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Abstract 

Background and aims: Recent studies focusing on thoracic surgery suggest postoperative kidney injury depending 
on the amount of perioperative blood transfusions. Data investigating similar effects after resection of colorectal liver 
metastases (CRLM) are not available. Aim of this study was therefore to evaluate the influence of perioperative blood 
transfusions on postoperative renal function and survival after resection of CRLM.

Methods: Seven hundred twenty-seven cases of liver resection for CRLM were retrospectively analyzed. Renal func-
tion was measured via estimated glomerular filtration rate (eGFR) and a postoperative decline of ≥ 10% was consid-
ered substantial. Potential influences on postoperative kidney function were assessed using univariable and multivari-
able logistic regression analyses. Cox-regression analyses were performed to estimate the impact on overall survival 
(OS).

Results: Preoperative impaired kidney function (p = 0.001, OR 2.477) and transfusion of > 2 units of packed red 
blood cells (PRBC) (p = 0.046; OR 1.638) were independently associated with an increased risk for ≥ 10% loss of renal 
function. Neither a pre-existing renal impairment, nor the additional loss of renal function were associated with 
reduced survival. Chemotherapies in the context of primary colorectal cancer treatment (p = 0.002), age > 70 years 
at liver resection (p = 0.005), number (p = 0.001), and size of metastases > 50 mm (p = 0.018), duration of resection 
> 120 min (p = 0.006) and transfusions of > 2 units of PRBC (p = 0.039) showed a negative independent influence on 
OS.

Conclusion: The results demonstrate a negative impact of perioperative blood transfusions on the postoperative 
renal function and OS. Hence, efforts to reduce blood transfusions should be intensified.
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Introduction
Colorectal cancer (CRC) was the third most common 
cancer worldwide in 2020, with 1,931,590 new diag-
nosed cases [1]. Up to 30% of patients present themselves 
with either synchronous colorectal liver metastases 

(CRLM) at primary diagnosis or develop metachronous 
hepatic lesions in the following years [2]. The treatment 
of CRLM requires collaboration of oncologists, radi-
ologists, and surgeons and comprises several different 
modalities. Depending on size, number, and location of 
hepatic lesions, liver function, pre-existing liver patholo-
gies and previous therapies different treatment options 
are available. Surgical resection of CRLM, microwave or 
radiofrequency ablation, systemic chemotherapy and/
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or radiation can be applied. However, if technically and 
functionally possible, liver resection for CRLM with 
curative intent remains the treatment of choice and offers 
5-year survival rates of up to 30% [3]. Only in case of 
reduced liver function and demands of a larger postop-
erative liver remnant interventional therapies represent 
viable primary treatment alternatives. To better estimate 
the individual chances of long-term survival, several risk 
factors that influence the oncological outcome have been 
identified over the last decades. Usually, a high number 
and large diameter of metastatic lesions, positive resec-
tion margins, extrahepatic disease, preoperative ane-
mia, and higher age are considered to be associated with 
increased risk for impaired overall survival (OS) [4, 5].

Nevertheless, the postoperative mortality after liver 
resection for CRLM has improved over the last decades 
and averages between 1.5% and 5.5% [4, 6]. On the con-
trary, postoperative morbidity in general remains rela-
tively high with up to 30% [7]. Frequent complications 
are biliary leakage, bilioma, and transient liver function 
impairment with subsequent need for coagulation sub-
stitution or blood transfusions [8]. In fact, some centers 
report that up to one third of resected patients require 
blood transfusions with different extent [9]. Over the past 
years many studies have reported inferior OS in case of 
intensive intra- or postoperative transfusions of packed 
red blood cells (PRBC) [10–12]. Negative effects of blood 
transfusions have been described for various tumor enti-
ties such as esophageal cancer, hepatocellular carcinoma, 
non-small-cell lung cancer, and urothelial carcinoma 
[13–16]. The mechanisms that underline these effects 
are not completely understood but many studies suggest 
a decreased immune function, called transfusion-related 
immunomodulation (TRIM) [9, 17, 18].

