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Abstract

Background The usefulness of static monitoring using central venous pressure has been reported for anesthetic
management in hepatectomy. It is unclear whether intra-hepatectomy dynamic monitoring can predict the postop-
erative course. We aimed to investigate the association between intraoperative dynamic monitoring and post-hepa-
tectomy complications. Furthermore, we propose a novel anesthetic management strategy to reduce postoperative
complication.

Methods From 2018 to 2021, 93 patients underwent hepatectomy at our hospital. Fifty-three patients who under-
went dynamic monitoring during hepatectomy were enrolled. Flo Trac system was used for dynamic monitoring.

The baseline central venous oxygen saturation (ScvO,) was defined as the average ScvO, for 30 min after anesthesia
induction. ScvO, fluctuation (AScvO,) was defined as the difference between the baseline and minimum ScvO,. Post-
operative complications were evaluated using the comprehensive complication index (CCl).

Results Patients with AScvO, > 10% had significantly higher CCl scores (0 vs. 20.9: p=0.043). In univariate analysis,
patients with higher CCl scores demonstrated significantly higher preoperative C-reactive protein-to-lymphocyte ratio
(7.51 vs. 24.49: p=0.039), intraoperative bleeding (105 vs. 581 ml: p=0.008), number of patients with major hepa-
tectomy (4/45 vs. 3/8: p=0.028), and number of patients with AScvO, > 10% (11/45 vs. 6/8; p=0.010). Multivariate
logistic regression analysis revealed that AScvO, = 10% (odds ratio: 9.53, p=0.016) was the only independent predictor
of elevated CCl.

Conclusions Central venous oxygen saturation fluctuation during hepatectomy is a predictor of postoperative
complications. Anesthetic management based on intraoperative dynamic monitoring and minimizing the change
in ScvO, is a potential strategy for decreasing the risk of post-hepatectomy complications.
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Background

Post-hepatectomy complications have decreased due to
technological advances and improved perioperative man-
agement. However, post-hepatectomy liver failure, a seri-
ous complication, still occurs in 1.2% to 32% of patients
after hepatectomy [1, 2]. The occurrence of post-hepa-
tectomy complications is partially related to intraopera-
tive bleeding and perioperative blood transfusion. During
hepatectomy, blood loss can be minimized using the
Pringle maneuver and low central venous pressure (CVP)
management. Maintaining the CVP<5 c¢cmH,O during
hepatectomy reportedly reduces intraoperative bleeding
and postoperative complications [3, 4].

CVP measurement involves a static fluid monitor-
ing system; thus, the CVP may not adequately reflect
intraoperative fluid volume and tissue oxygen demand.
Recently, the Flo Trac system (FTS) has attracted atten-
tion as a dynamic fluid monitoring system. The FTS
can measure multiple fluid indicators every 20 s, allow-
ing for rapid fluid volume adjustments during surgery
[5-7]. Among the FTS parameters, intraoperative central
venous oxygen saturation (ScvO,) fluctuation (AScvO,) is
an indicator of increased total bilirubin level after hepa-
tectomy [5].

Although the FTS is reported useful for appropriate
intraoperative anesthetic management [5, 7, 8], no study
has reported an association between ScvO, and postop-
erative complications. The hypothesis of this study is that
intraoperative dynamic monitoring will reveal predictors
of postoperative complications in hepatectomy. Finally,
we propose a novel anesthetic management strategy to
reduce the occurrence of postoperative complications.

Methods

In this retrospective cohort study, we enrolled patients
who underwent hepatectomy with FTS-monitored anes-
thetic management in our institution from August 2018
to December 2021. Informed consent for data collection
was obtained in the form of an opt-out on the institution
website. This study was approved by the ethics review
board of our institution (approval number 17-124) in
accordance with the ethical guidelines of the Japanese
Ministry of Health, Labour, and Welfare regarding clini-
cal studies.

Surgical indication and intraoperative procedures

The extent of hepatectomy was determined based on the
primary disease as well as the number and localization of
tumors. A major hepatectomy was defined as the removal
of one or more segments of the liver. A minor hepatec-
tomy was defined as the removal of less than one segment
of the liver. Preoperatively, the indocyanine green test
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was performed to evaluate the liver function. In patients
who underwent major hepatectomy, the remnant K value
(remnant liver volume multiplied by indocyanine green
disappearance rate) was confirmed to be at least 0.05.
Hepatic transection was mainly performed using the
Cavitron ultrasonic surgical aspirator (Valleylab, Boul-
der, CO, USA) and ultrasonic scalpels, with an intermit-
tent application of the Pringle maneuver, which involves
clamping the portal triad for 15 and 10 min in patients
with normal liver and liver dysfunction, respectively,
and releasing the clamp at 5-min intervals. A hemostatic
device on the cutting liver surface used saline-coupled
soft coagulation of an 10 advanced monopolar electrode
with a VIO 300 D system (Erbe Elektromedizin GmbH,
Tiibingen, Germany).

Intraoperative anesthetic management

Each anesthesiologist determined the infusion fluid vol-
ume and ventilator settings. During anesthesia, data were
collected using a dedicated transducer (FloTrac, Edwards
Lifesciences) connected to the radial arterial line and a
Vigileo™ monitor (Edwards Lifesciences) or EV1000 Crit-
ical Care monitor (Edwards Lifesciences) for continuous
monitoring. This monitoring strategy analyzes the pres-
sure waveform 20 times per second for 100 s, captures
2,000 data points for analysis, and performs calculations
on the data acquired during the last 20 s. A PreSep cen-
tral venous oximetry catheter (Edwards Lifesciences) was
used to facilitate continuous ScvO, monitoring [9]. The
catheter tip was inserted into the superior vena cava and
emitted near-infrared rays, which allowed for continuous
blood oxygen saturation measurement. The radial arterial
line was connected to the Vigileo" monitor or EV1000
Critical Care monitor to allow for stroke volume varia-
tion (SVV) measurement. The SVV represents the res-
piratory variability in stroke volume and is affected by
the vascular compliance and peripheral resistance. The
vascular compliance is estimated from nomograms based
on age, sex, height, and weight, whereas the peripheral
resistance is determined using radial artery waveforms
[10, 11]. In this study, the baseline ScvO, and AScvO,
were defined with a simple modification of previously
reported method [5]. The baseline ScvO, was defined
as the average ScvO, value for 30 min after anesthesia
induction. The minimum ScvO2 was defined as the low-
est intraoperative ScvO2 value. AScvO, was defined as
the difference between the baseline and minimum ScvO,
values (Fig. 1). Moreover, the baseline SVV was defined
as the average SVV value for 30 min after anesthesia
induction. The maximum SVV was defined as the highest
intraoperative SVV value. SVV fluctuation (ASVV) was
defined as the difference between the baseline and maxi-
mum SVV values.
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Fig. 1 Definitions of baseline and minimum central venous oxygen saturation (ScvO,). The baseline and minimum ScvO, values are defined
as the average ScvO, value for 30 min after anesthesia induction and the lowest intraoperative ScvO, value, respectively. AScvO, is defined

