienced alone, a grade I 

complication corresponds to a CCI of 8.7 points. However, as part of multiple complications, the 

relative contribution of a grade I complication decreases with an increasing CCI. For example, for a 

CCI of 12.2, the second grade I complication adds only 3.5 points. In more complex situations, the 

loss of contribution of a grade 1 complication to the CCI is even greater, i.e. for a CCI of 30.8 it is 1.2 

and for a CCI of 94.1 it is 0.4 (Figure 2). Thus, a low-grade complication becomes less and less 

important, when experienced in combination with more severe complications. 
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Validation of the CCI 

In the first validation, Figure 3a shows the distribution of the CCI in 764 patients who developed 

at least one post-operative complication (see Figure, Supplemental Digital Content 6) and were part of 

a larger cohort of 1,491 patients undergoing any elective abdominal surgery at the Department of 

Surgery of Zurich University Hospital from 2005-2008. Figure 3a shows that 205 patients (13·7%) 

had a CCI between 8.7 and 20, and 28% (418 out of 1491) had a CCI from 20 to 40, the range where 

most combinations of complications occurred. A CCI over 50 was less frequent (6·4%, 96 out of 

1491). One hundred and thirty-two patients (17.3%) with severe complications (≥ grade IIIb) had 

many additional mild and moderate complications (grade I-IIIa), but their contribution to the CCI is 

relatively small. For comparison, Figure 3b shows the frequencies of only the highest-grade 

complication (grade I to IVb), currently the way to report complications in the Clavien-Dindo 

classification. Comparing these two figures, it is apparent that the CCI better discriminates among 

patients than the Clavien-Dindo classification.  

In a second validation, we tested the responsiveness of the CCI in a recently published RCT, in 

which patients undergoing liver surgery were randomly pre-treated with protective volatile anesthetic 

(sevoflurane) (see Figure, Supplemental Digital Content 6). The mean CCI in the sevoflurane group 

was 10·4 (SD 18.9), vs. 30.5 (SD 25-3) in the control group. The between-group difference was 

statistically significant (adjusted difference of -22.8 (95% CI: -34.8 to -10.7, p<0·001). The original 

dichotomous use of “any complication” as primary outcome, an effect size of 0.19 had been recorded 

and with the Clavien-Dindo classification to measure “major complication alone”, the effect size was 

0.33. The re-analysis of the trial using the CCI showed an effect size of 0.41 indicating the greater 

discriminatory power of the CCI compared to both other endpoints.  

In a third validation, we observed that post-operative health status (median 65; IQR 50-75) 

negatively correlated with the CCI (median 8.7 (IQR 0–23.4); r = -0.24, p=0.002), further supporting 

the discriminatory value of the CCI (see Table, Supplemental Digital Content 7). 

In a fourth validation, we asked patients to evaluate complication scenarios that included one or 

more different types of complications to assess their perception of a more complex situation. We 

observed a very high correlation (r=0.94, p<0.001) of the CCI with the ratings from conjoint analysis 

for the 15 scenarios with single and multiple complications (see Tables, Supplemental Digital Content 

8 & 9, and see Figure, Supplemental Digital Content 10). This analysis also confirmed that minor 

complications would receive less weight, if additional and more severe complications were said to 

have occurred. 

 

DISCUSSION  

In this study, we propose a comprehensive complication index (CCI) that summarizes the entire 

postoperative experience of the patient with respect to complications. We combined all complications 

according to their severity in a single score ranging from 0 to 100. Validations from four different 
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perspectives showed that the CCI discriminates well between patients with a different number and 

severity of complications, and that the CCI is more responsive to the effects of a specific therapy than 

other endpoints
9, 12

. In addition, the validity of the CCI is supported through comparisons with 

postoperative health status and the results from conjoint analysis that captured the relative and total 

severities of multiple complications.  

The development of the CCI is the result of a lengthy, progressive, and rigorous iterative process. 

Over the last 20 years, the senior author developed and validated a simple scale of complications, 

based on the degree of invasiveness of the therapy applied to correct the complication leading to the 

Clavien-Dindo classification
1, 9, 12

.  The first effort to define and rank negative outcome after surgery 

goes back to 1992, when the senior author along with Steven Strasberg, at that time both at the 

University of Toronto, made an attempt to critically evaluate the recently introduced laparoscopic 

approach to treat gallstone disease
1, 34

. They proposed new definitions of what constitutes a negative 

event after a surgical procedure, differentiating complications, from failure to cure and sequelae
1, 17

, 

and focus on a simple system to rank complications by severity
1, 17

. The basis of the score was to 

measure the degree of invasiveness of the therapy applied to correct the complication, as well as the 

length of stay. This system including four grades of severity, although used in a few studies, did not 

really enjoy wide acceptance
1, 17

. This classification was re-evaluated in 2004 with the development of 

the Clavien-Dindo classification
9
. While the degree of invasiveness of the therapy to treat the 

complication remained the basis of the new system, variables such as the length of stay were 

eliminated to give more weight to life threatening complications involving organ failure. The new 

proposal was tested in a large cohort of patients, who underwent a variety of general surgery 

procedures, and in ten centers around the world for inter-observer variation and applicability
9
. 

Difficult scenarios were re-evaluated after five years among seven centers located on each continent to 

secure consistency in reporting
12

. 

Currently, this system is routinely used in many centers and the literature for quality assessment, 

included in national databases, and in high quality RCTs
18, 19, 35-37

. Considering its simplicity and 

reproducibility,
9, 12

 a number of outcome studies have used this classification system, which focuses on 

the most severe complication. The various degrees of severity have been shown repeatedly to correlate 

with perceptions from patients, nurses and physicians
12, 22

, overall cost of the procedure
26

, hospital 

stay
9
 and other pertinent factors

9
. One limitation, however, is that for ease of numerical analysis, the 

whole postoperative course is selectively described by the single most severe complication, ignoring 

others of lesser magnitude, which may still be very pertinent to the patient, health care provider and 

payer. For example, how can we compare the postoperative course of a patient experiencing four grade 

II complications vs. another presenting a single grade III event?  It is conceivable that the four more 

benign complications are perceived as being “worse” than the single grade III complication. 

In order to correct this drawback, and in the absence of an accepted approach in the medical 

literature to develop a score such as the CCI, we turned to the techniques of operation risk index and to 
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conjoint analysis. Those methods are used in economy and marketing
23-25

 to adjust for multiple 

evaluation factors. We also used two different perspectives, those of physicians and patients, to 

measure the severity of post-operative complications. In line with the economists, we then developed a 

mathematical formula that captures the multidimensional nature of postoperative complications with a 

single number ranging from 0 to 100. This approach, developed in synergy between clinicians and 

statisticians, leads to an easily interpretable measure of the postoperative course, as illustrated in Table 

2 and Figure 1.  

Such an index may also offer a more precise tool in clinical trials, databases or registries, and 

patient experience audits. Unlike the CCI, the Clavien-Dindo classification is based on an ordinal scale 

which belies underlying graded numerical assumptions and may overly summarize details related to 

the totality of the patient morbidity burden. On the other hand, in view of its simplicity and categorical 

nature, the Clavien-Dindo score remains a practical tool to allow clinicians to describe individual 

patients e.g. at morbidity/mortality (M&M) conferences, or in evaluating the impact of specific types 

of complications after a procedure
38

, such as fistulas following pancreatic surgery
21

 or general surgical 

outcome after laparoscopic prostatectomy
35

. Because both scoring systems are closely related, their 

simultaneous recording is recommended for clinical groups. Others have developed a morbidity index 

based on the National Surgical Quality Improvement Program (NSQIP) to assess specific procedures 

and their associated aggregate of postoperative complications, but did not focus on an index 

summarizing all post-operative complications in individual patients
39,40

 

The CCI also allows longitudinal assessment of the morbidity since the addition of a complication 

appearing at a later time point is now feasible, and may help assess the ‘evolution’ of morbidity over 

time. This is difficult with the current reporting tools, as either an additional complication has no 

impact, if it is less than the most severe, or it changes everything, if it is more severe than the 

complications experienced so far. This aspect is of special relevance considering the current reporting 

in the surgical literature, which typically focuses on “procedural” or “in-hospital” morbidity, ignoring 

any longer follow-up. The very nature of the CCI may also allow to better decipher relationships 

between simultaneously occurring complications because it measures clusters of complications, akin 

to syndromes rather than individual symptoms. This may be important in certain patient groups so that 

care may target the interplay of harms rather than a single severe index complication. The CCI, rather 

than individual morbidity reports, may thus be better suited to evaluate perioperative care in surgical 

institutions. 

Our data suggest that the CCI is highly discriminatory and responsive to treatment effects. As a 

consequence, clinical trials may be able to more easily detect clinically relevant signals, which could 

reduce the large number of surgical trials that show “negative results”, some of which may in fact have 

been meaningful. As many prospective trials begin to use electronic data collection, a module 

calculating the CCI could easily be incorporated. The CCI may even be incorporated in clinical 

information systems to serve as a quality control and even benchmarking tool, although for this later 
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use, risk adjustment must be included for proper interpretation of any CCI values. For those purposes, 

we created a simple online program (www.assessurgery.com), which can be used to calculate the CCI 

in individual or various groups of patients. As attractive as the CCI appears, it is still important to 

report on specific complications and their severities. Thereby, intervention-specific complications can 

still be analyzed.   

Our project is not without limitations. One criticism might be that the assessment of events by 

individual patients was not based on “actual” complications experienced by them. Our rationale to 

skip this approach relies on difficulties in interpreting and validating such data. The individual 

circumstances of a patient make standardizing and comparing postoperative ratings very difficult. 

Ratings are not only influenced by a patients’ specific postoperative course but by pre-existing health 

conditions
41

. For example, a severely-ill patient developing organ failure (grade IV) after major 

surgery may be just happy that he/she is still alive and may, therefore, perceive his/her own 

complication to be less severe than a patient experiencing a wound infection successfully drained at 

the bedside (grade II) after a hernia repair. To assure a standardized procedure, a single investigator 

(KS) approached each patient on the day of admission, i.e. one day before surgery, and spent at least 

30 min to explain the rationale of the study and to answer any questions. Patients were given 

appropriate time and rest for their evaluation. 

Another limitation is the inclusion of participants living in German speaking countries only. We 

included, however, a broad sample of participants from 15 different nationalities, differing in 

professional background (for physicians), ethnic origin, age and gender (for patients). Nevertheless, 

another important step forward would be to obtain ratings from additional patients and physicians and 

procedures including those from other countries and health systems to explore whether the weights 

used for the CCI need to be calibrated, when moving from one population to another. Even though the 

CCI is developed on a broad spectrum of patients undergoing a variety of major and minor general 

surgical procedures, it might be worthwhile to test the CCI in other specialized fields such as cardiac 

surgery, gynecology and neurosurgery.  

In conclusion, the availability of a CCI may bring major changes in both the manner and the 

accuracy, in which we assess surgical or other interventional procedures.  In the future, CCI and 

mortality could be part of standardized outcome reports at hospital discharge and, for example, three 

months after surgery, along with the use of the Clavien-Dindo system at M&M conferences 

(www.assessurgery.com). The CCI may become the urgently needed outcome tool to longitudinally 

measure morbidity associated with invasive procedures and serve as an objective primary or secondary 

endpoint in more optimally and clinically significantly powered clinical trials.  
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Table 1: Clavien-Dindo classification adapted from
9
  

 

 

Grade  Definition 

Grade I Any deviation from the normal postoperative course without 

the need for pharmacological treatment or surgical, 

endoscopic, and 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 

    IIIa 

    IIIb 

Requiring surgical, endoscopic or radiological intervention 

Intervention not under general anesthesia 

Intervention under general anesthesia 

Grade IV 

    IVa 

           IVb 

Life-threatening complication (including CNS complications)* 

requiring IC/ICU management 

Single organ dysfunction (including dialysis) 

Multiorgan dysfunction 

Grade V Death of a patient 

*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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Table 2a: Six examples of the CCI in case of single complications 

Patient Complications Grade of 

complication  

Weights:  

(MRVphys x 

MRVpat) 

Comprehensive 

complication 

index (CCI) 

Patient 1 nausea & vomiting 

 

I 300 

(15 x 20) 

8.7 

Patient 2 pneumonia 

 

II 1750 

(35 x 50) 

20.9 

Patient 3 pneumothorax 

 

IIIa 2750 

(50 x 55) 

26.2 

Patient 4 fascia dehiscence 

 

IIIb 4550 

(65 x 70) 

33.7 

Patient 5 acute renal failure 

 

IVa 7200 

(80 x 90) 

42.4 

Patient 6 anastomotic insufficiency 

 

IVb 8550 

(90 x 95) 

46.2 

MRVphys = median reference value of physicians; MRVpat = median reference value of patients 

 

 
Table 2b: Five examples of the CCI in case of multiple complications 

Patient Complications Grades of 

complications  

Weights:  

(MRVphys x 

MRVpat) 

Comprehensive 

complication 

index (CCI) 

Patient 7 pain exacerbation 

nausea & vomiting 

hematoma 

generalized oedema 

I 

I 

I 

I 

300 

300 

300 

300 

17.3 

Patient 8 nausea & vomiting 

pneumonia 

urinary tract infection 

 

I 

II 

II 

300 

1750 

1750 

30.8 

Patient 9 wound infection 

urinary tract infection 

gastric ulcer 

pneumothorax 

 

I 

II 

II 

IIIa 

300 

1750 

1750 

2750 

40.5 

Patient 

10 

pneumonia 

arterial hypertension 

anastomotic insufficiency 

gastric ulcer perforation 

 

II 

II 

IIIb 

IIIb 

1750 

1750 

4550 

4550 

56.1 

Patient 

11 

wound infection 

urinary tract infection 

deep venous thrombosis 

gastric ulcer bleeding 

pleura empyema 

anastomotic insufficiency 

stroke 

central line infection with septic 

shock 

I 

II 

II 

IIIa 

IIIb 

IIIb 

IVa 

IVb 

300 

1750 

1750 

2750 

4550 

4550 

7200 

8550 

88.6 

MRVphys = median reference value of physicians; MRVpat = median reference value of patients; Death is arbitrarily defined with a CCI of 

100 

Example of the CCI calculated for patient 9:  CCI = √(300 + 1750 + 1750 + 2750)/2 = 40.5 
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Figure 1a: The CCI of a single complication. The first six patients developed one single complication 

from grade I to grade IVb according to the Clavien-Dindo classification (Table 2a). The CCI of these 

single complications increases from grade I (CCI=8·7) to grade IVb (CCI=46·2).  

 

Figure 1b: These five patients (patient
#
7 to patient

#
11) developed multiple post-operative compli-

cations (Table 2b). The CCIs ranged from 17.3 to 88.6 in the presence of multiple complications. The 

CCI increases with the occurrence of an additional postoperative complication. The increase of the 

CCI depends on the severity of the additional complication. For example patient
#
9 developed one 

grade I (wound infection), two grade II (urinary tract infection, gastric ulcer) and one grade IIIa 

(pneumothorax) complication and his CCI is still lower (CCIpat9=40.5) than one grade IVa (CCIgrade 

IVa=42.4) or one grade IVb (CCIgrade IVb=46.2) complication (Table 2a & 2b). Whereas the CCI of 

patient
#
11 almost reaches the maximum (CCIpat11=88.6) due to the development of mild as well as 

multiple severe complications (Table 2b). 

Figure 1a Figure 1b 
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Figure 2: Weight of a grade I complication in combination with more severe complications. If 

experienced in isolation a grade I complication corresponds to CCI of 8.7 points. When associated 

with multiple complications, the contribution of this grade I complication to the CCI decreases 

accordingly. For a CCI of 12.2 due to other complications, the second grade I complication weighs 

only 3.5 points. In more complex situations, the loss is even higher e.g. for a CCI of 30.8, it is 1.2, for 

a CCI 94.1 it is 0.4. Thus, a low-grade complication is less important, if experienced in combination 

with more severe complications. 
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Figure 3: Distribution of the CCI and the highest grade of complications in an independent patient 

population. 3a: frequency of patients relative to their CCI. Patients were grouped in increments of 3 

points. 3b: frequency of patients with various complication grades. The highest grade for a given 

patient was used. 
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ABSTRACT  

 

OBJECTIVE: To develop and validate a score to predict postoperative acute renal failure (ARF) after 

liver resection. 

 

BACKGROUND: Postoperative ARF after major surgery is associated with morbidity and mortality. 

Early identification of patients at risk of ARF is important in order to provide protective kidney 

treatment.  

 

METHODS: Postoperative ARF was prospectively assessed in consecutive patients undergoing liver 

resection. . In randomly selected two third of the total number of patients, multivariate logistic 

regression analysis was used to develop a new prediction score (including a full and a reduced model), 

based on the preoperative parameters of age, gender, pre-existing chronic renal dysfunction, 

cardiovascular disease, diabetes, bilirubin and alanine aminotransferase (ALT) levels. In the remaining 

last third of the patients, the new score was validated by calibrating the accuracy of the score. 

(ClinicalTrials.gov NCT 00743132) 

 

RESULTS: Postoperative ARF occurred in 15.1% (86 out of 569 consecutive patients) from 2002 to 

2007 and was highly associated with mortality (22.5% vs. 0.8% without ARF, p<0.001). In the 380 

(two third of the population) patients selected for the development of the prediction score, 

preoperatively elevated ALT, pre-existing cardiovascular disease, chronic renal failure and diabetes 

were the strongest predictors of ARF. Validating the full prediction model (0–22 points) to the 

remaining 189 patients (one third of the population), the risk could be predicted accurately (mean 

predicted risk of 11.5% versus an observed risk of 14.8%) without significant differences between 

predicted and observed risks across different risk categories (p=0.98). Prediction with the reduced 

model including the four strongest predictors (0-7 points) was almost as accurate as with the full 

model (11.4% predicted versus 14.8% observed) and also without significant differences across 

different risk categories (p=0.75).  

 

CONCLUSIONS: The new prediction score (the full as well as the reduced model) accurately predicted 

postoperative ARF after liver resection. The use of these scores allows early identification of patients 

at high risk of ARF, and may support decision making for protective kidney interventions 

perioperatively. 
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INTRODUCTION   

Acute renal failure (ARF) is a major complication after abdominal surgery, associated with 

substantial mortality, morbidity and costs.
1-3

 Reported incidences of postoperative ARF range from 1 

% after major non-cardiac surgery without liver resection
3
 to around 20% after cardiac surgery

4-6
 and 

up to 50% after liver transplantation.
7-13

 The comparability of postoperative ARF across different 

studies is difficult due to a lack of standardized definition of ARF. Only very limited data exists 

regarding the occurrence of ARF in patients after liver resection, as well as its impact on outcome.
14-17

  

It is essential to identify, ideally preoperatively, those patients at risk to develop ARF to perform 

prevention strategies for this population. Effective preventive modalities involve all related disciplines 

including surgery, anesthesia and intensive care. Perioperative management to lower the risk of ARF 

could include fluid management, suspension of nephrotoxic drugs and protective strategies for 

ischemic reperfusion injuries.
18-20

 There is currently no validated prediction score available to identify 

patients undergoing liver resection at risk for postoperative ARF. Kheterpal S. et al developed a 

prediction score for ARF after non-cardiac surgery in patients with previous normal renal function
3
 but 

they failed to validate the score system. Proper validation is indispensable before the routine use in 

clinical practice of any predictive score system.
21

 Moreover few studies identified risk factors for 

postoperative ARF in cardiac
22

 and liver transplant patients, but without developing prediction rules.
8, 

11, 13
 

 Therefore, the aim of this study was to develop and validate a simple and readily applicable score 

based on preoperative parameters to predict postoperative ARF in patients scheduled for liver 

resection. 

 

MATERIAL AND METHODS 

Study design, Population 

We conducted a cohort study and included consecutive patients undergoing any type of liver 

resection between July first, 2002 and October 31, 2007 in a single tertiary care center (Swiss Hepato-

Pancreato-Biliary Center, University Hospital of Zurich, Switzerland). Patients with trauma of the 

liver were excluded. All data were collected using standardized forms and entered into the database of 

the Swiss Hepato-Pancreato-Biliary Center. The study was approved by the institutional review board 

for human studies and internationally registered at clinicaltrials.gov (NCT 00743132).  

 

Perioperative management 

The perioperative management in our HPB centre was constant during the whole study period 

following modern guidelines in liver surgery. Intra- and early postoperative care was performed in a 

close collaboration of surgery with anesthesiology, intermediate and intensive care. unit to offer an 

optimized treatment after surgery. A special attention was given to the fluid management with policy 

of low volume and low central venous pressure intraoperatively.  
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Definition of postoperative ARF 

Postoperative ARF was defined according to the RIFLE criteria as an absolute increase in serum-

creatinine of more than 0.3 mg/dl above baseline, or an increase of more than 1.5 times the 

preoperative baseline value within 48 hours after surgery, or a reduction of urinary output less than 0,5 

ml/kg/h for at least 6 h.
23-27

A renal failure in context with a multiorgan failure occurring much later 

than 48 hours postoperatively was not defined as “postoperative ARF”. 

  

Selection of predictors of ARF 

In order to facilitate the future use and further validation of our prediction score, we only 

considered preoperative, reproducible, readily available predictive parameters. We also decided a 

priori to restrict the number of potential predictors to less than ten in order to increase the applicability 

of the score in practice and to reduce the risk of over-fitting that would threaten the accuracy of the 

prediction score in other populations. 

Therefore, we considered the following predictors: age, gender, pre-existing chronic renal failure, 

cardiovascular disease, diabetes as well as preoperative bilirubin and alanine aminotransferase levels 

(ALT). We did not consider parameters like malignancy of liver disease, neoadjuvant chemotherapy, 

or whether patients had a primary and secondary liver tumor because they have not shown significant 

associations with ARF.
17, 28-30

 Since we considered only preoperative parameters in order to develop a 

risk score that support peri-operative, decision-making for kidney-protective treatments, we excluded 

parameters that become available intra- or postoperatively (for example, histological features ).  

Chronic renal failure was defined as a glomerular filtration rate of less than 60 ml/min/1.73 m
2
 for 

all adults.
31, 32

 Cardiovascular disease was defined as the presence of a coronary heart disease, previous 

coronary revascularization, cerebral arterial occlusive disease and/or peripheral vascular occlusive 

disease.    

 

Statistical analysis  

We followed the standard approach to develop a prediction score.
21, 33, 34

 We first developed the 

multivariate model to predict ARF in a randomly selected two-thirds of our study population (so-

called derivation population), and validated the model in the remaining third (validation population). 

For the random selection of patients for the derivation and validation population we specified that the 

incidence of ARF should be comparable in both populations (defined as the incidence for the entire 

population). For the development of the prediction score in the derivation population we developed a 

multivariate logistic regression model with ARF as the dependent and all seven predictors as 

independent variables. We calculated the area under the curve to estimate how well the model 

discriminated between patients with and without ARF. In order to reduce the risk that the multivariate 

logistic regression model overestimated the associations of the seven predictors with ARF (impairing 

the accuracy of the model for other populations) we used shrinkage. Shrinkage describes the use of a 
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constant factor (for example 0.8) with which the regression coefficients of the seven predictors are 

multiplied. The size of the shrinkage factor expresses the overoptimism of the multivariate model and 

depends on the goodness of fit of the multivariate logistic regression model and the number of 

predictors.
35

 

All prediction models must be validated in a new set of patients before use in practice
21, 33, 34

 to 

ensure the predicted risks for an outcome provide an accurate and reliable basis for treatment 

decisions. The most important requirement for a prediction score is that the predicted risk for the 

outcome (for example a 20% risk of ARF in a specific patient) is as accurate as possible. For this 

purpose we assessed the calibration of our multivariate logistic regression model. Calibration refers to 

the comparison of risks as predicted by the model with the actual observed risks. We assessed 

calibration-in-the-large, which is the comparison between the mean predicted risk for ARF in our 

validation population and the observed risk of ARF (proportion of patients with postoperative ARF). 

