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Abstract
Purpose To assess the predictive value of intraoperative indocyanine green (ICG) test in patients undergoing staged 
hepatectomy.
Methods We analyzed intraoperative ICG measurements of future liver remnant (FLR), preoperative ICG, volumetry, and 
hepatobiliary scintigraphy in 15 patients undergoing associated liver partition and portal vein ligation for staged hepatectomy 
(ALPPS). Main endpoints were the correlation of intraoperative ICG values to postoperative complications (Comprehensive 
Complication Index (CCI®)) at discharge and 90 days after surgery, and to postoperative liver function.
Results Median intraoperative R15 (ICG retention rate at 15 min) correlated significantly with CCI® at discharge (p = 0.05) 
and with CCI® at 90 days (p = 0.0036). Preoperative ICG, volumetry, and scintigraphy did not correlate to postoperative 
outcome. ROC curve analysis revealed a cutoff value of 11.4 for the intraoperative R15 to predict major complications 
(Clavien-Dindo ≥ III) with 100% sensitivity and 63% specificity. No patient with R15 ≤ 11 developed major complications.
Conclusion This pilot study suggests that intraoperative ICG clearance determines the functional capacity of the future liver 
remnant more accurately than preoperative tests. This may further reduce the number of postoperative liver failures, even if 
it means intraoperative abortion of hepatectomy in individual cases.
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Abbreviations
ALPPS  Associated liver partition and portal vein 

ligation
BWR   Bodyweight ratio
CCI  Comprehensive Complication Index

CT  Computed tomography
FLR  Future liver remnant
ICG  Intraoperative indocyanine green
IQR  Interquartile range
ISGLS  International Study Group for Liver Surgery
MELD  Model for End-Stage Liver Disease
MRI  Magnetic resonance imaging
PDR  Plasma disappearance rate
PHLF  Post-hepatectomy liver failure
ROC  Receiver operating characteristic curve
R15  ICG retention rate at 15 min
sFLR  Standardized future liver remnant
99mTc  Technetium-99 m iodide scan

Introduction

Post-hepatectomy liver failure (PHLF) is the most seri-
ous complication after liver resection and the main cause 
of death following hepatectomy [1]. Sufficient function of 
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the remnant liver is mandatory for avoiding PHLF. Precise 
anticipatory assessment of liver function, however, remains 
a challenge.

The decision as to whether and to what extent hepatic 
resection can be performed safely is currently usually based 
on a combination of the preoperative laboratory values, 
together with volumetric and functional tests. Different 
diagnostic tools have been developed to assess volume (e.g., 
calculation of standardized future liver remnant (sFLR)) or 
function (e.g., technetium-99 m  [99mTc] iodide scan, indo-
cyanine green test (ICG)) to predict outcome.

With the careful use of these various tests, the vast major-
ity of patients undergo even extensive liver resections with 
acceptable morbidity [2, 3]. All tests, however, have limi-
tations, especially in presence of underlying liver injuries, 
such as those caused by steatosis or preoperative chemo-
therapy [4]. An intraoperative functional testing would be a 
logical candidate to identify cases at higher risk of PHLF, 
irrespective of the fact that their preoperative work-up was 
unremarkable. Therefore, we postulate that intraoperative 
ICG clearance could serve as an ultimate reference to pre-
vent PHLF, particularly in complex procedures like the 
associated liver partition and portal vein ligation (ALPPS), 
associated with significant morbidity and mortality.

In this pilot study, we performed intraoperative ICG 
measurements in 15 patients undergoing ALPPS. The main 
aim was to investigate whether intraoperative measurement 
of ICG clearance in the future remnant liver could predict 
postoperative morbidity and liver failure. In a second step, 
we plan to validate our results in a larger patient cohort.

Methods

Study design

From September 1, 2015, to May 30, 2017, we per-
formed intraoperative ICG tests in 15 consecutive patients 
(aged > 18 years), who underwent ALPPS for secondary 
liver tumors. The main objective of the study was to analyze 
a possible correlation between an intraoperative ICG test and 
postoperative outcome.

Data on demographics; preoperative volumetric and 
functional tests with magnetic resonance imaging (MRI), 
computed tomography (CT), and 99mTc iodide scan; preop-
erative and intraoperative ICG; and postoperative outcome 
were analyzed. All preoperative tests and analyses refer to 
the completion operation (step 2 ALPPS). With the excep-
tion of one case of extended left hepatectomy, all procedures 
were extended right hepatectomies. The first step of ALPPS 
consisted of open portal vein ligation, cleaning of the future 
liver remnant, and partial (50%) parenchymal transection.

The institutional ethics board of the University Hos-
pital of Zurich reviewed and approved the study protocol 
(2017–00695). The study was performed according to the 
Declaration of Helsinki. All patients gave their informed 
consent to participate in this analysis.