as the difference between the baseline and minimum ScvO, values

Classification of postoperative complications
Postoperative complications were classified according
to the Clavien-Dindo grading system [12] and evaluated
using the comprehensive complication index (CCI),
which is a score obtained by weighing all postoperative
complications based on their severity [13].

Statistical analysis

Continuous variables were expressed as median (inter-
quartile range) and compared using the Mann—Whit-
ney U-test or Student’s ¢-test. Pearson’s chi-square test
or Fisher’s exact test was used to compare categorical
variables. A multivariate logistic regression analysis
was performed to identify predictors of postoperative
complications. Odds ratios (ORs) and 95% confidence
intervals (ClIs) were calculated. Statistical analysis was
performed using SPSS version 26 (IBM Corp., Armonk,
NY, USA), and p-values < 0.05 were considered statisti-
cally significant.

Results

Of 93 patients who underwent hepatectomy during the
study period at our institute, 58 patients were received
anesthetic management with FTS monitoring. We
excluded four patients with biliary reconstruction and
one patient with aspiration pneumonia-induced in-hos-
pital death. Therefore, 53 patients were enrolled in this
study (Fig. 2).

Basic patient characteristics

Forty patients were men. All patients had liver diseases
with Child—Pugh and liver damage classifications of A or
B. One patient had a history of atrial fibrillation (Table 1).

Patient characteristics stratified by AScvO, and average
SVvV

A previous study reported that AScvO,>10.2% was a
significant predictor of postoperative liver dysfunction.
Therefore, the 53 patients were divided into two groups:
low (AScvO,<10%, n=36) and high (AScvO,>10%,
n=17) AScvO, groups (Fig. 2). There was no signifi-
cant difference in patient background and preopera-
tive clinicopathological factors between the two groups
(Table 2). A previous study reported that intraoperative
average SVV >13.6 was a significant predictor of postop-
erative liver dysfunction [5]. Hence, the 53 patients were
divided into two groups: low (SVV<13.6, n=45) and
high (SVV>13.6, n=8) SVV groups. Additional file 1
compares the patient background, preoperative treat-
ment, and preoperative blood test findings between the
two groups. There were significant between-group dif-
ferences in the levels of total bilirubin (0.7 [0.6—1.0] vs
1.2 [0.9-1.5] mg/dL; p=0.019), alkaline phosphatase
(239 [199-310] vs. 202 [159-205] IU/L; p=0.021),
y-glutamyltranspeptidase (55 [27-92] vs. 27 [14-27]
IU/1l; p=0.026), and C-reactive protein (0.13 [0.05-0.37]
vs. 0.05 [0.03-0.09] mg/dL; p=0.028) as well as C-reac-
tive protein-to-lymphocyte ratio (CLR) (9.87 [4.88-
32.42] vs. 4.49 [2.68-8.36]; p=0.034) and C-reactive
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Fig. 2 Study flow chart. From August 2018 to December 2021, 58 patients underwent hepatectomy using Flo Trac system (FTS)-monitored
anesthetic management. Four and one patients with biliary reconstruction and postoperative death were excluded, respectively. Hence, the 53
included patients were divided into two groups: low (central venous oxygen saturation fluctuation [AScvO,] < 10%, n=36) and high (AScvO, > 10%,
n=17) ScvO, groups. AScvO, is defined as the difference between the baseline and minimum ScvO2 values

Table 1 Baseline patient characteristics

All patients (n=53)

Age 70 (63-76)
Sex (male/female) 40:13

BMI 22.3(20.5-24.7)
ASA (1:2:3) 1:48: 4
Hypertension (%) 15/53 (28.3)
Hyperlipidemia (%) 3/53(5.7)
Diabetes (%) 12/53 (22.6)
Atrial fibrillation (%) 1/53(1.9)
Primary disease (HCC: others) 29:24

PTPE (%) 4/53(7.5)
History of hepatitis virus infection (HBV: HCV: no) ~ 6:7:40
Child-Pugh classification (A: B: C) 52:1:0
Liver damage classification (A: B: C) 46:7:0

BMI body mass index, ASA American Society of Anesthesiologists, HCC
hepatocellular carcinoma, PTPE Percutaneous transhepatic portal vein
embolization, HCV hepatitis C virus, HBV hepatitis B virus

protein-to-albumin ratio (0.030 [0.011-0.097] vs. 0.010
[0.007-0.021]; p=0.028).

Intraoperative factors stratified by AScvO, and average
A"

Table 2 also shows the intraoperative factors stratified
by AScvO2. There was a significant between-group dif-
ference in the number of patients who underwent major
(2/36 vs. 5/17; p=0.017) and laparotomy (15/36 vs.

13/17; p=0.018) hepatectomy. Operation time, intraop-
erative bleeding, intraoperative fluid volume, and hepa-
tectomy time were not significantly different between the
two groups. Additional file 1 also presents intraoperative
factors stratified by average SVV. Intraoperative bleeding
(275 [85-542] vs. 33 [13-86] ml; p=0.005) was signifi-
cantly different between the two groups.