In addition, we compared predicted and observed risks for ARF within different risk classes (> 0 - 

10%, > 10 - 20%, etc) and used the Hosmer-Lemeshow test to assess whether predicted and observed 

risks differed significantly from each other, which would indicate poor calibration. 

Finally, we were interested in whether the inclusion of only the four strongest predictors instead of 

all predictors would still provide an accurate prediction model. Fewer variables would further increase 

the applicability of the prediction score in practice. To select the four strongest predictors we used a 

stepwise backward logistic regression model that retained variables with an association of p≤0.3.
33

 We 

used bootstrapping to repeat the selection process 380 times (size of derivation population) and chose 

those four variables that were selected most often. Bootstrapping is a method to validate the selection 

of variables within the same data set. We then repeated all the above analyses and compared 

discrimination (area under the curve) and calibration between the full model (seven predictors) and the 

reduced model (four predictors).  

Since the use of regression equations is hardly implementable in clinical practice we developed a 

simple prediction score from the underlying regression equations following a standard approach.
36

 

Briefly, the regression coefficients are transformed into points so that they reflect the strengths of 

association. For example, for a predictor that is weakly associated with the outcome, only one point is 

assigned, whereas a strong predictor receives three or more points. The points for each predictor are 

summed up and for each total score a specific risk for ARF is given. The appendix table (Table 6) 

describes this transformation process in detail. We used R (version 2.4.1, R Foundation for Statistical 

Computing, Vienna, Austria) and STATA (version 10, Stata Corp., College Station, Texas) for the 

analyses. 
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RESULTS 

Study population 

576 consecutive patients were assessed for eligibility in our department. After exclusion of seven 

trauma cases, 569 patients were finally included in the study (Figure 1). Mean age was 57.2 years 

(standard deviation [SD] 14.3), 12.8% had pre-existing chronic renal disease, 74.9% suffered from 

malignant liver disease, of whom 49.3% received a preoperative chemotherapy (Table 1). Major liver 

resection was performed in 57.3% of patients, and the average duration of surgery was almost five 

hours (Table 2).  

 

Outcome following liver resection 

The incidence of postoperative ARF was 15.1% (86 out of 569 patients) and overall mortality 

4.2% (24 out of 569 patients). Table 1 shows that patients with ARF were on average 10 years older 

(mean age 65.1 years [SD 11.3 years]) than patients without ARF (55.8 years [14.4 years]). Patients 

with ARF suffered more often from pre-existing cardiovascular disease (29.1% vs. 8.9%), diabetes 

(22.1% vs. 8.3%), chronic obstructive pulmonary disease (10.5% vs. 5.4%) and chronic renal failure 

(32.6% vs. 9.3%). Preoperative ALT, aspartate aminotransferase (AST) and bilirubin levels were 

higher in patients with ARF. Also intraoperative parameters such as liver cirrhosis (Table 3, 11.6% vs. 

6.2%), fibrosis (34.9% vs. 17.2%), advanced steatosis (17.5% vs. 10.6%) were more frequent and the 

rate of major liver resection (67.4% vs. 55.5%, respectively) as well as blood loss was higher (mean 

blood loss 768.1 mL [SD 714.7 mL]) vs. 508.0 mL [657.5 mL], respectively) in the ARF group 

compared with the non ARF group. Patients with ARF were significantly more likely to die within 30 

days (23.2%) compared to patients without ARF (0.8%, unadjusted odds ratio 36.3 [95% CI: 12.0 – 

109.9], p<0.001) and odds ratio 22.5 [95% CI 6.2 – 81.7], p<0.001, when adjusted for age, gender, 

pre-existing cardiovascular diseases, chronic obstructive pulmonary disease, diabetes, chronic renal 

failure, peak ALT and malignancy of liver disease). Also, length of ICU (adjusted difference 7.9 days 

[95% CI 6.4 – 9.3], p<0.001) and hospital stay (adjusted difference 9.5 days [95% CI 6.7 – 12.4], 

p<0.001) were also statistically significantly longer in patients with postoperative ARF compared to 

patients without ARF (Table 3). Table 4 shows the outcome in patients with or without postoperativ 

renal failure including the cause of death. The progress of the postoperative ARF is demonstrated in 

Table 5. In 26.7% of the patients with acute renal failure a postoperative hemofiltration had to be 

performed and 5 out of those 23 patients (21.7%) needed a persistent hemodialysis.    

 

Development of the prediction model 

Of the 380 patients (two thirds) randomly selected for the development of the prediction model, 58 

(15.3%) had postoperative ARF (Figure 2). Table 6 shows the multivariate model with the seven 

predictors of ARF and the risk score. Elevated ALT levels (> 35/50 U/L for women/men, 

respectively), showed the greatest association with postoperative ARF (odds ratio 3.34) followed by 
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pre-existing cardiovascular disease (odds ratio 3.29), pre-existing chronic renal failure (3.08) and 

diabetes (2.34). The area under the curve was 0.80, which indicated good discrimination of patients 

with and without ARF by the combination of the seven predictors. The point score ranges from 0 to 22 

points (highest risk for ARF). For the four strongest predictors, 3 to 5 points are assigned when 

present, whereas for elevated bilirubin levels (≥ 17 µmol/l) and female gender only 1 point is assigned. 

 

Validation of the prediction model 

The validation population comprised the remaining 189 patients (Figure 2). Based on the 

multivariate model, the predicted mean risk for ARF was 11.5%, while the observed risk for ARF was 

14.8% (28 out of 189 patients). Thus, the overall predicted risk differed from the observed risk by only 

3.3%. Predicted and observed were very similar across the entire range of risk for ARF, which was 

confirmed by the Hosmer-Lemeshow test (p=0.98) for differences between predicted and observed 

risks across risk classes. 

 

Development and validation of the reduced prediction model 

We selected pre-existing cardiovascular disease, elevated ALT levels (> 35/50 U/L for 

women/men, respectively), pre-existing chronic renal failure and diabetes for the reduced prediction 

model because they were selected most often as important predictors of ARF in the 380 repetitions of 

the backward logistic regression selection process (358 times for pre-existing cardiovascular disease, 

350 times for pre-existing chronic renal failure, 339 times for diabetes and 300 times for high ALT 

levels). Table 7 shows the development of the regression model and the prediction score. The area 

under the curve was 0.77, which was only slightly less than for the seven predictors. The point score 

ranges from 0 to 7 points (highest risk for ARF). 

The mean predicted risk was 11.4%, which was 3.4% below the observed risk (14.8%). The 

Hosmer-Lemeshow test confirmed that predicted and observed risks did not differ significantly across 

risk classes (p=0.75). Calibration of the reduced risk model was therefore nearly as good as for the full 

model with seven predictors.   

 

Full and reduced risk score to predict ARF after liver resection 

Tables 6 and 7 show how many points are assigned if a risk factor is present. Finally, Table 8 

shows the risk of ARF associated with each point increase for the full and reduced risk score. For 

example, using the full score, a score of 7 is associated with a risk of 17.8%. The full score provides a 

wide range of risk prediction from 4.1% for 0 points to 87.3% for 22 points and a subtle differentiation 

of the risk for ARF. In turn, the reduced risk score ranges from 5.8% to 80.5% with larger intervals 

between risk scores.  
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DISCUSSION 

We developed and validated an easily applicable score to predict the risk for ARF in patients 

scheduled for liver resection. Early identification of patients at high risk of ARF is important because, 

as our study showed, ARF is strongly associated with mortality and the need for extended ICU and 

hospital care. The score based on seven parameters showed good discrimination and calibration. We 

also developed a reduced score based on the four strongest predictors such as pre-existing 

cardiovascular disease, chronic renal failure, diabetes and high levels of ALT, which predicted ARF 

nearly as accurately as the full score. Depending on the purpose, clinicians and investigators can 

choose between the full and the reduced risk score. While the full score provides a more subtle 

prediction of the risk for ARF, the reduced score is simpler, and more likely to be used in clinical 

practice.   

Postoperative acute renal failure is known to significantly impair the outcome after major 

surgery.
1, 3

 However, the lack of a standard definition of postoperative ARF has hindered the 

comparability of published data.
23-27

 Neither the incidence nor the clinical relevance (mortality, 

morbidity and hospital stay) of postoperative ARF following liver surgery have been conclusively 

clarified. To our knowledge, the present study represents the largest series of patients focused on the 

evaluation of postoperative ARF following liver resection in a modern specialized center, and over a 

recent period of time. Acute renal failure was defined according the so called RIFLE criteria 

representing the internationally most accepted and validated criteria based on interdisciplinary, 

international consensus process carried out by ADQI (Acute Dialysis Quality Initiative)-Workgroup
23-

25, 27
 Postoperative ARF was documented in 15.1 % of the patients following liver resection, and 

significantly correlated not only with an increased mortality compared to patients without 

postoperative ARF (23.2% versus 0.8%, p<0.001), but also with a prolonged length of hospital 

(adjusted difference 9.5 days [95% CI 6.7 – 12.4], p<0.001) and ICU (adjusted difference 7.9 days 

[95% CI 6.4 – 9.3], p<0.001) stay. Acute renal failure was the main reason for death in more than half 

of the patients (12) who died, while the second most cause of death was infection (Table 4).  

A validated score as this one is of importance. From an academic perspective, it is a tool to stratify 

the risks of patient collectives within scientific projects. Moreover, it may directly impacts on future 

clinical practice. Risk scores combine information available at a moment where decisions might be 

taken and our score aims at a preoperative evaluation of the postoperative risk for ARF. This is of 

particular importance because kidney function can be influenced by several modifiable factors in the 

interdisciplinary perioperative management process (surgery, anesthesiology and intensive care 

medicine). Therefore, the present score may support decision-making for kidney-protective 

interventions during the entire perioperative period, which may improve patient outcomes. Of note, 

intraoperative parameters including histological features such as steatosis or blood loss can still be 

considered to update the pre-operative risk prediction and to support decision-making for the post-

operative management. For example, a patient might be at moderate risk pre-operatively but have a 
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much higher risk for ARF after suffering from substantial loss or after diagnosing severe steatosis. 

Such an updated risk score, however, would again need to be developed and validated.  

Therapeutic options to prevent and to treat ARF following liver resection include pre, intra- as 

well as postoperative approaches. There are several possible targets for optimizing, treating and 

influencing the postoperative renal function following liver resection as we will show in following 

passages.  

A number of preoperative predictors have been identified in this present study. It is obvious that 

treatable and modifiable parameters such as cardiac dysfunction, preoperative kidney dysfunction, 

diabetes and preoperative cholestasis should be optimized. Regarding intraoperative factors 

influencing the postoperative renal function, many parameters have been described. 
16, 17, 28, 37-39

 Blood 

loss and the extent of liver resection have been described as the most relevant risk factor for mortality 

and morbidity after hepatectomy.
17, 28

 In this context, the role of low intraoperative central venous 

pressure (CVP) and fluid restriction, which is a modern and widely accepted strategy in many hepato-

biliary centers may need to be adjusted according to the risk of developing postoperative renal 

failure.
16, 37, 38

 Several studies have confirmed a reduced blood loss due to a low CVP (< 5 mmHg).
16, 

37, 38
 Of these, Mendelez JA. et al.

16
 demonstrated a rate of acute renal failure of only 3.1%, while 

others 
37, 38

 showed higher rates of postoperative renal failure, dialysis requirement and mortality with 

“too” low intraoperative CVP. This impairment of postoperative renal function may be caused more 

by an additional low arterial blood pressure than by the low intraoperative CVP itself as demonstrated 

by Abuelo JG. et al.
39

 Kidneys can maintain their blood flow in the mean arterial pressure (MAP) 

range between 80 and 120 mmHg. If the MAP falls to less than 80 mmHg, there is a significant drop 

in the glomerular filtration rate (GFR) and the risk of developing an ARF increases. Further scientific 

investigations are required regarding the impact of intraoperative parameters such as blood loss, CVP, 

and MAP on postoperative ARF particularly in relation to the present risk score.   

Postoperative liver failure after hepatic resection changes the hemodynamics similar to those of 

patients with cirrhosis or acute liver failure
14, 40

 implicating a severe risk of renal failure. Increased risk 

for postoperative liver failure has been considered in patients with major liver resection with a 

consecutive small remnant liver volume, advanced age, steatosis and cirrhosis.
41-44

 Postoperative liver 

failure is a hyperdynamic state with increased cardiac output. It is caused by a largely increased 

concentration of nitric oxide (NO) in the circulation, as shown in both animal and clinical trials.
45, 46

 

As a result, a severe vasodilation of the splanchnic area leads to a declining central and arterial blood 

volume, low pulmonary capillary wedge pressure, low CVP, low systemic vascular resistance, 

increased carbon monoxide (CO) and reduced MAP. If the MAP drops below 80 mmHg, the GFR will 

significantly decrease.
47

 Based on this, similar to the mechanism of “hepatorenal syndrome”
48

, 

intravascular hypovolemia activates the renin-angiotensin-aldosterone system and sympathetic 

nervous system. A subsequent vasoconstriction within the kidney lowers GFR, causing necrosis and 

apoptosis of tubular cells, which are sloughed, obstructing the lumen; finally, the GFR completely 
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deteriorates.
39

 Although some correlation exists between postoperative liver and kidney insufficiency, 

risk factors and also potential preventive strategies are different. Liver insufficiency is another 

endpoint which needs to be evaluated with a separate prediction model. Therefore, the outcome factor 

liver insufficiency was not evaluated in detail in the present study.  

Before our scores are used widely, it is important that they are validated in other populations. It 

might well be that the score needs to be updated in populations where the incidence of ARF is higher 

or lower as it has been done for widely used risk scores such as the Framingham risk score. Also, 

future studies should compare the predictive performance of the full and the reduced risk scores in 

order to evaluate whether the reduced score can be used safely without much loss on information. We 

will certainly provide any information necessary for such out-of-population validations. Further 

investigations are required to evaluate the impact of possible pre-, intra- and postoperative targets for 

optimizing, treating and influencing the postoperative renal function following liver resection, and to 

prevent an ARF following liver surgery. It would be attractive to consider intraoperative parameters 

(including histological features) to update the risk prediction in future models  

Strengths of this study include the large sample size, which allowed us to develop and validate a 

risk score. Validation, i.e. the assessment of how close predicted risks are to observed risks 

(calibration), is indispensable before a risk score is used in practice. Another strength is the use of 

advanced statistical techniques such as shrinkage and bootstrapping that increase the validity and 

applicability of a prediction score in other settings. A limitation of this study is the fact that the patient 

cohort originated from one single center. We therefore encourage other groups to further validate the 

risk score in their population. This is very important to further assess the validity of the present score. 

In conclusion we have developed a validated risk score to accurately predict ARF in patients 

scheduled for liver resection. The reduced model of the score based on the four strongest predictors is 

particularly attractive for clinical practice, whereas the full score based on seven parameters allows for 

a more subtle risk stratification. The use of this score allows early identification of patients at high risk 

of ARF and may support decision-making for kidney-protective interventions before, during and after 

liver resection. Prevention of ARF is important because our study has also showed that it is directly 

associated with mortality and the need for extended ICU and hospital care. 
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Table 1: Preoperative characteristics 

 

 All 

patients 

n = 569 

Postoperative 

non-ARF° 

n = 483 

Postoperative 

ARF° 

n = 86 

 
 

Age, mean ± SD† 

Age, median (range)   

Gender, male / female,  

                number (%) 

Body mass index (kg/m²), mean ± SD†  

Cardiovascular disease¹, number (%) 

Chronic renal failure, number (%) 

COPD², number (%)   

Diabetes, number (%) 

Viral Hepatitis, number (%)   

Charlson-Index 49, mean ± SD†  

Benign / Malignant disease,  

                number (%)                               

Primary / Secondary liver tumor,  

                number (%) 

Preoperative chemotherapy, number 

(%) 

Bilirubin (�mol/l), mean ± SD† 

AST ³ (U/l), mean ± SD† 

ALT * (U/l), mean ± SD† 

 

57.2 ± 14.3 

59 (13 – 90) 

311 / 258 

54.7% / 45.3% 

27.0 ± 32.3 

68 (12.0%) 

73 (12.8%) 

35 (6.2%) 

59 (10.4%) 

41 (7.2%) 

5.1 ± 3.6 

143 / 426 

25.1% / 74.9% 

280 / 267 

49.2% / 46.9% 

210 (36.9%) 

18.0 ± 34.7 

46.9 ± 71.9 

55.5 ± 78.5 

 

55.8 ± 14.4  

58 (13 – 90) 

265 / 218 

54.9% / 45.1% 

25.9 ± 4.8  

43 (8.9%) 

45 (9.3%) 

26 (5.4%) 

40 (8.3%) 

29 (6.0%) 

5.0 ± 3.7  

130 / 353 

26.92% / 73.%  

233 / 233  

48.2% / 48.2% 

187 (38.7%) 

16.7 ± 30.6 

45.3 ± 74.3 

53.3 ± 71.2 

 

65.1 ± 11.3 

67 (30 – 86) 

46 / 40 

53.5% / 46.5% 

25.0 ± 4.5 

25 (29.1%) 

28 (32.6%) 

9 (10.5%) 

19 (22.1%) 

12 (13.9%) 

5.8 ± 3.1 

13 / 73 

15.1% / 84.9% 

47 / 34 

54.7% / 39.5% 

23 (26.7%) 

25.2 ± 51.2 

55.5 ± 56.3 

67.7 ± 110.3 

¹ Cardiovascular disease is defined as coronary heart disease, previous coronary revascularization, cerebral arterial occlusive disease, 

peripheral vascular occlusive disease 

² COPD is defined as chronic obstructive pulmonary disease 
49 Charslon-Index is the most widely accepted and validated method, used to quantify comorbidities49 

³ AST = Aspartate-aminotransferase  

*ALT = Alanin-aminotransferase  
† SD = Standard deviation 

° ARF = Acute renal failure 
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Table 2: Intraoperative parameters 

 

 All 

patients 

n = 569 

Postoperative 

non-ARF° 

n = 483 

Postoperative 

ARF° 

n = 86 

 
 

Surgery time (minutes), mean ± SD
†
  

Major¹ / Minor² liver resection  

                number (%) 

Total inflow occlusion, number (%) 

Pringle time³ (minutes), mean ± SD
†
 

Blood loss (ml), mean ± SD
†
 

Blood transfusion, median (range) 

Cirrhosis, number (%) 

Steatosis  

    - total, number (%) 

    - < 30%, number (%) 

    - 30 – 60 %, number (%) 

    - > 60 %, number (%) 

    - unknown, number (%)   

Fibrosis, number (%)  

Single shot antibiotics 

    - aminoglycoside / 

      cephalosporin, number (%) 

    - others, number (%) 

    - unknown, number (%) 

 

294.2 ± 122.8 

326 / 243 

57.3% / 42.7% 

208 (36.6%) 

31.7 ± 11.1 

551.0 ± 673.4 

1 (0 – 18) 

40 (7.0%) 

 

190 (33.4%) 

  121 (21.3%) 

 36 ( 6.3%) 

 30 (5.3%) 

  3 (0.5%) 

  113 (19.9%) 

 

 

447 (78.6%) 

27 ( 4.7%) 

85 (14.9%) 

 

285.1 ± 113.1 

268 / 215 

55.5% / 44.5% 

171 (35.4%) 

31.7 ± 10.8 

508.0 ± 657.5 

1 (0 – 18) 

30 (6.2%) 

 

149 (30.9%) 

  96 (19.9%) 

 25 ( 5.2%) 

 26 ( 5.4%) 

  2 ( 0.4%) 

  83 (17.2%) 

 

 

383 (79.3%) 

17 ( 3.5%) 

73 (15.1%) 

 

340.6 ± 156.9 

58 / 28  

67.4% / 32.6% 

37 (43.0%) 

31.7 ± 12.6 

768.1 ± 714.7 

1 (0 – 15) 

10 (11.6%) 

 

41 (47.7%) 

25 (29.1%) 

11 (12.8%) 

4 ( 4.7%) 

1 ( 1.2%) 

30 (34.9%) 

 

 

64 (74.4%) 

10 (11.6%) 

12 (13.9%) 

¹ Major liver resection is defined as a resection of at least 3 Couinaud’s liver segments 

² Minor liver resection is defined as a resection of less than 3 Couinaud’s liver segments  

³ Pringle time = Total inflow occlusion 
† SD = Standard deviation 

° ARF = Acute renal failure 
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Table 3: Association of renal dysfunction with clinical outcomes  

 

 

Group 

 

Outcome 

 

Median (IQR) 

 

Raw difference 

(95% CI) 

 

Adjusted difference 

(95% CI) 

 

Renal dysfunction ¹ 

No renal dysfunction ² 

 

Renal dysfunction ¹ 

No renal dysfunction ²  

 

Hospital stay in days 

 

 

 

 

 

ICU stay in days 

 

18 (12 – 31) 

11 (  9 – 16) 

 

5 (  1 – 10) 

1 ( 0  –   1) 

9.75 

(7.11 – 12.38, p < 0.001) 

 

7.79 

(6.45  - 9.13, p < 0.001) 

9.5 

(6.65 – 12.36, p < 0.001) 

 

7.89 

(6.43 – 9.34, p < 0.001) 

¹ n = 86 

² n = 483 
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Table 4: Postoperative Outcome  

 

 
 All 

patients 

n = 569 

Postoperative 

non-ARF° 

n = 483 

Postoperative 

ARF° 

n = 86 

 

 

Overall morbidity  

No postoperative complications  

Overall mortality  

Mortality based on 

-     acute renal failure  

-     intra-abdominal infection 

-     liver insufficiency  

-     cardiac insufficiency 

-     sepsis, unknown focus  

 

295 (51.8%) 

274 (48.2%) 

24 (4.2%) 

 

12 (2.1%) 

4 (0.7%) 

3 (0.5% 

3 (0.5%) 

2 (0.4%) 

 

220 (45.5%) 

263 (54.5%) 

4 (0.8%) 

 

0% 

0% 

3 (0.6%) 

1 (0.2%) 

0% 

 

75 (87.2%) 

11 (12.8%) 

20 (23.2%) 

 

12 (13.9%) 

4 (4.7%) 

0% 

2 (2.3%) 

2 (2.3%) 

° ARF = Acute renal failure 
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Table 5: Progress of postoperative renal failure  

 

 
 Overall 

n = 86  

(100%) 

 

Postoperative 

hemofiltration 

n = 23 

(26.7%) 

Postoperative 

no hemofiltration 

n = 63  

(73.3%) 

 

 

Preoperative normal renal function, number (%)   

Pre-existing chronic renal failure, number (%) 

Recovery of renal dysfunction, number (%) 

Postoperative persistent haemodialysis (HD), number (%)  

Postoperative chronic renal failure without HD, number (%) 

Mortality, number (%) 

 

58 (67.4%) 

28 (32.6%) 

20 (23.3%) 

5 (5.8%) 

41 (47.7%) 

20 (23.3%) 

 

20 (87.0%) 

3 (13.0%) 

2 (8.7%) 

5 (21.7%) 

2 (8.7%) 

14 (60.9%) 

 

38 (60.3%) 

25 (39.7%) 

18 (28.6%) 

0 (0%) 

39 (61.9%) 

6 (9.5%) 
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Table 6: Development of predictor score based on multivariate logistic regression model 

 

 

Predictor 

 

Categories Regression 

coefficient  

β 
#
 

Odds ratio 

(β) 

p-value Shrinked 

coefficient 

βs* 

Shrinked 

odds ratio 

(βs) 

Risk scoreº 

Cardiovascular 

disease 

 

no 

yes 

 

1.19 

 

3.29 

 

0.004 

 

1.02 

 

2.78 

0 

5 

Chronic renal failure 

 

no 

yes 

 

1.13 

 

3.08 

 

0.003 

 

0.98 

 

2.63 

0 

4 

Diabetes 

 

no 

yes 

 

0.85 

 

2.34 

 

0.045 

 

0.73 

 

2.07 

0 

3 

ALT 

 

≤ 35/50 U/l
§
 

>35/50 U/l
§
 

 

1.21 

 

3.34 

 

0.001 

 

1.03 

 

2.82 

0 

5 

Age 

 

<60 years 

60 – 69 years 

≥ 70 years 

 

0.29 

0.62 

 

1.34 

1.86 

 

0.456 

0.146 

 

0.25 

0.53 

 

1.29 

1.70 

0 

1 

3 

Bilirubin 

 

< 17 �mol/l 

≥ 17 �mol/l 

 

0.23 

 

1.26 

 

0.521 

 

0.20 

 

1.22 

0 

1 

Female  no 

yes 

 

0.27 

 

1.31 

 

0.412 

 

0.23 

 

1.26 

0 

1 
# Compared with reference category, which is no cardiovascular disease, no chronic renal failure, no diabetes, ALT ≤ 35/50 U/l for women/men, age < 60 years, bilirubin < 17 �mol/l  

and male gender,  respectively. Constant = -3.297 
§ cut-offs for women/men 

*Shrinkage coefficient: 0.86 

° 1 point is assigned per 10 years increase of age = coefficient of 0.25 (reference category). Points rounded to the next integer. 
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Table 7: Development of reduced predictor score based on multivariate logistic regression model 

 

 

Predictor 

 

Categories Regression 

coefficient β 

Odds ratio 

(β) 

p-value Shrinked 

coefficient βs 

Odds ratio 

(βs) 

βs* category  Risk score° 

Cardiovascular 

Disease 

 

no 

yes 

 

1.331 

 

3.783 

 

0.001 

 

1.236 

 

2.974 

0 

1.236 

0 

2 

Chronic renal failure 

 

no 

yes 

 

1.329 

 

3.777 

 

0.0001 

 

1.235 

 

2.970 

0 

1.235 

0 

2 

Diabetes 

 

no 

yes 

 

0.855 

 

2.352 

 

0.036 

 

0.794 

 

2.015 

0 

0.794 

0 

1 

ALT 

 

≤ 35/50 U/l
§
 

>35/50 U/l
§
 

 

1.336 

 

3.805 

 

0.0001 

 

1.241 

 

2.988 

0 

1.241 

0 

2 
# Compared with reference category, which is no cardiovascular disease, no chronic renal failure, no diabetes and ALT < 35/50 U/l§, respectively 
§ cut-offs for women/men 

*Shrinkage coefficient: 0.929 

°1 point is assigned for a coefficient of 0.794 (reference category = ALT > 35/50 U/l§). Points rounded to the next integer. 
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Table 8: Prediction of risk of ARF using the full and the reduced prediction score 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Example for reduced risk score: Patient without pre-existing cardiovascular disease (0 point), with 

chronic renal failure (2 points), diabetes (1 point) and ALT = 60 U/l (2 points) � total of 5 points = 

risk of ARF of 55.3%. 

