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Abstract

Introduction Early detection of severe complications may reduce morbidity and mortality in patients undergoing hepatic
resection. Therefore, we prospectively evaluated a panel of inflammatory blood markers for their value in predicting post-
operative complications in patients undergoing liver surgery.

Methods A total of 139 patients undergoing liver resections (45 wedge resections, 49 minor resections, and 45 major resec-
tions) were prospectively enrolled between August 2017 and December 2018. Leukocytes, CRP, neutrophil-lymphocyte ratio
(NLR), thrombocyte-lymphocyte ratio (TLR), bilirubin, INR, and interleukin-6 and -8 (IL-6 and IL-8) were measured in
blood drawn preoperatively and on postoperative days 1, 4, and 7. IL-6 and IL-8 were measured using standardized immu-
noassays approved for in vitro diagnostic use in Germany. ROC curve analysis was used to determine predictive values for
the occurrence of severe postoperative complications (CDC > 3).

Results For wedge and minor resections, leukocyte counts at day 7 (AUC 0.80 and 0.82, respectively), IL-6 at day 7 (AUC
0.74 and 0.73, respectively), and CRP change (ACRP) at day 7 (AUC 0.72 and 0.71, respectively) were significant predictors
of severe postoperative complications. IL-8 failed in patients undergoing wedge resections, but was a significant predictor
of severe complications after minor resections on day 7 (AUC 0.79), had the best predictive value in all patients on days 1,
4, and 7 (AUC 0.72, 0.72, and 0.80, respectively), and was the only marker with a significant predictive value in patients
undergoing major liver resections (AUC on day 1: 0.70, day 4: 0.86, and day 7: 0.92). No other marker, especially not CRP,
was predictive of severe complications after major liver surgery.

Conclusion IL-8 is superior to CRP in predicting severe complications in patients undergoing major hepatic resection and
should be evaluated as a biomarker for patients undergoing major liver surgery. This is the first paper demonstrating a feasible
implementation of IL-8 analysis in a clinical setting.
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Introduction

Continued advances in diagnostics and treatments have
expanded the indication and extent of liver resections.
Currently, it has become an established curative treatment
option, particularly for hepatic metastases from colorectal
cancer. The success in terms of 5- and 10-year survival rates
in patients undergoing curative R0 resections for metastatic
colorectal cancer has dramatically increased the frequency
and extent of hepatic resections [1]. These extensive resec-
tions in increasingly multimorbid patients have resulted in
postoperative complication rates of up to 50% [2], which
may impact not only quality of life but also overall survival
[3].

Early diagnosis of complications could mitigate their
negative impact on patients’ overall outcome of patients by
reducing morbidity, hospital stay and cost, and improving
quality of life and overall survival. Several cellular and acel-
lular blood components belong to the standard repertoire
for the detection of postoperative complications, as these
markers are subject to significant changes during acute or
chronic inflammatory responses.

Serum C-reactive protein (CRP) is synthesized by the
liver upon secretion of IL-6 by T cells and macrophages.
CRP is a robust and well-described marker in elective
colorectal cancer resection [4, 5], but a retrospective study
has shown the limited predictive power of CRP in patients
undergoing major liver resection [6]. The neutrophil-lym-
phocyte ratio (NLR) and thrombocyte-lymphocyte ratio
(TLR) are primarily liver independent and have shown
some predictive power for complications in elective gas-
tric surgery and in intensive care patients [7-9], as well
as predictive power for poor survival in several cancers,
including colorectal cancer, hepatocellular carcinoma, and
hepatopancreaticobiliary malignancies [10—12]. Proinflam-
matory cytokines, such as IL-6 and IL-8, are predominantly
produced at the site of infection and can therefore be con-
sidered early response markers of the acute phase response
(APR). They are closely associated with inflammation, liver
disease, and liver regeneration [13, 14]. IL-6 is secreted
by T lymphocytes, endothelial cells, and macrophages. It
reaches the liver via the bloodstream and induces APR,
namely, the production of CRP in the liver. IL-8 is pro-
duced by macrophages, epithelial cells, endothelial cells,
and fibroblasts and initiates the recruitment of neutrophils;
thus, its release is upstream of the NLR. Both proinflamma-
tory cytokines have shown promising results in critically ill
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patients and in acute pancreatitis [15, 16], but have not yet
sufficiently been described in liver resected patients.

The aim of the present study was to identify predictive
markers for the development of severe postoperative compli-
cations (Clavien-Dindo > 3) in patients undergoing various
degrees of liver resection and to demonstrate the feasibility
of IL-8 analysis in a clinical setting.

Methods
Patient cohort

The current study is a prospective single-center cohort
study evaluating the prognostic value of different serum
markers for predicting severe complications (Clavien-
Dindo > 3) in patients undergoing liver resection. The
results were reported according to the STROCSS criteria
[17]. This study was approved by the Ethics Committee
on July 20, 2017. A total of 151 patients who underwent
hepatic resection for benign or malignant liver disease
(Institution information double blinded) were prospec-
tively enrolled between August 02, 2017, and December
13, 2018. All patients provided written informed consent
prior to enrollment in the study. Postoperatively, 12 out of
151 patients were excluded due to irresectability (n = 3),
exclusive liver biopsies (n = 5), or two-stage liver resec-
tions (n = 4). The remaining 139 patients were included
in the study.