Postoperative course stratified by AScvO, and average SVV
Table 2 also shows postoperative course and details
of postoperative complications stratified by AScvO2.
The minimum cholinesterase level (179 [160-216]
vs. 160 [124-172] IU/I; p=0.036) and CCI score (0
[0-14.4] vs. 20.9 [0-24.2]; p=0.043) were significantly
different between the two groups. There was no sig-
nificant between-group difference in the incidence of
complications with Clavien-Dindo grade III or more.
High AScvO?2 tended to associate with more frequent
pleural effusion and delayed gastric emptying. There was
no patient of post hepatectomy liver failure. Additional
file 1 also shows postoperative blood test findings and
postoperative course stratified by average SVV. There was
no significant between-group difference in the incidence
of complications with Clavien-Dindo grade III or more
and CCl score.

Patient characteristics stratified by CCl score

The abovementioned results suggested that the intraop-
erative AScvO, was related to postoperative complica-
tion occurrence. Although the cut off value of the CCI
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Table 2 Patient data stratified by AScvO2
Low ScvO2 fluctuation High ScvO, fluctuation p
(AScv0O2 < 10%) (n=36) (AScv02>10%) (n=17)

Preoperative factors
Age 70 (60-77) 69 (66-74) 0.742
Sex (male/female) 27:9 13:4 0.597
BMI 22.3(20.5-24.6) 224(19.9-25.2) 0.874
ASA (1:2:3) 1:31:4 0:17:0 0.382
Hypertension (%) 11/36 (30.6) 4/17 (23.5) 0426
Hyperlipidemia (%) 3/36 (8.3) 0/17 (0) 0.305
Diabetes (%) 7/36 (19.4) 5/17 (29.4) 0318
Primary disease (HCC: others) 23:13 6:11 0.051
PTPE (%) 1/36 (2.8) 3/17(17.6) 0.092
History of hepatitis virus infection (HBV: HCV: no) 5:4:27 1:3:13 0.597
Child-Pugh classification (A: B: C) 35:1:0 17:0:0 0.679
Liver damage classification (A: B: C) 30:6:0 16:1:0 0.269
White blood cell (/uL) 5260 (4405-6193) 5450 (4460-6560) 0.804
Platelet (x 10%/uL) 18.6 (14.6-24.0) 222(175-23.7) 0423
Prothrombin activity (%) 103 (97-113) 101 (94-115) 0.600
Aspartate transaminase (IU/L) 28 (22-40) 24 (22-25) 0.088
Alanine transaminase (IU/L) 23 (15-33) 19 (16-23) 0.340
Total bilirubin (mg/dL) 0.7 (06-1.1) 09(0.5-1.2) 0.625
Alkaline phosphatase (IU/L) 226 (201-289) 230 (182-263) 0.542
y-Glutamyltranspeptidase (IU/L) 45 (25-89) 45 (25-64) 0.790
Albumin (g/dL) 4.2 (3.9-4.4) 42 (4.0-44) 0.863
Cholinesterase (IU/L) 279 (240-322) 260 (224-289) 0.607
Total cholesterol (mg/dL) 193 (162-217) 177 (148-200) 0.261
C-reactive protein (mg/dL) 0.09 (0.04-0.25) 0.16 (0.05-0.65) 0417
HbA1c (%) 6.1 (5.5-6.5) 5.9 (5.6-6.0) 0.498
ICGR15 (%) 18.1 (12.0-24.6) 13.3(11.3-16.5) 0.091
NLR 2.85(1.75-4.08) 3.70 (243-4.15) 0.073
PLR 135.3(108.8-235.2) 193.8 (146.6-254.1) 0.086
LMR 343 (2.55-4.32) 3.04 (2.53-4.97) 0.844
CLR 8.33(4.20-17.96) 11.85 (5.07-82.25) 0.303
CAR 0.022 (0.010-0.059) 0.039(0.013-0.151) 0423

Intraoperative factors
Operative method (minor: major) 34:2 12:5 0.017
laparotomy: laparoscopy 15:21 13:4 0.018
Operation time (min) 294 (253-350) 301 (261-397) 0.317
Intraoperative bleeding (mL) 105 (56-383) 435 (50-660) 0.093
Urine volume (mL) 255 (110-398) 250 (140-372) 0.985
Transfusion (%) 3/36 (8.3) 2/17 (11.8) 0.520
Crystalloid fluid volume (mL) 1850 (1450-2585) 2200 (1850-2800) 0.185
Intraoperative in—out balance (mL/kg/h) 6.83 (5.24-8.37) 6.56 (5.77-7.10) 0.939
Total Pringle maneuver time (min) 90 (60-115) 75 (56-90) 0.175
Hepatectomy time (min) 118 (91-164) 109 (76-154) 0.667

Postoperative factors
Max white blood cell (/uL) 10,780 (8440-12410) 8970 (7130-11010) 0.148
Min platelet (x 10%/uL) 13.1(94-17.0) 14.7 (12.0-17.0) 0.640
Min prothrombin activity (%) 71 (61-84) 66 (53-74) 0114
Max aspartate transaminase (IU/L) 210 (152-404) 358 (224-597) 0.072
Max alanine transaminase (1U/L) 206 (123-378) 350 (228-467) 0.057
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Table 2 (continued)
Low ScvO2 fluctuation High ScvO, fluctuation p
(AScv02<10%) (n=36) (AScv02>10%) (n=17)
Max total bilirubin (mg/dL) 1.2(1.0-1.7) 1.7(1.2-2.1) 0.079
Min albumin (g/dL) 3.1(2.8-33) 2.8 (2.7-3.0) 0.092
Min cholinesterase (IU/L) 179 (160-216) 160 (124-172) 0.036
Max C-reactive protein (mg/dL) 840 (5.94-11.94) 947 (7.85-12.39) 0.542
Complications of CDC grade llla or higher (%) 0/36 (0) 2/17(11.8) 0.099
ca 0(0-14.4) 209 (0-24.2) 0.043
Postoperative length of stay (day) 9(8-12) 11 (9-14) 0.135
Surgical site infection (%) 3/36 (8.3) 2/17(11.8) 0.520
Bile leakage (%) 0/36 (0) 1/17 (5.9) 0321
Pleural effusion (%) 3/36 (8.3) 5/17 (294) 0.059
Ascites (%) 4/36 (11.1) 3/17 (17.6) 0.398
Pneumonia (%) 0/36 (0) 1/17 (5.9) 0.321
Diarrhea (%) 2/36 (5.6) 1/17 (5.9) 0.695
Delayed gastric emptying (%) 0/36 (0) 2/17 (11.8) 0.099