Indocyanine green test

ICG clearance was measured noninvasively using a 
LiMON™ device (PULSION Medical Systems SE, Ger-
many). This is a special pulse spectrometer that measures 
the patient’s blood ICG concentration via finger clip. The 
patient’s bodyweight ratio (BWR; 0.25 mg/kg) defined the 
amount to be administered intravenously into a peripheral 
vein. The results of the ICG test were expressed as the 
percentage of ICG remaining in the circulation 15 min 
after injection (R15, %) and the plasma disappearance rate 
(PDR, %/min). ICG is a water-soluble anionic compound 
that binds to plasma proteins after intravenous adminis-
tration. It is selectively taken up by hepatocytes in the 
first pass and is excreted unchanged in the bile. Thus, ICG 
clearance measurement reflects the blood flow–dependent 
clearance, hepatocyte uptake, and biliary excretion [5]. 
ICG clearance was measured the day before ALPPS step 2 
and intraoperatively during ALPPS step 2. During surgery, 
the ICG measurement was performed immediately after 
selective arterial inflow clamping of the liver segments to 
be resected. In all but one case, the portal vein was already 
ligated in step 1, and the portovenous inflow did not need 
to be controlled in step 2. In this one case with a one-step 
procedure, the portovenous inflow was clamped prior to 
ICG measurement.

Volumetry

Volumetric data for assessing the sFLR were calculated 
from the preoperative MRI or CT scans. The FLR volume 
was expressed as a percentage of the total liver volume. 
The volumetric cutoff value for safe resection was set at a 
minimum of 25% for patients with expected healthy liver 
parenchyma. In patients with known or suspected under-
lying liver disease, the minimum liver volume was set 
higher—at least 35%. The required FLR was additionally 
calculated using the FLR–BWR method, and the minimal 
FLR volume was required to be at least 0.5% of patient’s 
weight [6]. To calculate the estimated total liver volume, 
the sFLR was calculated according to the validated for-
mula by Vauthey et al. [7]. The sFLR, representing the per-
centage of liver tissue that would remain after resection, 
was then calculated as the ratio of the FLR to estimated 
total liver volume [7].
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Hepato‑iminodiacetic acid (HIDA) scan

Hepatobiliary scintigraphy with 99mTc-iodide is a quanti-
tative method for evaluating total and regional liver func-
tion, including FLR, using radiotracer visualization [8]. 
The tracer is absorbed by the hepatocytes and subsequently 
excreted into the bile without any conversion or alteration. 
Uptake into hepatocytes and intracellular transit are similar 
to bilirubin, allowing assessment of quantitative liver func-
tion [9]. Whether this method is also suitable for assessing 
liver function in high-risk patients, for example, in patients 
who require major liver resection, has not yet been conclu-
sively determined. However, de Graaf et al. established a 
cutoff value for preoperative HIDA examination that was 
associated with PHLF risk [10].

In our cohort, hepatobiliary scintigraphy was performed 
in all patients undergoing two-stage hepatectomy. Following 
de Graaf et al. [10, 11], we used the cutoff value of 2.7%/
min/m2 to discriminate between normal and decreased FLR 
uptake rates.

Postoperative complications

Postoperative complications after ALPPS step 2 were graded 
according to the validated and severity-oriented Clavien-
Dindo complication system [12, 13]. Minor complica-
tions were defined as ≤ grade II and major complications 
as ≥ grade III. Furthermore, we used the Comprehensive 
Complication Index (CCI®) to assess the cumulative post-
operative morbidity [14, 15]. This novel continuous metric 
model for postoperative complications measures overall 
morbidity on a scale from 0.0 (uneventful) to 100.0 (death).

PHLF was assessed according to three commonly 
reported criteria: the International Study Group for Liver 
Surgery (ISGLS) criteria [16], 50–50 criteria [17], and bili-
rubin > 7 criterion [18]. The ISGLS criteria are defined as 
international normalized ratio (INR) and bilirubin above the 
cutoff value on day 5 after liver resection (we set thresholds 
of INR ≥ 1.3 and bilirubin ≥ 1.2 mg/dL [≥ 20.4 mmol/L]). 
Biliary complications were not considered exclusion crite-
ria [16]. The 50–50 criteria are defined as INR ≥ 1.7 (quick 
50%) and serum bilirubin ≥ 2.9 mg/dL (50 mmol/L) on post-
operative day 5, predicting 50% mortality [17]. The biliru-
bin > 7 criterion is defined by serum bilirubin levels > 7 mg/
dL (119 mmol/L) on postoperative day 5 in non-cirrhotic 
and non-cholestatic patients and is associated with 90-day 
mortality [18]. Postoperative laboratory values, including 
bilirubin, aspartate aminotransferase, alanine aminotrans-
ferase, alkaline phosphatase, gamma-glutamyl transferase, 
creatinine, INR, hematocrit, hemoglobin, and platelet count, 
were routinely measured from days 1 to 7.

The MELD (Model for End-Stage Liver Disease) 
score includes bilirubin, INR, serum sodium level, serum 

creatinine, and the need for dialysis [19, 20]. The MELD 
score stratifies the severity of end-stage liver disease and is 
usually used for transplant planning. As it combines liver 
and kidney function, it was assessed for all patients in our 
study before and at day 5 after surgery.

Statistics

We evaluated the baseline characteristics of all patients. 
The intraoperative ICG test of the FLR was correlated with 
postoperative blood values, such as bilirubin and INR, and 
with the CCI®. Intraoperative ICG values in patients with 
or without major postoperative complications were assessed 
using comparative analysis. The diagnostic accuracy of intra-
operative ICG values for predicting postoperative complica-
tions was demonstrated using receiver operating character-
istic (ROC) curve analysis. The optimal cutoff point for test 
positivity was determined with Youden’s index (giving equal 
weight to sensitivity and specificity), and sensitivity/specific-
ity were calculated. A significance level of 0.05 was used.