Data completeness was 71% preoperatively, 88% on day
1, 85% for day 4, and 60% on day 7. Missing data can be
explained by transition from the ICU to the regular ward
or by patients who underwent minor resections and were
discharged before postoperative day 7.

Operation

All patients received a preoperative computed tomogra-
phy (CT) scan of the abdomen to assess the extent of the
resection and a CT scan of the chest to exclude pulmo-
nary metastases in patients with malignant disease. Func-
tional liver remnant (FLR) was assessed prior to major
liver resection. Patients, whose remaining liver volume
was estimated to be less than 30% or less than 40-50%
in patients with pre-existing cirrhosis, cholestasis, fibro-
sis, or prolonged neoadjuvant chemotherapy, received
preoperative portal vein embolization to increase the vol-
ume of the FLR. Cholestasis was treated preoperatively
by endoscopic retrograde cholangiopancreaticography
or bercutaneous transhepatic cholangiography. Patients
with no increase in FLR after portal vein embolization or
with a very low initial FLR were considered for ALPPS
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(Associating Liver Partition and Portal Vein Ligation for
Staged Hepatectomy). Preoperative, perioperative, and
postoperative care was standardized.

Resections were performed by crush-clamp in combined
with diathermy or LigaSure (laparoscopic). The Pringle
maneuver was used only in cases of bleeding. Liver resec-
tion was performed at the surgeon’s discretion under low
central venous pressure (< 5 mmHg).

Evaluation of perioperative morbidity and mortality

Perioperative morbidity and mortality was defined as any
complication or death occurring up to 90 days after surgery.
Complications were graded according to the Clavien-Dindo
Classification (CDC) [18] and dichotomized into minor
(CDC 0-2) and severe (CDC 3-5) complications.

Serum marker analysis and predictive value

Serum samples were analyzed preoperatively and on day
1, day 4, and day 7 after resection according to the proto-
col. The serum panel included standard markers such as
leukocytes (GPt/L), platelet count (GPt/L), CRP (mg/L),
bilirubin (pmol/L), and international normalized ratio
(INR) as well as a differential blood count to calculate
the NLR and TLR. In addition, IL-6 and IL-8 were deter-
mined as part of the standardized laboratory diagnostics.
Our clinical laboratory uses an Immulite 1000 (Siemens)
device, which is approved for in vitro diagnostics in Ger-
many and uses standardized assays to assess and vali-
date serum IL-6 and IL-8 levels. The cost of the test is
estimated at 10-15 Euros per test, making it possible to
include it in routine diagnostics for specific cases, such as
major liver resection.

The dynamic values (ACRP, AIL-6, and AIL-8) were
calculated by subtracting the value on day 1 from the value
on day 4 (Aday4) or by subtracting the value on day 4 from
the value on day 7 (Aday7).

The predictive value was calculated for all patients and
separately for the subgroups of patients who underwent
wedge liver resection (wedge resections with minimal loss
of normal liver tissue), minor liver resection (segment/biseg-
ment resections with moderate loss of normal liver tissue),
and major liver resection (>3 segments with severe loss of
normal liver tissue). Receiver operating characteristic (ROC)
curves were plotted and the area under the curve (AUC) was
calculated. AUCs > 0.7 were defined as acceptable, AUCs >
0.8 as excellent, and AUCs > 0.9 as exceptional biomarkers
[19]. The optimal cutoff was determined using the Youden
index, and sensitivity, specificity, and p-value (chi-squared)
were subsequently calculated.

Statistics

Statistical analysis was performed with SPSS (IBM, ver-
sion 26). ROC curves in combination with the Youden index
(sensitivity + specificity — 1) were used to define cutoff
values. p-values were calculated using the ¢-test comparing
the values in the group with and those in the group with-
out complications, and using the chi-squared test using the
optimal cutoff value (Youden test) to evaluate the predictive
value, p-values < 0.05 were considered statistically signifi-
cant. Patients with severe complications before day 1, 4,
or 7 were censored for the calculation of AUC, sensitivity,
specificity, and p-values (chi-squared and #-test) on day 1,
4, or 7, respectively.

Results

A total of 139 patients undergoing hepatic resection were
prospectively enrolled in the study. The group consisted of
56 female (40%) and 83 male (60%) patients with a mean
age of 61 years (27-84 years). Only 4% of patients had an
ASA (American Society of Anesthesiologists) score of 1,
30% had an ASA score of 2, and 67% had an ASA score of 3.
Almost all patients underwent liver resection for malignant
disease (n = 128; 92%), with most resections performed for
colorectal liver metastases (n = 78), followed by cholangio-
carcinoma (n = 21), HCC (n = 17), and other metastases
(n = 12). Of the 139 patients, 45 patients (32%) underwent
wedge resections, 49 (35%) underwent minor resections, and
45 (32%) underwent major resections (> 3 liver segments).
Further characteristics of the cohort in terms of clinical
data, complications (CDC), and the operations performed
are shown in Table 1 and Supplementary Table 1.