In addition to potential inferior OS, studies from tho-
racic surgery suggest that transfusion of PRBC might 
also impair the postoperative renal function [19]. Until 
now, data evaluating a potential association of blood 
transfusion requirements on the kidney function after 
liver resection for CRLM is surprisingly limited. How-
ever, a stable and adequate kidney function measured 
via the estimated glomerular filtration rate (eGFR) is an 
essential condition, not only with regard to the general 
quality of life, but also of major importance for future 
treatment options of a malignant disease. Many chemo-
therapeutical agents require a sufficient renal function 
due to renal drug elimination or general nephrotoxic-
ity of the agents. For instance, antibodies targeting 
the vascular endothelial growth factor (anti-VEGF) 
are potentially nephrotoxic and need dose reduction 
in case of pre-existing renal diseases [20]. Further-
more, Nolin et  al. demonstrated that kidney function 

impairments compromise not only the primary renal 
drug excretion, but also hepatic drug elimination path-
ways, which emphasizes the necessity of dose adjust-
ment for patients with reduced renal function [21]. 
Hence, kidney insufficiency might become an impor-
tant issue after liver resection for CRLM, especially in 
case of recurrent hepatic lesions with limited surgical 
treatment options and need for systemic chemother-
apy. Moreover, other studies showed that patients, who 
suffered from an acute kidney injury after liver resec-
tion were at higher risk to develop a renal dysfunction 
within the following years [22]. Another study from 
the field of cardiac and thoracic surgery revealed that a 
postoperative temporary and persistent decrease of the 
renal function is more often associated with the devel-
opment of chronic kidney disease in comparison with 
patients who did not have a postoperative decrease of 
renal function [23, 24].

Therefore, the aim of this study was to evaluate the 
frequency of a relevant kidney function impairment 
following liver resection for CRLM and a potential 
association with the amount of perioperativley trans-
fused units of PRBC.

Methods
Study design and data collection
This is a single-center retrospective study from a Ger-
man tertiary referral center for hepatobiliary surgery 
and liver transplantation. Included were all cases of 
primary liver resections for CRLM between 1 January 
2000 and 31 December 2018. Liver resections of recur-
rent metastases were excluded. The follow-up ended on 
1 January 2020. During the whole study period, liver 
resections for CRLM were performed with high per-
sonal continuity by few highly experienced surgeons.

The renal function prior hepatic surgery and at hos-
pital discharge was estimated via the eGFR. The eGFR 
was calculated using the CKD-Epi equation on the 
basis of serum creatinine levels. Afterwards, the loss 
of renal function in comparison to preoperative values 
was computed. Mean loss of renal function was 90.1% 
of the preoperative eGRF; therefore, a substantial loss 
of eGFR was defined as 10%. Subsequently, the collec-
tive was divided in cases with and without substantial 
decrease of eGFR. Additionally, variables with possible 
impact on the eGFR or the OS, e.g., data on primary 
tumor and liver metastases, surgical procedure, and 
perioperative course were obtained from clinical docu-
mentation systems and office charts. Of note, patients 
that died during the initial hospital stay (in-hospital 
mortality) were also excluded from the analyses.
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Study end‑points
The primary study end-point was defined as postopera-
tive decrease of eGFR ≥ 10% at hospital discharge. The 
secondary end-point was OS in years.

Statistical methods
Possible differences of clinical variables in the groups 
with or without impaired postoperative renal function 
were assessed using t tests, Mann-Whitney U tests or 
Kruskall-Wallis tests, as appropriate.

Variables were then included in a univariable binary 
logistic regression analysis based on clinically purpose-
ful selection as recommended and published by Hos-
mer et al. [25]. Subsequently, all variables that showed a 
potential influence on the postoperative renal function 
(p < 0.300) were then submitted to multivariable regres-
sion analysis in a stepwise forward likelihood elimination 
until only significant variables remained in the regression 
model.

In a next step, uni- and multivariable Cox-regression 
analyses were performed to determine impact of vari-
ables on OS. Again, variables were included based on the 
principles of clinically purposeful variable selection pub-
lished by Hosmer et. al. and variables with a p value of < 
0.300 in the univariable analysis were considered in the 
multivariable Cox-regression analyses.

For all statistical tests a p value < 0.050 was defined 
as statistically significant. The statistical analyses were 
performed using the software SPSS version 24.0 (IBM, 
Somers, NY, USA). The grading of postoperative compli-
cations was performed according to Dindo-Clavien [26].