No preregistration exists for the here reported study.

Results

Characteristics of the study population

Table 1 summarizes the patients’ characteristics. Eleven 
patients received chemotherapy before surgery. Of these, all 
were operated on for colorectal liver metastases and under-
went a “liver first” approach with ALPPS prior to resection 
of the primary colorectal cancer. No relevant differences in 
preoperative liver function, FLR, or hepatobiliary scintigra-
phy were detected between patients with and without preop-
erative chemotherapy.

Specific postoperative complications are listed in Table 2. 
Most complications (n = 39) were minor. Major complica-
tions (n = 12) were mostly chest tube placements for pleural 
effusions and percutaneous drainage of perihepatic fluid col-
lections. Only one patient had ≥ grade IV complications. This 
patient died 28 days after the second step of ALPPS due to 
PHLF and septic shock with multi-organ failure. Complica-
tions in the interstage period were rare; two patients suffered 
from minor complications, namely pneumonia and intestinal 
paralysis. No major morbidity was observed after step 1.

Intraoperative ICG measurements 
and postoperative outcome

Median intraoperative R15 was 11.4 (IQR 5.3–17) (Table 3). 
Intraoperative R15 values disclosed a significant correla-
tion with major complications at the end of hospitalization 
(p = 0.049) (Fig. 1), the discharge CCI® (p = 0.05), and 
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90-day CCI® (p = 0.0036; Pearson’s product–moment cor-
relation). The estimated correlation between intraoperative 
R15 and 90-day CCI was 0.7 (Fig. 2).

Median intraoperative R15 was different in patients with 
and without major complications (18 [IQR 14–22] vs. 8 
[IQR 4–12], respectively; p = 0.05). Preoperative ICG, vol-
umetry, and 99mTc iodide did not show such correlation to 
major complications.

Intraoperative R15 correlated significantly with postop-
erative bilirubin values from days 1 until 7 (all p = 0.01 to 
p = 0.03, respectively). Bilirubin showed a correlation to the 
discharge CCI® at days 4–7 (p = 0.005 to p = 0.05, respec-
tively) and a significant correlation to 90-day CCI® at days 
4, 6, and 7 (p = 0.4 to p = 0.01, respectively). There was no 
correlation between intraoperative R15 and postoperative 
INR.

Cutoff values

ROC curve analysis revealed that a cutoff value of 11.4 for 
intraoperative R15 best identifies major complications with 
100% sensitivity and 63% specificity. Thus, 11 represents 
the cutoff point for the intraoperative R15. No patient with 
R15 ≤ 11 developed major complications during hospitali-
zation, while four out of eight patients with intraoperative 
R15 > 11 did (p = 0.07) (Table 4). Median postoperative 

Table 1  Patients’ characteristics

Presentation of values as median with standard deviation (round 
brackets) and interquartile range (square brackets). ASA, American 
Society of Anesthesiology; ALPPS, associated liver partition and por-
tal vein ligation; BMI, body mass index

All (n = 15)

Age [years] 57 (12) [51–71]
Sex (male/female) [n] 10/5 (67%/33%)
ASA II
ASA ≥ III

8 (53%)
7 (47%)

Partial ALPPS [n] 14 (93.4%)
• 10 colorectal liver metastases
• 2 hepatocellular carcinomas
• 1 intrahepatic cholangiocar-

cinoma
• 1 submandibular gland 

carcinoma
Single-stage hepatectomy [n] 1 (6.6%)

• 1 colorectal liver metastases
BMI [kg/cm2] 24 (4)
Time of surgery step 2 [min] 305 (74) [280–378]
Intraoperative transfusions [%] 3 (20%)
Interval between steps 1 and 2 

[days]
8 [7–14]

Length of hospitalization [days] 15 (11) [11–25]

Table 2  Incidence of complications by diagnosis and severity

Each complication was counted, so that multiple complications per patient are possible. CCI, Comprehensive Complication Index (measures 
overall morbidity on a scale from 0.0 (uneventful) to 100.0 (death); IQR, interquartile range, listing of minor and major complications in abso-
lute numbers; PONV, postoperative nausea and vomiting; PHLF, post-hepatectomy liver failure

At discharge Within 90 days

Any complication in all patients 80% 86.6%
Median CCI [median; IQR] 22.6 (IQR 10.45–41.5) 33.5 (IQR 14.8–56.8)
Minor complications (< III) [n] 39

7 ascites – medical therapy
6 antibiotics
6 electrolyte disorders
4 wound infections
4 PONV
3 erythrocyte transfusions
3 gastric tube for paralysis
2 parenteral nutrition
2 delir
1 urinary tract infection
1 acute kidney injury

48
8 ascites – medical therapy
7 antibiotics
7 electrolyte disorders
5 wound infections
4 PONV
3 erythrocyte transfusions
3 gastric tube for paralysis
3 pleural effusion—medical therapies
2 parenteral nutrition
2 delir
2 wound seroma
1 urinary tract infection
1 acute kidney injury

Major complications (≥ III) [n] 12
5 chest tubes for pleural effusion
2 drainage abdominal collections
1 PHLF
1 relaparotomy
1 dialysis
1 reanimation
1 reintubation

14
5 chest tubes for pleural effusion
4 drainage abdominal collections
1 PHLF
1 relaparotomy
1 dialysis
1 reanimation
1 reintubation
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bilirubin at day 4 was 9 µmol/L (IQR 8–14) in the R15 ≤ 11 
group, and 24 µmol/L (IQR 17–27) in the R15 > 11 group 
(p = 0.072 for non-normal distribution).