A total of 75 complications occurred in 64 out of 139
patients (46%). Minor complications (CDC I-II) were
observed in 26 patients (19%), while 33 patients (24%)
had at least one severe complication (CDC III-IV), and 5
patients (4%) died during hospitalization. Major liver resec-
tions were associated with more complications and longer
intensive care unit (ICU) stay than wedge or minor resec-
tions (Tables 1 and 2).

One-quarter of the complications occurred before day 4
(n = 21; 25%), 14 (17%) occurred between days 4 and 6,
34 (41%) between days 7 and 14, 9 (11%) between days 15
and 30, and 5 (6%) between days 30 and 90. Fifteen patients
(11%) had major complications by day 6, 2 after wedge
resections, 4 after segmental resections, and 9 after major
liver surgery. Of these, 11 patients (8%) had major compli-
cations before day 4. Complications before day 4 consisted
mostly of early biliary leaks, sometimes leading to vascular
erosion with hemorrhage, which were detected by drainage
fluid inspection, as well as some medical complications such
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Table 1 Clinicopathological characteristics of 138 patients undergoing liver resection (values in parentheses are percentages unless otherwise

stated)
Wedge resections (n = 45) Minor resections < 2 Major resections (n = 45) All (n=139)
segments (n = 49)
Age (mean + range) 60 (35-82) 62 (28-84) 63 (27-81) 61 (27-84)
Sex f/m (f%/m%) 11/34 25%/75%) 25/24 (51%/49%) 20/25 (44%156%) 56/83 (40%/60%)
ASA 1 2 (4%) 2 (4%) 1 (2%) 5 (4%)
1T 15 (33%) 13 (27%) 13 (29%) 41 (30%)
I 28 (62%) 34 (69%) 31 (69%) 93 (67%)
Neoadj. chemo 15 (34%) 13 27%) 17 (38%) 45 (32%)
Benign 5(11%) 3 (6%) 3 (7%) 11 (8%)
Malignant 39 (89%) 46 (94%) 42 (93%) 128 (92%)
CRC met 22 (49%) 30 (61%) 26 (58%) 78 (56%)
HCC 5(11%) 9 (18%) 3(7T%) 17 (12%)
CCC 5(11%) 4 (8%) 12 (27%) 21 (15%)
Other met 8 (18%) 3 (6%) 1 (2%) 12 (9%)
Prev. liver res. 19 (42%) 16 (33%) 27 (60%) 62 (45%)
Open surgery 36 (80%) 32 (65%) 43 (96%) 111 (80%)
Laparoscopic surgery 9 (20%) 17 (35%) 2 (4%) 28 (20%)
No complication 31 (69%) 32 (65%) 12 27%) 75 (54%)
> 1 complication 14 (31%) 17 (35%) 33 (73%) 64 (46%)
> 1 major compl. 8 (18%) 9 (18%) 21 (47%) 38 (27%)
Clavien-Dindo
CDI1 2 (4%) 6 (12%) 4 (9%) 12 9%)
ChIl 5(11%) 6 (12%) 11 (24%) 22 (16%)
CD Illa 9 (20%) 8 (16%) 9 (20%) 26 (19%)
CD IIIb 2 (4%) 4 (8%) 9 (20%) 15 (11%)
CD1V 0 0 2 (4%) 2 (1%)
CDhV 0 0 5(11%) 5 (4%)
Days ICU mean (min—max) 1 (0-10) 1(0-15) 8 (0-82) 3 (0-82)
Days hospitalized (min—max) 11 (3-36) 11 (5-37) 20 (6-102) 14 (3-102)

*ASA indicates the American Society of Anesthesiologists score; CRC indicates colorectal cancer; HCC indicates hepatocellular cancer; CCC
indicates cholangiocellular cancer; ICU indicates intensive care unit stay; Prev. liver res. indicates previous liver resections; Discrepancies
between number of complications can result from patients having more than one complication

as pulmonary embolism or one case of a brief episode of
postoperative asystole of unclear origin that requiring brief
CPR and the administration of atropine (Supplementary
Fig. 1).

The inflammatory marker leucocytes and CRP can
predict complications in patients undergoing minor
liver resections

Leukocytes showed acceptable sensitivity and specificity
for predicting postoperative complications > CDC III in the
whole cohort on day 1 and day 7 (day 1: AUC 0.71, sen-
sitivity 68%, specificity 71%, p = 0.001 and day 7: AUC
0.73, sensitivity 50%, specificity 93%, p = 0.001). In the
subgroup analysis, the AUC showed discriminative values
in patients undergoing wedge resection on day 4 (AUC 0.71,
sensitivity 57%, specificity 81%, p = 0.035) and at day 7
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(AUC 0.80, sensitivity 80%, specificity 74%, p = 0.027), in
patients undergoing minor liver resection on day 1 (AUC
0.83, sensitivity 89%, specificity 73%, p = 0.001) and day 7
(AUC 0.82, sensitivity 67%, specificity 95%, p = 0.001) and
in patients undergoing major liver resection on day 1 (AUC
0.70, sensitivity 40%, specificity 95%, p = 0.004) (Table 3/
Fig. 1).