Results
Outcome parameters
A total of 775 patients with primary liver resection of 
CRLM were initially included into this study. The mean 
observed OS was 3.3 years and the median follow-up was 
10.1 years. The overall postoperative morbidity was 30.7% 
and 12.8% of cases developed complications graded ≥ 3 
according to Dindo-Clavien. Only 19 patients died after 
the surgery, representing a postoperative mortality of 
2.5%. The majority of those cases developed a progressive 
post-hepatectomy liver failure (N = 8; 42.1%) or a septic 
multiple organ failure due to pneumonia or biliary tract 
complications (N = 5; 26.3%). Three (15.8%) patients died 
after cardiac complications and 2 (10.5%) cases devel-
oped intracranial bleeding. One (5.3%) patient suffered 
from massive intestinal bleeding and subsequent multi-
ple organ failure.

In 29 cases (3.8%) data on the renal function was not 
available, therefore 727 cases were included in the final 
analysis. Of these, 81 cases (10.7%) developed a reduced 

kidney function with a ≥ 10% impairment of the eGFR. 
Table  1 depicts an overview of the selected outcome 
parameters.

Descriptive statistics
A descriptive summary of both cohorts (i.e., with or with-
out postoperative impaired renal function) is depicted in 
Table 2. Of note, in the group of patients that displayed 
a loss of ≥ 10% eGFR at hospital discharge, mean eGFR 
values were already significantly lower at the time of 
admission and prior liver surgery. In fact, the frequency 
of patients with eGFR values below the lower reference 
limit was significantly higher in that respective cohort. 
Furthermore, patient age, the duration of the surgery, the 
percentage of patients with synchronous metastases and 
the transfusion requirements of packed red blood cells 
(PRBC) appeared to be higher in patients that developed 
kidney function impairments after hepatic resection. 
Also, the overall frequency of complications was elevated 
in the group with subsequent renal impairment, whereas 
the incidence of severe complications (Dindo-Clavien ≥ 
3) was similar. All other variables were similarly distrib-
uted between both groups.

Logistic regression analysis—impact on postoperative 
renal function
Univariable logistic regression analyses indicated a possi-
ble influence of age (p = 0.005), pre-existing eGFR below 
lower reference limit (p < 0.001), transfusion of > 2 PRBC 
(p = 0.051), and complications graded Dindo-Clavien ≥ 
3 (p = 0.068) on the development of a ≥ 10% loss of renal 
function after liver resection. The multivariable regres-
sion analysis demonstrated a pre-existing eGFR impair-
ment (p = 0.001; OR 2.477) and transfusion of more than 

Table 1 Summary of relevant outcome parameters after liver 
resection for CRLM

Outcome parameter
N = 775 primary included 
cases

N (%)/median (range) Missing values

Postoperative morbidity 238 (30.7%) 0 (0%)

Postoperative morbidity 
graded Dindo‑Clavien ≥ 3

99 (12.8%) 0 (0%)

Postoperative mortality 19 (2.5%) 0 (0%)

Hospital stay (day) 12.0 (5–109) 4 (0.5%)

ICU‑stay (day) 1.0 (0–107) 13 (17%)

≥ 10% decrease of preop‑
erative renal function (eGFR 
< 90%)

81 (10.7%) 29 (3.8%)

Overall survival (OS) (years) 3.3 (0.01–20.6) 17 (2.2%)

Follow‑up of living cases 
(years)

10.4 (1.9–20.6) 17 (10.4%)
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Table 2 The frequencies of included variables in both the cohort with impaired and not affected renal function

Data presented in N (%) or mean (ranges)

NR Normal range
a Chi-square test
b Kruskal-Wallis test
c t test

Variables eGFR ≤ 90% of 
preoperative 
level
N = 81

Missing values eGFR > 90% of 
preoperative 
level
n = 646

Missing values P value

Pre‑operative variables
 Female gender 31 (38.3%) 0 (0%) 254 (39.3%) 0 (0%) 0.856a

 Male gender 50 (61.7%) 0 (0%) 392 (60.7%) 0 (0%)

 UICC I 6 (9.0%) 14 (17.3%) 51 (7.9%) 92 (14.2%) 0.901b

 UICC IIa 14 (17.3%) 90 (13.9%)

 UICC IIb 0 (0%) 8 (1.2%)