Preoperative measurements before ALPPS step 2 
and postoperative outcome

Median R15 before ALPPS step 2 or single-step hepatec-
tomy was 5 (IQR 2.2–8.8) and did not correlate with dis-
charge CCI®, 90-day CCI®, postoperative bilirubin (days 
1–5), or INR values (days 2–7) (n.s.). Median sFLR was 

43.8 (IQR 36.2–54.4); no significant correlation of sFLR 
was found with R15 (preoperative and intraoperative), 99mTc 
iodide scan, postoperative laboratory values (bilirubin and 
INR), or outcome.

Median 99mTc iodide scan was 2.08 (IQR 1.8–2.6) and 
showed no significant correlation with outcome nor with 
R15 (preoperative and intraoperative).

Post‑hepatectomy liver failure

Only one patient fulfilled the ISGLS criteria for PHLF [16]. 
This patient had multiple complications and died due to 
multi-organ failure and small-for-size syndrome 28 days 
after hepatectomy. No patient fulfilled the 50–50 criteria 

Table 3  Pre- and intraoperative functional measurements

Preoperative and intraoperative results of liver function tests. Values 
in median with interquartile range (square brackets). R15, retention at 
15 min; PDR, plasma disappearance rate; sFLR, standardized future 
liver remnant

Preoperative R15 [%] 5 [2.2–8.8]
Preoperative PDR [%/min] 20 [16.2–25.4]
99mTc-Iodida [%/min/m2] 2.08 [1.8–2.6]
sFLR [%] 43.8 [36.2–54.4]
Intraoperative R15 [%] 11.4 [5.3–17]
Intraoperative PDR [%/min] 14.7 [13.6–20.7]

Fig. 1  Intraoperative R 15 
values of patients with (yes) or 
without (no) major postopera-
tive complications. Intraop-
erative R15, median [r]: major 
postoperative complications, 
17.5 (IQR 13.9–22.5); minor 
postoperative /no complications, 
7.6 (IQR 4–12.2); p-value, 
0.049. Values are presented in 
median with interquartile range

Fig. 2  Correlation of intraop-
erative R15 and CCI 90 days 
after surgery step 2 (Pearson’s 
product; p = 0.004; estimated 
correlation: 0.7)

Table 4  Major and minor complications grouped along the cutoff for 
intraoperative R15 (p = 0.07)

p = 0.07 as outlined in the caption

Cutoff intraoperative R15 
[%]

Major  
complications [n]

No major  
complications [n]

 ≤ 11 0 7
 > 11 4 4

4 11
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[17] or bilirubin > 7 criterion [18]. Median MELD score 
was 7 (IQR 7–8) and 9 (IQR 8–12) before and at day 5 after 
surgery, respectively.

Discussion

The assessment of liver function before major resection is 
pivotal for the prevention of small-for-size syndrome and 
postoperative death. In staged hepatectomy, this principle 
applies to the time before the second (completion) step. 
Several tools and scores have been established to predict 
postoperative liver capacity [6, 7, 10, 11, 21], but notably 
appraisal of FLR function is sometimes inaccurate. While 
preoperative calculations clearly prevent poor outcomes in 
most patients, they do not consistently prevent complica-
tions in borderline cases [1, 2]. In our study, all patients had 
excellent functional and volumetric tests prior to embarking 
in the ALPPS procedure, but several patients subsequently 
developed major complications after step 2 including one 
fatality due to PHLF.

There are different reasons for the misjudgment of FLR 
function. Liver volume does not necessarily correlate 
directly to function [22–24], and preoperative tests cannot 
adapt to altered intraoperative circumstances by adjusting 
for the discrepancy between the planned and actual transec-
tion plane [25].

The central finding of our study showed that intraopera-
tive ICG measurement, performed exclusively on the liver 
portion to be preserved (FLR), precisely correlated with 
major postoperative complications, even in those patients 
who showed optimal preoperative test results. For example, 
intraoperative ICG clearance correlated well with postopera-
tive bilirubin as a surrogate for liver function and clinical 
outcome. However, neither volumetry nor 99mTc iodide scan-
ning nor preoperative ICG did so.

With complete arterial and venous inflow closure of the 
part of the liver to be removed (i.e., prior transection), intra-
operative ICG measurement selectively informed on FLR, 
and therefore can estimate its function more accurately than 
all other approaches of global hepatic measurements. The 
larger the resection volume (or the smaller the remnant vol-
ume), the more vague the preoperative function assessment 
based on the total volume is. This corresponds to the fact 
that preoperative ICG test is more exactly suited to minor 
resections [26]. The 99mTc iodide scan also describes 
function on a region-by-region basis; however, the 99mTc 
mebrofenin uptake rate underestimates liver function when 
serum bilirubin concentration is high (50 μmol/L [3 mg/
dL]), as the transport of mebrofenin is dependent from 
the same transporting polypeptide like bilirubin (organic 
anion–transporting polypeptide 8; OATP8) and therefore 
competes with bilirubin [27]. On the other hand, in some 

patients with rapid hepatic uptake, excretion already starts 
during dynamic hepatobiliary scintigraphy, hampering the 
calculation [28].