 

 

 

 

 

 

 

 

Full risk score 

(7 predictors) 

Risk of ARF  Reduced risk 

score 

(4 predictors) 

Risk of ARF 

0 4.1%  0 5.8% 

1 5.2%  1 10.1% 

2 6.4%  2 17.0% 

3 7.9%  3 27.2% 

4 9.8%  4 40.5% 

5 12.0%  5 55.3% 

6 14.7%  6 69.3% 

7 17.8%  7 80.5% 

8 21.4%    

9 25.6%  

10 30.2%  

11 35.3%  

12 40.7%  

13 46.4%  

14 52.1%  

15 57.8%  

16 63.3%  

17 68.5%  

18 73.2%  

19 77.5%  

20 81.3%  

21 84.5%  

22 87.3%  
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576 eligible patients

569 included patiens

483 patients without 

acute renal failure

86 patients with acute 

renal failure

Exclusion of 7 trauma 

patients

 
 

Figure 1: Study population 

 

 

 

 

 

 

 

 

 

569 included patiens

Derivation population: 

380 patients

Validation population: 

189 patients

67% 33%Random

selection

 

 

Figure 2: Principle of the development and validation of the prediction score 
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ABSTRACT  

 

BACKGROUND: A recently published score predicts the occurrence of acute kidney injury (AKI) after 

liver resection based on pre-operative parameters (chronic renal failure, cardiovascular disease, 

diabetes, and alanine-aminotransferase levels). By inclusion of additional intra-operative parameters 

we aimed to develop a new prediction model. 

 

METHODS: 549 consecutive patients were enrolled. The pre-operative score and intra-operative 

parameters (blood transfusion, hepatico-jejunostomy, oliguria, cirrhosis, diuretics, colloids and 

catecholamine) were included in a multivariable logistic regression model. We added the strongest 

predictors that improved prediction of AKI compared to the existing score. An internal validation by 

five-fold cross validation was performed, followed by a decision curve analysis to evaluate 

unnecessary special care unit admissions. 

 

RESULTS: Blood transfusions, hepatico-jejunostomy and oliguria were the strongest intra-operative 

predictors of AKI after liver resection. The new score ranges from 0 – 64 points predicting post-

operative AKI with a probability of 3.5-95%. Calibration was good in both models (15% predicted vs. 

15% observed risk). The five-fold cross validation indicated good accuracy of the new model (AUC 

0.79 (95%-CI: 0.73–0.84)). Discrimination was substantially higher in the new model (AUCnew 0.81 

(95%-CI: 0.76-0.86) vs. AUCpre-operative 0.60 (95%-CI: 0.52-0.69), p<0.001). The new score could 

reduce up to 84 unnecessary special care unit admissions per 100 patients depending on the decision 

threshold.  

 

CONCLUSIONS: By combination of three intra-operative parameters with the existing pre-operative 

risk score a new prediction model was developed which more accurately predicts post-operative AKI. 

It may reduce unnecessary admissions to special care unit and support management of patients at 

higher risk.  
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INTRODUCTION 

The development and validation of a prediction score to predict acute kidney injury (AKI) after 

liver resection was recently reported.
1
 This initial score was derived exclusively from parameters 

available pre-operatively such as pre-existing chronic renal dysfunction, cardiovascular disease, 

diabetes, and increased alanine-aminotransferase levels. The rational for this strategy was to pre-

operatively identify patients at risk for AKI in order to intra-operatively adjust blood pressure and 

fluid management accordingly. It may, however, be equally important to individualize therapy in the 

post-operative period according to the risk for AKI, which may require close monitoring and 

preemptive treatment against AKI in a special care unit setting such as intermediate or intensive care 

unit. 

Post-operative AKI occurs not only because of pre-existing conditions, but also due to intra-

operative events, particularly the unexpected events such as e.g. bleeding and/or prolonged need for 

colloids.
2-6

 It remains unclear from the previous
1
 study and others

7
 whether adding intra-operative 

parameters may improve the prediction of post-operative AKI. Additionally, common metrics for the 

accuracy of risk scores (predicted versus observed risk or area under curve) do not allow for a 

straightforward clinical interpretation of the clinical usefulness of a risk score.
8, 9

 Therefore, the aim 

was primarily to assess whether adding intra-operative predictors to our pre-operative risk score 

improves the prediction of AKI and secondary to compare the clinical usefulness of the existing with 

the new prediction score with regard to the post-operative management.  

 

MATERIAL AND METHODS 

Study population and design 

Consecutive patients undergoing any type of liver surgery were included between July 1
st
, 2002 

and October 31, 2007 from a single tertiary care center (Swiss Hepato-Pancreato-Biliary (HPB) 

Centre, University Hospital of Zurich, Switzerland) identically to the previously published database.
1
 

All patients with liver trauma and incomplete intra-operative data sets were excluded. All data were 

collected and entered into the database of the Swiss HPB Centre. The study was approved by the 

institutional review board for human studies (StV 33-2009) and internationally registered at 

clinicaltrials.gov (NCT01318798).  

 

Definition of post-operative AKI 

As in the previous study,
1
 post-operative AKI was defined according to the “R” of the RIFLE 

criteria as an absolute increase in serum-creatinine of more than 0.3 mg/dl above baseline, or an 

increase of >1.5 times of the pre-operative baseline value within 48 hours after surgery.
10-14
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Selection criteria of predictors for AKI 

Intraoperative strategies may have an impact on the development of postoperative AKI. Therefore 

an improvement of the pre-operative prediction score by intra-operative parameters will already offer 

the possibility for intra-operative treatment strategies in patients with increased risk for AKI. To 

improve the pre-operatively predicted risk of AKI, intra-operative parameters were considered that are 

readily available but that do not have a strong association among themselves. A priori, the number of 

potential intra-operative predictors was restricted to less than ten in order to minimize the risk of 

developing overfitted models that would limit the applicability of the score in clinical practice.  

Seven intra-operative predictive parameters namely, need for blood transfusion (no/yes), liver 

cirrhosis (no/yes), oliguria (no/yes), need for hepatico-jejunostomy (no/yes), use of colloids (no/yes), 

diuretics (no/yes) and bolus of catecholamines (no/yes) were investigated. Liver cirrhosis was defined 

as a surgical diagnosis reported in the operation reports and assured by the histology of an intra-

operative biopsy. Other liver-specific factors such as (inflow occlusion, surgery time, etc) were not 

considered as additional parameters in order to prevent overlapping with other parameters. Oliguria 

was defined as an intra-operative urinary output of less than 400ml/24hrs.
8
 The predictive parameter 

“diuretics” included the intra-operative use of osmotic or loop diuretics. The predictor “bolus of 

catecholamines” was defined as the intra-operative use of epinephrine, norepinephrine and/or 

dopamine. Predictive parameters like hypotension, hypovolemia, use of vasopressor infusion or the 

total vasopressor dose were not considered because of a possible interaction between one of the seven 

chosen intra-operative predictors.
9, 15-19

 Additionally predictive parameters such as mean arterial 

pressure, total urinary output, total balance or surgery time were also not considered as additional 

parameters in order to prevent overlapping with other parameters or because those parameters were 

not identified as predictors in the literature of non-cardiac surgery
3
.  

 

Statistical analysis  

Since the selected predictors are easily available and we excluded 20 patients with incomplete data 

sets, no values for the predictors were missed. The distribution of data was expressed by using means 

and standard deviation for normally distributed data and medians and interquartile ranges for non-

parametric data.  

A multivariable logistic regression model was fitted to predict AKI with the pre-operative score 

(from 0 to 7 points), blood transfusion, cirrhosis, oliguria, hepaticojejunostomy, colloids, diuretics and 

bolus of catecholamines as candidate predictors. A stepwise backward logistic regression model was 

performed to select the strongest predictors (p<0.157).
20

 Bootstrapping was used to repeat the selection 

process 549 times (size of the study population) and retained predictors which were left in the model 

in more than 75% of bootstrap samples. The shrinkage was used to reduce the risk of overestimation 

of the association of the predictors with AKI by the multivariable logistic regression model.
21

 A 
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constant factor (so-called Copas factor) was calculated that would indicate the degree of potential 

overfitting and multiplied all regression coefficients with that factor.
21

 

For the validation, the area under the curve (AUC) was calculated to estimate how well the new 

model discriminated between patients with and without AKI. A model with an AUC of more than 0.7 

is generally considered as a good model.
22

 Calibration was investigated by plotting the observed risk 

of AKI against five predicted risk groups of equal size for AKI and to test the Hosmer-Lemeshow test 

whether predicted and observed risks differed significantly from each other, which would indicate 

poor calibration.
23,24

 Five-fold cross validation for internal validation was also performed.
23, 25

  

To facilitate the clinical applicability of the new prediction score, we also developed a new point 

system following an established approach.
26

 The regression coefficients of the predictors were 

transformed into points so that they reflected the strengths of association with the outcome (AKI). The 

points for each predictor were summed up and we calculated the predicted risk of AKI according to a 

standard approach.
26

  

Finally, we performed a theoretical model of decision curve analysis
27, 28

 to compare how in many 

patients an unwarranted decision (e.g. unnecessary special care unit referral because the risk for AKI is 

very low) can be avoided by the use of different decision strategies. This is a theoretical model which 

may over or even under estimate the usefulness of the model because there are other causes for the 

need for admission to a special care unit than only AKI. Therefore the threshold when special care unit 

treatment is needed depends much on the judgment of the physicians and local circumstances. For 

example, while some physicians in a setting with constrained resources may only refer patients to the 

special care unit after liver resection, if the risk is >10%, other physicians may be more conservative 

and refer each patient at risk for AKI of >5%. Decision curve analyses compare different decision 

strategies and take these potential treatment thresholds into consideration. In this study the use of the 

pre-operative score was compared with the improved score in order to refer patients to special care 

unit with additional comparisons to the referral of all or no patients. Decision curve analysis ultimately 

tells how in many patients a wrong decision (e.g. unnecessary special care unit referral because the 

risk for AKI is very low) can be avoided by the use of different decision strategies. In our study the 

use of the pre-operative score was compared with the new score in order to refer patients to special 

care unit with additional comparisons to the referral of all or no patients.  

We used STATA 10 (Stata Corp., College Station, Texas) for the statistical analyses and SPSS 

(Version 19, SPSS inc., Chicago, Illinois) for the graphical presentations.  

 

RESULTS 

Study population 

576 consecutive patients were assessed for eligibility. After exclusion of seven trauma patients and 

20 patients with incomplete data sets; 549 patients were finally included in the analysis. The frequency 

of post-operative AKI was 14.9% (82 out of 549 patients). The overall morbidity was 54.3% (298 out 
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of 549 patients), while 4.2% of the patients died within 30-days (23 out of 549 patients). Table 1 

shows the patients’ characteristics of the two groups, with and without postoperative AKI.  

Table 2 demonstrates the intra-operative parameters. Length of surgery was prolonged (median 

328 min [interquartile range (IQR) 260 – 450 min] vs. 275 min [IQR 205 – 360 min]), the extent of 

resection was larger (38% vs. 31% major resections), the application of Pringle maneuver (inflow 

occlusion) was more frequent (84% vs. 75%) and the use of transfusions of blood products was higher 

in patients with compared to patients without post-operative AKI. In addition, the rates of hepatico-

jejunostomy (29% vs. 10%), vessel resection (13% vs. 4%) as well as the occurrence of liver cirrhosis 

identified intra-operatively by surgeons (12% vs. 6%) were higher in patients with AKI. Evaluating 

intra-operative perfusion parameters patients with post-operative AKI received more often and higher 

dosages of catecholamines than patients with normal postoperative kidney function.  

Regarding intra-operative kidney parameters (Table 3) in patients with postoperative AKI intra-

operative diuresis per hour was lower (median 93.8 ml/h [IQR 59.2 – 156 ml/h] vs. 111.2 ml/h [IQR 

74.1 – 172 ml/h]), the occurrence of intra-operative oliguria (36% vs. 20%) and anuria (12% vs. 4.5%) 

was higher and the use diuretics (32% vs. 19%) was more frequent than in patients without post-

operative AKI.  

 

Development of the new prediction model 

Table 4 presents the multivariable logistic regression model with the four strongest predictors 

(pre-operative score, intra-operative blood transfusion (no/yes), hepatico-jejunostomy (no/yes) and 

oliguria (no/yes)) of AKI, and the corresponding risk score. All three intra-operative predictors had the 

greatest association with post-operative AKI (odds ratio (OR) for blood transfusion 2.7, for hepatico-

jejunostomy (OR=2.5) and oliguria (OR=2.5) than the pre-operative score (OR 1.8). The predictive 

risk for post-operative AKI based on the new risk score was summarized in Table 5. The score ranged 

from 0 to 64 points corresponding to a predictive risk of AKI from 3.5% to 95%.  

 

Validation of the new prediction model 

Discrimination represented by the area under the curve (AUC) was higher for the new prediction 

model than for the pre-operative model (0.81 (95% confidence interval (CI): 0.76–0.86) vs. 0.60 (95% 

CI: 0.52–0.69), p<0.001) (Figure 1). Calibration was good in both the preoperative as well as the new 

model with predicted risks (15%) matching with the observed risk (15%). The Hosmer-Lemeshow test 

for the new model (p=0.93), as well as for the pre-operative score (p=0.84) showed a non-significant 

difference between predicted and observed risks across five risk classes (Figure 1). The five-fold cross 

validation indicated good internal validity since discrimination (AUC=0.79 (95% CI: 0.73-0.84) was 

only slightly lower than for the derived model (0.81).      
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Clinical usefulness of the pre-operative and new risk scores 

Table 6 presents the decision curve analysis for referring patients to the special care unit with 

regard to the new prediction model compared to the pre-operative score, but provides a proposition for 

referring patients to the special care unit after liver resection. First, the diagram shows that both 

prediction scores were clearly better than the strategy that all patients would be referred to the special 

care unit following liver resection. Table 6 translates the decision curve analysis into the number of 

patients, where unnecessary special care unit treatment could be avoided without missing patients who 

need the special care unit admission according to a specific threshold. The diagram shows that the 

improved prediction score, compared with the pre-operative score, better discriminates between those 

who may or need special care unit care, particularly for low threshold probabilities from 4% to 20%. 

For example, with a decision threshold of 6% for AKI following liver resection, the clinical use of the 

new prediction score would avoid the unnecessary special care unit admission of 18% compared to a 

strategy, where all patients would be referred to the special care unit after surgery. However, by using 

the pre-operative prediction score, only 7% of the patients would avoid an unnecessary special care 

unit admission. Figure 2 presents the decision curve with all four treatment strategies.  

 

DISCUSSION 

Prediction scores aim to support the decision making process of patients and physicians. They help 

to allocate patients to different treatment strategies with the goal of avoiding under-treatment for those 

who may need more care and over-treatment for those who require less intensive care. Our study 

showed that a prediction score integrating intra-operative parameters is superior in identifying 

patients, who would benefit from a special care unit stay in terms of care for AKI compared to the pre-

operative prediction score alone. The use of the new prediction model may likewise prevent many 

unnecessary special care unit admissions following liver resection, particularly for low threshold 

probabilities (4% to 20%) for AKI. Those results suggest that the pre-operative score should be used 

for the intra-operative decisions and the full score for the admission to the special care unit for specific 

protective strategies targeting the kidney. 

Post-operative AKI is known to significantly impair the outcome after major surgery.
29

 Post-

operative AKI was documented in 15% of the patients following liver resection, and significantly 

correlated not only with an increased mortality compared to patients without postoperative AKI (23% 

versus 0.8%, p<0.001), but also with a prolonged length of hospital (adjusted difference 9.5 days [95% 

CI 6.7 – 12.4], p<0.001) and special care unit (adjusted difference 7.9 days [95% CI 6.4 – 9.3], 

p<0.001) stay. In the current study, AKI was the main reason for death in more than half of the 

patients, while the second most frequent cause of death was infection. Of those patients, who 

developed an AKI within 48 hours after surgery, 72% fully recovered, while 28% needed a post-

operative hemofiltration, of which 6% needed a persistent hemodialysis. Kidney function may have 

recovered in most of the patients because of fast and adequate therapy in the special care unit. 
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Otherwise, we might have observed more patients requiring post-operative hemofiltrations and 

persistent hemodialysis. 

After a liver resection, the surgeon and anesthesiologist have to decide which patient may benefit 

from treatment in the special care unit for the prevention or treatment of AKI. In case of serious co-

morbidities or intra-operative problems the special care unit referral decision is easy. But the difficulty 

persists with patients, who may develop AKI or other complications. Special care unit referrals are 

more expensive than post-operative referral to the ward. Therefore a reduction of unnecessary special 

care unit admissions is economically beneficial and ensures a quieter and more comfortable recovery 

for patients. Our improved score also offers a theoretical tool for special care unit triage presenting a 

possible decision making model for post-operative AKI. It does not inform, however, about the needed 

length of the special care unit stay. Further studies have to externally validate the score and also to 

evaluate the optimal length of special care unit stay in order to protect the kidney function from post-

operative risk factors, such as low arterial pressure and hypotension by optimizing fluid management 

and pain-controlled epidural anesthesia application. Therefore, a precise triage to the special care unit 

after surgery is highly relevant for patients’ recovery, availability of the special care unit and health 

care cost. 

We analyzed the clinical consequences of our pre-operative as well as of the new prediction score 

by a theoretical model of a decision curve analysis that evaluates their clinical usefulness.
27, 28, 30

 This 

goes beyond the traditional validation of diagnostic and prognostic models, where typically the 

accuracy of a model is analyzed. The interpretation of measures of discrimination and calibration is 

sometimes not straightforward and it is difficult to recognize if one model offers advantages over 

another. Decision analysis goes beyond these measures and evaluates the expected clinical 

consequences of different prediction models.
27

 The decision curve analysis presented here suggests 

that the new prediction score would theoretically reduce up to 84 unnecessary special care unit 

admissions per 100 patients, depending on the decision threshold, compared to the pre-operative 

prediction score. Given the substantial potential reduction of unnecessary special care unit admissions, 

the additional effort to use the new prediction score seems to be justified and may reduce the overall 

costs in the future.  

Strengths of this current study are the large sample size allowing us to update a pre-existing 

prediction score with easy and widely available intra-operative predictors. We internally validated the 

new prediction score by performing a k-fold cross validation.
23, 25, 31-33

 Furthermore, the application of 

advanced statistical methods, such as shrinkage, increases the validity and applicability of the 

prediction score in other study populations. Another strength is the decision curve analysis that 

provides insights into the potential clinical usefulness of the new risk score.  

On the other side the patient cohort only from one single center may have to be considered as a 

limitation for generalizability of this study. Therefore an external validation on geographical different 

patient populations is needed for both scores. A second limitation of this study is that we only tested 
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one possible clinical strategy (post-operative special care unit referrals due to increased risk for AKI) 

and its consequences and importance by the decision curve analysis and that the model may therefore 

over or even under estimate the clinical usefulness because there are many other reasons for an 

admission to the special care unit. A third limitation is that we used AKI as the only indication for 

post-operative ICU referral rather than multiple indications outcomes. However, it would require 

much larger sample sizes to develop scores that consider multiple indications as well as their 

combinations.   