While CRP was a weak surrogate marker for predict-
ing severe complications (> CDC III) in all patients, sub-
group analysis revealed an acceptable predictive value for
patients undergoing minor liver resection on postoperative
day 7 (AUC = 0.78, sensitivity 100%, specificity 50%, p =
0.027). In particular, dynamic CRP levels (ACRP) at day
7 showed acceptable discriminative values in all patients
(AUC 0.70, sensitivity 73%, specificity 63%, p = 0.005)
as well as in the subgroups of patients undergoing wedge
resection (AUC 0.72, sensitivity 100%, specificity 47%, p
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Table 2 Surgery related and

Wedge resections Minor resections < 2 Major resections All resections
medical morbidity (n=44) segments (1 = 49) (n=45) (n=138)
Perioperative morbidity
Wound infection 2 (5%) 5 (10%) 6 (13%) 13 (9%)
Biliary leakage 2 (5%) 2 (4%) 5(11%) 9 (6%)
Abscess 1 (2%) 2 (4%) 4 (9%) 7 (5%)
Bilioma 2 (5%) 1 (2%) 3 (7%) 6 (4%)
Fluid retention 1 (2%) 2 (4%) 3 (7%) 6 (4%)
Intestinal atony 2 (5%) 0 2 (4%) 3 (2%)
Hemorrage 1 2%) 0 2 (4%) 32%)
Hematoma 2 (5%) 1 (2%) 1(2%) 4 (3%)
Liver failure 0 0 4 (9%) 4 (3%)
Intestinal ischemia 0 0 3(7%) 32%)
Abdominal wall dehiscence 0 0 2 (4%) 2 (1%)
Portal vein thrombosis 0 0 1(2%) 1 (1%)
Sepsis 0 1 2%) 0 1 (1%)
Reduced liver perfusion 0 0 1 (2%) 1 (1%)
Small bowel perforation 0 12%) 0 1(1%)
Pancreatic fistula 0 1 2%) 0 1 (1%)
Medical complications
Pulmonary artery embolism 0 2 (4%) 2 (4%) 4 (3%)
Pneumonia 0 0 2 (4%) 2 (1%)
Cardiocirculatory compl. 12%) 0 2 (4%) 3(2%)
Pleural effusion 1 2%) 2 (4%) 1 (2%) 4 (3%)
Allergic reaction 112%) 0 0 1(1%)
Cystitis 0 0 1(2%) 1 (1%)

= (0.081) and minor resection (AUC 0.71, sensitivity 67%,
specificity 85%, p = 0.027). In the subgroup of patients who
underwent major liver resection, CRP showed a very poor
and non-significant correlation with severe complications on
any postoperative day (Table 3; Figs. 1, 2 and 3).

The liver function markers bilirubin and INR
can predict complications in wedge resection
and minor resection

Elevated bilirubin was a significant surrogate marker for
complications only in patients who underwent wedge liver
resection at 4 (AUC 0.70, sensitivity: 57%, specificity: 84%,
p = 0.021) and 7 postoperative days (AUC 0.72, sensitiv-
ity: 100%, specificity: 56%, p = 0.044) and in patients who
underwent minor liver resection at 4 postoperative days
(AUC 0.71, sensitivity: 67%, specificity: 80%, p = 0.017).
However, there was no significant association between ele-
vated bilirubin and the occurrence of severe complications
in patients with major resection and in all patients (Table 3,
Fig. 1). The INR showed an acceptable AUC to discriminate
patients with and without severe complications (> CDC III)
on day 7 in all patients (AUC 0.72, sensitivity: 61%, speci-
ficity: 76%, p = 0.0002) and in patients undergoing minor
resection on day 4 (AUC = (.75, sensitivity: 83%, specific-
ity: 67%, p = 0.021) and day 7 (AUC 0.71, sensitivity: 67%,
specificity: 74%, p = 0.073). INR did not achieve predictive

UAC:s in patients undergoing wedge or major liver resections
(Table 3, Fig. 1).

NLR is a surrogate marker for complications
only in patients with wedge resection

The NLR in the subgroup of patients with wedge resection
revealed predictive values on day 4 and at day 7 (day 4: AUC
0.80, sensitivity: 67%, specificity: 89%, p = 0.002; day 7:
AUC 0.76, sensitivity: 60%, specificity: 94%, p = 0.004),
with an acceptable predictive value on day 4 in all samples
(AUC 0.71, sensitivity: 54%, specificity: 88%, p = 0.001).

In contrast, TLR did not show an acceptable predictive
value (Table 3, Fig. 1).