In terms of major complications, we identified an 
intraoperative R15 cutoff at 11%. No patient with intra-
operative R15 ≤ 11% developed major complications. 
The cutoff can help in deciding whether to continue the 
operation, even if the procedure should be stopped for 
the time being and the interstage period extended. Both 
the median CCI® at the end of hospitalization and after 
90 days were higher in the group of patients with an intra-
operative R15 > 11%.

In our cohort, interstage morbidity was exceptionally low 
with only two minor complications in two patients that did 
not influence the decision to continue with step 2. This is in 
contrast to previous findings from Huiskens et al. [29] who 
showed an overall interstage morbidity of 29%, including 
11% complications grade IIIa or higher. The predictive value 
of interstage morbidity on adverse outcomes after comple-
tion hepatectomy had been demonstrated previously [30, 
31]. While our study is limited to the ALPPS procedure and 
not powered for the exact calculation of a cutoff level, the 
results are in line with the recently reported intraoperative 
R15 values as an indicator of transient PHLF and other com-
plications after conventional major liver resection [26, 32]. 
Although not consistent with the common picture of defini-
tive preoperative strategy setting, it is also an opportunity 
to interrupt vascular dissection at this last possible point to 
postpone completion of liver resection and thereby prevent 
complications.

Overall, in terms of comorbidities and indication for sur-
gery, the cohort was homogeneous. Most patients received 
chemotherapy prior to surgery and underwent the ALPPS pro-
cedure for colorectal liver metastases. Since it is known that 
prolonged preoperative chemotherapy and thus chemotherapy-
induced liver injury are significantly associated with PHLF 
and mortality after liver resection [33], only short chemo-
therapy with a maximum of eight cycles was administered 
[34]. Furthermore, we considered an FLR of at least 30% to 
be appropriate for ALPPS in these patients [35]. However, 
although 4 out of 5 patients who developed major complica-
tions after ALPPS received preoperative chemotherapy, the 
small sample size of this pilot study does not allow significant 
correlations to be calculated. In addition, patients with and 
without preoperative chemotherapy did not differ in terms of 
preoperative liver function assessments, and no underlying 
or chemotherapy-induced hepatopathy was documented. It is 
important to note that the only patient who developed PHLF 
and died of multi-organ failure after ALPPS had undergone 
surgery for a large hepatocellular carcinoma without any pre-
operative systemic therapy. This patient had an intraoperative 
R15 of 28% during step 2, which was by far the highest value 
within the cohort. In this case, completion hepatectomy was 
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performed after an unremarkable course over 7 days after the 
first step. Likewise, the patient did not differ from the rest of 
the cohort in terms of comorbidities and surgical risk fac-
tors. In summary, preoperative ICG before the second step 
was normal (12.8%), volume gain was adequate (sFLR 17.9 
to 36.6%), and the surgery proceeded without complications. 
Nevertheless, the patient developed PHLF and suffered from 
numerous complications from which he eventually died 
28 days after ALPPS step 2. In sharp contrast to all preopera-
tive measurements, the intraoperative R15 deviated substan-
tially and anticipated the patient’s complication-ridden and 
ultimately devastating course.

Our study has several limitations. Firstly, only patients 
with optimal preoperative ICG values underwent completion 
hepatectomy. Therefore, the analysis focuses exclusively on 
intraoperative ICG and its correlation with outcome. Thus, a 
comparison of the predictive value of pre- and intraoperative 
ICG values was not possible.

Secondly, due to the small number of patients and the 
one-off occurrence of PHLF, it was not possible to establish 
a threshold for the prevention of PHLF. The cutoff we have 
identified does not target the worst possible outcome, but 
only major complications. Furthermore, the value of intra-
operative ICG in patients with cholestasis is unclear. Thirdly, 
the ALPPS procedures were partial, i.e., only 50% of the 
parenchyma was transected in step 1. Therefore, residual 
intraparenchymal porto-portal shunts may have influenced 
the intraoperative ICG measurements in step 2. However, 
partial ALPPS has been shown to induce comparable FLR 
hypertrophy with less morbidity rate than complete ALPPS 
[36, 37]. The actual effect of such residual porto-portal 
shunts after partial ALPPS remains unclear. Analysis of 
possible differences in intraoperative ICG measurements in 
partial and total ALPPS would be part of a future analysis 
in a larger patient population.

Conclusion

Intraoperative ICG cannot be used as the sole decision cri-
terion, but we believe it should be included in the decision-
making process. Especially in cases where the preoperative 
assessment is questionable, patients could be informed that 
an additional intraoperative ICG measurement is an impor-
tant complementary tool to clarify the decision for or against 
completion hepatectomy. In conclusion, the results of this 
pilot study indicate an advantage of intraoperative ICG 
measurement over preoperative tests to assess the functional 
capacity of the future liver remnant. Although these findings 
are encouraging, the cutoff needs to be validated in larger 
patient collectives.