Continuous data are presented as median (interquartile range), whereas categorical data are shown as number of patients. Significant p-values are in boldface

ScvO2 central venous oxygen saturation, BMI body mass index, ASA American Society of Anesthesiologists, HCC hepatocellular carcinoma, PTPE Percutaneous
transhepatic portal vein embolization, HCV hepatitis C virus, HBV hepatitis B virus, HbATc Hemoglobin A1c, ICGR15 indocyanine green retention rate at 15 min, NLR
neutrophil-to-lymphocyte ratio, PLR platelet-to-lymphocyte ratio, LMR lymphocyte-to-monocyte ratio, CLR C-reactive protein-to-lymphocyte ratio, CAR C-reactive
protein-to-albumin ratio, CDC Clavien-Dindo classification, CCl Comprehensive complication index

is considered to be different depending on each surgical
procedures, the median CCI score for the study partici-
pants was 20.9; hence, the participants were divided into
two groups: low (CCI<21, n=45) and high (CCI>21,
n=38) groups.

Table 3 presents patient characteristics stratified by
CCI score. We found no significant between-group dif-
ference in patient background and preoperative clinico-
pathological factors except for CLR (7.51 [4.02-16.39] vs.
24.49 [9.83-101.19]; p=0.039) in univariate analysis.

Intraoperative factors stratified by CCl score

There were significant differences in the number of
patients who underwent major hepatectomy (4/45 vs.
3/8; p=0.028) and in intraoperative bleeding (105 [35-
382] vs. 581 [465-694] ml; p=0.008) (Table 4) in univari-
ate analysis.

FTS measurements stratified by CCl score

We observed a significant between-group difference
in the number of patients with AScvO,>10% (11/45
vs. 6/8; p=0.010) (Table 5) in univariate analysis. How-
ever, the average SVV, maximum SVV, and ASVV were
not significantly different between the two groups. Fur-
thermore, the pre- and postoperative CVP as well as the
maximum intraoperative CVP were not significantly dif-
ferent between the two groups. Lactate levels measured
immediately after surgery were not significantly different
between the two groups.

AScv02 was an independent predictor of higher CCl scores
Multivariate logistic regression analysis revealed the dis-
criminative capacity of high CCI scores (Table 6). The
CLR (median, 9.7), intraoperative bleeding (median,
240 mL), the number of cases with major hepatec-
tomy and AScvO2>10% were included in the multi-
variate analysis. The result revealed that AScvO2>10%
(p=0.016, odds ratio: 9.53) was the only independent
predictor of higher CCI scores.

Discussion

This study evaluated the intraoperative ScvO, and SVV
measured using the FTS in patients undergoing hepatec-
tomy. AScvO, showed a significant positive correlation
with CCI score, whereas, average SVV, maximum SVV,
and ASVV were not significantly correlated with CCI
score. Multivariate analysis identified AScvO, as an inde-
pendent predictor of elevated CCI scores.

Although recent studies have reported that the mortal-
ity rate of patients undergoing hepatectomy is less than
5%, post-hepatectomy complication rates range from 20
to 40%, depending on the extent of resection and liver
function [14, 15]. Intraoperative bleeding constitutes a
major factor affecting post-hepatectomy outcomes [16,
17]. Intermittent blockage of hepatic blood flow using
the Pringle maneuver can reduce intraoperative bleed-
ing; nevertheless, it causes hepatocyte ischemia and
reperfusion, leading to liver injury and elevated serum
lactate levels [18, 19]. Patients with elevated lactate
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Table 3 Patient characteristics stratified by CCl
Low CCI (CClI<21) (n=45) High CCI (CCI>21) (n=8) p

Age 70 (61-75) 70 (68-76) 0.742
Sex (male: female) 32:13 8:0 0.087
BMI 2230 (20.50-24.68) 2215 (20.67-23.49) 0874
ASA (1:2:3) 1:40: 4 0:8:0 1.000
Hypertension (%) 11/45 (24.4) 4/8 (50.0) 0.147
Hyperlipidemia (%) 2/45 (4.5) 1/8 (12.5) 0394
Diabetes (%) 10/45 (22.2) 2/8 (25.0) 0.588
Primary disease (HCC: others) 24: 21 5:3 0.466
PTPE (%) 2/45 (4.5) 2/8 (25.0) 0.104
History of hepatitis virus (HBV: HCV: no) 5:4:36 1:3:4 0.090
Child-Pugh classification (A: B: C) 44:1:0 8:0:0 0.849
Liver damage classification (A: B: C) 39:6:0 7:1:0 0.717
White blood cell (/L) 5340 (4460-6560) 5005 (4285-5928) 0.533
Platelet (x 104/pL) 19.6 (16.5-24.4) 17.7 (14.7-19.7) 0.275
Prothrombin activity (%) 103 (97-115) 97 (95-105) 0.346
Aspartate transaminase (IU/L) 25 (22-40) 25 (20-33) 0617
Alanine transaminase (IU/L) 22 (15-32) 18 (15-21) 0.371
Total bilirubin (mg/dL) 0.7 (0.6-1.1) 09 (06-1.1) 0.874
Alkaline phosphatase (IU/L) 230 (202-285) 202 (182-259) 0.398
y-Glutamyltranspeptidase (IU/L) 41 (23-66) 52(26-113) 0471
Albumin (g/dL) 4.2 (3.9-44) 4.1 (3.6-4.2) 0.233
Cholinesterase (IU/L) 278 (240-324) 260 (221-285) 0.486
Total cholesterol (mg/dL) 190 (155-214) 196 (177-202) 0.583
C-reactive protein (mg/dL) 0.09 (0.04-0.22) 0.43 (0.08-0.74) 0.128
HbATc (%) 6.0 (5.5-6.5) 59(5.5-5.9) 0456
ICGR15 (%) 15.5(11.3-22.5) 16.7 (13.2-26.7) 0.243
NLR 2.96 (2.04-3.90) 3.86 (2.89-4.41) 0.233
PLR 157.5(116.0-254.1) 202.9 (140.7-243.8) 0441
LMR 343 (2.67-4.76) 2.71(2.51-3.98) 0512
CLR 7.51(4.02-16.39) 2449 (9.83-101.19) 0.039
CAR 0.023 (0.009-0.056) 0.100 (0.019-0.213) 0.142