The predictive value of the proinflammatory
cytokines IL-6 and IL-8 in wedge, minor, and major
liver resections

IL-6 was useful in predicting patients with and without
severe complications after wedge resection or minor resec-
tion preoperatively (wedge resection: AUC 0.74, sensi-
tivity: 67%, specificity: 77%, p = 0.038; minor resection
AUC 0.75, sensitivity: 67%, specificity: 82%, p = 0.014)
and at postoperative day 7 (wedge resection: AUC 0.74,
sensitivity: 60%, specificity: 94%, p = 0.004 and minor
resection: AUC 0.73, sensitivity: 60%, specificity: 89%,

@ Springer



Langenbeck's Archives of Surgery (2023) 408:377

377 Page6of12

980  BEL %06 yie—  9¢0 €Yo %S6  %IT SI'9 S0 811V
1€C0 %Ly %8L OV9I— €50 80C0 %89  %C9 0TCL— 790 9-TIV
8600 %9  %SL 0L0c—  S90 L600 %19  %LY 0T8T 790 dddOVv
6200  %e8  B¥S 0T 690 100 %9C %88 orr  9s0 9LT0 L8  %IT LS'T €S0 S20'0  %E8 %8y T 190 ANI
L20'0  %8L  %T9 STyl 90 IST'0 %19 %9 0091 950 1200 %S9  %O0L ST 990 YLO'O  %OL  BLS 0601 €90 md
0000  »I8  %C6 0L'sc 6’0 0000  %l6  %6L oLve 980 Y000 %S9 %08 08ve  0L0 00 BLY %98 SLTL €90 811
6CC0  %9S  %LY 0I'8c 850 evl'0  %6T  %T6 08°'GT 850 €20 %001 %S 786  6£°0 0y'o %6 %yl 98¢ 0 9-T11
6900 8L  BYS SLCTL 950 LEOO WYL %09 STre 950 08L°0  %6E %S9 SS'Iy - Ov'0 8¢00  %6C  %S6 0€'T LSO dd0
€€C0  BSL %9 1TIeC IS0 8600  BIL %79 197CST S0 9CI'o  %v9 %09 0€6Ll  SSO 6100 %001 8T CELLT  6V0 d1L
9000 %001 %8¢ 166 SS°0 0200  %I8  %LS e 090 9000  %cc %001 w9 850 CIv'o %88 %TT 0es o AIN
8000  %¥6 %9V er'el ¥9°0 wro %8 %oy €60l 850 Y000 %9  %BO¥  ¥8VI  0L0 o %001 %01 6911 €v'0 onag SUONVSAI To[eA
SI00  %€9 %001 €0 980 YLO'0 %9 %08 §T0 690 811V
CLT'0 %88 %OV 0s’€— 050 S000  »I8 %08 0¢ICc—  S80 9-TIV
00 %S8  »LY  Svec—  ILO €re0 %9 BLY se'le  ¥S0 dIdDV
€LO0 %YL  BLY yI'r - IL°0 1200 %L9  %€8 SI'T  SLO 6610  %S8 BHEE 'l 950 oo %09 %L ¥0'T  ¥9°0 ANI
LECTO  B19  BLY 099 TS0 LIO0 %08 %L €88 IL0 €600  %ST %001 088  ¥S0 9600 %8S  %8L 08 190 md
w000 %68 %08 geor  6L0 6010 %89  %L9 geve €S0 0LT'0 %y %98 €891 €50 YLY'O %99 %0S SI'vl 0 811
6100 %68 %09 ¢8'Ie  €L0 1000 %001 »beE  00TPT 90 oo %L1 %001 00ce  €vo Y100 %8  %L9 vy SLO 9-T1I
L200  %0S %001 669 8LO €610 %9L  %0S  0€€ll 650 0€00  %CL  BL9  0S'L6  ¥9°0 1600  %IvY %68 ST 290 ddo
¥8€°0  %6L  BOY  88°0VC  £¥0 16€0 %Yt  %€8 89Tl  1¥0 8’0 %0v  %SL  6£9I1  6V°0 o BLY  BSL  ¥S6IL €50 1L
91’0 %68 %0V 68’8  SY0 SE00  %E9  %E8 oLs 690 €200 %69  %SL 9¢'6 690 €EC0  BLS  %BSL e LSO AIN
10000 %S6  %LY €6Cl T80 €610 %9L  %0S LE8 €570 10000 %EL %68 86°0I €80 LSOO %89  BLY 669 990 o] SUONOISAI JOUTN
LI¥V0  %0v %08 0co 1v0 8960  %¥8 LI S8v  LTO 8-TIV
10000 %¥6 %08 s6c 060 0800 %S9  BIL 098¢~  6V0 9-TIV
1800  %LY %001 06'6v—  CTLO 1800  %LL  %00T  S¢18— 80 dddVv
6100  %¥6  %0S yI'T 690 S0C0 %61 %001 660  SY'0 9¢0'0  BL6  BST oWl Ivo SIE0  BIT %001 $6'0 00 ANI
w00 %95 %001 009 CL0 1200 %¥8 BLS §66  0L0 S0 %eS  %BSL STyl v9°0 1000 %68 %9  O¥'el 890 md
8L00 %S9 %08 gece 190 wro  »Y9  %LS 09vC €90 000  BSL %98 Sr'ec  LLO Y000 %69 %001 09Cl 180 811
000  %¥6 %09 SOvy  vLO L8T°0  %IT %001 09°0I  L¥O 00 BL6 ST 00°S6Y 950 8¢00  BLL  BLY 06'c  ¥LO 911
ovT0o  BCe %001 ggce 160 60C0  %SS  %BIL S¥'08 LSO SST'0  %Ey %98 0299 850 €600  %¥vY %88 SI'e 90 dd0
w8L0  »BLY  wOY  8I'IET  OVO0 SOT'0  %CE  %00T  L8CST  8S0 SET'0 %¥S  %SL 00091  +9°0 00 %68 0SS  ¥8'9¢T LSO A1L
Y000  %¥6 %09 oL 9L0 w000 %68  BLY 86'L 080 1€00  %Ey %001 yes  vL0 1000 %96  %0S L9v 850 AIN
L2000 %YL %08 9%'8 080 SE00  BI8  %BLS LE'8  IL0 6610  %0S  BSL 656 950 €100 %Ly %001 8I'9 790 onag SUONIISAI 9TPIM
onfea-d  oadg  sueg  pom) DNV onea-d  dadg  sueg pomn) DNV onea-d  oadg  suwdeg  pgomn) DOV onea-d  oadg  sues  pgomn) DOV
L ke y ke 1 keq doaig