Authors’ contributions Karoline Horisberger: study conception and 
design, acquisition of data, analysis and interpretation of data, draft-
ing of manuscript, critical revision of manuscript. Fabian Rössler: study 
conception and design, acquisition of data, analysis and interpretation 
of data, drafting of manuscript, critical revision of manuscript. Chris-
tian Oberkofler: acquisition of data, analysis and interpretation of data, 
critical revision of manuscript. Dimitri Raptis: analysis and interpreta-
tion of data, critical revision of manuscript. Henrik Petrowsky: analysis 
and interpretation of data, critical revision of manuscript. Pierre-Alain 
Clavien: study conception and design, analysis and interpretation of 
data, drafting of manuscript, critical revision of manuscript.

Funding Open Access funding enabled and organized by Projekt 
DEAL.

Data Availability The data that support the findings are not openly 
available due to reasons of sensitivity but are available from the sub-
mitting author upon reasonable request. Data are located in controlled 
access data storage at USZ.

Declarations 

Conflict of interest The authors declare no competing interests.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Garcea G, Maddern GJ (2009) Liver failure after major hepatic 
resection. J Hepatobiliary Pancreat Surg 16(2):145–155. https:// 
doi. org/ 10. 1007/ s00534- 008- 0017-y

 2. Thomas MN, Weninger E, Angele M et al (2015) Intraoperative 
simulation of remnant liver function during anatomic liver resec-
tion with indocyanine green clearance (LiMON) measurements. 
HPB (Oxford) 17(6):471–476. https:// doi. org/ 10. 1111/ hpb. 12380

 3. Nagino M, Ebata T, Yokoyama Y et  al (2013) Evolution of 
surgical treatment for perihilar cholangiocarcinoma: a single-
center 34-year review of 574 consecutive resections. Ann Surg 
258(1):129–140. https:// doi. org/ 10. 1097/ SLA. 0b013 e3182 708b57

 4. Ribero D, Amisano M, Bertuzzo F et al (2013) Measured versus 
estimated total liver volume to preoperatively assess the adequacy 
of the future liver remnant: which method should we use? Ann 
Surg 258(5):801–6. https:// doi. org/ 10. 1097/ sla. 00000 00000 
000213. (discussion 806-7)

 5. De Gasperi A, Mazza E, Prosperi M (2016) Indocyanine green 
kinetics to assess liver function: ready for a clinical dynamic 
assessment in major liver surgery? World J Hepatol 8(7):355–367. 
https:// doi. org/ 10. 4254/ wjh. v8. i7. 355

 6. Truant S, Oberlin O, Sergent G et al (2007) Remnant liver vol-
ume to body weight ratio > or =0.5%: a new cut-off to estimate 
postoperative risks after extended resection in noncirrhotic liver. 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s00534-008-0017-y
https://doi.org/10.1007/s00534-008-0017-y
https://doi.org/10.1111/hpb.12380
https://doi.org/10.1097/SLA.0b013e3182708b57
https://doi.org/10.1097/sla.0000000000000213
https://doi.org/10.1097/sla.0000000000000213
https://doi.org/10.4254/wjh.v8.i7.355


 Langenbeck's Archives of Surgery         (2023) 408:264 

1 3

  264  Page 8 of 8

J Am Coll Surg 204(1):22–33. https:// doi. org/ 10. 1016/j. jamco 
llsurg. 2006. 09. 007

 7. Vauthey JN, Abdalla EK, Doherty DA et al (2002) Body surface area 
and body weight predict total liver volume in Western adults. Liver 
Transpl 8(3):233–240. https:// doi. org/ 10. 1053/ jlts. 2002. 31654

 8. Bennink RJ, Dinant S, Erdogan D et al (2004) Preoperative assess-
ment of postoperative remnant liver function using hepatobiliary 
scintigraphy. J Nucl Med 45(6):965–971

 9. Krishnamurthy S, Krishnamurthy GT (1989) Technetium-
99m-iminodiacetic acid organic anions: review of biokinetics 
and clinical application in hepatology. Hepatology 9(1):139–153. 
https:// doi. org/ 10. 1002/ hep. 18400 90123

 10. de Graaf W, van Lienden KP, Dinant S et al (2010) Assessment 
of future remnant liver function using hepatobiliary scintigraphy 
in patients undergoing major liver resection. J Gastrointest Surg 
14(2):369–378. https:// doi. org/ 10. 1007/ s11605- 009- 1085-2

 11. de Graaf W, van Lienden KP, van Gulik TM, Bennink RJ (2010) 
(99m)Tc-mebrofenin hepatobiliary scintigraphy with SPECT for 
the assessment of hepatic function and liver functional volume 
before partial hepatectomy. J Nucl Med 51(2):229–236. https:// 
doi. org/ 10. 2967/ jnumed. 109. 069724

 12. Dindo D, Demartines N, Clavien PA (2004) Classification of sur-
gical complications: a new proposal with evaluation in a cohort of 
6336 patients and results of a survey. Ann Surg 240(2):205–213. 
https:// doi. org/ 10. 1097/ 01. sla. 00001 33083. 54934. ae

 13. Clavien PA, Barkun J, de Oliveira ML et al (2009) The Clavien-
Dindo classification of surgical complications: five-year experi-
ence. Ann Surg 250(2):187–196. https:// doi. org/ 10. 1097/ SLA. 
0b013 e3181 b13ca2

 14. Slankamenac K, Graf R, Barkun J, Puhan MA, Clavien PA (2013) 
The Comprehensive Complication Index: a novel continuous scale 
to measure surgical morbidity. Ann Surg 258(1):1–7. https:// doi. 
org/ 10. 1097/ SLA. 0b013 e3182 96c732