 UICC IIc 0 (0%) 0 (0%)

 UICC IIIa 2 (2.5%) 17 (2.6%)

 UICC IIIb 7 (8.6%) 78 (12.1%)

 UICC IIIc 3 (3.7%) 24 (3.7%)

 UICC IV 35 (82.7%) 554 (85.8%)

 Chemotherapy of primary tumor 53 (65.4%) 2 (2.5%) 427 (66.1%) 9 (1.4%) 0.992a

 Time to metastases (years) 1.27 (0–17) 4 (4.9%) 1.34 (0–14) 12 (1.9%) 0.785c

 Synchronous metastases (%) 35 (43.2%) 2 (2.5%) 250 (38.7%) 7 (1.1%) 0.375a

 Number of CRLM 2.5 (1–10) 1 (1.2%) 2.4 (1–11) 11 (1.7%) 0.590c

 Age at liver resection (years) 65.3 (26–87) 0% 61.7 (24–90) 0% 0.005c

 Platelets Tsd/μl (NR 160–370) 250 (96–794) 1 (1.2%) 244 (15–977) 4 (0.6%) 0.548c

 Hemoglobin g/dl (NR 11.8–15.8) 13.4 (9.1–16.8) 0% 13.4 (8.2–18.3) 4 (0.6%) 0.857c

 Quick % (NR 70–130) 99.3 (63–137) 1 (1.2%) 99.1 (10–145) 8 (1.2%) 0.904c

 Preoperative eGFR (NR 90–130 ml/min) 84.9 (40.3–150.8) 0 (0%) 89.4 (4.9–130.2) 0 (0%) 0.022c

 Preoperative eGFR < 90 ml/min 56 (69.1%) 307 (47.5%) < 0.001a

Operative details and characteristics of metastases
 Minor liver resection 45 (55.6%) 0 (0%) 372 (57.6%) 0 (0%) 0.728a

 Major liver resection 36 (44.4%) 274 (42.4%)

 Operative duration in min 174 (40–385) 0 (0%) 163 (40–606) 4 (0.6%) 0.114c

 Use of Pringle’s maneuver (in N cases) 25 (30.9%) 3 (3.7%) 201 (31.1%) 27 (4.2%) 0.963a

 Pringle’s procedure in min if used 24.4 (7–72) 23.3 (4–63) 0.465c

 Intraoperative transfusion of PRBC 1.7 (0–13) 0 (0%) 1.2 (0–42) 0 (0%) 0.125c

 Postoperative transfusion of PRBC 1.2 (0–17) 0.8 (0–49) 0.266c

 Overall transfusion of PRBC 2.9 (0–21) 2.0 (0–58) 0.089c

 Size of largest metastasis in mm 44.7 (2–200) 3 (3.7%) 50.3 (4–220) 38 (5.9%) 0.175c

 Weight of liver specimen in g 410 (2.2–2070) 3 (3.7%) 445 (2.8–4860) 34 (5.3%) 0.530c

 Distance to resection margin in mm 4.4 (0–35) 5 (6.2%) 5.9 (0–70) 35 (5.4%) 0.139c

 R-status R0 70 (86.4%) 1 (1.2%) 588 (91.0%) 8 (1.3%) 0.083b

 R-status R1 9 (11.1%) 48 (7.4%)

 R-status R2 1 (1.2%) 2 (0.3%)

 eGFR at hospital dismission (Reference 90–130 ml/min) 64.5 (15.5–124-7) 0 (0%) 93.9 (6.5–138-7) 0 (0%) < 0.001c

 Dindo-Clavien classification of surgical complications grade 1 2 (2.5%) 0 (0%) 17 (2.6%) 0 (0%) 0.005b

 Dindo-Clavien classification of surgical complications grade 2 17 (21.0%) 97 (15.0%)

 Dindo-Clavien classification of surgical complications grade 3 11 (13.6%) 67 (10.4%)

 Dindo-Clavien classification of surgical complications grade 4 6 (7.4%) 14 (2.2%)

 Complications graded Dindo-Clavien > 3 17 (21%) 81 (12.6%) 0.065a
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2 PRBC (p = 0.046; OR 1.638) as independent risk factors 
for a decline in postoperative kidney function. All other 
variables including chemotherapies prior surgery, age 
> 70 years, the extent of the liver resection and surgical 
duration, the use of pedicle clamping (PC), and postop-
erative complications appeared to have no impact on the 
postoperative kidney function. Table  3 summarizes the 
results of the logistic regression analyses.