In conclusion, we developed a new score to predict the risk for AKI after liver resection that has 

the potential to better support decision making for special care unit referrals, than using only the pre-

operative score. Given the substantial potential reduction of unnecessary special care unit admissions 

and easy applicability of the new score, the additional effort to use a risk score also post-operatively 

seems justified.  
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Table 1: Patients’ characteristics  
 

 

 Post-operative normal 

kidney function 

n=467 (85.1%) 

 

Post-operative acute kidney 

injury 

n=82 (14.9%) 

Age, median (IQR) 58 (47-65) 

 

67 (58-73) 

Gender, male/female (%) 257 / 210 

55% / 45% 

45 / 37 

54.9% / 45.1% 

Body mass index  

(kg/m²), median (IQR)  

24.6 (22-28) 25 (22-30) 

Cardiovascular disease, (%) 43 (9.2%) 24 (29.3%) 

Chronic renal failure (%) 43 (9.2%)  28 (34.1%) 

COPD (%)   23 (4.9%) 9 (11%) 

Diabetes, number (%) 40 (8.6%) 19 (23.2%) 

Viral Hepatitis (%)   27 (5.8%) 12 (14.6%) 

Charlson-Index 
34

,  mean ± SD  

 

5.0 ± 3.7 5.8 ± 3.1 

ASA score, median (IQR) 

- ≤2   (%) 

- >2   (%) 

2 (2-3) 

349 (74.7%) 

118 (25.3%) 

3 (2-3) 

39 (47.6%) 

43 (52.4%) 

Benign/Malignant disease (%)              

 

128 / 339  

27.4% / 72.6% 

13 / 69 

15.9% / 84.1% 

Primary / Secondary liver tumor (%) 

 

226 / 225 

48.4% / 48.2% 

46 / 31 

56.1% / 37.8% 

Pre-operative chemotherapy (%) 183 (39.2%) 

 

22 (26.8%) 

Creatinine-Clearance (ml/h) 

median (IQR) 

85.5 (71.3-106.7) 64.4 (55.2-80.2) 

Creatinine (�mol/l) 

median (IQR) 

79 (69-87) 90.5 (77-107) 

Bilirubin (�mol/l),  

median (IQR) 

10 (7-14) 13 (10-21) 

AST (U/l), median (IQR) 28 (23-45) 37.5 (28-61) 

ALT (U/l), median (IQR) 

 

31 (21-53) 43 (24-72.5) 

Cardiovascular disease is defined as the presence of coronary heart disease, previous coronary revascularization cerebral  

arterial occlusive disease and/or peripheral vascular occlusive disease 

COPD = chronic obstructive pulmonary disease 

ASA = The American Society of Anesthesiologists (ASA) score 
34Charslon-comorbidity index  

IQR = interquartile range 

AST = Aspartate-aminotransferase  

ALT = Alanine-aminotransferase  

SD = Standard deviation 
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Table 2: Intra-operative parameters of patients 
 

 

 Post-operative normal  

kidney function 

n=467 (85.1%) 

Post-operative acute  

kidney injury 

n=82 (14.9%) 
General   

Surgery time (minutes), median (IQR) 275 (205-360) 327.5 (260-450) 

Liver resection (%) 

- Minor 

- Major  

- Extended 

 

230(49.3%) 

143 (30.6%) 

94 (20.1%) 

 

29 (35.4%) 

31 (37.8%) 

22 (26.8%) 

Pringle manoeuvre (%) 350 (74.9%) 69 (84.1%) 

Pringle time³ (minutes), median (IQR) 30 (15-35) 30 (19.5-37.5) 

Blood loss (ml), median (IQR) 400 (250-700) 700 (400-1500) 

Blood transfusion 

- Erythrocytes (%) 

- Fresh frozen plasma (%) 

- Thrombocytes (%)  

 

50 (10.7%) 

14 (3%) 

1 (0.2%) 

 

26 (31.7%) 

12 (14.6%) 

2 (2.4%) 

Hepatico-jejunostomy (%) 48 (10.3%) 24 (29.3%) 

Portal vein ligation (%) 15 (3.2%) 0% 

Vessels resection 

- Portal vein resection (%) 

- Hepatic artery resection (%) 

- Cava vein resection (%) 

- Hepatic vein resection (%) 

 

14 (3%) 

3 (0.6%) 

3 (0.6%) 

1 (0.2%) 

 

7 (8.5%) 

2 (2.4%) 

2 (2.4%) 

0% 

Radiofrequency ablation (%) 19 (4.1%) 5 (6.1%) 

Cirrhosis (%) 27 (5.8%) 10 (12.2%) 

Cryotherapy (%) 6 (1.3%) 1 (1.2%) 

Intra-operative blood perfusion  

outcome 

  

Central venous pressure (mmHg) during 

Pringle maneuvre, median (IQR) 

 

3 (1-4) 3 (2-6) 

Mean MAP (mmHg), median (IQR) 70 (65-75) 70 (65-70) 

Lower MAP <70 mmHg (%) 

- Number of MAP periods lower 

than 70 mmHg, median (IQR) 

447 (95.7%) 

4 (3-6) 

80 (97.6%) 

5 (4-8) 

Minimal MAP (mmHg), median (IQR) 

 

55 (50-60) 55 (50-60) 

Catecholamines (%) 429 (91.9%) 80 (97.6%) 

Catecholamines bolus dose (%) 

- Dosage (�g), median (IQR) 

281 (60.2%) 

10 (0-40) 

59 (72%) 

30 (0-70) 

Catecholamines continuously intravenous, 

median (IQR) 

- Dosage (�g/h) 

- Minimal dosage (�g/min) 

- Maximal dosage (�g/min) 

- Length of time (min) 

416 (89.1%) 

 

3.3 (2-5) 

0.5 (0-1) 

6 (4-10) 

270 (175-365) 

78 (95.1%) 

 

4.85 (3.2-6.5) 

1 (0-1) 

10 (7-15) 

370 (270-495) 
IQR: interquartile range 

MAP: mean arterial pressure  
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Table 3: Intra-operative kidney outcome 
 

 

 Post-operative normal 

kidney function 

n=467 (85.1%) 

 

Post-operative acute  

kidney injury 

n=82 (14.9%) 

Diuresis per hour (ml/h), median (IQR) 111.2 (74.1-172) 93.8 (59.2-156) 

Oliguria (%) 95 (20.3%) 29 (35.4%) 

Anuria (%) 21 (4.5%) 10 (12.2%) 

 

Diuretics (%) 

- Furosemide (%) 

- Osmotic diuretic (%) 

- Both furosemid and osmotic 

diuretics (%) 

87 (18.6%) 

69 (14.8%) 

15 (3.2%) 

3 (0.6%) 

26 (31.7%) 

22 (26.8%) 

3 (3.7%) 

1 (1.2%) 

 

Total balance of infusion (ml),  

median (IQR) 

2020 (1230-2960) 2730 (1640-4650) 

Balance of infusion per hour (ml/h), 

median (IQR) 

446 (294-665.1) 514.6 (360-773.8) 

Colloids  (%) 

- Dosage (ml), median (IQR) 

380 (81.4%) 

1000 (500-1500) 

75 (91.5%) 

1000 (750-1500) 
IQR: interquartile range 

Oliguria = reduced urinary output of less than 400ml/24hrs 

Anuria = reduced urinary output of less than 100ml/24hrs 
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Table 4: Development of the new prediction score based on multivariable logistic regression model 

 

 

Predictor Category odds ratio β  

(95% CI)  

Regression 

coefficient β 

Shrunken 

regression 

coefficient βs 

p-value Reference 

value Wi 

(midpoint) 

βs x (Wij - 

Wireference) 

Risk score 

(βs x [Wi - 

Wireference] / B
‡
) 

Pre-operative score 0 

1 

2 

3 

4 

5 

6 

7 

 

1.84 

(1.55-2.18) 

0.609 0.584 <0.001 

 

0 ( W1reference) 

0.5 

1.5 

2.5 

3.5 

4.5 

5.5 

6.5 

 

0 

0.283 

0.849 

1.415 

1.981 

2.547 

3.113 

3.679 

0 

3 

9 

15 

20 

26 

32 

36 

 

Blood transfusion no 

yes 

 

2.68 

(1.36-5.30) 

0.986 0.946 0.005 0 ( W2reference) 

1 

 

0 

0.946 

0 

10 

Hepatico-jejunostomy no 

yes 

 

2.52 

(1.32-4.82) 

0.925 0.887 0.005 0 ( W3reference) 

1 

0 

0.887 

0 

9 

 

Oliguria no 

yes 

 

2.52 

(2.52-4.40) 

0.924 0.886 0.001 0 ( W4reference) 

1 

 

0 

0.886 

 

0 

9 

‡  Constant B is a coefficient=0.1; Shrinkage coefficient: 0.959 
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Table 5: Prediction of risk of acute kidney injury 

 
Risk Score based on 4 

Predictors 

Risk of Acute Kidney Injury 

(%) 

1 3.5 
2 3.8 
3 4.2 
4 4.6 
5 5.1 
6 5.6 
7 6.1 
8 6.7 
9 7.4 
10 8.1 
11 8.9 
12 9.7 
13 10.6 
14 11.6 
15 12.7 
16 13.8 
17 15.1 
18 16.4 
19 17.8 
20 19.3 
21 20.9 
22 22.6 
23 24.4 
24 26.3 
25 28.3 
26 30.4 
27 32.5 
28 34.8 
29 37.1 
30 39.4 
31 41.8 
32 44.3 
33 46.8 
34 49.3 
35 51.8 
36 54.2 
37 56.7 
38 59.1 
39 61.5 
40 63.9 
41 66.2 
42 68.4 
43 70.5 
44 72.5 
45 74.5 
46 76.3 
47 78.1 
48 79.7 
49 81.3 
50 82.8 
51 84.2 
52 85.4 
53 86.6 
54 87.8 
55 88.8 
56 89.8 
57 90.6 
58 91.5 
59 92.2 
60 92.9 
61 93.5 
62 94.1 
63 94.6 
64 95.1 
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Table 6: Decision curve analysis: Calculation of the net benefit for special care unit referrals comparing the pre-operative and new prediction model 

using threshold probability pt.  

threshold 

probability 

pt 

net benefit new 

prediction model 

net benefit  

pre-operative 

prediction model 

net benefit 

treat all 

net benefit 

treat none 

net 

benefit 

new 

net 

benefit 

pre-

operative 

reducing the number of 

unnecessary special care unit 

referrals per 100 patients with 

the new score 

reducing the number of 

unnecessary special care unit 

referrals per 100 patients with 

the pre-operative score 

1 % 0.141 0.141 0.140 0 0.000 0.000 4 4 

2 % 0.132 0.132 0.132 0 0.000 0.000 2 2 

3 % 0.123 0.123 0.123 0 0.000 0.000 1 1 

4 % 0.118 0.114 0.114 0 0.005 0.000 11 1 

5 % 0.113 0.105 0.104 0 0.008 0.000 16 1 

6 % 0.106 0.099 0.095 0 0.012 0.005 18 7 

7 % 0.101 0.095 0.085 0 0.016 0.010 21 13 

8 % 0.097 0.090 0.075 0 0.022 0.015 25 18 

9 % 0.092 0.086 0.065 0 0.027 0.021 28 21 

10 % 0.084 0.083 0.054 0 0.030 0.029 27 26 

15 % 0.071 0.060 -0.001 0 0.072 0.062 41 35 

20 % 0.049 0.041 -0.064 0 0.113 0.104 45 42 

25 % 0.044 0.034 -0.135 0 0.178 0.169 54 51 

30 % 0.034 0.025 -0.216 0 0.250 0.240 58 56 

35 % 0.027 0.019 -0.309 0 0.336 0.328 62 61 

40 % 0.022 0.012 -0.418 0 0.441 0.430 66 65 

45 % 0.020 0.012 -0.547 0 0.567 0.559 69 68 

50 % 0.018 0.009 -0.702 0 0.720 0.711 72 71 

55 % 0.015 0.006 -0.891 0 0.906 0.897 74 73 

60 % 0.017 0.000 -1.128 0 1.145 1.128 76 75 

65 % 0.010 -0.001 -1.431 0 1.441 1.430 78 77 

70 % 0.004 -0.003 -1.837 0 1.841 1.834 79 79 

75 % 0.011 0.002 -2.404 0 2.415 2.406 80 80 

80 % 0.009 0.002 -3.255 0 3.264 3.257 82 81 

85 % 0.004 0.000 -4.673 0 4.677 4.673 83 82 

90 % 0.002 0.000 -7.510 0 7.512 7.510 83 83 

95 % 0.000 0.000 -16.020 0 16.020 16.020 84 84 
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Figure 1: Calibration and discrimination plots were presented of the new (1a) and  pre-operative (1b) prediction score 

1a. Calibration and discrimination plots of the new prediction score  
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1b. Calibration and discrimination plots of the pre-operative prediction score 
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Figure 2: Decision curve for special care unit referrals for acute kidney injury following liver 

resection: Comparison of four approaches for decision making in special care unit referrals 

 

        

  

 
-----------  new prediction model with intra-operative predictors 
……………..

  pre-operative prediction model with pre-operative predictors 

- 
. 
- 

. 
- 

.
 -  assume all patients go to special care unit peri-operatively  

__________
  assume no patients go to special care unit peri-operatively 

 

 

The graph presents the expected net benefit per patient relative to no special care unit admission of any 

patients  
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STUDY SYNOPSIS 
 

 

Sponsor-Investigator 
University Hospital of Zurich, Department of Visceral Surgery und 

Transplantation 

Study Title: 
Does Terlipressin Improve Renal Outcome after Liver Surgery – A Double-

Blinded Randomized Control Trial (TIROL-Trial) 

Short Title/Study ID: TIROL-Trial 

Protocol Version and 

Date: 
Version 1 / 06.12.2012   

Clinical Phase: Clinical study phase III 

Methodology: Double blind; randomized, placebo-controlled. 

Study Duration: 

Start July 2013 (planned) 

Duration: 5 years 

Anticipated end: July 2018 

Study Center(s): Single-center  

Investigator(s): 

Prof. Dr. med. Pierre-Alain Clavien, PhD 

Klinikdirektor 

University Hospital of Zurich 

Department of Visceral Surgery und Transplantation 

Rämistrasse 100  

8091 Zurich, Switzerland  

Tel: 044 255 33 00  

Fax: 044 255 44 49  

Email: clavien@access.uzh.ch 

 

Objective(s)/ 

Outcome(s): 

Primary endpoint:  

• serum creatinine peak level within 48 hours post-operative. 

 

Secondary endpoints:  

• renal function:   

- the urinary output/24h will be measured from POD 0 to 3 

- Daily measuring of NGAL in the urine from POD 0 – 3 

- Glomerular filtration rate from POD 0 – 3     

- Need for hemofiltration and/or hemodialysis from POD 0 to 

discharge 

• In-hospital morbidity after surgery:   

- comprehensive complication index (CCI) from POD 0 to 

discharge 

- Clavien-Dindo score (grade I to IVb) from POD 0 to discharge 

• liver function:  

- serum levels of AST, ALT, bilirubin, Factor V, blood platelets, 

leukocytes and INR from POD 0-5  

• In-hospital mortality from POD 0 to discharge 

• Length of special care unit and length of hospital stay (days) 

 

Number of Subjects: Total number: n=150 (75 for each group) 
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Diagnosis and Main 

Inclusion Criteria: 

We will enrol all patients undergoing an elective liver resection with a 

moderate to high risk for post-operative acute renal failure after liver 

surgery from the Department of Visceral and Transplantation Surgery of the 

University Hospital of Zurich. 

Based on those assumptions for the benefit-harm analysis we investigated 

that a benefit-harm balance is reached at a 12% risk for post-operative ARF. 

Translating this 12% risk for post-operative ARF on our recently developed 

and validated prediction score for ARF after liver surgery, patients will 

need five points or more in the pre-operative assessment of the predictors to 

be enrolled in the trial 

Main Exclusion 

Criteria: 

 -  < 18 years 

 -  liver cirrhosis 

 -  coronary insufficiency with ST elevation or ST depression in the -        -  

intra-operative ECG as signs of an acute coronary syndrome  

 -  pregnancy and breast feed 

Study Product, Dose, 

Route, Regimen: 

Study drug: terlipressin (Gylpressin®) in combination with human albumin 

(Albumin Human Octapharma 20% ®, Octapharma) 

Dose: 0.5 mg terlipressin dissolved in 100 mL Ringer lactate solution 

intravenous during 30 minutes for all 4 hours (6x/day) for next 48 hours 

postoperatively.  

Additionally, once per day an intravenous infusion of human albumin 

(Albumin Human Octapharma 20% ®, Octapharma) at an initial dose of 

1g/kg body weight at the first day, followed by 20g/day for the next 48 

hours.  

Duration of 

administration: 

Single drug administration for 30 minutes, 6x/day, totally for 48 hours 

postoperatively  

Reference therapy, 

Dose, Route, 

Regimen: 

Control group will receive an intravenous administration of 100 mL Ringer 

lactate solution at the same flow rate and time points as the terlipressin 

patients (all 4 hours (6x/die), totally for 48 hours postoperatively.  

They will also receive 100 mL Ringer lactate solution once per day 

intravenously instead of human albumin for the first 48 hours 

postoperatively 

Study Schedule: 

Start July 2013 (planned) 

Duration: 5 years 

Anticipated End: July 2018 

Statistical 

Methodology: 
Uni- and multivariate linear/logistic regression analysis.  

GCP Statement: This study will be conducted in compliance with the protocol, the current 

version of the Declaration of Helsinki, and ICH-GCP as well as all national 

legal and regulatory requirements.  
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STUDY SCHEDULE  
 

 

Study Periods Screening Treatment Follow-up 

Visit 1 2 3 4-7 8 - discharge 

Day -1 0 0 1-3 4 - discharge 

Subject Information and 

Informed Consent 

x     

Demographics x     

Medical History x     

In- /Exclusion Criteria 

 

x x    

Not study specific 

examinations 

     

Chest x-ray1 x     

Physical Examination x   x x 

Vital Signs x   x x 

Laboratory Tests x x x x x 

Resting-ECG 

 

x     

Study specific 

examinations 

     

Physical Examination  x x   

Vital Signs  x x   

Pregnancy Test x     

Resting-ECG 

 

   x incl. POD 2  

Study design      

Randomization  x    

Dispense Subject Diary  x x   

Administer Study 

Medication 

 x x x incl. POD 2  

Primary Variables x x x x x 

Concomitant Therapy x x x x x 

Adverse Events  x x x x 
1 If not performed during the previous 6 months 
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INTRODUCTION 

Acute renal failure (ARF) is a severe post-operative complication and strongly associated with 

mortality and increased costs
1-4

. The incidence of post-operative ARF after liver surgery is with 15% 

relatively high
4
. ARF is also associated with an increased length of hospital and intensive care unit stay

4
. 

More than a fourth of those patients (26.7%) with post-operative ARF after liver surgery need further 

treatment with hemofiltration
4
. In 5% of patients ARF is irreversible and patients develop chronic renal 

failure
4, 5

. Therefore, effective treatment strategies are needed to reduce the incidence and severity of ARF 

after liver surgery and to prevent hemofiltration.  

Today, the standard care treatment for patients with post-operative ARF is a combination in the 

management of volume/fluid, electrolytes, acid-based disorder, hypertension, uremia and nutritional 

intake
6, 7

. Nephrotoxic medications such as e.g. aminoglycosides, contrast agent, nonsteroidal anti-

inflammatory drugs are strictly avoided in case of post-operative ARF
8, 9

.   Additionally, in patients with 

kidney failure and advanced liver cirrhosis, a combination called hepatorenal syndrome type I, terlipressin 

in combination with human albumin significantly improves the renal function and survival
10-14

. The 

treatment mechanism of terlipressin in patients with hepatorenal syndrome type I is not fully 

understood
15-17

.  Although terlipressin is sometimes used in clinical practice in selective patients of ARF 

after liver surgery when standard care treatment fails, there is no evidence for or against the preventive 

use of terlipressin in patients with ARF after liver surgery.  

Whether or not to use terlipressin as preventive treatment strategy against ARF depends on its benefit 

harm balance. Although terlipressin is a potent vasoconstrictor and may be effective to prevent ARF, it is 

associated with minor and major adverse effects. Frequent but not life threatening side effects (1-10%) of 

terlipressin include skin pallor, water retention, headache, nausea, diarrhea, abdominal cramps, arterial 

hypertension and weakness of the legs
12, 18, 19

. The literature describes a wide range of life threatening 

(severe) adverse effects (9-22%) of terlipressin in patients with hepatorenal syndrome type I
12, 18, 19

 

including cardiac arrhythmia, angina pectoris or myocardial infarction. Because of these potential severe 

harm effects of terlipressin patients receiving preventive terlipressin need to be carefully selected. In 

patients at low risk for ARF it is very likely that the harms caused by terlipressin outweigh its benefits. At 

moderate to high risk for ARF terlipressin may provide a net benefit. Therefore, our aim is to perform a 

double-blinded randomized controlled trial and to investigate for the first time if terlipressin improves the 

renal outcome in patients at moderate to high risk for ARF after liver surgery.   

 

STUDY DESIGN 

We aim to address whether terlipressin improves the renal outcome after liver surgery. Therefore we 

are planning to conduct a double-blinded randomized control trial. We will randomize patients 

undergoing any kind of liver surgery and being at increased moderate to high risk (defined below) for 

post-operative ARF into a control group receiving post- operative a placebo or into a group receiving 
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post-operatively terlipressin in combination with human albumin as it is the standard treatment for 

hepatorenal syndrome type I. 

 

CONTROL GROUP: Patients receiving a post-operative placebo to preserve the renal function 

TERLIPRESSIN GROUP: Patients receiving a post-operative intravenous terlipressin treatment in 

combination with human albumin to preserve the renal function 

 

PARTICIPANTS RECRUITMENT 

Inclusion criteria 

We will enrol all patients undergoing an elective liver resection with a moderate to high risk for post-

operative ARF after liver surgery from the Department of Visceral and Transplantation Surgery of the 

University Hospital of Zurich. We will restrict the trial to patients at a certain risk because it is unlikely 

that terlipressin will provide more benefits than harms in patients at low risk. To formally explore the 

threshold for ARF risk above which to include patients we performed a formal benefit harm analysis 

based on data that are already available and based on some assumptions we had to make. 

We used the Gail/National Cancer Institute (NCI) approach for the assessment of benefit and harm of 

terlipressin for primary prevention of ARF events after liver surgery
20

. We selected the Gail/NCI 

approach because it considers multiple outcomes of varying importance and provides a single benefit and 

harm comparison estimate
20

. However this approach requires data from additional sources on baseline 

risks and relative weights of outcomes that reflect their importance. It also considers competing risks such 

as mortality.. We assumed  a relative risk (RR) for ARF (benefit) for terlipressin vs placebo of  0.7, a RR 

for harm outcomes of 1.5, an incidence of post-operative ARF of 5-35% (benefit) and harm outcomes 

such as post-operative myocardial infarction (5%)
21

, stroke (1%)
22

 and mesenteric ischemia (<1%)
23

 

(Table 1). The wide range for the incidence of post-operative ARF of 5-35% was chosen to find the 

threshold where terlipressin provides a net benefit. Based on those assumptions for the benefit-harm 

analysis we investigated that a benefit-harm balance is reached at a 12% risk for post-operative ARF 

(Table 1 & 2).  

Translating this 12% risk for post-operative ARF on our recently developed and validated prediction 

score for ARF after liver surgery
4
, patients will need five points or more in the pre-operative assessment 

of the predictors to be enrolled in the trial (Table 2 & 3)
4
.   

 

Exclusion criteria 

We will exclude patients with: 

- < 18 years 

- liver cirrhosis 

- coronary insufficiency with ST elevation or ST depression in the intra-operative ECG as signs of 
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an acute coronary syndrome  

- pregnancy and breast feed 

 

Recruitment  

All consecutive patients planned for elective liver surgery and at risk for ARF (≥ 12% risk) will be 

assessed for study eligibility by the principal investigator and/or senior staff surgeons of the Department 

of Visceral and Transplantation Surgery of the University Hospital of Zurich. If patients are willing to 

participate, a physician will inform patients about the study orally and in written form. Patients who are 

willing to participate, fulfilling the inclusion/exclusion criteria and providing written informed consent 

will be randomly assigned after arrival on the special care unit to the control or the terlipressin group. All 

patient information and data will be anonymously reported (Figure 1).  