 15. Slankamenac K, Nederlof N, Pessaux P et al (2014) The Compre-
hensive Complication Index: a novel and more sensitive endpoint 
for assessing outcome and reducing sample size in randomized 
controlled trials. Ann Surg 260(5):757–62. https:// doi. org/ 10. 
1097/ sla. 00000 00000 000948. (discussion 762-3)

 16. Rahbari NN, Garden OJ, Padbury R et al (2011) Posthepatec-
tomy liver failure: a definition and grading by the International 
Study Group of Liver Surgery (ISGLS). Surgery 149(5):713–724. 
https:// doi. org/ 10. 1016/j. surg. 2010. 10. 001

 17 Balzan S, Belghiti J, Farges O et al (2005) The “50–50 criteria” 
on postoperative day 5: an accurate predictor of liver failure and 
death after hepatectomy. Ann Surg 242(6):824–8. https:// doi. org/ 
10. 1097/ 01. sla. 00001 89131. 90876. 9e. (discussion 828-9)

 18. Mullen JT, Ribero D, Reddy SK et al (2007) Hepatic insufficiency 
and mortality in 1,059 noncirrhotic patients undergoing major 
hepatectomy. J Am Coll Surg 204(5):854–62. https:// doi. org/ 10. 
1016/j. jamco llsurg. 2006. 12. 032. (discussion 862-4)

 19. Kamath PS, Wiesner RH, Malinchoc M et al (2001) A model to 
predict survival in patients with end-stage liver disease. Hepatol-
ogy 33(2):464–470. https:// doi. org/ 10. 1053/ jhep. 2001. 22172

 20. Leise MD, Kim WR, Kremers WK, Larson JJ, Benson JT, 
Therneau TM (2011) A revised Model For End-Stage Liver Dis-
ease optimizes prediction of mortality among patients awaiting 
liver transplantation. Gastroenterology 140(7):1952–1960. https:// 
doi. org/ 10. 1053/j. gastro. 2011. 02. 017

 21. Zou H, Yang X, Li QL, Zhou QX, Xiong L, Wen Y (2018) A compar-
ative study of albumin-bilirubin score with Child-Pugh Score, Model 
for End-Stage Liver Disease Score and indocyanine green R15 in 
predicting posthepatectomy liver failure for hepatocellular carcinoma 
patients. Dig Dis 36(3):236–243. https:// doi. org/ 10. 1159/ 00048 6590

 22. Kambakamba P, Stocker D, Reiner CS et al (2016) Liver kinetic 
growth rate predicts postoperative liver failure after ALPPS. HPB 
(Oxford) 18(10):800–805. https:// doi. org/ 10. 1016/j. hpb. 2016. 07. 005

 23. Olthof PB, Tomassini F, Huespe PE et al (2017) Hepatobiliary 
scintigraphy to evaluate liver function in associating liver parti-
tion and portal vein ligation for staged hepatectomy: liver volume 
overestimates liver function. Surgery 162(4):775–783. https:// doi. 
org/ 10. 1016/j. surg. 2017. 05. 022

 24. D’Onofrio M, De Robertis R, Demozzi E, Crosara S, Canestrini S, 
Pozzi MR (2014) Liver volumetry: is imaging reliable? Personal 
experience and review of the literature. World J Radiol 6(4):62–
71. https:// doi. org/ 10. 4329/ wjr. v6. i4. 62

 25. Dinant S, de Graaf W, Verwer BJ et al (2007) Risk assessment 
of posthepatectomy liver failure using hepatobiliary scintigraphy 
and CT volumetry. J Nucl Med 48(5):685–692. https:// doi. org/ 10. 
2967/ jnumed. 106. 038430

 26. Wang L, Xie L, Zhang N et al (2020) Predictive value of intra-
operative indocyanine green clearance measurement on post-
operative liver function after anatomic major liver resection. J 
Gastrointest Surg 24(6):1342–1351. https:// doi. org/ 10. 1007/ 
s11605- 019- 04262-5

 27. Olthof PB, Coelen RJS, Bennink RJ et al (2017) (99m)Tc-mebro-
fenin hepatobiliary scintigraphy predicts liver failure follow-
ing major liver resection for perihilar cholangiocarcinoma. HPB 
(Oxford) 19(10):850–858. https:// doi. org/ 10. 1016/j. hpb. 2017. 05. 007

 28. Yamamoto Y (2021) Evaluation of liver function and the role 
of biliary drainage before major hepatic resections. Visc Med 
37(1):10–17. https:// doi. org/ 10. 1159/ 00051 2439

 29. Huiskens J, Schadde E, Lang H et al (2019) Avoiding postopera-
tive mortality after ALPPS-development of a tumor-specific risk 
score for colorectal liver metastases. HPB (Oxford) 21(7):898–
905. https:// doi. org/ 10. 1016/j. hpb. 2018. 11. 010

 30. Linecker M, Stavrou GA, Oldhafer KJ et al (2016) The ALPPS 
risk score: avoiding futile use of ALPPS. Ann Surg 264(5):763–
771. https:// doi. org/ 10. 1097/ sla. 00000 00000 001914