(A-TII opurg-uarAe)) suonedrjdwos aaneradoisod 9I9A3S JO 9OUSLINOI0 AY) Y)IM SISNIEW WNIAS JO UONR[ALIO) € 3|qe]l

pringer

Qs



Langenbeck's Archives of Surgery (2023) 408:377 Page70f12 377

p = 0.019). However, IL-6 showed a poor correlation

o &
2l = 2 2 a4 = = a »w a o = . . . . . . .
s18 8 &8 & 8 8 8 8 8 3 & g with severe complications in patients undergoing major
Al © 8 8 S8 S S S s S S| 3 . . . .
= liver resection as well as in all resected patients (Table 3,
E p
iy s s ey ey op|E  Feb
AN IR S i?; IL-8 showed the best diagnostic value for predicting
2 s o o o o R o o o | oo complications in all patients on postoperative day 1 (AUC
9} S o M >~ f a4 % = 0 o~ 9 @ e . . .
SCH IR S G A A 0.72, sensitivity: 71%, specificity: 72%, p = 0.001), day 4
© E AUC 0.72, sensitivity: 81%, specificity: 65%, p = 0.001),
Sle 25888 02 g o2 Y D e P
= — — w e e . . .
Eld = 5 8 54 ¢ 5 28 & 8|8 and day 7 (AUC 0.80, sensitivity: 82%, specificity: 67%, p =
O —~ & a4 © A4 AaO -~ I o =1
~ o < 0.001). In the subgroup analyses, IL-8 showed good results
> NN O 0 O v a o = @ — T . . . .
ElRls 23 822 255 ¢ 2|l in patients who underwent wedge resection preoperatively
g (AUC 0.81, sensitivity: 100%, specificity: 69%, p = 0.004)
2 - . .. .
Zlg 5 2 = 2z 2z 8 3 2 g8 and on postoperative day 1 (AUC 0.77, sensitivity: 86%,
> (=] (=] N — (=] (=] (=) (=] — (= — =% . . . .
ifs 8 s s S S s S S S|y specificity: 75%, p = 0.002) and in patients who underwent
N § minor resection on postoperative day 7 (AUC 0.79, sensi-
Q . . . . .
AR 8 8 2 & 8 8 8 3 & I g tivity: 80%, specificity: 89%, p = 0.002). Most importantly,
- IL-8 was the only serum marker that showed an excellent
o "~L
®o¥ o R O’ O® ¥ ¥ B ¥ X . e . .
SlE Y § = E 83 % % &5 redictive potential in distinguishing patients with severe
S SN T & & p p g gp
- - S complications after receiving major liver resection on day
Sl e 0 8280 wws ol 4 (AUC 0.86, sensitivity: 79%, specificity: 91%, p = 0.000)
v o a <« @ = : R e . i .
O e = ® = © = S 1+ ? and day 7 (AUC 0.92, sensitivity: 92%, specificity: 81%, p
2, Sle g 8 g2 8 23 889 g_ = (0.000) as well as an acceptable predictive value on day 1
Rl<]s & ¢ 8 8 s S S S S S5 (AUC 0.70, sensitivity: 80%, specificity: 65%, p = 0.004)
8 4 e © ° g (Table 3, Fig. 1).
= = = = = Q .
£18 8 8 R 2 8 8 ¢ S Dynamic IL-6 and IL-8 levels (AIL-6 and AIL-8) showed
Q (=] (=} (=) (=) (=] (=] (=] (=] 'g . . . .
5 no consistent predictive value (Table 3, Fig. 2).
gl 5 o8 v 8 8 8 r = Thus, IL-8 was the only serum marker that showed a signifi-
wn L < Nl vy — o~ e o~ . . . . . . .
S cant predictive value for postoperative complications in patients
= p postop! p p
Bl v 8 v & 8 ¢ ¥ 8 undergoing major liver resection. In particular, not only conven-
ACH L A g tional markers such as CRP but also newer markers such as N/L
L . . . .
Els o 9 4 2 9 o < B and TLR ratio could not reach an acceptable predictive value in
- d vy - . . . . . . . .
Slz ¢ = ¢ @ d 38 2 2 these patients (Figs. 1, 2, and 3). This discrepancy is mainly due
= p g pancy y
~lo w g to the lack of CRP elevation in patients after major liver resec-
2|8 88 § 8§ & & & = . S i
Al<]|s 8 8 5 8 s 3 < = tion due to loss of liver tissue (Fig. 1).
o
o
Q =
HEREEREEREER
Sl e e e e = =< ; Strengths and limitations
&
~
gl » v v v ¥ ¥ ¥® =
(=9 o n . . .
R N g Our study is the first to prospectively evaluate a wide range
2 | e re st ae ae ae ae e 2.8 of serum markers in patients undergoing liver resection.
e s s EEEEE 52 parien’s incereotns
“wle ¥ & & B & ¥ o 8 = The large number of patients included (n = 139), as well
23 4 p
= - - g8 as the wide spectrum ranging from wedge resections to
=] — — . . . . . . .
gls =2 8 § £ E « S 5 g minor liver resections and major liver resections, provides a
&l z e representative picture of the clinical reality in a maximum
— 53 . . .
S22 5 2 8 s 8 8 7 o 2 care hospital. The subgroup analyses provide further insight
Ald ]l @ @ @ @ © © < 2.9 . o . R R . . .
=5 into the clinical issue of detecting major complications in
2 . . o .
2 M & 8 v o .. oy X T 3l2s atients undergoing major liver resection. A weakness of the
2 2 0 % 8 = g 0 2 2£E¢g p going maj
= - 2 F 0 ==a5<94<94 S o study is the relatively small sample size in the subgroups.
Q = . .
E s S In particular, the subgroups of patients who underwent
g £ £ wedge resections and minor resections have fewer major
O ) 9 . . . . . ..
: g g g complications (18%), which increases the risk of statisti-
2 g Shet cal variance in these groups. Furthermore, the novel serum
< Z ?c & markers IL-6 and IL-8 are not part of the standard repertoire