 

INTERVENTION AND COMPARISON 

Surgical procedure 

The liver surgery will be performed exclusively by surgeons specialized in HPB surgery according to 

the international surgical standards for liver surgery. Usually, for the liver surgery, a low central venous 

pressure (CVP) from 0 to 5 mmHg is required to prevent a high intra-operative blood loss
24-26

. But in case 

of increased co-morbidities such as pre-operative cardiac or renal insufficiency the CVP will be 

appropriately increased as it has been usually done in such cases. The parenchymal transections will be 

done with the Kelly clamp crushing technique and if necessary under the Pringle manoeuvre to decrease 

the blood loss too
27-30

. The tourniquet technique around the portal triad will be used as the common 

Pringle manoeuvre technique
26

.  

 

Study start 

After admission on the special care unit we will start with the drug application according to the 

randomization.  

 

CONTROL GROUP: Patients receiving post-operative placebo (Ringer lactate solution) treatment to 

preserve the renal function  

TERLIPRESSIN GROUP: Patients receiving a post-operative intravenous terlipressin treatment in 

association with human albumin to preserve the renal function 

 

Study drug 

The study drug will immediately start at admission to the special care unit. The patients will stay in 

the special care unit during the whole study drug administration of 48 hours after surgery. Patients in the 

terlipressin group will receive all 4 hours an intravenous administration of terlipressin (Glypressin®) at 
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a dose of 0.5 mg during 30 minutes. The terlipressin medication will be dissolved in 100 mL of Ringer 

lactate solution. The study drug (terlipressin) will be given for 2 days (48 hours). Patients of the 

terlipressin group will additionally receive once per day an intravenous infusion of human albumin 

(Albumin Human Octapharma 20% ®, Octapharma) at an initial dose of 1g/kg body weight at the first 

day, followed by 20g/day for the next 48 hours (Figure 1). See also the investigator’s brochure with the 

“Fachinformation des Arzneimittel-Kompendium der Schweiz” to terlipressin and human albumin.  

Whereas patients in the placebo group will receive an intravenous administration of 100 mL Ringer 

lactate solution at the same flow rate and time points as the terlipressin patients. Additionally those 

controlled patients will also receive 100 mL Ringer lactate solution once per day intravenously instead of 

human albumin for the first 48 hours postoperatively (Figure 1). .  

Vital signs (blood pressure and heart rate) will be checked all 30 minutes after start of terlipressin for 

2 hours (half-life of terlipressin is 53-55 min.). In the meantime when no terlipressin application is given 

the vital signs will be checked all two hours until the study endpoint. We will also check daily the ECG 

and perform daily neurological, abdominal and peripheral arterial examinations of all patients for 48 

hours post-operatively.  

 

Masking/Blinding against drugs  

Terlipressin and human albumin (HA) should be made indistinguishable to guarantee the double-

blinding in this trial and to minimize the risk of differential information bias for daily examinations.  

Therefore the “Kantonsapotheke Zurich” (KAZ) will blind the human albumin, so that the infusion 

tubes will have identical appearance (e.g. color, taste, smell ect.) as the placebo tubes. The KAZ will label 

those tubes for patients in the control group as “TIROL trial HA: arm A” whereas the tubes for patients in 

the terlipressin group will be labeled as “TIROL trial HA: arm B”.   

Terlipressin will not be blinded by the KAZ because terlipressin has to be administrated in a short 

infusion over 1 hour. Therefore the nurses will prepare each terlipressin infusion in neutral tubes on that 
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time point when it has to be given to the patient, because terlipressin in solution is not stable enough to be 

stored and prepared by the KAZ. The infusion tubes will have an identical appearance (e.g. color, taste, 

smell ect.) as the placebo tubes, so that it will not be determined for patients nor the responsible surgeons 

treating team from all services in which arm the patients  is randomized and if he/she gets terlipressin or a 

placebo infusion. The nurses will label the neutral tubes by “TIROL Trial: arm A or arm B”. Neither 

patients nor the responsible surgeons treating team from all services will know that arm A is equal to the 

control group, and arm B means the terlipressin group. Those neutral tubes and infusions for the 

terlipressin administration will be offered from the KAZ. The data manager (KS) and/or responsible 

HPB-fellow will prescribe the right doses and administration time points of the study drug after 

randomization for the whole 48 hours period. In case of serious adverse events (SAE) (see definition in 

chapter 12.5.) the data manager (KS) and/or responsible HPB-fellow as well as the nurses will have the 

access to the subject’s code. They will open the blinding and inform if the SAE occurred due to the 

treatment 

 

Storage Conditions 

Terlipressin has to be stored at 2 - 8°C in a carton box protected from the light in a refrigerator. The 

human albumin and Ringer lactate infusion has to be stored at room temperature (<25°C) also protected 

from the light. All medicaments (terlipressin, human albumin and Ringer lactate) are often used on the 

special care unit so that we do not have to install new refrigerators or stock. They will be stored in the 

preferred way in a limited access storage area under recommended storage conditions. The principal 

investigator will maintain accurate and adequate records including dates, lot number, quantities received 

and individual usage.   

 

Study drug accountability 

The principal investigator will maintain accurate and adequate records including dates, lot number, 

quantities received and individual usage. The data manager (KS) and/or responsible HPB-fellow will 

prescribe the right doses and administration time points of the study drug or placebo after randomization 

for the whole 48 hours period (please see also 4.2.1 and 4.2.2). They will make sure that the records are 

completed with the drug dose, patient, date of birth, date, time and individual removing drug from the 

central inventory. If study drug is administered, the worksheet should note the date, actual time that the 

drug was given and the refrigerator temperature. If the drug is not administered, even though a dose was 

prepared, then a note should record that drug was destroyed. This worksheet will be processed by the 

responsible nurses on the ICU/IMC, but daily checked and controlled by the data manager and/or 

responsible HPB fellow who are prescribing the study drug.  
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Early Withdrawal of Subjects 

The patient will be advised that he/she is free to withdraw from the trial at any time. Also, the 

investigators may remove a patient if he/she feels this action is in the best interest of the patient.  

Patient removal may occur as the result of an (severe) adverse event ((S)AE) that in the judgment of 

the investigator places an unacceptable consequence or risk for the patient. Notification of the 

discontinuation will be clearly documented on the patient’s case report form (CRF).  

 

When and how to withdraw subjects   

We will immediately stop the terlipressin in combination with human albumin administration (the 

medicaments can be stopped without further consequences) in case of complications such as an AE or 

even severe adverse event (SAE). Those patients will consequently receive the standard care treatment 

and will be continuously supervised by the principal and/or co-investigators. We will also report all SAE 

to the Swissmedic as well as independent ethic committee as it is describe in chapter 11.5.  

 

Data collection of withdrawn subjects 

We require the collection and maintenance of complete study data. This also includes information on 

subjects who withdraw from a clinical investigation, whether the subject decides to discontinue 

participation in the clinical trial or is discontinued by the investigators because the subject no longer 

qualifies under the protocol (e.g. due to a significant AE or failure to cooperate with study requirements). 

However, the withdrawal does not extend to the data already obtained during the time the subject was 

enrolled. Therefore we will collect all data collected up to the point of withdrawal and will be maintained 

in the database and included in subsequent analyses, as appropriate. 

 

OUTCOME 

Primary endpoint 

Our primary endpoint will be the serum creatinine peak level within 48 hours post-operative.  

Using our database of liver surgery the correlation between the post-operative serum creatinine peak 

level within 48 hours and the incidence of post-operative ARF is strong (Spearman’s rho r=0.59, 

p<0.001). The odds ratio for ARF is 2.18 per increase of post-operative serum creatinine of 10 µmol/L 

(95% confidence interval: 1.84-2.58, p<0.001) what also shows a significant association between ARF 

and the creatinine peak level. Therefore we believe that it is justified to use the serum creatinine peak 

level as the primary endpoint and surrogate for ARF.  

 

Secondary endpoints 

We will investigate several important secondary endpoints post-operatively. All laboratory 

examinations are daily and routinely performed in all liver resected patients from the first POD until 
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discharge. We will only examine routine lab values and therefore no additional costs will result for the 

patients. Below-mentioned parameters are secondary endpoints which we will be investigated in the 

analysis of the trial:   

• renal function:   

- the urinary output/24h will be measured from POD 0 to 3 

- Glomerular filtration rate from POD 0 – 3     

- Need for hemofiltration and/or hemodialysis (yes/no) from POD 0 to discharge 

 

• In-hospital morbidity after surgery:   

- comprehensive complication index (CCI) from POD 0 to discharge 

- Clavien-Dindo score (grade I to IVb)
31

 from POD 0 to discharge 

 

• liver function:  

- serum levels of AST, ALT, bilirubin, Factor V, blood platelets, leukocytes and INR 

from POD 0 to 5  

 

• In-hospital mortality from POD 0 to discharge 

 

• Length of special care unit and length of hospital stay (days) 

 

SAMPLE SIZE CALCULATION 

Until now there is no study or trial investigating whether terlipressin is improving renal function after 

liver surgery. Therefore we looked at the literature for terlipressin treatment in hepatorenal syndromes 

type I. The literature showed a 30-58% reduction of the mean serum creatinine peak level in patients 

receiving a terlipressin treatment due to a hepatorenal syndrome type I
12, 19, 32

. Based on those results we 

assume a 30% difference in mean serum creatinine level between the treatment and control group and a 

standard deviation (SD) in patients with terlipressin that is smaller by about 20%, a power of 80% and a 

significance level of p-value ≤0.05. Based on the mean serum creatinine level of our patients after liver 

surgery observed earlier of 110 µmol/l (SD 70µmol/l) we will expect a mean serum creatinine level of the 

treatment group of 80 µmol/l (SD 55µmol/l). We will need 70 patients per group according to the sample 

size calculation. But we will increase the sample size to totally 150 patients due to an assumption of 5% 

protocol violation. Finally, we will enroll 75 patients per group in the trial.  

In our center, we are performing about 55-60 liver surgeries per year with an increased risk for ARF 

(≥ 5 points in the ARF score). This will take three years to complete the trial.  
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Multicenter Study 

To reduce the study period, we are planning to perform a multicentre trial. We are already in 

discussion with other interested liver centers worldwide but any contract is signed so far. As soon as the 

collaborative partners are signing the contracts, we will submit an amendment to the ethic committee of 

the Kanton Zürich.   

 

RANDOMIZATION  

Since we have a small to moderately sized trial we expect that simple randomization may no yield 

groups balanced in terms of confounders. Confounders for the association of treatment exposure and renal 

function are, based on the current literature and our knowledge, pre-existing chronic renal dysfunction, 

cardiovascular disease, diabetes, age, sex and increased pre-operative serum alanine-aminotransferase. 

Chronic renal failure is defined as a glomerular filtration rate of less than 60ml/min/1.73m
2
 for all 

adults
33, 34

. Cardiovascular disease is defined as the presence of a coronary heart disease, previous 

coronary revascularization, cerebral arterial occlusive disease and/or peripheral vascular occlusive 

disease.  

Therefore, we will use minimization, a dynamic way of randomization widely used in clinical trials 

for achieving a balance of prognostic factors and confounders across treatment groups and to ensure 

balance between groups with relatively small sample size. With the computer-based minimization, the 

allocation sequence will less be predictable and the allocation concealment is secured. The randomization 

will be performed by commonly used website (www.randomizer.at).  

 

BLINDING 

We will perform a double blinded study. Patients and the responsible surgeons treating team from all 

services (e.g. surgeons, ICU physicians, and residents) will be blinded to treatment allocation to minimize 

possible bias in patient management and in assessing outcomes. The procedure to get the drug 

indistinguishable and the guarantee of blinding are already described in chapter 4.2.2. In case of serious 

adverse events (SAE) (see definition in chapter 11.5.) we will open the blinding and inform if the SAE 

occurred due to the treatment.  

 

STATISTICS 

Data management 

We will offer standardized and pilot-tested forms for the assessment of the baseline characteristics, 

intra-operative as well as post-operative parameters. We will also offer printed forms for the prescription 

of the drugs from POD 0 to 3. The data manager will store all documents in a safe and defined place. The 
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data will be entered in a central online database of our Clinical Trial Centre (SecuTrial) of the University 

Hospital of Zurich independently by two people and any discrepancy will be solved by consensus. The 

central online database will be anonymous and supervised by the data manager. The online database will 

have a central backup-server at the University Hospital of Zurich that regularly synchronizes with the 

online database (see also chapter 13). 

 

Analytical Plan 

We will perform an intention-to-treat (ITT) analysis so that all patients being intended to treat will 

also be analyzed in the statistics independently if the treatment procedure was per protocol or not. All 

patients will be analyzed according to that group which they were randomized for.  

 

Statistical methods  

Normality of distribution will be determined by the Kolmogorov-Smirnov test and quantile - quantile 

plots of dependent variables for all continuous variables.  

In case of missing data we will use the multiple imputation technique. This process is performed 

multiple times (e.g. 10-20 times) so that we have multiple data sets which have to be combined to 

produce one overall analysis by standard procedures
36

. This results in statistically valid inferences that 

properly reflect the uncertainty due to missing values.  

We will use univariate linear regression analysis to test if the primary outcome (post-operative peak 

serum creatinine level) can significantly be reduced in the terlipressin compared to the control group. For 

the analysis of all secondary endpoints we will use the linear or logistic regression method. The main 

statistical analysis, we will adjust for baseline parameters that might not be well balanced between groups 

by randomization using multivariate linear or logistic regression analyses. We will conduct all analyses 

using STATA (version 12, Stata Corp., College Station, Texas). 

 

Data Monitoring & Interim Analyses 

We also plan to perform interim analysis. The interim analysis will take place strictly for safety, 

efficacy as well as sample size adjustment due to the fact that the sample size calculation based on 

another underlying disease. Due to the fact that terlipressin may still have a harmful effect despite of the 

benefit-harm analysis, we will perform the first interim analysis after randomizing the first five patients to 

the terlipressin group to increase the safety issues. 

The interim analysis will be performed by an independent Data Monitoring Committee (DMC) (see 

also chapter 12.1). Our DMC will be comprised by the independent Clinical Trial Center of the 

University Hospital of Zurich. The DMC will be compromised by monitors who remain completely 

independent of the study investigators and have never received any honoraria from, or held stock in any 

of the manufacturers whose products are used in this trial. The DMC members will span the spectrum 



 

94 
 

from clinical experts with prior trial experience, a clinical trial methodologist, and a biostatistician. The 

specialist most experience in DMC work will chair the DMC.  The DMC functions in an advisory rather 

than executive capacity and its duties are detailed in Table 4. When the DMC decide that a definitive 

answer to the trial question has been achieved (in terms of efficacy, safety, or futility) they will unblind 

the PI. These terms of reference and functions are derived from the principles established by the Data 

Monitoring Committees: Lessons, Ethics, Statistics (DAMOCLES) Study Group charter. They have been 

approved by the ethics committees and implemented successfully in several international multi-centre 

trials.  

We plan to appropriately adjust the sample size according to the results of the interim analysis. This 

will show if our current sample size is over- or even underestimated and if we need an adjustment of our 

sample size. In case that we need an adjustment of the sample size we will submit an amendment of the 

study protocol to the independent ethic committee. 

 

STUDY PROCEDURES 

Visits of Patients 

Visit 1 (on the day of admission):  

On the day of admission eligible patients (according to the inclusion/exclusion criteria) will be asked 

about their interest in participating. Especially, a pregnancy test with the routine blood examination will 

be performed in female patients. In case of a positive test (pregnancy), the patient will be excluded of the 

trial. Furthermore, all female patients will receive the information and possibility to protect of a 

pregnancy for four months after surgery. If the female patient has not already used contraception, we will 

offer a mandatory hormonal contraception (birth control pill) with a combination with mechanical 

prevention for four months after surgery. In case of a male patient, no further contraception methods have 

to be performed for his wife. These additional costs for female patients will be paid by the Sponsor 

Investigator and not by the patients.  

After receiving all information about the trial and signing the informed consent the demographic data, 

medical history and vital signs will be recorded. Physical examination will be carried out.  

 

Visit 2 (the day of surgery): 

Computer-based randomization into one of the two groups ((A) control versus (B) terlipressin group) 

will be directly performed at the admission to the special care unit after surgery by the principal 

investigator or Co-PIs in case that no new exclusion criteria occurred during the surgery.  

The treatment will be started according to the group randomization on the special care unit. From that 

time point the primary and secondary variables will be continuously assessed. In those cases where the 

patient is still intubated post-operatively on the intensive care unit we have to give special attention on the 

fact that propofol in combination with terlipressin may cause a bradycardia (hear rate < 40/min) and has 
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to be immediately treated according to standard treatment procedures (e.g. administration of atropine). 

Physical examinations will be daily performed. (Severe) Adverse events will be noted. Concomitant 

therapies will be administered.  

 

Visit 3 (1 - 2 hours after surgery):  

The first blood examinations according to the primary and secondary variables will be immediately 

performed after admission on the special care unit (ca. 1 – 2 hours after surgery). 

Prior to giving the human albumin, the form “Dokumentation chargenpflichtiger Blutprodukte” has to 

be completed by the nurses.  

 

Visits 4 - 6 (postoperative days 1 -3):  

Vital signs will be evaluated. Physical examinations will be daily performed. Primary and secondary 

variables will be assessed. (Severe) Adverse effects will be noted. Concomitant therapies will be 

administered.  

Prior to giving the human albumin, the form “Dokumentation chargenpflichtiger Blutprodukte” has to 

be completed by the nurses.  

 

Visits 7 - discharge (postoperative days 4 to discharge):  

Vital signs will be evaluated. Physical examinations will be daily performed. Secondary variables 

among other things e.g. post-operative complications will be assessed. (Severe) Adverse effects will be 

noted. Concomitant therapy will be administered.  

 

EFFICACY AND SAFETY VARIABLES 

Primary Efficacy Variable 

The primary efficacy endpoint will be the serum creatinine peak level within 48 hours post-operative. 

 

Secondary Efficacy Variables 

• renal function:   

• the urinary output/24h will be measured from POD 0 to 3 

• Daily measuring of NGAL in the urine from POD 0 - 3 

• Glomerular filtration rate from POD 0 – 3     

• Need for hemofiltration and/or hemodialysis from POD 0 to discharge 

 

• Inhospital morbidity after surgery:   

• comprehensive complication index (CCI) from POD 0 to discharge 

• Clavien-Dindo score (grade I to IVb)
31

 from POD 0 to discharge 



 

96 
 

• liver function:  

• serum levels of AST, ALT, bilirubin, Factor V, blood platelets, leukocytes and INR 

from POD 0 to 5  

 

• Inhospital mortality from POD 0 to discharge 

 

• Length of special care unit and hospital stay (days) 

 

Safety Endpoints 

The comprehensive complications index (submitted) will serve as safety endpoint for the safety 

assessment during the interim analysis.  

 

Safety Variables  

In case of the presence of any exclusion variables the patient will not be enrolled in the trial.  

 

(Serious) Adverse Events 

Definition of (Serious) Adverse Events 

Adverse events (AE) 

Adverse events (AEs) are defined as any untoward medical occurrence in a subject or clinical 

investigation subject administered a pharmaceutical product and which does not necessarily have a causal 

relationship with this treatment. An AE can therefore be any unfavorable and unintended sign (including 

an abnormal laboratory finding), symptom, or disease temporally associated with the use of a medicinal 

study product, whether or not related to the medicinal study product. An AE may also consist of a new 

disease, an exacerbation of a pre-existing illness or condition, a recurrence of an intermittent illness or 

condition, a set of related signs or symptoms, or a single sign or symptom. 

AEs observed by the investigator and/or reported by the subject must be reported in the CRF during 

the entire study period, i.e. the period of time from the first (= signature of informed consent) to the last 

protocol-specific procedure regardless of the medicinal study product relation assessment.  

For all AEs, sufficient information will be pursued and/or obtained so as to permit an adequate 

determination of the outcome of the event (i.e., whether the event should be classified as a serious adverse 

event (SAE) and an assessment of the casual relationship between the AE and the investigational drug or 

study treatment(s).    

Whenever available, the underlying disease or condition for which a therapeutic or diagnostic 

procedure is required should be reported as the AE term.  

Surgeries or other invasive procedures that had already been planned prior to the start of the study do 

not have to be documented as AEs. These planned procedures will be recorded in the CRF by the 
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investigator at the baseline visit. It is not important if the condition was known before enrolment, only if 

the procedure was planned before. 

Pregnancy per se does not classify as an AE. However, AEs related to a pregnancy have to be 

reported like any other AEs. Pregnancy should be confirmed by a reliable laboratory test. In all studies 

not designed for pregnant subjects or successful conception the following applies: Pregnant subjects must 

be immediately withdrawn from the clinical study. All pregnancies occurring during the treatment phase 

of the study and within four months after discontinuation of study medication have to be reported to the 

Investigator-Sponsor within one working day of the investigational sites knowledge of the pregnancy. 

The Sponsor-Investigator will contact the attendant physician by phone during pregnancy and after the 

estimated date of delivery to enquire about course and outcome of the pregnancy. Course of the 

pregnancy and health status of the new born child have to be documented in database too.  

 

Serious adverse event (SAE) 

A SAE is any untoward medical occurrence that at any dose results in  

•  participant death 

•  life – threatening condition  

• subject hospitalization or prolongation of current hospitalization  

•  persistent or significant disability/incapacity  

•  any important medical event and any event which, though not included in the above, may jeopardize 

the subject or may require intervention to prevent one of the outcomes listed above. 

 

Any other medically important condition that may be not immediately life-threatening or results in 

death or hospitalization but may jeopardize the subject or may require intervention to prevent one of the 

outcomes, listed above, should also usually (i.e. based on medical and scientific judgment) be considered 

serious.  

 

Recording of (Serious) Adverse Events 

Clinical study subjects will be routinely questioned about AEs at study visits. The well-being of the 

subjects will be ascertained by neutral questioning ("How are you?"). The investigator is responsible for 

reporting all AEs occurring during the course of the study.  

All observed or volunteered adverse drug events (serious or non-serious) and abnormal test findings, 

regardless of treatment group or suspected causal relationship to the investigational drug or study 

treatment(s) will be recorded in the CRF.   

AEs or abnormal test findings felt to be associated with the study treatment(s) will be followed until 

the event (or its sequelae) or the abnormal test finding resolves or stabilizes at a level acceptable to the 

investigator. 
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An abnormal test finding will be classified as an AE if one or more of the following criteria will be 

met: 

• The test finding is accompanied by clinical symptoms. 

• The test finding necessitates additional diagnostic evaluation(s) or medical/surgical intervention; 

including significant additional concomitant drug treatment or other therapy  

 Note: simply repeating a test finding, in the absence of any of the other listed criteria, does not 

constitute an AE.   

• The test finding leads to a change in study dosing or discontinuation of subject participation in the 

clinical study. 

 

All AEs, serious and non-serious, will be fully documented on the appropriate CRF. For each AE, the 

investigator will provide the onset, duration, intensity, treatment required, outcome and action taken with 

the investigational product.  

 

The intensity of AEs will be assessed as being  

• mild (hardly noticeable, negligible impairment of well-being),  

• moderate (marked discomfort, but tolerable without immediate relief), or  

• severe (overwhelming discomfort, calling for immediate relief). 

 

The investigator will determine the relationship of the investigational drug to all AEs as defined on 

the Adverse Event Reporting Form. 

 

Assessment of (Serious) Adverse Events 

The investigator will promptly review documented AEs and abnormal test findings to determine if  

• the abnormal test finding should be classified as an AE, 

• if there is a reasonable possibility that the AE was caused by the investigational drug or study 

treatment(s), and 

• if the AE meets the criteria for an SAE. 