Cox‑regression analysis—survival after liver resection
The univariable Cox-regression analyses suggested an 
association with impaired OS in case of administration of 
chemotherapies during treatment of the primary colorec-
tal cancer (p < 0.001), age > 70 years (p = 0.009), number 
of CRLM (p < 0.001), size of the CRLM > 50 mm (p < 
0.001) and pre-existing eGFR below normal range (p = 
0.036). Furthermore, performance of major liver resec-
tions (p = 0.038), a duration of the surgery > 120 min (p 
< 0.001), overall transfusion requirements of > 2 PRBC (p 
< 0.001), longer stay on the ICU (p < 0.001), and overall 
hospital stay >14 days (p < 0.001) appeared to limit the 
OS after liver resection for CRLM. On the contrary, the 
width of the resection margin showed a positive influ-
ence on the outcome after surgical treatment of CRLM 
(p = 0.005). The use of PC, impaired renal function of 
≥ 10% compared to preoperative values, complications 

graded Dindo-Clavien ≥ 3 and, interestingly, the resec-
tion status itself showed no impact on the OS.

In the multivariable Cox-regression analysis, a statisti-
cally independent effect on the OS was evident for seven 
variables: chemotherapies administered for treatment 
of the primary colorectal disease, age > 70 years at liver 
resection, number of hepatic lesions and size > 50 mm, 
duration of resections > 120 min and overall transfusions 
of > 2 units of PRBC showed a negative influence on OS. 
Figure  1 depicts the overall survival depending on the 
transfusion of > 2 PRBC. Also, the outcome was statisti-
cally superior in case of a wider resection margin proven 
by histopathology. Neither pre-existing renal function 
alterations nor a postoperative decrease of eGFR influ-
enced the OS. Table 4 shows a summary of the results of 
both the univariable and multivariable Cox-regression 
analyses with all p values, hazard ratios and the appen-
dant confidence intervals.

Discussion
This study was initiated to evaluate a potential influence 
of perioperative blood transfusions on the postoperative 
renal function and OS after liver resection for CRLM. 
The presented data clearly emphasizes that blood transfu-
sions independently affect the OS (p = 0.039; HR 1.223). 
This work is also the first to evidence that perioperative 

Table 3 Results of univariable biniary and multivariable logistic regression analyses of variables with possible influence on 10% 
impairment of the postoperative eGFR

OR Odds ratio, CI Confidence intervall

Variables Univariable binary logistic 
regression

Multivariable logistic regression

p value OR (95%‑CI) p value OR (95%‑CI)

Preoperative variables
 Chemotherapy on primary tumor (Ref. yes) 0.992 1.003 (0.610–1.649) Not included

 Development of CRLM (Ref. metachronous) 0.375 0.808 (0.504–1.295)

 Age at liver resection (years) 0.005 1.034 (1.010–1.058) 0.085 Not applicable

 Number of CRLM 0.590 1.029 (0.928–1.139) Not included

 Size of CRLM 0.175 0.995 (0.987–1.002) 0.140 Not applicable

 Preoperative hemoglobin 0.858 0.987 (0.852–1.142) Not included

 Preoperative platelets 0.548 1.001 (0.998–1.003)

 Preoperative quick 0.901 1.001 (0.984–1.018)

 Preoperative eGFR < 90 ml/min (Ref. normal values) < 0.001 2.466 (1.502–4.050) 0.001 2.477 (1.478–4.151)

Intra‑ and postoperative variables
 Extent of liver resection (Ref. minor) 0.728 1.086 (0.682–1.729) Not included

 Operative duration > 120 min (Ref. no) 0.116 1.003 (0.999–1.006) 0.548 Not applicable

 Use of Pringle maneuver (Ref. not used) 0.963 1.012 (0.614–1.668) Not included

 Weight of liver specimen in g 0.529 1.000 (0.999–1.000)

 Overall transfusion of > 2 units PRBC (Ref. no) 0.051 1.586 (0.998–2.522) 0.046 1.638 (1.010–2.657)

 Postoperative complications graded Dindo-Clavien > 3 (Ref. no) 0.068 1.742 (0.961–3.157) 0.451 Not applicable

 ICU-stay (days) 0.298 1.017 (0.986–1.048) 0.790
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transfusion of more than two PRBC is independently 
associated with increased risk of renal function impair-
ments after liver resection for CRLM (p = 0.0; OR).