 31. Truant S, Scatton O, Dokmak S et al (2015) Associating liver 
partition and portal vein ligation for staged hepatectomy (ALPPS): 
impact of the inter-stages course on morbi-mortality and implica-
tions for management. Eur J Surg Oncol: J Eur Soc Surg Oncol Br 
Assoc Surg Oncol 41(5):674–682. https:// doi. org/ 10. 1016/j. ejso. 
2015. 01. 004

 32. Lau L, Christophi C, Nikfarjam M et al (2015) Assessment of 
liver remnant using ICG clearance intraoperatively during vascu-
lar exclusion: early experience with the ALIIVE technique. HPB 
Surg 2015:757052. https:// doi. org/ 10. 1155/ 2015/ 757052

 33. Reissfelder C, Brand K, Sobiegalla J et al (2014) Chemotherapy-
associated liver injury and its influence on outcome after resection 
of colorectal liver metastases. Surgery 155(2):245–254. https:// 
doi. org/ 10. 1016/j. surg. 2013. 07. 022

 34. Kishi Y, Zorzi D, Contreras CM et al (2010) Extended preop-
erative chemotherapy does not improve pathologic response and 
increases postoperative liver insufficiency after hepatic resection 
for colorectal liver metastases. Ann Surg Oncol 17(11):2870–
2876. https:// doi. org/ 10. 1245/ s10434- 010- 1166-1

 35. Shindoh J, Tzeng CW, Aloia TA et al (2013) Optimal future 
liver remnant in patients treated with extensive preoperative 
chemotherapy for colorectal liver metastases. Ann Surg Oncol 
20(8):2493–2500. https:// doi. org/ 10. 1245/ s10434- 012- 2864-7

 36. Alvarez FA, Ardiles V, de Santibañes M, Pekolj J, de Santibañes E 
(2015) Associating liver partition and portal vein ligation for staged 
hepatectomy offers high oncological feasibility with adequate patient 
safety: a prospective study at a single center. Ann Surg 261(4):723–
732. https:// doi. org/ 10. 1097/ sla. 00000 00000 001046

 37 Wu X, Rao J, Zhou X, Deng R, Ma Y (2019) Partial ALPPS ver-
sus complete ALPPS for staged hepatectomy. BMC Gastroenterol 
19(1):170. https:// doi. org/ 10. 1186/ s12876- 019- 1090-1

Publisher's note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1016/j.jamcollsurg.2006.09.007
https://doi.org/10.1016/j.jamcollsurg.2006.09.007
https://doi.org/10.1053/jlts.2002.31654
https://doi.org/10.1002/hep.1840090123
https://doi.org/10.1007/s11605-009-1085-2
https://doi.org/10.2967/jnumed.109.069724
https://doi.org/10.2967/jnumed.109.069724
https://doi.org/10.1097/01.sla.0000133083.54934.ae
https://doi.org/10.1097/SLA.0b013e3181b13ca2
https://doi.org/10.1097/SLA.0b013e3181b13ca2
https://doi.org/10.1097/SLA.0b013e318296c732
https://doi.org/10.1097/SLA.0b013e318296c732
https://doi.org/10.1097/sla.0000000000000948
https://doi.org/10.1097/sla.0000000000000948
https://doi.org/10.1016/j.surg.2010.10.001
https://doi.org/10.1097/01.sla.0000189131.90876.9e
https://doi.org/10.1097/01.sla.0000189131.90876.9e
https://doi.org/10.1016/j.jamcollsurg.2006.12.032
https://doi.org/10.1016/j.jamcollsurg.2006.12.032
https://doi.org/10.1053/jhep.2001.22172
https://doi.org/10.1053/j.gastro.2011.02.017
https://doi.org/10.1053/j.gastro.2011.02.017
https://doi.org/10.1159/000486590
https://doi.org/10.1016/j.hpb.2016.07.005
https://doi.org/10.1016/j.surg.2017.05.022
https://doi.org/10.1016/j.surg.2017.05.022
https://doi.org/10.4329/wjr.v6.i4.62
https://doi.org/10.2967/jnumed.106.038430
https://doi.org/10.2967/jnumed.106.038430
https://doi.org/10.1007/s11605-019-04262-5
https://doi.org/10.1007/s11605-019-04262-5
https://doi.org/10.1016/j.hpb.2017.05.007
https://doi.org/10.1159/000512439
https://doi.org/10.1016/j.hpb.2018.11.010
https://doi.org/10.1097/sla.0000000000001914
https://doi.org/10.1016/j.ejso.2015.01.004
https://doi.org/10.1016/j.ejso.2015.01.004
https://doi.org/10.1155/2015/757052
https://doi.org/10.1016/j.surg.2013.07.022
https://doi.org/10.1016/j.surg.2013.07.022
https://doi.org/10.1245/s10434-010-1166-1
https://doi.org/10.1245/s10434-012-2864-7
https://doi.org/10.1097/sla.0000000000001046
https://doi.org/10.1186/s12876-019-1090-1

	The value of intraoperative dynamic liver function test ICG in predicting postoperative complications in patients undergoing staged hepatectomy: a pilot study
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Study design
	Indocyanine green test
	Volumetry
	Hepato-iminodiacetic acid (HIDA) scan
	Postoperative complications
	Statistics

	Results
	Characteristics of the study population
	Intraoperative ICG measurements and postoperative outcome
	Cutoff values
	Preoperative measurements before ALPPS step 2 and postoperative outcome
	Post-hepatectomy liver failure

	Discussion
	Conclusion
	References