 

The assessment by the investigator with regard to the study drug relation is done according to the 

following definitions: 

 

Unlikely relation 

An AE 

• whose temporal relationship to drug administration makes a causal relationship improbable and  

• in which other drugs or chemicals or underlying disease provides plausible explanations. 
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Possible relation 

An AE, which  

• occurs within a reasonable time sequence to administration of the drug but  

• could also be explained by concurrent disease or other drugs or chemicals. 

Information on drug withdrawal may be lacking or unclear. 

 

Likely relation 

An AE, which  

• occurs within a reasonable time sequence to administration of the drug,  

• is unlikely to be attributed to concurrent disease or other drugs or chemicals, and 

• follows a clinically reasonable response on withdrawal (de - challenge). 

Re - challenge information is not required to fulfill this definition. 

 

Certain relation 

An AE, which  

• occurs in a plausible time relationship to drug administration and  

• can not be explained by concurrent disease or other drugs or chemicals.  

• the response to withdrawal of the drug (de - challenge) should be clinically plausible. The event 

must be pharmacologically or phenomenon - logically definitive, with use of a satisfactory re - 

challenge procedure if necessary. 

 

Reporting of Serious Adverse Events 

The principal investigator is responsible for the SAE reporting to Swiss Medic and to the independent 

ethic committee (IEC), respectively, according to the following details. 

 

The principal investigator is responsible to report to the Swiss Medic for:  

• Compliance with the regulatory requirements of Swiss Medic regarding prompt reporting of 

unexpected SAEs for which a causal relationship with the study drug or device cannot be ruled out.  

• Reporting to Swiss Medic of fatal and life-threatening SAEs if evaluated as “suspected”, 

“unexpected” and “drug related” (SUSAR): 

- Without delay and no later than 7 calendar days following awareness that event  

   meets criteria for a SUSAR; 

- Follow up information regarding the SUSAR within further 8 calendar days. 

• Reporting to Swiss Medic of non-fatal and not life-threatening SAEs if evaluated as “suspected”, 

“unexpected” and “drug related” (SUSARs): 
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- Promptly and no later than 15 calendar days following awareness that event  

  meets criteria for a SUSAR. 

• Sending yearly safety reports, starting one year after the date of notification to Swiss Medic. These 

reports should contain:  

- A concise critical summary of the safety profile of the drug studied as well as the 

   safety issues that have arisen 

- A listing of all SUSARs that have occurred in Switzerland and at international 

   level (if applicable)  

-  Ideally all adverse drug reactions at international level. 

 

The investigator is also responsible to report to the IEC for: 

• Reporting to IEC any SAE which resulted in death:  

- Immediately, i.e. within 24 hours. 

• Reporting to IEC of fatal and life-threatening SAEs if evaluated as “suspected”, “unexpected” and 

“drug related” (SUSAR):  

- Without delay and no later than 7 calendar days following awareness that event  

   meets criteria for a SUSAR;  

- Follow up information regarding the SUSAR within further 8 calendar days.  

• Reporting to IEC of non-fatal and not life-threatening SAEs if evaluated as “suspected”, 

“unexpected” and “drug related” (SUSAR): 

- Promptly and no later than 15 calendar days following awareness that event  

   meets criteria for a SUSAR. 

 

Follow-up of (Serious) Adverse Events 

Subjects terminating the study (either regularly or prematurely) with 

• reported ongoing SAE, or 

• any ongoing AEs of laboratory values or of vital signs being beyond the alert limit will return for a 

follow-up investigation. This visit will take place up to 30 days after terminating the treatment period. 

Follow-up information on the outcome will be recorded on the respective AE page in the CRF. All 

other information has to be documented in the source documents. Source data has to be available 

upon request. 

 

For any AEs the outcome "unknown" is not acceptable, except if attempts to collect the information 

have been made and documented. In case of subjects lost to follow-up, efforts should be made and 

documented to contact the subject to encourage him/her to continue study participation as scheduled. In 

case of minor AEs a telephone call to the subject may be acceptable. 
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All new SAE or pregnancies that the investigators will be notified of within 4 months after 

discontinuation of study medication have to be reported in appropriate report forms and in the CRF if 

required. However, if the termination visit takes place more than 4 months after the subject has 

discontinued study medication, the reporting time has to be extended until the termination visit. 

Follow-up investigations may also be necessary according to the investigator’s medical judgment 

even if the subject has no AE at the end of the study. However, information related to these investigations 

does not have to be documented in the CRF but must be noted in the source documentation. 

 

DATA QUALITY ASSURANCE 

The Sponsor-Investigator is implementing and maintaining quality assurance and quality control 

systems with written SOPs and Working Instructions to ensure that trials are conducted and data are 

generated, documented (record), and reported in compliance with the protocol, GCP, and applicable 

regulatory requirement(s).  

Monitoring and Audits will be conducted during the course of the study for quality assurance 

purposes. 

 

Routine Monitoring 

Regular monitoring visits at the investigator’s site prior to the start and during the course of the study 

will help to follow up the progress of the clinical study, to assure utmost accuracy of the data and to 

detect possible errors at an early time point. The Sponsor-Investigator organises professional independent 

monitoring for the study (see also chapter 9.4).  

All original data including all patient files, progress notes and copies of laboratory and medical test 

results must be available for monitoring. The monitor will review all or a part of the CRF/eCRFs and 

written informed consents. The accuracy of the data will be verified by reviewing the above referenced 

documents. The investigator's site will collaborate with the Clinical Trials Center (CTC) of the University 

Hospital Zurich to ensure regular monitoring. According to the CTC's Monitoring SOP the extent and 

nature of monitoring activities based on the objective and design of the study will be defined in a study 

specific Monitoring Plan.  

 

Audits and Inspections 

A quality assurance audit/inspection of this study may be conducted by the regulatory authority or 

IEC, respectively. The quality assurance auditor/inspector will have access to all medical records, the 

investigator's study related files and correspondence, and the informed consent documentation that is 

relevant to this clinical study. 

The investigator will allow the people being responsible for the audit or the inspection to have access 

to the source data/documents and to answer any questions arising. All involved parties will keep the 
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patient data strictly confidential. 

 

Specification of Source Documents 

The following documents are considered source data, including but not limited to: 

•  SAE worksheets 

•  Nurse records, records of clinical coordinators, and  

•  Medical records from other department(s), or other hospital(s), or discharge letters and 

correspondence with other departments/hospitals, if subject visited any during the study period and 

the post study period.  

Source data must be available at the site to document the existence of the study subjects and 

substantiate the integrity of study data collected. Source data must include the original documents 

relating to the study, as well as the medical treatment and medical history of the subject. 

 

The following information (at least but not limited to) should be included in the source documents: 

•  Demographic data (age, sex) 

•  Inclusion and Exclusion Criteria details  

• Participation in study and signed and dated Informed Consent Forms  

•  Visit dates  

•  Medical history and physical examination details  

•  Key efficacy and safety data (as specified in the protocol)  

•  AEs and concomitant medication  

•  Results of relevant examinations  

•  Laboratory printouts  

•  Dispensing and return of study drug details  

•  Reason for premature discontinuation  

•  Randomization number 

 

DATA HANDLING AND RECORD KEEPING 

The study will strictly follow the protocol. If any changes become necessary, they must be laid down 

in an amendment to the protocol. All amendments of the protocol must be signed by the Sponsor-

Investigator and submitted to IEC and Swissmedic.  

The investigators will use case report forms (CRF), one for each enrolled study participant, to be 

filled in with all relevant data pertaining to the subject during the study. All requested information in the 

CRF should be completed in a neat legible manner. Use of a black or blue ball pen is recommended to 

ensure clarity of reproduced copies in the CRF. All corrections in a CRF must be made in a way that does 

not obscure the original entry. The correct data must be inserted with the reason for the correction, dated 
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and initialed by the investigator. A declaration ensuring accuracy of data recorded in the case report forms 

must be signed by the investigator. 

CRFs must be kept current to reflect subject status at each phase during the course of the trial. 

Subjects will not to be identified on the CRF by name. Appropriate coded identification (e.g. Subject 

Number) and subject initials will be reported on the CRF.  

Documented medical histories and narrative statements relative to the subject's progress during the 

study will be maintained. These records will also include the following: originals or copies of laboratory 

and other medical test results (e.g. ECGs, etc.) which must be kept on file with the individual subject's 

CRF. The investigators assure to perform a complete and accurate documentation of the subject data in the 

CRF. The data manager will store all documents in a safe and defined place. The data will be entered in a 

central online database of our Clinical Trial Centre (SecuTrial) of the University Hospital of Zurich 

independently by two people and any discrepancy will be solved by consensus. The central online 

database will be anonymous and supervised by the data manager. The online database will have a central 

backup-server at the University Hospital of Zurich that regularly synchronizes with the online database. 

Essential documents shall be retained for at least 2 years after the last approval of a marketing application 

in an ICH region and until there are no pending or contemplated marketing applications in an ICH region 

or at least 2 years have elapsed since the formal discontinuation of clinical development of the 

investigational product (ICH GCP 4.9.5). However, these documents should be retained for at least 10 

years after the regular end or a premature termination of the respective study (VKlin. Ar. 25).  

The investigators are liable to treat the entire information related to the study and the compiled data 

strictly confidentially.  

The investigators will arrange contracts with the hospital pharmacy regarding the payment of the 

additional costs for terlipressin and human albumin. Those additional costs will be paid by the Sponsor 

Investigator and not by patients. Additionally, the pre-operative pregnancy test and contraception for 4 

months after surgery will be paid by the Sponsor Investigator and not by patients. Furthermore the ECG 

examination on POD 1 and 2 will be performed with our own ECG device by the HPB fellows and will 

not be paid by the patients. 

 

NOT study specific examinations = routine examinations: 

Study Periods Screening Treatment Follow-up 

Visit 1 2 3 4-7 8 - discharge 

Day -1 0 0 1-3 4 - discharge 

Demographics x     

Medical History x     

Chest x-ray x     

Physical Examination x x x x x 
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Vital Signs x x x x x 

Laboratory Tests x x x x x 

Resting-ECG x     

 

Study specific examinations: 

Study Periods Screening Treatment Follow-up 

Visit 1 2 3 4-7 8 - discharge 

Day -1 0 0 1-3 4 - discharge 

Pregnancy Test x     

Resting-ECG 

 

   x incl. POD 2  

Contraception     For 4 months 

 

CONFIDENTIALITY 

The investigators are liable to treat the entire information related to the study and the compiled data 

strictly confidentially. Any passing-on of information to persons that are not directly involved in the study 

must be approved by the owner of the information.  

Data generation, transmission, archiving and analysis of personal data within this study, strictly 

follows the current Swiss legal requirements for data protection. Prerequisite is the voluntary approval of 

the subject given by signing the informed consent prior start of participation of the clinical trial.  

Individual subject medical information obtained as a result of this study is considered confidential 

and disclosure to third parties is prohibited. Subject confidentiality will be further ensured by utilising 

subject identification code numbers to correspond to treatment data in the computer files. 

Such medical information may be given to the subject's personal physician or to other appropriate 

medical personnel responsible for the subject's welfare, if the patient has given his/her written consent to 

do so. 

Data generated as a result of this study are to be available for inspection on request by the monitors, 

by the IEC and the regulatory health authorities. 

 

INSURANCE 

Insurance is covered by “Haftpflichtversicherung für den Kanton Zürich betreffend das 

UniversitätsSpital Zürich“ (Policy no.: 14.970.888). 

Any damage developed in relation to study participation is covered by this insurance. So as not to 

forfeit their insurance cover, the subjects themselves must strictly follow the instructions of the study 

personal. Subjects must not be involved in any other medical treatment without permission of the 
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principal investigator (emergency excluded). Medical emergency treatment must be reported immediately 

to the investigator. The investigator must also be informed instantly, in the event of health problems or 

other damages during or after the course of study treatment. 

The investigator will allow delegates of the insurance company to have access to the source 

data/documents as necessary to clarify a case of damage related to study participation. All involved 

parties will keep the patient data strictly confidential. 

A copy of the insurance certificate will be placed in the Investigator’s Site File. 

 

STUDY REGISTRATION 

The study will be registered in the local trial registry of the University Hospital Zurich 

(„Studienregister USZ“) and in the international ClinicalTrials.gov registry (clinicaltrials.gov). 

 

PUBLICATION POLICY 

After the statistical analysis of this trial the investigator will make every effort to publish the data in a 

peer-reviewed medical journal. Co-authors will be listed according to their contribution. 

 

ETHICS 

Independent Ethics Committee (IEC) 

Before this study will be conducted, the protocol, the proposed subject information and consent form 

will be submitted to a properly constituted Independent Ethics Committee (IEC) in agreement with local 

legal requirements, for formal approval. Any amendments to the protocol, other than administrative ones, 

must also be approved by this committee. 

The decision of the IEC concerning the conduct of the study will be made in written form to the PI 

before beginning of this study. 

 

Ethical Conduct of the Study 

The study will be carried out in accordance with principles enunciated in the current version of the 

Declaration of Helsinki, the guidelines of Good Clinical Practice (GCP) issued by ICH, and Swiss 

regulatory authority’s requirements. 

 

Subject Information and Informed Consent 

The investigators will explain to each subject the nature of the study, its purpose, the procedures 

involved, the expected duration, the potential risks and benefits and any discomfort it may entail. Each 

subject must be informed that the participation in the study is voluntary and that he/she may withdraw 

from the study at any time, without any information of the causes and that the withdrawal of consent will 
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not affect his/her subsequent medical treatment.  

The subject must be informed that his/her medical records may be examined by authorized 

individuals other than their treating physician. 

All subjects for this study will receive a subject information sheet and a consent form describing this 

study and providing sufficient information for subjects to make an informed decision about their 

participation in this study.   

The subject information sheet and the consent form will be submitted with the protocol for review 

and approval by the IEC for the study. The formal consent of a subject, using the IEC-approved consent 

form, must be obtained before that subject is submitted to any study procedure.   

Prior to subject participation in the study, informed consent will be obtained from each subject. The 

subject should read and consider the statement before signing and dating it, and should receive a copy of 

the signed document. The consent form must also be signed and dated by the investigator (or his 

designee) and it will be retained as part of the study records. 
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Table 1: Benefit-harm analysis of terlipressin 

 

 

Scerarios for dif ferent ARF risks 5% 6% 7% 8% 9% 10% 11% 12% 13% 14% 15% 16% 17% 18% 19% 20% 21% 22% 23% 24% 25% 26% 27% 28% 29% 30% 31% 32% 33% 34% 35%

on ARF

on ischemia 

(MI, GI, stroke)

 RR 0.6  RR 1.5 1.15 0.79 0.43 0.09 -0.25 -0.59 -0.92 -1.25 -1.57 -1.88 -2.19 -2.49 -2.79 -3.09 -3.38 -3.66 -3.94 -4.21 -4.48 -4.75 -5.01 -5.27 -5.52 -5.76 -6.01 -6.24 -6.48 -6.71 -6.93 -7.15 -7.37

 RR 0.7  RR 1.5 1.62 1.35 1.09 0.83 0.58 0.33 0.08 -0.16 -0.40 -0.63 -0.86 -1.08 -1.30 -1.52 -1.73 -1.94 -2.14 -2.34 -2.54 -2.73 -2.92 -3.11 -3.29 -3.47 -3.65 -3.82 -3.99 -4.16 -4.32 -4.48 -4.63

 RR 0.8  RR 1.5 2.09 1.92 1.74 1.57 1.40 1.24 1.08 0.92 0.76 0.61 0.46 0.31 0.17 0.03 -0.11 -0.25 -0.38 -0.51 -0.64 -0.77 -0.89 -1.01 -1.13 -1.24 -1.36 -1.47 -1.58 -1.68 -1.79 -1.89 -1.99

 RR 0.9  RR 1.5 2.56 2.48 2.39 2.30 2.22 2.14 2.06 1.98 1.90 1.83 1.75 1.68 1.61 1.54 1.47 1.41 1.34 1.28 1.22 1.15 1.09 1.04 0.98 0.92 0.87 0.81 0.76 0.71 0.66 0.61 0.56

positive = harm > benefit

negative = benefit > harm  
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Table 2: Full risk score of ARF 
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Table 3: Predictors of ARF 
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Table 4: Function of the Data Monitoring Committee (DMC) 

 

 

 

The DMC will function in an advisory rather than executive capacity and its duties will 

include the following: 

 

• Offering advice about the research protocol and proposals for data safety and 

      monitoring, including statistical ‘warning rules’ for efficacy, safety and futility. 

 

•    Evaluating the progress of the trial, including periodic assessments of data quality and 

      timeliness, participant recruitment, accrual and retention, clinician adherence to the trial 

      protocol and progress toward and information and orderly completion of the study. 

 

•    Carrying out the rapid evaluation of serious unanticipated adverse events. 

 

•    Evaluating pre-planned interim analyses for efficacy, safety and the triggering of 

      statistical warning rules. When the DMC decide that a definitive answer to the trial 

      question has been achieved (in terms of efficacy, safety, or futility) they will unblind          

      the principal investigator. 
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Eligible patients for liver surgery at 

day of admission at moderate to 

high risk for ARF

Enrolled patients after signing the 

informed consent one day before 

surgery

Exclusion: 

-chronic liver disease

- viral hepatitis

- coronary insufficiency

- pregnancy  

- terlipressin intolerance

- acute renal failure score ≤6 points

Liver surgery

Admission to special care unit: 

start with the study medication
Randomization

Exclusion due to intra-operative ECG 

changes:

- ST elevation

- ST depression

Control group: placebo with 

Ringer lactate solution for 48 hours 

postoperatively

Terlipressin group: terlipressin in 

admission with human albumin for 

48 hours postoperatively

100mL Ringer lactate solution per 

4hrs intravenously as control and 

Ringer lactate solution 100mL/day 

instead of human albumin on POD 

0-2

Terlipressin 0.5mg/4hrs and 

human albumin 1 kg/Kg BW on 

POD 0, than 20g/d on POD 1-2

 

Figure 1: Flow chart 
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ABSTRACT 

 

BACKGROUND: A recently published RCT showed a protection of the remnant liver from ischemia-

reperfusion (IR) injury by pharmacological preconditioning with a volatile anesthetic in patients 

undergoing hepatic resection. Whether the continuous application of volatile anesthetics 

(pharmacological conditioning) also protects against IR injury is unknown.  

 

METHODS: We included consecutive patients undergoing liver resection with inflow occlusion from 

2005-2007. We compared 2 groups of anesthesia regimens with either continuous application of the 

volatile anesthetic sevoflurane (pharmacological conditioning) or continuous infusion of the 

intravenous anesthetic propofol (control group). Endpoints were serum-peak-AST/ALT levels, LOS 

and ICU stays, and the occurrence of post-operative complications.  

 

RESULTS: 227 patients were included. Pharmacological conditioning did not protect the remnant liver 

from IR injury (adjusted difference for peak-AST:61.9 U/l, 95%-CI: -151.7-275.4U/l, p=0.568; peak-

ALT:136.1U/l, 95%-CI: -113.7-385.9U/l, p=0.284), nor reduce LOS (adjusted difference 0.9 days, 

95%-CI: –2.6-4.3 days, p=0.622) or ICU stay (1.6 days, 95%-CI: -0.2-3.3 days, p=0.079), and was not 

associated with reduced complication rates (adjusted OR 1.12, 95%-CI:0.6-2.3, p=0.761) compared 

with the control group.  

 

CONCLUSION: In this retrospective study continuous volatile anesthesia in liver resection does not 

provide protection of the remnant liver from IR injury compared with continuous intravenous 

anesthesia.  

 

KEY WORDS: pharmacological conditioning, continuous intravenous anesthesia, sevoflurane, 

propofol, ischemia-reperfusion injury, liver surgery 
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INTRODUCTION 

A recently published randomized controlled trial (RCT) showed that volatile anesthesia confers 

protection against ischemia-reperfusion in patients undergoing hepatic resection with inflow 

occlusion
1
. Ischemia-reperfusion injury in the liver is caused by clamping of the portal triad (inflow 

occlusion) that is used to prevent intra-operative blood loss during hepatic resections
2-5

. Both intra-

operative blood loss and ischemia-reperfusion injury are associated with an increased risk of post-

operative complications and mortality
6-9

. The challenge is, therefore, to find a balance between 

reducing intra-operative blood loss by using an inflow occlusion procedure, and to minimize an 

ischemia-reperfusion injury caused by the inflow occlusion. 

Intermittent clamping of the portal triad as well as ischemic preconditioning has been shown to 

reduce ischemia-reperfusion injury of the remnant liver
10-15

. We recently observed protection against 

ischemic injury through pharmacological preconditioning with sevoflurane, a commonly used volatile 

anesthetic agent
1
. While ischemic preconditioning is time-consuming, and intermittent clamping might 

lead to increased intra-operative blood loss, pharmacological preconditioning is an easily applicable 

non-invasive method. However, the timing between preconditioning and inflow occlusion might be 

difficult. In addition, utilization of preconditioning is not possible in emergency situations where 

hepatic inflow occlusion cannot be preceded by a pharmacological preconditioning. An alternative 

could be the use of continuous volatile anesthetics throughout surgery (pharmacological conditioning). 

Our aim was, therefore, to compare pharmacological conditioning with sevoflurane with an 

intravenous anesthesia performed with propofol with post-operative liver function as the primary 

endpoint. We hypothesized that the continuous application of volatile anesthetics with sevoflurane 

(pharmacological conditioning) would protect the remnant liver from ischemia-reperfusion injury.  

 

MATERIAL AND METHODS 

Study design 

Data were collected from a database with prospectively collected data from all patients treated at 

the Swiss Hepato-Pancreato-Biliary (HPB) Center at the University Hospital of Zurich, Switzerland
1, 

16, 17
. For this analysis, we included consecutive patients undergoing any type of liver resection with 

inflow occlusion for benign or malignant diseases between January 1st, 2005 and December 31st, 

2007 with an anesthesia with either the intravenously applied anesthetic propofol or the volatile 

anesthetic sevoflurane for the entire surgical procedure. Control patients with propofol anesthesia from 

a recently completed RCT
1
 were included as well. Patients receiving pharmacological preconditioning 

with volatile anesthetics as well as patients with liver trauma or liver cirrhosis were excluded.  Also 

patients operated without inflow occlusion during surgery were not considered for this study. Patients 

were also excluded with a combination of volatile and intravenous anesthetics during liver surgery due 

to a high variability of dose and ratio of these anesthetics and resultant heterogeneity within this group 

of patients (Figure 1).  
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The study was approved by the institutional review board for human studies and internationally 

registered at clinicaltrials.gov (NCT01021228).  

 

Anesthesia 

We compared two groups of patients who received either the volatile anesthetic sevoflurane 

(pharmacological conditioning), or the intravenous anesthetic propofol (control) (Figure 2).  

All patients received oral midazolam (7.5 mg) pre-operatively for premedication. If desired and 

necessary, a thoracic epidural anesthesia was performed for post-operative pain control using 

continuous application of ropivacaine (0.33% during surgery, 0.2% in the postoperative phase). Both 

groups received the same induction of anesthesia according to the standardized procedures with 

fentanyl, atracurium as boluses according to clinical need, and remifentanil.  