@ Springer



377 Page8of12

Langenbeck's Archives of Surgery (2023) 408:377

Fig. 1 Serum markers in
patients with (light blue) or
without (dark blue) severe
complication after undergoing
liver surgery (wedge resection,
minor resection, or major resec-
tion) preoperatively and at days
1,4, and 7 after surgery. Values
were compared using the #-test,
values < 0.05 were considered
significant
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Discussion

patients is very large (n = 139), and the subgroup of patients

who underwent major liver resection represents a high-risk
cohort with a high complication rate (46% severe complica-
tions), making the results reliable. In addition, major hepatic
resections are technically complex procedures that require a
significant amount of resources and should be reserved for
specialized centers. We do not expect any problems with the
implementation of IL-8 into their repertoire should these

results be confirmed in further studies.

@ Springer

Our prospective study provides a comprehensive summary
of the predictive values of a panel of widely used and
novel serum markers for the detection of clinically rel-
evant complications in patients undergoing liver surgery.
After comparing the predictive values of all markers, leu-
kocytes, CRP, IL-6, and IL-8 showed the most consistent
results, with acceptable predictive values (AUC > 0.7) and
significant differences (p < 0.05) in more than one of our
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Fig.2 Changes in CRP,
interleukin-6 (IL-6), and
interleukin-8 (IL-8) in patients
with (light blue) or without
(dark blue) severe complication
after undergoing liver surgery
(wedge resection, minor resec-
tion, or major resection). The
values were calculated using
the following formula: A day

4 = value day 4 — value day 1;
A day 7 = value day 7 — value
day 4. p-values were calculated
using the #-test, values < 0.05
were considered significant
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defined subgroups. As commonly used in daily clinical
practice, CRP works best when its dynamic course is taken
into account (ACRP). Then, CRP is a robust predictive
marker of postoperative outcome for patients undergo-
ing wedge or minor liver resection. However, in patients
undergoing major liver surgery, the predictive correlation
with postoperative complications is rather poor. These
findings are consistent with previous publications of ret-
rospective data [6, 20] and can be explained by the syn-
thesis and release of CRP by the liver, which limits the
response after extensive liver tissue resection. In contrast,
proinflammatory cytokines, particularly IL-8, showed a
stronger correlation with the occurrence of postopera-
tive complications, especially in major liver surgery. IL-6
and IL-8 are both released at the site of inflammation,
which should make them independent of liver function
and therefore of the extent of liver resection [21, 22].
Nevertheless, IL-6 could be used to predict postoperative
complications with relative accuracy only in the subgroup
with wedge and minor resections, similar to CRP. This
could be explained by the fact that Kupffer cells (resident

macrophages of the liver) are an important source of IL-6
[23]. The residual liver tissue after major liver resection
may not be sufficient to synthesize IL-6, thus limiting the
IL-6 response after extensive liver tissue resection, similar
to the CRP response.