The negative effect of blood transfusions on the perio-
perative morbidity, mortality and the overall oncological 
outcome was widely discussed over the last decades, but 
data derived from large studies were controversial. Nev-
ertheless, although some studies reported no association 
of transfusions and OS, numerous publications support 
the findings of the present study and provided strong evi-
dence that transfusion of PRBC is associated with infe-
rior disease-free and overall survival after liver resection 
for CRLM [9, 27–29]. Moreover, a recent study could 
also demonstrate higher risks for postoperative morbid-
ity depending on intraoperative transfusion requirements 
[30]. These findings are supported by a population-based 
study from the USA that reported increased risk for in-
hospital mortality, morbidity and longer hospital stay 
[10]. A systematic review by Acheson et al. recommended 
restrictive use of PRBC in surgeries of primary colorectal 
cancer (CRC) due to negative impacts on clinical param-
eters such as overall and cancer-related mortality [31]. It 
was also described that perioperative blood replacements 
in patients with CRC are associated with higher rate of 
postoperative infections and morbidity [32].

Nevertheless, all those studies disregarded effects on 
the renal outcome after resection of CRLM evidenced 
in the presented study. The result appears to be of sub-
stantial importance, especially since approximately 50% 

(N = 363) of all patients included in the study already 
showed pre-existing renal function impairments prior 
the liver resection. In those cases, the risk for an addi-
tional loss of renal function capacity was statistically 
independently elevated. The underlying pathophysio-
logical mechanisms were not subject of this study. How-
ever, it is discussed that renal hypoperfusion related 
to liver function impairments after resection result in 
clinically apparent renal injury of pre-existing renal dys-
function [33].

Interestingly, neither a pre-existing kidney injury, nor an 
additional loss of renal capacity appear to directly influ-
ence the OS. Presumably, the underlying effects of blood 
transfusions develop stronger impact on survival, possibly 
via immunological mechanisms that are not yet under-
stood completely. A possible explanation might be toxic 
effects of circulating free heme that was shown to be ele-
vated in critical ill patients after transfusion of PRBC and 
might contribute to oxidative stress, membrane, and cell 
injury, possibly resulting in renal impairment [34–36].

Nonetheless, a potential kidney injury related to blood 
transfusions could still inherit implications for the fur-
ther treatment of patients suffering from CRLM, espe-
cially in case of recurrent hepatic or even extrahepatic 
disease with need for systemic chemotherapy [37, 38]. 
Accordingly, it was shown that reduced renal function 
increases the risk to suffer from oxaliplatin-related nau-
sea with the necessity of dose adjustment or even discon-
tinuation of treatment [33].

Fig. 1 Kaplan-Meier curve regarding survival after liver resection for CRLM depending on transfusion of > 2 PRBC. P < 0.001



Page 7 of 9Rodieck et al. World Journal of Surgical Oncology          (2022) 20:100  

Moreover, age > 70 years was again proven to be asso-
ciated with limited survival. It must be assumed that 
patients of higher age more often present themselves 
with underlying renal diseases, other co-morbidities 
and a limited general condition [39]. Hence, statisti-
cal effects of renal function impairment on OS could 
be masked by confounding variables such as higher 
age and necessity of blood transfusions. In conclusion, 
it appears obvious that strategies to reduce transfusion 
requirements, particularly in case of renal co-morbidi-
ties need to be improved. One option to limit the use of 
PRBC is to enhance hemoglobin levels perioperatively 
via the substitution of erythropoietin, although a study 
from 2009 which also included patients undergoing sur-
gical resection of primary colorectal cancer could not 
derive a recommendation for such a procedure [40]. 
More promising could be the consequent use of PC to 
reduce blood loss during the parenchyma dissection. 
Often only applied based on the surgeon’s discretion 
in case of bleeding, PC should be performed in a more 
preventive manner. Main reason for a limited use was 
usually to avoid warm ischemia in the hepatic tissue and 