Allocation to one of the two anesthesiologic approaches was entirely up to the discretion of the 

attending anesthesiologist. Anesthesiologists were more likely to use conditioning anesthesia in 

patients with severe co-morbidities due to its better cardio-vascular tolerance compared with an 

intravenous anesthetic. This may have introduced confounding by indication that we tried to minimize 

as described in the statistical analysis section below. The pharmacological conditioning group 

received a continuous volatile anesthesia with sevoflurane of 1.0 – 2.5 vol % (according to age-related 

minimum alveolar concentration) during the liver surgery. The control group was anesthetized with 

propofol (plasma target concentration of 2-4 µg/ml) during the liver surgery. Some of these patients 

had participated as control patients in a previous RCT
1
 (Figure 2).  

 

Surgical procedure 

The hepatic surgery was performed exclusively by surgeons specialized in HPB surgery according 

to international surgical standards for transection of liver parenchyma. For the liver resection, a low 

central venous pressure (CVP) from 0 to 5 mmHg was required to prevent a high intra-operative blood 

loss
14, 18, 19

. The parenchymal transections were done with the Kelly clamp crushing technique 
3
 under 

inflow occlusion procedure
2-4, 12

. The tourniquet technique around the portal triad was used as inflow 

occlusion
14

. The peri-operative management was performed according to the surgical standards of the 

operating procedure and to the standard care of the HPB center.  

  

Endpoints 

The primary endpoint was the serum peak level of aspartate-aminotransferase (AST) representing 

the ischemia-reperfusion injury of the liver following hepatic resection.  Secondary endpoints were the 

serum peak level of alanine aminotranferease (ALT), intra-operative blood loss and lengths of hospital 

stay (LOS) as well as intensive care unit (ICU) stay. Mortality and morbidity according to the Clavien-

Dindo classification 
20

 were assessed as additional secondary endpoints. Post-operative complications 

were reported and analyzed for the presence of any complication from grade I to grade V according to 
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the Clavien-Dindo classification
20

. We specifically assessed the occurrence of high relevant 

complications such as grade III (requiring an intervention), IV (requiring ICU stay) or V (death).  

 

Statistical analysis 

We did not have any missing variables for the primary and secondary endpoints. Regarding 

potential confounders, only 1,8% of baseline ALT levels (all from the conditioning group) 4,4% of 

baseline bilirubin levels (nine missing values in the conditioning and one missing in the control group) 

were missing, while the collection of all other factors was complete. Because of the small amount of 

missing data, we decided to replace these missing values by the median of the available data and did 

not use more advanced techniques for missing data such as multiple imputation. 

In a first step of the analysis, we expressed distribution of variables using means and standard 

deviation (SD) for normally distributed data, and medians and interquartile ranges for non-normally 

distributed data. We tested data for normality with the Kolmogorow-Smirnow test
21

 and performed 

quantile-quantile plots of dependent variables
22

.  

We compared the primary endpoint (serum peak level of AST) between the two groups using 

simple linear regression (without adjustment for confounders), and in the main analysis, a 

multivariable linear regression model with peak serum AST level as the dependent, and group 

allocation as the independent variable. Potential confounders for which we adjusted in the 

multivariable linear regression analyses were age, pre-operative chemotherapy (yes/no), steatosis 

(yes=≥5%/no=<5%), the American Society of Anesthesiologists (ASA) physical status classification, 

inflow occlusion time, and baseline AST/ALT and bilirubin levels. We confirmed that the assumptions 

for linear regression, i.e. the linearity of the relationship between dependent and independent variables, 

homoscedasticity (constant variance) of the errors and normality of the error distribution, were met
23

. 

We repeated these analyses for the secondary endpoints. For the binary outcomes “any complication” 

or “complications higher than IIIb” (severe complication), we also applied simple and multivariable 

models, but used logistic regression analysis. For all results, we reported point estimates, 95% 

confidence intervals (CI) and p-values (≤0.05 considered significant). We performed the statistical 

analyses using the statistical program STATA (version 11, Stata Corp., College Station, Texas).  

 

RESULTS 

Study population 

Two hundred and twenty-seven patients undergoing liver resections with inflow occlusion were 

included in the study (Figure 1). One hundred and forty one patients received a continuous volatile 

anesthesia with sevoflurane (conditioning group), whereas 86 patients received continuous 

intravenous anesthesia with propofol (control group).   

Patients’ characteristics are presented in Table 1. Patients of the control group were younger (56.3 

years (standard deviation [SD] 12.7 years) compared with the conditioning group (59.2 years [14.8 
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years]). ASA score was higher in the conditioning group (ASA score III or IV: 38.3%) compared with 

the control group (16.3%). A steatosis degree of higher than 30% was more often observed in patients 

of the control than in the conditioning group (43% vs. 33%). The presence of malignant disease was 

similarly distributed in both groups (75.2-81.4%). Baseline AST levels were higher in the conditioning 

group (mean 50.1 U/l [47.8 U/l)]) than in the control group (mean 45.7 U/l [49.4 U/l]). Operation time, 

duration of inflow occlusion and CVP during surgery were similar among both groups (Table 2). Fifty 

percent of the patients in the conditioning group underwent major liver resection (≥3 Couinaud’s liver 

segments), 42% patients in the control group.  

 

Is there a protection against ischemia-reperfusion injury of the liver after hepatic resection by 

continuous application of volatile anesthetics?  

Compared with the control group with propofol anesthesia, a continuous application of volatile 

anesthetics (conditioning) did not reduce serum peak levels of AST (adjusted difference for AST 

61.85 U/l, 95%CI -151.66-275.38 U/l, p=0.568). Serum peak levels of ALT (adjusted difference 

136.06 U/l, 95%CI -113.77-385.90, p=0.284) were also not significantly different (Table 3).   

 

Does conditioning with the volatile anesthetic sevoflurane improve the post-operative outcome?  

Seventy-eight patients of the conditioning group (55.3%) and 42 patients of the control (48.8%) 

developed a post-operative complication. Table 2 shows the frequency of post-operative 

complications. 30-days-mortality was higher in the conditioning group (4.3%) than in the control 

group (2.3%). 

No statistically significant differences in serum peak levels of bilirubin or creatinine, blood loss, or 

length of hospital or ICU stay were detected comparing the conditioning with the control group (Table 

3). Seventy-eight patients of the conditioning group (55.3%) developed a post-operative complication 

compared with the control group (48.8%) (adjusted odds ratio (OR) 1.12, 95%-CI 0.6-2.3, p=0.761). 

Patients of the conditioning group did not suffer significantly more often from a grade IIIb to V 

complication than the control group (20.6% vs. 12.8%; adjusted OR 0.84, 95%-CI 0.4-2.0, p=0.688) 

(Table 3). Mortality rate was similar in both groups (2.3% vs. 4.3%, adjusted OR 0.63, 95%-CI 0.1-

5.1, p=0.668) (Table 3).  

 

DISCUSSION 

The continuous application of the volatile anesthetic sevoflurane did not show a protection from 

ischemia-reperfusion injury in liver surgery and provided similar clinical outcomes as compared with 

the continuous application of intravenous anesthetic propofol.  

Volatile anesthetic agents attenuate cardiac mechanical dysfunction after ischemia in the 

myocyte
24, 25

, and preserve hepatic blood flow and cell function after ischemia of the liver
26, 27

. 

Although intravenous anesthetics such as propofol do not seem to have comparable protective 
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properties, they have been widely accepted since they have the advantages of fast onset, short recovery 

time after the intervention as well as potentially less postoperative nausea and vomiting
28

.  

The literature describes protective effects of volatile anesthetics upon preconditioning and 

postconditioning application
29-33

. An anesthetic preconditioning with volatile anesthetics such as 

sevoflurane was studied extensively in cardiac surgery and could reveal a relevant protection of the 

ischemia-reperfusion syndrome in in-vivo models
34, 35

 as well as in randomized control trials
29

. 

Additionally, volatile anesthetic postconditioning protects the heart from ischaemic-reperfusion injury 

in cardiac surgery in animal and in-vitro models
33, 36, 37

 as well as in a clinical trial 
31

. Furthermore, 

studies showed that the cardio-protective effect during cardiac surgery could be related to the dosage 

and/or duration of the application of volatile anesthetics in the pre- or postconditioning setting
38, 39

 

For hepatic surgery, we demonstrated a beneficial effect of volatile anesthetics performing a 

pharmacological preconditioning in our recently published RCT
1
: Application of sevoflurane for 10 

minutes before the Pringle maneuver resulted in lower peak values of transaminases and - for the first 

time described in the literature - also improved post-operative outcome with fewer complications after 

liver resection. Additionally, we showed in a subgroup analysis that patients with severe liver steatosis 

(≥ 30%) had a stronger protective effect of the volatile anesthetic preconditioning on the ischemia-

reperfusion injury
1
.  

By administration of continuous sevoflurane anesthesia (conditioning), patients undergoing 

coronary artery surgery experienced a reduced myocardial damage as measured by cardiac troponin I 

release, reduced incidence of postoperative myocardial infarction, less time on mechanical ventilation, 

shorter length of stay on the ICU as well as in the hospital
31, 40, 41

. Therefore the use of volatile 

anesthetics as conditioning in cardiac surgery is widely used and accepted
32, 42

, but in non-coronary 

surgical settings it is contradictory as discussed
43

. Nevertheless, based mainly on data from studies 

performed in patients undergoing on-pump coronary artery bypass surgery, the American College of 

Cardiology and the American Heart Association Guidelines recommended in 2007 the use of a 

continuous application of volatile anesthetics for non-cardiac surgery in patients at increased risk of 

postoperative myocardial infarction
44

.  Interestingly, a recently published RCT revealed that patients 

undergoing non-cardiac surgery do not benefit from anesthesia with volatile anesthetics compared 

with an intravenous anesthesia
45

.  In accordance to those results from Zangrillo et al, our data in liver 

surgery also did not demonstrate a protective effect of continuous application of volatile anesthetics
45

. 

In the literature, two studies compared the effects of continuous application of either volatile or 

intravenous anesthesics in liver surgery
46, 47

. Similar to our present results, Song et al also failed to 

present in a randomized controlled trial any significant differences in peak serum ALT/AST 

comparing patients with a continuous application of volatile and intravenous anesthesia during liver 

resection with inflow occlusion
47

. Although it was a randomized controlled trial, they had a lower 

sample size (n=100) than our present study (n=227), and did not adjust their results for steatosis. In 

our present study we adjusted, amongst other well-known confounders, our results for steatosis and 
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thereby strengthen our conclusion by minimizing the confounding effect. A further interesting point is 

that Song et al investigated the effect of anesthetics on the ischemia-reperfusion injury, but did not 

look at the effects of different anesthetics on the clinical outcome such as morbidity or mortality. We 

investigated the clinical outcome in both groups and showed that neither continuous application of 

volatile nor intravenous anesthetics had a beneficial effect on the clinical outcome focusing on any 

occurred complication, severe complications (grade IIIb-V according to the Clavien-Dindo 

classification) or 30-days mortality.  

In living related donors for liver transplantation, the postoperative outcome was slightly improved 

after continuous application of the volatile anesthetic desflurane with a reduction of minor 

complications such as pleural effusion, wound hematoma/seroma, or hoarseness
46

. Nevertheless, Ko et 

al also failed to demonstrate any significant differences in serum ALT/AST levels or in severe 

complications
46

. Yet this study cannot be compared with our present study since inflow occlusion for a 

minimum of half an hour was not applied in all of the patients, and the patient population was different 

to our group. Living donors for liver transplantation were healthy persons, whereas our patient 

population had several additional significant factors influencing the tolerance of ischemic-reperfusion 

injury. For example, more than three-quarters suffered from a malignant disease, and 35.8% received 

pre-operative chemotherapy.   

The mechanism of pharmacological and ischemic preconditioning in the liver is still unclear and 

may be explained by numerous possible pathways
1,48-52

.  A crucial factor might be the mode and 

duration of application of volatile anesthetics, inducing an on-off phenomenon, which could be a 

prerequisite for hepatic protection. During continuous application of sevoflurane such a trigger might 

be missing.   

One potential hypothesis strongly supported by our recently published RCT
1
, explaining the 

protective effect of pharmacological preconditioning with volatile anesthetics  is the increased 

production of nitric oxide (NO), demonstrated by the up-regulation of the inducible (inflammatory) 

nitric oxide synthase (iNOS)
1, 51, 52

. NO is produced by NO-synthases and plays an important role in 

the hepatic microcirculation by influencing the liver injury either directly or by blood flow as a 

vasodilator
53-55

. The literature suggests another potential mechanism in preconditioning involving the 

enzyme heme oxygenase (HO), which plays a crucial role in the anti-oxidative system in nearly all 

organs including the liver
56-58

. There are three isoforms of HO enzymes and all three degradation 

products have a protective function concerning ischemia-reperfusion injury
59

. HO-1 can be up-

regulated by volatile anesthetics, especially isoflurane, and thereby the ischemia-reperfusion injury of 

the liver can be reduced after hepatic resection
60, 61

. However, we were unable to assess this 

hypothetical pathway in this retrospective study due to a lack of liver tissue for further biochemical 

experiments and examinations. Therefore, not only more experiments in animals are required to clarify 

the pathway of the protective effect of pharmacological preconditioning on remnant livers but also 

further randomized controlled trials are also required to clarify the superiority or equivalence of 
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ischemic preconditioning, or intermittent clamping concerning the attenuation of the ischemia-

reperfusion injury. Also, further randomized control trials are required to investigate the effect of 

pharmacological pre-conditioning and the continuous application of volatile anesthetics and its 

differences with regard to organ protection and possibly improved outcomes. 

Our study is limited by the lack of randomization with the possibility of confounding by 

indication: 1) To control for confounding we adjusted our results for possible confounders such as age, 

pre-operative chemotherapy (yes/no), steatosis (yes=≥5%/no<5%), ASA score, inflow occlusion time 

and baseline AST/ALT and bilirubin levels, but we cannot exclude residual confounding. 2) A variety 

of confounding variables exist which induce an inhibition (cyclooxygenase-2 inhibitors, nonsteroidal 

anti-inflammatory drugs) or an enhancement (opioids, statins) of cardioprotection
62

 . They might also 

be of a certain importance in liver patients, but were not evaluated. 3) Another limitation is the limited 

sample size, which led to rather imprecise estimates. 4) Furthermore, the higher 30-days-mortality in 

the conditioning group represented a negative selection bias in the sense that continuous volatile 

anesthesia was the preferred strategy in patients with a compromised physical status, with multi-

morbidity, pre-existing liver dysfunction and/or planned major surgery. This is reflected in Table 2 

and 3 and might explain the rather high 30-days-mortality rate in the conditioning group. Although 

this study did not follow a prospectively outlined protocol, we consider the data to be of high quality 

since the database of the Swiss HPB Center is based on prospectively collected data from consecutive 

patients and tightly controlled by a database manager.  

Using sevoflurane for the entire anesthesia this study represents a different modality of 

sevoflurane application as the preconditioning approach, used in our previous preconditioning RCT, 

and results from the RCT are therefore not at all comparable with the current data. This observation 

has also been made in a prospective study in patients undergoing coronary surgery with 

cardiopulmonary bypass. Sevoflurane preconditioning was compared with sevoflurane 

postconditioning and application of sevoflurane for the surgical procedure. An apparent protection was 

observed in one of the three groups only
31

. 

In conclusion, the continuous application of the volatile anesthetic sevoflurane during liver 

resection does not offer a protection of the remnant liver from ischemia-reperfusion injury compared 

with the continuous application of intravenous anesthetic propofol. These data might also indicate that 

volatile anesthetic-induced liver protection is triggered by an on-off mechanism such as pre- or 

postconditioning with no effect in a setup of continuous application of volatile anesthetics.     
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TABLE 1: PATIENTS’ CHARACTERISTICS 

 

 

 Conditioning 

(n=141) 

Control  

(n=86) 

Age (years), mean (SD) 59.2 (14.8) 56.3 (12.7) 

Gender male/female (%) 88/53 (62.4% / 37.6%) 49/37 (57% / 43%) 

ASA 

      -     median (IQR) 

- I&II 

- III&IV 

 

2 (2-3) 

87 (61.7%) 

54 (38.3%) 

 

2 (2) 

72 (83.7%) 

14 (16.3%) 

Charlson, mean (SD) 5.1 (3.4) 6.0 (3.6) 

Steatosis 

- ≤ 30% 

- >30% 

 

95 (67.4%) 

46 (32.6%) 

 

49 (57.0%) 

37 (43%) 

Fibrosis no/yes (%) 105/36 (74.5% / 25.5%) 68/18 (79.1% / 20.9%) 

Pre-operative chemotherapy (%) 38 (27%) 39 (45.4%) 

Malignant/benign disease (%) 106/35 (75.2% / 24.8%) 70/16 (81.4% / 18.6%) 

Primary disease 

- Echinococcosis 

- Colorectal metastasis 

- Neuroendocrine tumor 

- Hepatocellular carcinoma 

- Cholangiocarcinoma 

- Other benign lesions 

- Other malignant lesions 

 

7 (5.0%) 

37 (26.2%) 

3 (2.1%) 

27 (19.1%) 

19 (13.5%) 

26 (18.4%) 

22 (15.6%) 

 

3 (3.5%) 

36 (41.9%) 

2 (2.3%) 

11 (12.8%) 

10 (11.6%) 

13 (15.1%) 

11 (12.8%) 

Baseline ALT (U/l), mean (SD) 63.4 (93.7) 51.9 (67.1) 

Baseline AST(U/l), mean (SD) 50.1 (47.8) 45.7 (49.4) 

Baseline bilirubin (�mol/l), mean (SD) 18.8 (37.8) 16.3 (30.8) 
Conditioning: continuous volatile anesthesia, control: continuous intravenous anesthesia; preconditioning: preconditioning volatile anesthesia; ALT: alanine aminotranferease; AST: aspartate aminotransferase; ASA: 

American Society of Anesthesiologists; IQR: interquartile range; SD: standard deviation 
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TABLE 2: INTRA- AND POST-OPERATIVE PARAMETERS 

 

 

Intra-operative Conditioning 

(n=141) 

Control  

(n=86) 

Operation time (minutes), mean (SD) 289.1 (133.4) 279.6 (121.6) 

Inflow occlusion (minutes), mean (SD) 35.5 (13.6) 33.4 (8.5) 

Minor/major resection (%) 70/71 (49.7% / 50.3%) 50/36 (58.1% / 41.9%) 

Central venous pressure (mmHg), mean (SD) 3.6 (2.9) 3.4 (2.5) 

Post-operative Outcome 
 

  

Morbidity (%) 78 (55.3%) 42 (48.8%) 

Mortality (%) 8 (5.7%) 2 (2.3%) 

Post-operative complications 

- none complications 

- grade I 

- grade II 

- grade IIIa 

- grade IIIb 

- grade IVa 

- grade IVb 

- grade V (30-days-mortality) 

 

63 (44.7%) 

10 (7.1%) 

23 (16.3%) 

16 (11.3%) 

8 (5.7%) 

10 (7.1%) 

5 (3.5%) 

6 (4.3%) 

 

44 (51.2%) 

6   (7%) 

17 (19.8%) 

8 (9.3%) 

3 (3.5%) 

4 (4.6%) 

2 (2.3%) 

2 (2.3%) 
Conditioning: continuous volatile anesthesia, control: continuous intravenous anesthesia; preconditioning: preconditioning volatile anesthesia; SD: standard deviation 
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TABLE 3: PRIMARY AND SECONDARY OUTCOME RESULTS 

 

 

Outcome Conditioning 

(n=141) 

Control 

(n=86) 

Unadjusted difference 
(95% CI, p value) 

Adjusted difference 
(95% CI, p value) 

Peak AST, mean (SD) U/l 629.0 (782.6) 592.5 (695.9) 36.52 

(-158.26-231.30, p=0.712) 

61.85 

(-151.66-275.38, p=0.568) 

Peak ALT, mean (SD) U/l 615.2 (845.5) 554.1 (582.9) 61.11 

(-124.87-247.09, p=0.518) 

136.06 

(-113.77-385.90, p=0.284) 

Peak bilirubin, mean  (SD) µmol/l 56.2 (84.3) 46.15 (64.1) 10.00 

(-7.59-27.60, p=0.263) 

9.40 

(-15.79-34.58, p=0.462) 

Peak creatinine, mean (SD) µmol/l 108.8 (56.8) 95.7 (47.7) 13.14 

(-0.53-26.81, p=0.060) 

-0.28 

(-16.93-16.36, p=0.973) 

Blood loss, mean (SD) ml 491.5 (572.6) 

 

396.4 (364.3) 455.46 

(389.17-521.76, p=0.001) 

43.21 

(-101.46-187.88, p=0.557) 

Length of hospital stay in days, 

median (IQR)  

12 (9-19) 11 (9-14) 2.97 

(0.23-15.80, p=0.034) 

0.85 

(-2.56-4.26, p=0.622) 

Length of ICU stay in days, median 

(IQR) 

1 (0-3) 0 2.16 

(0.66-3.66, p=0.005) 

1.55 

(-0.18-3.28, p=0.079) 

   Unadjusted odds ratio 
(95% CI, p value) 

Adjusted odds ratio 
(95% CI, p-value) 

 

Any complication (grade I – V) (%) 78 (55.3) 42 (48.8) 1.30 

(0.77-2.18, p=0.325) 

1.12 

(0.55-2.28, p=0.761) 

More severe complication (grade 

IIIb – V) (%) 

29 (20.6) 11 (12.8) 1.77 

(0.85-3.7, p=0.130) 

0.84 

(0.36-1.97, p=0.688) 

Mortality (%) 6 (4.3) 2 (2.3) 0.40 

(0.08-1.91, p=0.249) 

0.63 

(0.08-5.11, p=0.668) 
Conditioning: continuous volatile anesthesia, control: continuous intravenous anesthesia; preconditioning: preconditioning volatile anesthesia; ALT: alanine aminotranferease; AST: aspartate aminotransferase; ICU: 

intensive care unit; IQR: interquartile range; SD: standard deviation; 95%-CI: 95% confidence interval 
Adjusted for age, pre-operative chemotherapy (yes/no), steatosis (yes/no), ASA score, inflow occlusion time and baseline ALT/AST and bilirubin level  
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Eligble patients

n = 413
Exclusion:

- No inflow occlusion: n=48

- Unknown if inflow occlusion: n=29

- RCT: n=58

- Combination of volatile and     

intravenous anesthetics: n=28

- Liver cirrhosis: n=20

- Liver trauma: n=2

-Age <18 years: n=1

Included patients

n = 227

Control

n = 86

Conditioning

n = 141

Conditioning: continuous volatile anesthesia (n=141 patients)

Control:   continuous intravenous anesthesia (n=86 patients)
 

 

Figure 1: Flow Chart of the Study Design 
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Sevoflurane

start of anesthesia end of anesthesia

Conditioning

Control

start of ischemia end of ischemia

inflow occlusion reperfusion

Conditioning: continuous volatile anesthesia (n=141 patients)

Control:   continuous intravenous anesthesia (n=86 patients)  

 

Figure 2: Study Design 
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SUMMARY AND PERSPECTIVES 

In this chapter we summarize the main findings of this thesis and put them into a broader context 

of surgical research. Despite several attempts the assessment of surgical outcomes is not standardized 

and reporting of post-operative complications is still incomplete. Often, only complications judged to 

be important are selectively reported  while ignoring minor and the occurrence of multiple 

complications
1
. To address this lack of a standardized and comprehensive assessment, we developed 

and validated the comprehensive complication index (CCI) that summarizes the entire postoperative 

experience of the patient with respect to complications
2, 3

.  

 

Extended Summary of the Studies 

The development of the CCI was based on a first study (Chapter two), in which we compared 

perceptions of the severity of post-operative complications by patients, nurses and physicians
2
. Six 

hundred and fifteen patients, nurses and physicians estimated the severity of post-operative 

complications, as described by scenarios, in a fully structured and validated questionnaire, on a 

numerical analogue scale from 0 (not severe at all) to 100 (extremely severe). We found that the 

severity of post-operative complications was perceived similarly by patients, nurses and physicians. 