In contrast, the release of IL-8 is more independent of
functional liver tissue. In addition to macrophages and
Kupffer cells, fibroblasts and endothelial cells at the site
of infection also secrete IL-8 [22, 24, 25]. The release
of IL-8 leads to an increased recruitment of neutrophils,
which is less affected by liver function and its residual
volume. This may contribute to the fact that IL-8, in par-
ticular, is equivalent to CRP after minor surgery and far
superior to CRP as a predictor of postoperative severe
complications after major liver surgery. The weaker per-
formance in wedge and minor resections is unclear, but
might be partly explained by a lower number of major
complications in these groups (wedge resections n = 8§,
minor resections n = 9), making these groups prone to
higher statistical variability. This could also explain why
IL-8 performs much better in patients undergoing major
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Fig.3 ROC curves of IL-8 and
CRP at day 4 and day 7 after

day 4 day 7

surgery in patients undergoing
major liver resections
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ROC-Curve
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. o
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liver surgery, as well as in all patients. However, this
needs to be confirmed in future studies.

This also provided the rationale to additionally inves-
tigate the NLR and TLR as surrogate markers for postop-
erative complications after liver surgery. Despite being
fundamentally liver-independent, thrombocytopenia is a
common finding after liver resection [26] and in liver
disease [27]. Similarly, neutrophil function is severely
impaired in patients with chronic liver dysfunction [28].
Therefore, it was reasonable to hypothesize that NLR or
TLR could be a robust surrogate marker for liver dys-
function as well as for posthepatectomy-associated com-
plications. However, in our prospective cohort, we identi-
fied NLR solely as a diagnostic marker for postoperative
complications in patients undergoing wedge resection,
whereas TLR showed no predictive value. Moreover, our
investigation revealed that NLR and TLR exhibited only
marginal predictive capabilities as markers for postop-
erative complications in major hepatic surgery. These
findings are in line with previous scientific studies, such

@ Springer

as the research conducted by McCluney et al., which also
reported limited discriminative capacity of NLR in the
context of postoperative complications in hepatic surgery
[20].

Furthermore, our study findings revealed the occurrence
of significant complications in 15 patients (11%) within the
initial 6 days following the procedure. Notably, 10 patients
(7%) experienced such complications before the fourth post-
operative day. The early complications primarily consisted
of early biliary leaks which were detected prior to the mani-
festation of a substantial infectious component, or postop-
erative hemorrhage, both readily detectable through drain-
age fluid inspection. Additionally, noninfectious medical
complications, such as pulmonary embolism or temporary
postoperative asystole of uncertain origin, posed diagnostic
challenges when utilizing infectious serum markers.

The apparent limitations of IL-8 as a predictive marker
before the fourth day after surgery can be attributed to
a combination of factors. Firstly, our analysis consid-
ered the aforementioned noninfectious complications,
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which constituted a significant portion of early adverse
events. Secondly, the vast majority (92%) of the patients
underwent liver resection for malignant indications, a
well-known factor associated with elevated IL-8 levels
[29, 30]. Notably, patients with larger tumors undergoing
major liver resection exhibited elevated preoperative IL-8
values, which further increased after resection and subse-
quently normalized around day four in patients without
postoperative complications (Fig. 1). Moreover, the act
of liver resection itself led to increased postoperative
IL-8 values, which normalized by the fourth day. Consid-
ering these factors, selecting the fourth day post-surgery
appears to strike a reasonable balance between sensitivity
and specificity for analyzing IL-8. This is corroborated
by the observation of good prognostic differentiation on
the fourth day in patients who underwent major liver
resection. However, the reasons for IL-8’s diminished
prognostic performance in patients undergoing minor
liver surgery remain elusive, and potential explanations
may be linked to the lower incidence of major complica-
tions within this subgroup. Additionally, it is plausible
that IL-8’s involvement in cancer metabolism, inflamma-
tion, and progression is more pronounced in larger can-
cers, contributing to the observed differences in prognos-
tic efficacy. These observations may also shed light on
the association between preoperative IL-8 levels and the
occurrence of major postoperative complications. The
presence of an inflamed microenvironment in patients
with malignant liver lesions might influence the develop-
ment of postoperative complications. However, due to the
heterogeneity of malignant tumors included in this study,
a more comprehensive analysis is not currently feasible.
Nevertheless, these results are highly intriguing and war-
rant confirmation in further studies.

In summary, our study demonstrates that established
markers commonly used for clinical monitoring after
surgery fail to predict severe complications following
major liver surgery. Our data suggest that leukocyte count
and dynamic changes in CRP remain reliable markers in
patients undergoing wedge or minor liver surgery, but are
not suitable for predicting postoperative complications
after major liver surgery. Additionally, it should be noted
that inflammation markers specific to the liver, such as
CRP, are influenced by the remaining liver volume, par-
ticularly after major liver resection.

While IL-8 is not a routine marker that is easily meas-
ured in every laboratory, our study showcases the feasibil-
ity of routine IL-8 assessment in serum using standard-
ized testing equipment, which can easily be reproduced.
Although the cost of determining IL-8 in the serum is
significant (approximately 10-15 Euros per test), it may
be worthwhile to consider its assessment in specific sce-
narios, such as major liver surgery.

To effectively predict and diagnose complications in
these patients during the early postoperative stage, liver-
independent markers like IL-8 should be validated in
future trials with the aim of incorporating them into the
standard repertoire of blood tests in the future.
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