Continuous data are presented as median (interquartile range), whereas categorical data are shown as number of patients. Significant p-values are in boldface

CCl Comprehensive complication index, BMI body mass index, ASA American Society of Anesthesiologists, HCC hepatocellular carcinoma, PTPE Percutaneous
transhepatic portal vein embolization, HCV hepatitis C virus, HBV hepatitis B virus, HbATc Hemoglobin A1c, ICGR15 indocyanine green retention rate at 15 min, NLR
neutrophil-to-lymphocyte ratio, PLR platelet-to-lymphocyte ratio, LMR lymphocyte-to-monocyte ratio, CLR C-reactive protein-to-lymphocyte ratio, CAR C-reactive

protein-to-albumin ratio

levels immediately after hepatectomy have a higher risk
of postoperative morbidity and mortality [20]. In this
study, there was no relationship between the CCI score
and postoperative lactate levels. Postoperative lactate
level may not be a good predictor of complications in
patients undergoing minimally invasive surgery and
minor hepatectomy.

Generally, lowering the CVP during hepatectomy
reduces hepatic venous and sinusoidal pressures, thereby
minimizing bleeding from the liver parenchyma [16, 21].
During hepatectomy, it is recommended to maintain the
CVP <5 cmH,0 [3, 22, 23]. However, the CVP is affected

by the patient’s position during surgery, intrathoracic
pressure, and operator compression or clamping of the
inferior vena cava, hepatic vein, and portal vein [24]. Fur-
thermore, the CVP is a static hemodynamic monitoring
indicator, and thus it is inaccurate for diagnosing fluid
deficiencies.

Enhanced recovery after surgery guidelines suggest
that dynamic monitoring indicators may replace the
CVP as an indicator of fluid responsiveness [25, 26].
Real-time monitoring of the oxygen demand-supply
imbalance associated with hepatectomy enables an early
detection and treatment of abnormalities and prevents
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Table 4 Intraoperative factors stratified by CCl
Low CClI (CCl<21) (n=45) High CCI (CCI>21) (n=8) p

Operative method (minor: major) 41:4 53 0.028
laparotomy: laparoscopy 22:23 6:2 0.164
Operation time (min) 293 (247-349) 366 (287-397) 0.135
Intraoperative bleeding (mL) 105 (35-382) 581 (465-694) 0.008
Urine volume (mL) 279 (110-395) 178 (122-279) 0.371
Transfusion (%) 5/45(11.1) 0/8 (0) 0426
Crystalloid fluid volume (mL) 1850 (1450-2580) 2550 (1850-2775) 0.105
Intraoperative in—out balance (mL/kg/h) 6.92 (5.59-8.30) 583 (542-6.26) 0.243
Lymph node dissection (%) 122 1(12.5) 0.282
Total Pringle maneuver time (min) 90 (70-120) 60 (55-103) 0.219
Hepatectomy time (min) 116 (83-165) 130 (79-172) 0.909

Continuous data are presented as median (interquartile range), whereas categorical data are shown as number of patients. Significant p-values are in boldface

CCl Comprehensive complication index

Table 5 FTS measurements

Low CCI (CCI<21) (n=45) High CCI (CCI>21) (n=8) p

Average ScvO, 80.0 (72.3-83.2) 75.2 (70.9-79.1) 0214
Minimum ScvO, 71 (62-76) 61 (56-69) 0.114
AScvO, 6.3 (5.3-10.0) 13.1 (8.9-20.8) 0.135

10< (%) 11/45 (24.4) 6/8 (75.0) 0.010
Average SWW 9.4 (74-12.1) 8.8(7.9-10.2) 0.652
Maximum SVV 22(17-27) 21 (17-24) 0.687
ASW 11.98 (8.50-19.04) 13.09 (10.28-17.04) 0932
CVP at start of surgery 5(3-8) 6 (4-8) 0.720
CVP at end of surgery 6 (4-8) 5(3-10) 0.801

Maximum CVP 11(8-14) 11(9-13) 0.968
Lactate level value immediately after surgery 2.0 (1.4-2.7) 2.2(1.8-3.1) 0.450

(mg/dL)

Continuous data are presented as median (interquartile range), whereas categorical data are shown as number of patients. Significant p-values are in boldface

CCl Comprehensive complication index, ScvO, central venous oxygen saturation, AScvO, central venous oxygen saturation fluctuation, SVV stroke volume variation,

ASVV stroke volume variation fluctuation, CVP central venous pressure

Table 6 Multivariate analysis

Low CCI (CCI<21) High CCI Multivariate Odds ratio 95% ClI
(n=45) (CC1>21) (n=8) analysis p-value

CLR (<9.7:9.7<) 25:20 1:7

Operative method (<H1: H2 <) 41: 4 5:3

Intraoperative bleeding (mL) (< 240: 240 <) 25:20 1:7

AScvO, (< 10:10<) 34:11 2.6 0.016 9.53 1.523-59.655

Continuous data are presented as median (interquartile range), whereas categorical data are shown as number of patients. Significant p-values are in boldface

CCl Comprehensive complication index, CLR C-reactive protein-to-lymphocyte ratio, AScvO, central venous oxygen saturation fluctuation

perioperative complications. Previous studies have dem-
onstrated that patients who underwent FTS-monitored
anesthetic management had a good postoperative course
[6, 27, 28]. The SVV, an FTS-measured indicator of fluid

responsiveness, is useful for the perioperative manage-
ment of patients undergoing highly invasive surgery [6,
29]. Moreover, the SVV is better than the CVP as a pre-
dictor of fluid responsiveness during hepatectomy [27].
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An intraoperative mean SVV >13.6 has been reported to
increase postoperative total bilirubin levels [5]. However,
our study showed no relationship between the SVV and
CCI score. Although the SVV is an index of fluid respon-
siveness, it does not assess tissue oxygenation. The oxy-
gen demand-supply balance may be undisturbed even
when the SVV is high. In addition, the SVV cannot be
accurately assessed in patients with arrhythmias or in
those undergoing laparoscopic surgery [11, 30].