All participants graded the complication scenarios similarly across all grades of the Clavien-Dindo 

classification (from grade I to IVb). The data provided additional support for the validity of the 

Clavien-Dindo classification from the perspective of patients and health care professionals. We 

observed that not only health care professionals but also patients classified the severity of 

complications according to the need for treatment and the grades of severity of the Clavien-Dindo 

classification, respectively. Moreover, the results suggested that the perception of the severity of 

complications by nurses, who often have a closer relationship with patients than physicians, is in 

between the perception of physicians and patients. 

 

In the study reported in Chapter three we developed the comprehensive complication index 

(CCI) which summarizes all complications and their respective severities on a single continuous scale 

ranging from 0 (none) -100 (death)
3
. For the development of the CCI, we used the established Clavien-

Dindo classification system
1
 for complications, adopting methods from operation-risk-index analysis 

in marketing research
4-6

 and developed a formula that considers any combination of complications.  

Validations from four different perspectives showed that the CCI discriminates well between patients 

with different numbers and severity of complications, and that the CCI is more responsive to treatment 

effects than commonly used ways to classify complications
5
. In addition, the validity of the CCI was 

supported through expected negative correlation with the postoperative health. In a fourth validation, 

patients were asked to evaluate different complication scenarios that included one or more different 

types of complications. In a conjoint analysis we tested different attributes by rating each attribute on a 

score and finally, the conjoint analysis was used to determine how patients valued and favored 
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different attributes. The CCI showed a high correlation with the ratings from this conjoint analysis. 

This analysis supported our assumption that minor complications would receive less weight if 

additional and more severe complications occur. It also supports the notion that complications of less 

severity still have an impact on overall morbidity and must not be ignored.  

We believe the potential benefit of this comprehensive complication index may be substantial. For 

the first time a tool is available which summarizes all postoperative complications and their severities 

in one single number. The CCI has the potential to become a standardized outcome measure in 

randomized trials, observational studies and benchmarking.  

 

In a number of additional studies we focused on acute renal failure as a major post-operative 

outcome after liver surgery (chapter four and five)
7, 8

. Acute renal failure (ARF) is a frequent and life-

threatening complication after abdominal surgery, associated with substantial mortality, morbidity and 

costs
7
. Therefore it is relevant to identify those patients at increased risk for ARF and develop 

prevention strategies. In the study reported in Chapter four, an easily applicable score was developed 

and validated to estimate the risk of ARF in patients scheduled for liver resection
7
. The score includes 

only parameters that can be collected pre-operatively and covers a risk spectrum for ARF from 4.1% 

to 87.3%. We then developed a more parsimonious score based on the four strongest predictors (pre-

existing cardiovascular disease, chronic renal failure, diabetes and high levels of ALT) which 

predicted ARF nearly as accurately as the full score. Depending on the trade-off between user 

friendliness and accuracy, clinicians and investigators can choose between the full and the 

parsimonious risk score. While the full score provides a more precise and nuanced prediction of the 

risk for ARF, the parsimonious score is simpler, and more likely to be used in clinical practice.  

 

In Chapter five we showed that the previously developed prediction score (chapter four) could be 

improved by adding intra-operative parameters such blood transfusions, hepatico-jejunostomy and 

oliguria
8
. The resulting score is superior in identifying patients who could benefit from admission to a 

special care unit for ARF, and may prevent unnecessary admissions to such a unit following liver 

resection, in patients at lower risk of ARF. Discrimination represented by the area under the curve, 

calibration by the Hosmer-Lemeshow test and the five-fold cross validation indicated a good validity 

and accuracy of the updated prediction model.  

 

In Chapter six we described a trial protocol for a strategy to prevent ARF after liver resection. 

This will be the first randomized trial investigating the preventive effect of terlipressin on post-

operative ARF following liver resection. Since terlipressin is associated with harms, only patients at 

moderate to high risk for ARF will be included since we found in a formal benefit harm analysis that 

terlipressin is likely to provide overall benefit if the risk for ARF after liver surgery is moderate high
7
.  

The prediction model developed in chapter four will be used to determine the risk for ARF and select 
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those patients for the randomized trial that are at least moderate risk for ARF.    

 

In Chapter seven we showed that the continuous application of the volatile anesthetic sevoflurane 

does not protect patients from ischemia-reperfusion injury in liver surgery
9
. Use of sevoflurane 

resulted in similar clinical outcomes compared with continuous application of intravenous anesthetic 

propofol. These results may indicate that volatile anesthetic-induced liver protection is triggered by an 

on-off mechanism, such as pre- or postconditioning, with no preventive and protected effect in a setup 

of continuous application of volatile anesthetics. Chapter seven shows the importance of further 

research to find the best strategies for preventing ischemia-reperfusion injury in liver surgery.  

 

Taken together, the results of the research reported in this thesis could improve the quality of care 

in abdominal surgery, to the benefit of patients, health professionals, and society in general.      

 

Implication for Future Research and Clinical Practice  

Validation studies of prediction models are necessary because the original model may be too 

optimistic. An external validation study investigates if a model developed in a particular population 

provides accurate predictions in a different patient population. Conventional measures of model 

performance include calibration and discrimination but approaches for judging the clinical usefulness 

should also be explored. There is a growing methodological literature on these novel approaches and it 

would be important to apply them in more validation studies. 

Future research may address if the perceptions of postoperative complications is different in other 

patient and physician populations from other countries and if it’s possible to generalize the reference 

values. For this reason, we already initialized another study at McGill University in Montreal, Canada.  

Even though the CCI was developed and validated on a broad patient population in general 

surgery, it should also be tested for generalisability and validity in different fields of surgery such as 

urology, neurosurgery, cardiac surgery and/or gynecology. Only if the CCI is successfully externally 

validated, it will be widely adopted and may become the standard outcome measure in surgery or even 

interventional medicine such as e.g. invasive cardiology.  

A standardized assessment of complications is important for comparability of results across future 

studies.  Thereby, the quality of evidence summarized by systematic reviews and meta-analyses is 

likely to improve. The CCI may also offer a more precise tool in clinical research such as clinical trials 

or databases and registries. For example, clinical trials may be able to more easily detect clinically 

relevant differences, which would in turn decrease sample size requirements and potentially reduce the 

number of false-negative surgical trials.  

In addition, the CCI may become a standard outcome in clinical practice and used to compare the 

risks associated with different surgical procedures but also to compare the performance across 

surgeons and even hospitals.  The CCI may be implemented in clinical information systems to serve as 
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a quality control and even benchmarking tool, although for this later use, risk adjustment must be 

included for proper comparison of CCI values across patients and hospitals. The incorporation of the 

CCI in clinical information systems may allow for the first time a systematic 90-days assessment of 

the overall morbidity by regular clinical controls in the outpatient clinic. This may have an important 

implication in the clinical practice and will give essentially more information about the burden and 

course of postoperative complications. Until now, only in-hospital morbidity has been reported. In 

some surgical fields such as cardiac surgery 90-days mortality is used to be reported but so far, it is 

unusual to report 90-days morbidity. An increased CCI after 90 days compared to the CCI at the day 

of discharge may change the postoperative course of patients and improve the follow-up in quantity as 

well as quality, so that an early identification or even a prevention of possible complications is 

possible. This may also have an implication on the health-care costs and the quality of life of patients.  

 

Further research could also focus on external validation of both prediction scores (chapter four and 

five) to determine the extent to which an update is necessary and the clinical usefulness and potential 

consequences of such using the risk scores
10

. Additionally, further preventive strategies and treatments 

should be investigated in trials to offer protection and/or prevention of postoperative complications. 

The trial on described in chapter six will show if terlipressin is a promising preventive treatment 

strategy to reduce specific postoperative complications such as acute renal failure. Reducing 

postoperative complications is likely to increase the quality of life of patients significantly and has the 

potential to reduce costs.  

 

Concluding Remarks 

In the last twenty years, there has been a debate about the best outcome measure for surgical 

procedures. There have been too many different definitions for postoperative complications. It has 

become evident that a standardized assessment, prediction and prevention of postoperative 

complications are important to improve the surgical quality. The current thesis presents some 

important tools to improve the quality of surgical research. The CCI seems to be a very promising 

outcome measure to contribute to that goal. Also, preventive treatment strategies as well as risk-

adapted decision making models are potentially useful approaches to reduce postoperative 

complications and to improve the surgical quality.   
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SAMENVATTING 

Hieronder vatten we de belangrijkste bevindingen samen van het onderzoek dat in dit proefschrift 

is gepresenteerd, en we plaatsen deze tegen de achtergrond van het onderzoek in de heelkunde. De 

rapportage van uitkomsten in de heelkunde is nog niet gestandaardiseerd, ondanks veel initiatieven om 

daar verandering in te brengen, en de verslaglegging van postoperatieve complicaties is nog steeds 

incompleet. Vaak worden enkel de “belangrijkste” complicaties gemeld, en worden andere, 

meervoudige complicaties, verwaarloosd. Om bij te dragen aan een verbetering van deze situatie 

hebben wij daarom een comprehensive complication index (CCI) ontwikkeld, een index die het hele 

postoperatieve beloop van een patiënt, met de eventueel daarbij opgetreden complicaties, samenvat. 

 

De ontwikkeling van de CCI is gebaseerd op een eerste onderzoek (Hoofdstuk 1), waarin we de 

percepties van postoperatieve complicaties nagingen, bij patiënten, verpleegkundigen, en artsen. 

Zeshonderdvijftien patiënten, verpleegkundigen, en artsen beoordeelden de ernst van postoperatieve 

complicaties, beschreven in een aantal scenario’s, met behulp van een gestructureerde en gevalideerde 

vragenlijst, en gaven scores op een schaal van 0 (helemaal niet ernstig) tot 100 (zeer ernstig). We 

stelden vast dat de meerderheid van de complicaties op een gelijkaardige manier werden beoordeeld 

door de drie groepen. Allen beoordeelden de complicaties op een vergelijkbare wijze doorheen alle 

gradaties van de Clavien-Dindo classificatie (van grade I to IVb). Deze resultaten bevestigden voor 

ons de validiteit van Clavien-Dindo classificatie, vanuit het perspectief van patiënten en professionals 

in de zorg. We konden vaststellen dat professionals en patiënten de complicaties ordenden al 

naargelang de behoefte aan zorg en de gradaties van de Clavien-Dindo classificatie. Verder bleek, niet 

geheel onverwacht, dat de oordelen van verpleegkundigen tussen die van artsen en van patiënten in 

lagen. 

 

In het onderzoeksproject dat in Hoofdstuk 3 staat samengevat ontwikkelden we de feitelijke 

comprehensive complication index, een index die alle complicaties en hun ernst samenvat op één 

enkele schaal, die loopt van 0 (geen) tot 100 (overlijden).  Voor de ontwikkeling van de CCI 

gebruikten we het Clavien-Dindo classificatiesysteem, en hanteerden methoden uit 

marketingonderzoek. Zo ontwikkelden we een formule die alle combinaties van complicaties kan 

beschrijven. Een validering, vanuit vier verschillende perspectieven, toonde verder aan dat deze CCI 

goed onderscheid kan maken tussen patiënten die verschillen wat betreft het aantal en de ernst van hun 

complicaties, en dat deze CCI gevoeliger is voor de effecten van behandeling dan andere 

classificatiesystemen. De validiteit van deze CCI werd verder aannemelijk gemaakt door de verwachte 

negatieve correlatie met de postoperatieve gezondheidstoestand. In een van de validatie-onderzoeken 

werd aan patiënten gevraagd om scenario’s die verschilden qua complicaties te beoordelen. Met 

behulp van conjunct meten gingen we na welke componenten in deze scenario’s de uiteindelijke 

beoordeling konden voorspellen. Hierin bleek de CCI sterk bij te dragen. Dit sterkt onze overtuiging 
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dat kleine complicaties minder belangrijk worden gevonden, als tegelijk ook meer en ernstiger 

complicaties zijn opgetreden. Tegelijk leveren de data ook steun voor de stelling dat ook dergelijke 

kleine complicaties bijdragen aan de totale morbiditeit, en dat ze niet moeten worden genegeerd. De 

potentiele voordelen van deze CCI zijn niet gering, en volgens ons kan deze index een 

gestandaardiseerde uitkomstmaat worden voor gerandomiseerd vergelijkend onderzoek, 

observationeel onderzoek, en benchmarking.  

 

In een aantal andere onderzoeksprojecten hebben we ons gericht op acuut nierfalen als een van de 

belangrijkste complicaties van leverchirurgie. Acute renal failure (ARF) is een frequent voorkomende, 

potentieel levensbedreigende complicatie bij abdominale chirurgie, die gepaard gaat met een 

substantiële mortaliteit en morbiditeit, en met kosten. Het zou goed zijn om patiënten met een 

verhoogd risico op ARF tijdig te identificeren, en gepaste, preventieve maatregelen te nemen. In 

Hoofdstuk 4 brengen we verslag uit van een onderzoek waarin een makkelijk toepasbare score werd 

ontwikkeld om de kans op ARF te schatten bij patiënten die een leverresectie moeten ondergaan. Deze 

berekening is enkel gebaseerd op gegevens die voor de operatie beschikbaar zijn, en levert kansen op 

die variëren van 4,1% tot 87,3%. Vervolgens hebben we ook een beperkte score ontwikkeld, die enkel 

de vier belangrijkste voorspellers gebruikt: een bestaande cardiovasculaire aandoening, chronisch 

nierfalen, diabetes, en hoge ALAT (alanine aminotransferase) waarden . Met deze eenvoudige 

combinatie kunnen de kansen op nagenoeg identieke wijze worden geschat.   

 

In Hoofdstuk 5 laten we vervolgens zien dat deze predictiescore verder kan worden verbeterd 

door toevoeging van enkele intra-operatieve parameters, zoals bloedtransfusies, het al dan niet 

uitvoeren van een hepatico-jejunostomie, en oligurie. Deze verbeterde score presteert beter bij het 

selecteren van patiënten die baat hebben bij een opname op een speciale ARF afdeling na de resectie, 

daarbij een onderscheid makend met patiënten die juist geen baat hebben bij een verwijzing naar een 

ARF afdeling. Dat blijkt uit de toegenomen oppervlakte onder ROC curve, uit de calibratie, en uit de 

kruisvalidering.  

 

Hoofdstuk 6 bevat een onderzoeksprotocol voor het evalueren van een strategie om ARF na een 

leverresectie te voorkomen. Dit wordt de eerste RCT die het preventieve effect van terlipressine op het 

optreden van postoperatieve complicaties onderzoekt. Vanwege de bijwerkingen van terlipressine  

worden enkel patiënten met een verhoogd risico op ARF tot het onderzoek uitgenodigd, omdat we 

vooraf hebben berekend dat de voordelen enkel kunnen opgaan bij patiënten met zo’n verhoogd risico. 

Die beoordeling doen we met behulp van het door ons ontwikkelde predictiemodel.  

 

Het onderzoek in Hoofdstuk 7 liet zien dat de continue toepassing van het narcosegas sevofluraan 

patiënten niet beschermt tegen ischemische reperfusieschade bij leverchirurgie. De uitkomsten in de 
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groep die sevofluraan kreeg toegediend waren vergelijkbaar met die in de groep die propofol kreeg. 

Deze resultaten zouden er op kunnen wijzen dat een beschermend effect van narcose wordt opgewekt 

door een on-off mechanisme, en dat continue toediening daarbij geen beschermend effect heeft.  

 

In het laatste hoofdstuk bieden we enkele punten ter verdere discussie aan. Voor de complicatie-

index  in de praktijk de gehoopte voordelen kan bieden, moet deze index eerst verder worden 

gevalideerd. Ook de predictiescores moeten verder worden getoetst en, zo mogelijk, ook verder 

worden ontwikkeld. Verder is het onderzoek naar het voorkomen van complicaties bij leverchirurgie 

nog verre van afgerond. Bij elkaar kunnen al deze onderzoekslijnen bijdragen aan een verbetering van 

de kwaliteit van zorg voor patiënten voor wie chirurgie is geïndiceerd, en een beheersing van de 

kosten die daarbij worden gemaakt. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



   

138 

 

DANKWOORD 
 

Throughout my PhD studies I was in the privileged situation to work in a very inspiring and 

productive atmosphere combing epidemiology, biostatistics and surgical research. During the studies 

there were many great people involved in the research projects. Due to my surgical background and 

the PhD studies many good and interesting relation- and friendships developed in the last four years.  

From the beginning, Milo A. Puhan was a fantastic supervisor for the clinical epidemiology and 

biostatistics. He helped me through all my good and bad days, supported my ideas and was always 

generous concerning his knowledge, professional and personal advices. Our relationship has grown to 

a real friendship over the four years. He is my ideal regarding personality, professional knowledge, 

energy and passion for the research. He thought me to follow always my passion and dreams and 

never to give up. 

I would also like to thank Pierre-Alain Clavien for his surgical supervising and that he supported 

my development of the surgical knowledge and know-how. He was very open for my idea to 

concentrate on clinical research. He always supported my projects and inspired me to go beyond my 

limits. We had many interesting discussions which often led to new perspectives and projects.  

Furthermore I would like to thank Patrick Bossuyt for his immense support as promoter of my 

PhD thesis and gave important inputs and ideas regard planning, analysis and reporting of the projects. 

He was always present and offered constructive help if I needed it. He was very fair, generous, 

inspiring me to go further with my research and to combine clinical epidemiology with surgery and 

never give up my dreams.  

Although not directly involved in my PhD projects, I would like to thank Rolf Graf, Stefan 

Breitenstein and Beatrice Beck-Schimmer for their open-mindedness, immense clinical support, effort, 

energy, enthusiasm and personal friendship. We had interesting and inspiring collaborations with 

many exciting personal moments.  

Finally I would like to thank Jeffrey Barkun, René Vonlanthen, and Philipp Dutkowski for a 

fruitful time, their enthusiasm and energy over the last four years.  

 

 



   

139 

 

OTHER PUBLICATIONS  
 

1. Erik Schadde, Ksenija Slankamenac, Stefan Breitenstein, Mickael Lesurtel, Michelle 

DeOliveira, Beatrice Beck-Schimmer, Philipp Dutkowski & Pierre-Alain Clavien 

Are two-stage hepatectomies associated with more complications than one-stage procedures? 

HPB (Oxford). 2013;15(6):411-7. 

 

Slankamenac and Schadde contributed equally as first authors 

 

2. Dutkowski P, Schlegel A, Slankamenac K, Oberkofler CE, Adam R, Burroughs AK,  

Schadde E, Müllhaupt B, Clavien PA 

The Use of Fatty Liver Grafts in Modern Allocation Systems: Risk Assessment by the  

Balance of Risk (BAR) Score  

Ann Surg. 2012;256(5):861-869 

 

3. Dutkowski P, Oberkofler CE, Slankamenac K, Puhan MA, Schadde E, Müllhaupt B, Geier A, 

Clavien PA. 

Are there better guidelines for allocation in liver transplantation? A novel score targeting justice 

and utility in the model for end-stage liver disease era. 

Ann Surg 2011;254(5):745-53; discussion 753. 

 

4. Chew V, Chen J, Lee D, Loh E, Lee J, Lim KH, Weber A, Slankamenac K, Poon RT, Yang H, 

Ooi LL, Toh HC, Heikenwalder M, Ng IO, Nardin A, Abastado JP. 

Chemokine-driven lymphocyte infiltration: an early intratumoural event determining long-term 

survival in resectable hepatocellular carcinoma. 

Gut. 2012;61(3):427-38 

 

5. Vonlanthen R, Slankamenac K, Breitenstein S, Puhan MA, Muller MK, Hahnloser D, Hauri D, 

Graf R, Clavien PA. 

The Impact of Complications on Costs of Major Surgical Procedures: A Cost Analysis of 1200 

Patients. 

Ann Surg 2011;254(6):907-13 

 

 Slankamenac and Vonlanthen contributed equally as first authors 

 



   

140 

 

6. Ksenija Slankamenac, Henrik Petrowsky, Stefan Breitenstein, Diana Vetter, Kuno Lehmann, 

Stefan Heinrich, Michelle L. DeOliveira, Wolfram Jochum, Dominik Weishaupt, Thomas 

Frauenfelder, Rolf Graf and Pierre-Alain Clavien 

Effects of Pentoxifylline on Liver Regeneration: A Double-Blinded Randomized Controlled Trial 

in 101 Patients Undergoing Major Liver Resection 

 Ann Surg 2010;252(5):813–822 

  

 KS, HP and SB contributed equally as first authors 

 

7. Stefan Breitenstein, Michelle L. DeOliveira, Dimitri A. Raptis, Ksenija Slankamenac, Patryk 

Kambakamba, Jakob Nerl, MD, Pierre-Alain Clavien 

Novel and Simple Preoperative Score Predicting Complications Following Liver Resection 

 Ann Surg 2010;252(5):726–734 

 

8. Slankamenac, K., Clavien, P.A., Schäfer, M.  

Indication and laparoscopic procedures for gastric cancer 

Chir. praxis, 2009 

 

9. Clavien PA, Barkun J, de Oliveira ML, Vauthey JN, Dindo D, Schulick RD, de Santibañes E, 

Pekolj J, Slankamenac K, Bassi C, Graf R, Vonlanthen R, Padbury R, Cameron JL, Makuuchi 

M.The Clavien-Dindo classification of surgical complications: five-year experience.  

Ann Surg. 2009;250(2):187-96 

 

10. Ashraf M. El-Badry, Stefan Breitenstein, Wolfram Jochum, Kay Washington, Valérie Paradis, 

Laura Rubbia-Brandt, Milo A. Puhan, Ksenija Slankamenac, Rolf Graf and Pierre-Alain Clavien 

 Assessment of Hepatic Steatosis by Expert Pathologists. The End of a Gold Standard 

 Ann Surg. 2009;250(5):720-8 

 

11. Vachenauer, R., Grunenfelder, J., Plass, A., Slankamenac, K., Pantic L.,      

Kisner D., Genoni, M. 

Changing Lifestyle Habits as secondary Prophylaxis after Coronary Artery Bypass Grafting 

Heart Surg forum, 2008;11(4):E243-7 

 



   

141 

 

Book Chapter 

 
Vonlanthen R, Slankamenac K, Christian Ernst  

Qualitative and Economic Aspects of Liver Surgery  

Book chapter (page 531-538)  

“Malignant Liver Tumors - Current and Emerging Therapies”, 2010;44:p531-538  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



   

142 

 

 

CURRICULUM VITAE 

 

Ksenija Slankamenac was born in Daellikon, Canton of Zurich, Switzerland. She finished secondary 

school 1996 and started medical school in Zurich in 1998. She graduated in 2004 and worked at the 

Department of Cardiovascular Surgery at the University Hospital of Zurich for one year. She moved to 

the Department of Visceral and Transplantation Surgery in 2006 and worked as a surgical resident two 

years before she started working as a clinical research fellow in 2008. From 2008 to 2013 she worked 

under supervision of Professor Patrick Bossuyt (University of Amsterdam, The Netherlands), 

Professor Milo A. Puhan (Johns Hopkins Bloomberg School of Public Health, Baltimore, USA) and 

Professor Pierre-Alain Clavien (University Hospital of Zurich, Switzerland) on her PhD thesis. In 

2011, she received a career grant from the Program for Social Medicine, Preventive and 

Epidemiological Research of the Swiss National Science Foundation in Epidemiology for five years. 

 

 

 

 

 

 

 
 