risk of impaired liver function after the liver surgery, 
mostly in case of major hepatic resections and pre-exist-
ing liver damage [41, 42]. Unfortunately, the majority of 
studies exploring the effects of PC on the postoperative 
outcome, including this study, were designed retro-
spectively and the decision-making when to use PC is 
often vague and highly individual. Nevertheless, based 
on recent studies and the presented data, the use of PC 
appears not to influence the postoperative morbidity, 
mortality and overall survival [42]. One published study 
even reported improved oncological outcome when 
PC was performed [43]. Therefore, if the quality of the 
hepatic tissue tolerates performance of PC it should be 
applied more frequently, especially if the renal capac-
ity is already impaired prior liver surgery. Additionally, 
prospective studies for a more detailed analysis of the 
effects of PC are indicated.

Main limitation of this study is the retrospective nature, 
the single-center design and given that, the lack of data on 
co-morbidities. Furthermore, information on cancer recur-
rence and the exact cause of death could not be obtained 
and only impacts on the overall survival were to analyze.

Table 4 Results of the Cox regression analyses and multivariable Cox regression analyses on variables with impact on overall survival. 
In-house mortality cases were excluded

HR Hazard ratio

Variables Univariable Cox regression Multivariable Cox regression

p value HR (95%‑CI) p value HR (95%‑CI)

Preoperative variables
 Chemotherapy on primary tumor (Ref. yes) < 0.001 0.722 (0.604–0.863) 0.002 0.732 (0.603–0.888)

 Development of CRLM (Ref. metachronous) 0.101 1.151 (0.973–1.361) 0.835 Not applicable

 Age at liver resection > 70 years 0.009 1.290 (1.066–1.562) 0.005 1.357 (1.095–1.683)

 Number of CRLM < 0.001 1.115 (1.076–1.156) 0.001 1.071 (1.028–1.115)

 Size of CRLM > 50 mm < 0.001 1.416 (1.200–1.671) 0.018 1.256 (1.040–1.517)

 Preoperative hemoglobin 0.017 0.939 (0.891–0.989) 0.683 Not applicable

 Preoperative platelets 0.148 1.001 (1.000–1.002) 0.339

 Preoperative quick 0.127 0.996 (0.990–1.001) 0.826

 Preoperative eGFR < 90 ml/min (Ref. normal values) 0.036 1.196 (1.012–1.413) 0.113

Intra‑ and postoperative variables
 Extent of liver resection (Ref. minor) 0.038 1.190 (1.009–1.404) 0.830

 Operative duration > 120 min (Ref. no) < 0.001 1.460 (1.192–1.788) 0.006 1.385 (1.096–1.749)

 Use of Pringle’s maneuver (Ref. not used) 0.380 1.038 (0.907–1.293) 0.643 Not applicable

 Weight of liver specimen > 450 g 0.062 1.170 (0.992–1.380) 0.295

 Distance to resection margin in mm 0.005 0.984 (0.973–0.995) 0.041 0.988 (0.977–1.000)

 R1-status (Ref. R0) 0.466 1.129 (0.815–1.564) 0.425 Not applicable

 R2-status (Ref. R0) 0.261 1.658 (0.687–4.002) 0.440

 Overall transfusion of > 2 units PRBC (Ref. no) < 0.001 1.468 (1.243–1.734) 0.039 1.223 (1.010–1.482)

 Postoperative complications graded Dindo-Clavien > 3 (Ref. no) 0.063 1.259 (0.988–1.605) 0.285 Not applicable

 eGFR at dismission < 90% of preoperative eGFR (Ref. < 90%) 0.494 1.096 (0.843–1.423) 0.915

 Stay on intensive care unit (days) < 0.001 1.029 (1.016–1.042) 0.122

 Overall hospital stay > 14 days (Ref.no) < 0.001 1.382 (1.162–1.643) 0.190
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In summary, this is the first study to present evidence 
that the transfusion of more than two units of PRBC is an 
independent risk factor for the loss of renal function after 
liver resection for CRLM—a finding that implies intensi-
fied measures to avoid blood loss and transfusion during 
hepatic metastasectomy, especially in patients suffering 
from pre-existing renal insufficiency. Most promising 
instrument might be the more frequent and standardized 
use of PC during parenchyma dissection and prospective 
studies on this matter are highly desirable.
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