The FTS can also measure the ScvO,, which is an indi-
cator of oxygen demand-supply balance. Oxygen depri-
vation can lead to mitochondrial dysfunction-induced
organ damage [31], which reduces resistance to postop-
erative stress, thereby increasing the occurrence of post-
operative complications. Patients with low intraoperative
ScvO, values are more predisposed to complications
after high-risk surgical procedures [32]. During hepatec-
tomy, ischemia—reperfusion injury caused by the Pringle
maneuver alters the balance of hepatic oxygen supply [1,
5]. The results of FTS, including ScvO2, are influenced by
vascular compliance and peripheral vascular resistance.
Vascular compliance is estimated from age, sex, height,
and weight [11]. Above mentioned factors were not sig-
nificantly different between two groups in this study. The
optimal cutoff ScvO, value for predicting postoperative
complications differs between healthy patients and those
with trauma, severe sepsis, and heart failure [33, 34]. It
is difficult to determine the standard ScvO, value for all
patients; nevertheless, the postoperative course can be
improved via intraoperative AScvO, suppression. More
detailed studies are needed on the factors and mecha-
nisms involved in ScvO2 fluctuations.

Furthermore, we found a relationship between the
CCI score and CLR in univariate analysis. Preoperative
inflammatory biomarkers have been shown to be associ-
ated with the incidence of postoperative complications
after esophagectomy [35, 36]. The postoperative course
is affected by preoperative lymphocyte count and C-reac-
tive protein levels, which are involved in immune and
inflammatory reactions, respectively. CLR is thought to
predict the postoperative status better than other inflam-
matory biomarkers. If the number of cases increases,
preoperative CLR may become effective predictor of
postoperative complications in hepatectomy.

This study has some potential limitations. First, the
anesthetic management method was not standardized;
it was selected at the discretion of each anesthesiolo-
gist. Therefore, the method used by the anesthesiologist
may have influenced intraoperative indicators. Second,
the study was a retrospective, single-center cohort with
a small sample size. This may cause of the lack of signifi-
cant differences in AScvo2 and individual complications,
although a trend was observed for pleural effusions and
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DGE. Therefore, the study findings should be verified via
large-scale, multicenter randomized controlled trials.

In conclusion, ScvO, monitoring using the FTS can
be used as an alternative to CVP monitoring and lactate
level measurement to predict the risk of postoperative
complications. Given the association between change in
ScvO, and postoperative complications, minimizing the
change in ScvO, is a potential strategy for decreasing the
risk of postoperative complications after hepatectomy.

Abbreviations

CvP Central venous pressure
FTS Flo Trac system
ScvO2 Central venous oxygen saturation

AScvO,  Central venous oxygen saturation fluctuation
SW Stroke volume variation

ASVV Stroke volume variation fluctuation

ca Comprehensive complication index

ORs Odds ratios

Cls Confidence intervals

CLR C-reactive protein-to-lymphocyte ratio

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512893-023-02238-6.

[ Additional file 1. }

Acknowledgements
Not applicable.

Authors’ contributions
Shinya Ida and Yoshifumi Morita wrote the main manuscript text and prepared
tables and figures. All authors reviewed the manuscript.

Funding
Not applicable.

Availability of data and materials

The datasets generated and/or analyzed during the current study are not
publicly available due to institutional policies but are available from the cor-
responding author on reasonable request.

Declarations

Ethics approval and consent to participate

Informed consent for data collection was obtained in the form of an opt-out
on the institution website. This study was approved by the ethics review board
of our institution (approval number 17-124) in accordance with the ethical
guidelines of the Japanese Ministry of Health, Labour, and Welfare regarding
clinical studies.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

"Department of Surgery, Hamamatsu University School of Medicine, 1-20-1
Handayama, Hamamatsu 431-3192, Japan. Division of Surgical Care,
Morimachi, Hamamatsu University School of Medicine, Hamamatsu, Japan.
3Department of Perioperative Functioning Care and Support, Hamamatsu
University School of Medicine, Hamamatsu, Japan.


https://doi.org/10.1186/s12893-023-02238-6
https://doi.org/10.1186/s12893-023-02238-6

Ida et al. BMC Surgery

(2023) 23:343

Received: 14 July 2023 Accepted: 17 October 2023
Published online: 14 November 2023

References

1.

Wu G, ChenT, Chen Z. Effect of controlled low central venous pressure
technique on postoperative hepatic insufficiency in patients undergoing
a major hepatic resection. Am J Trans| Res. 2021;13:8286-93.

Rahbari NN, Garden OJ, Padbury R, Brooke-Smith M, Crawford M, Adam R,
et al. Posthepatectomy Liver Failure: a definition and grading by the Inter-
national Study Group of Liver Surgery (ISGLS). Surgery. 2011;149:713-24.
https://doi.org/10.1016/j.5urg.2010.10.001.

Peres LA, Bredt LC, Cipriani RF. Acute renal injury after partial hepatec-
tomy. World J Hepatol. 2016;8:391-901. https://doi.org/10.4254/wjh.v8.
i21.891.

Tympa A, Theodoraki K, Tsaroucha A, Arkadopoulos N, Vassiliou |,
Smyrniotis V. Anesthetic considerations in hepatectomies under hepatic
vascular control. HPB Surg. 2012;2012:720754. https://doi.org/10.1155/
2012/720754.

Meguro M, Mizuguchi T, Kawamoto M, Nakamura Y, Ota S, Kukita K,

et al. Continuous monitoring of central venous oxygen saturation
predicts postoperative liver dysfunction after liver resection. Surgery.
2013;154:351-62. https://doi.org/10.1016/j.5urg.2013.04.039.

Kobayashi M, Ko M, Kimura T, Meguro E, Hayakawa Y, Irinoda T, et al. Perio-
perative monitoring of fluid responsiveness after esophageal surgery
using stroke volume variation. Expert Rev Med Devices. 2008;5:311-6.
https://doi.org/10.1586/17434440.5.3.311.

Manecke GR. Edwards FloTrac sensor and Vigileo monitor: easy, accurate,
reliable cardiac output assessment using the arterial pulse wave. Expert
Rev Med Devices. 2005,2:523-7. https://doi.org/10.1586/17434440.2.5.
523.

Ratti F, Cipriani F, Reineke R, Catena M, Paganelli M, Comotti L, et al.
Intraoperative monitoring of Stroke volume variation versus central
venous pressure in laparoscopic liver Surgery: a randomized prospective
comparative trial. HPB. 2016;18:136-44. https://doi.org/10.1016/j.hpb.
2015.09.005.

SogaT, Kawahito S, Oi R, Kakuta N, Katayama T, Wakamatsu N, et al.
Recent less-invasive circulatory monitoring during renal transplantation. J
Med Invest. 2013;60:159-63. https://doi.org/10.2152/jmi.60.159.
Cannesson M, Musard H, Desebbe O, Boucau C, Simon R, Hénaine R, et al.
The ability of Stroke volume variations obtained with Vigileo/FloTrac sys-
tem to monitor fluid responsiveness in mechanically ventilated patients.
Anesth Analg. 2009;108:513-7. https://doi.org/10.1213/ane.0b013e3181
92a36b.

Slagt C, Malagon |, Groeneveld AB. Systematic review of uncalibrated
arterial pressure waveform analysis to determine cardiac output and
Stroke volume variation. Br J Anaesth. 2014;112:626-37. https://doi.org/
10.1093/bja/aet429.

Velickovic J, Feng C, Palibrk |, Velickovi¢ D, Jovanovi¢ B, Bumbasirevi¢

V. The assessment of Complications after major abdominal Surgery: a
comparison of two scales. J Surg Res. 2020;247:397-405. https://doi.org/
10.1016/},55.2019.10.003.

Slankamenac K, Graf R, Barkun J, Puhan MA, Clavien PA. The comprehen-
sive complication index: a novel continuous scale to measure surgical
morbidity. Ann Surg. 2013;258:1-7. https://doi.org/10.1097/SLA.0b013
€318296¢732.

Giani A, Cipriani F, Famularo S, Donadon M, Bernasconi DP, Ardito F, et al.
Performance of comprehensive complication index and Clavien-Dindo
complication scoring system in liver Surgery for hepatocellular carci-
noma. Cancers. 2020;12:3868. https://doi.org/10.3390/cancers12123868.
Paugam-Burtz C, Janny S, Delefosse D, Dahmani S, Dondero F, Mantz J,
et al. Prospective validation of the fifty-fifty criteria as an early and accu-
rate predictor of death after liver resection in intensive care unit patients.
Ann Surg. 2009;249:124-8. https://doi.org/10.1097/SLA.0b013e3181
9279cd.

Wang F, Sun D, Zhang N, Chen Z.The efficacy and safety of controlled
low central venous pressure for liver resection: a systematic review and
meta-analysis. Gland Surg. 2020;9:311-20. https://doi.org/10.21037/gs.
2020.03.07.

20.

AR

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34,

35.

7.

Page 10 of 11

Kamiyama T, Nakanishi K, Yokoo H, Kamachi H, Tahara M, Yamashita K,

et al. Perioperative management of hepatic resection toward zero mortal-
ity and morbidity: analysis of 793 consecutive cases in a single institution.
J Am Coll Surg. 2010;211:443-9. https://doi.org/10.1016/jjamcollsurg.
2010.06.005.

. Wiggans MG, Starkie T, Shahtahmassebi G, Woolley T, Birt D, Erasmus P,

et al. Serum arterial lactate concentration predicts mortality and organ
dysfunction following liver resection. Perioper Med. 2013;2:21. https://doi.
org/10.1186/2047-0525-2-21.

. Theodoraki K, Arkadopoulos N, Fragulidis G, Voros D, Karapanos K,

Markatou M, et al. Transhepatic lactate gradient in relation to liver
ischemia/reperfusion injury during major hepatectomies. Liver Transpl.
2006;12:1825-31. https://doi.org/10.1002/1t.20911.

Lemke M, Karanicolas PJ, Habashi R, Behman R, Coburn NG, Hanna SS,

et al. Elevated lactate is independently associated with adverse outcomes
following hepatectomy. World J Surg. 2017;41:3180-8. https://doi.org/10.
1007/500268-017-4118-0.

Hughes MJ, Ventham NT, Harrison EM, Wigmore SJ. Central venous
pressure and liver resection: a systematic review and meta-analysis. HPB.
2015;17:863-71. https://doi.org/10.1111/hpb.12462.

Wang WD, Liang LJ, Huang XQ, Yin XY. Low central venous pressure
reduces blood loss in hepatectomy. World J Gastroenterol. 2006;12:935-9.
https://doi.org/10.3748/wjg.v12.i6.935.

Liu TS, Shen QH, Zhou XY, Shen X, Lai L, Hou XM, et al. Application of con-
trolled low central venous pressure during hepatectomy: a systematic
review and meta-analysis. J Clin Anesth. 2021,75:110467.

Choi SS, Kim SH, Kim YK. Fluid management in living donor hepatectomy:
recent issues and perspectives. World J Gastroenterol. 2015;21:12757-66.
https://doi.org/10.3748/wjg.v21.i45.12757.

Agarwal V, Divatia JV. Enhanced recovery after Surgery in liver resection:
current concepts and controversies. Korean J Anesthesiol. 2019;72:119-
29. https://doi.org/10.4097/kja.d.19.00010.

Dunki-Jacobs EM, Philips P, Scoggins CR, McMasters KM, Martin RC 2.
Stroke volume variation in hepatic resection: a replacement for standard
central venous pressure monitoring. Ann Surg Oncol. 2014;21:473-8.
https://doi.org/10.1245/510434-013-3323-9.

Kitaguchi K, Gotohda N, Yamamoto H, Kato Y, Takahashi S, Konishi M, et al.
Intraoperative circulatory management using the FloTrac™ system in
laparoscopic liver resection. Asian J Endosc Surg. 2015;8:164-70. https://
doi.org/10.1111/ases.12158.

Giustiniano E, Procopio F, Ruggieri N, Grimaldi S, Torzilli G, Raimondi F.
Impact of the FloTrac/VigileoTM monitoring on intraoperative fluid man-
agement and outcome after liver resection. Dig Surg. 2018;35:435-41.
https://doi.org/10.1159/000481406.

Su BC, Tsai YF, Cheng CW, Yu HP, Yang MW, Lee WC, et al. Stroke volume
variation derived by arterial pulse contour analysis is a good indica-

tor for preload estimation during liver transplantation. Transpl Proc.
2012;44:429-32. https://doi.org/10.1016/j.transproceed.2011.12.037.
Hoiseth L@, Hoff IE, Myre K, Landsverk SA, Kirkebgen KA. Dynamic
variables of fluid responsiveness during pneumoperitoneum and laparo-
scopic Surgery. Acta Anaesthesiol Scand. 2012,56:777-86. https://doi.org/
10.1111/j.1399-6576.2011.02641 X.

Mayer J, Boldt J, Mengistu AM, Rohm KD, Suttner S. Goal-directed intra-
operative therapy based on autocalibrated arterial pressure waveform
analysis reduces hospital stay in high-risk surgical patients: a randomized,
controlled trial. Crit Care. 2010;14:R18. https://doi.org/10.1186/cc8875.
Collaborative Study Group on Perioperative ScvO2 Monitoring. Multicen-
tre study on peri- and postoperative central venous oxygen saturation

in high-risk surgical patients. Crit Care. 2006;10:R158. https://doi.org/10.
1186/cc5094.

Pearse R, Dawson D, Fawcett J, Rhodes A, Grounds RM, Bennett ED.
Changes in central venous saturation after major Surgery, and association
with outcome. Crit Care. 2005;9:R694-9. https://doi.org/10.1186/cc3888.
Reinhart K, Kuhn HJ, Hartog C, Bredle DL. Continuous central venous

and pulmonary artery oxygen saturation monitoring in the criti-

cally ill. Intensive Care Med. 2004;30:1572-8. https://doi.org/10.1007/
s00134-004-2337-y.

Tsujiura M, Yamamoto A, Imaoka H, Shimura T, Kitajima T, Morimoto Y,

et al. Clinical utility of lymphocyte to C-reactive protein ratio in predicting
survival and postoperative complication for esophago-gastric junction


https://doi.org/10.1016/j.surg.2010.10.001
https://doi.org/10.4254/wjh.v8.i21.891
https://doi.org/10.4254/wjh.v8.i21.891
https://doi.org/10.1155/2012/720754
https://doi.org/10.1155/2012/720754
https://doi.org/10.1016/j.surg.2013.04.039
https://doi.org/10.1586/17434440.5.3.311
https://doi.org/10.1586/17434440.2.5.523
https://doi.org/10.1586/17434440.2.5.523
https://doi.org/10.1016/j.hpb.2015.09.005
https://doi.org/10.1016/j.hpb.2015.09.005
https://doi.org/10.2152/jmi.60.159
https://doi.org/10.1213/ane.0b013e318192a36b
https://doi.org/10.1213/ane.0b013e318192a36b
https://doi.org/10.1093/bja/aet429
https://doi.org/10.1093/bja/aet429
https://doi.org/10.1016/j.jss.2019.10.003
https://doi.org/10.1016/j.jss.2019.10.003
https://doi.org/10.1097/SLA.0b013e318296c732
https://doi.org/10.1097/SLA.0b013e318296c732
https://doi.org/10.3390/cancers12123868
https://doi.org/10.1097/SLA.0b013e31819279cd
https://doi.org/10.1097/SLA.0b013e31819279cd
https://doi.org/10.21037/gs.2020.03.07
https://doi.org/10.21037/gs.2020.03.07
https://doi.org/10.1016/j.jamcollsurg.2010.06.005
https://doi.org/10.1016/j.jamcollsurg.2010.06.005
https://doi.org/10.1186/2047-0525-2-21
https://doi.org/10.1186/2047-0525-2-21
https://doi.org/10.1002/lt.20911
https://doi.org/10.1007/s00268-017-4118-0
https://doi.org/10.1007/s00268-017-4118-0
https://doi.org/10.1111/hpb.12462
https://doi.org/10.3748/wjg.v12.i6.935
https://doi.org/10.3748/wjg.v21.i45.12757
https://doi.org/10.4097/kja.d.19.00010
https://doi.org/10.1245/s10434-013-3323-9
https://doi.org/10.1111/ases.12158
https://doi.org/10.1111/ases.12158
https://doi.org/10.1159/000481406
https://doi.org/10.1016/j.transproceed.2011.12.037
https://doi.org/10.1111/j.1399-6576.2011.02641.x
https://doi.org/10.1111/j.1399-6576.2011.02641.x
https://doi.org/10.1186/cc8875
https://doi.org/10.1186/cc5094
https://doi.org/10.1186/cc5094
https://doi.org/10.1186/cc3888
https://doi.org/10.1007/s00134-004-2337-y
https://doi.org/10.1007/s00134-004-2337-y

Ida et al. BMC Surgery (2023) 23:343

cancer. Surg Oncol. 2022;44:101842. https://doi.org/10.1016/j.suronc.
2022.101842.

36. Yamamoto A, Toiyama Y, Okugawa Y, Ichikawa T, Imaoka H, Yasuda H, et al.

Clinical implications of the preoperative lymphocyte C-reactive protein
ratio in Esophageal cancer patients. Surg Today. 2021;51:745-55. https://
doi.org/10.1007/500595-020-02166-5.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 11 of 11

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1016/j.suronc.2022.101842
https://doi.org/10.1016/j.suronc.2022.101842
https://doi.org/10.1007/s00595-020-02166-5
https://doi.org/10.1007/s00595-020-02166-5

	Prediction of postoperative complications after hepatectomy with dynamic monitoring of central venous oxygen saturation
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Surgical indication and intraoperative procedures
	Intraoperative anesthetic management
	Classification of postoperative complications
	Statistical analysis

	Results
	Basic patient characteristics
	Patient characteristics stratified by ΔScvO2 and average SVV
	Intraoperative factors stratified by ΔScvO2 and average SVV
	Postoperative course stratified by ΔScvO2 and average SVV
	Patient characteristics stratified by CCI score
	Intraoperative factors stratified by CCI score
	FTS measurements stratified by CCI score
	ΔScvO2 was an independent predictor of higher CCI scores

	Discussion
	Anchor 23
	Acknowledgements
	References


