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Abstract

Background Intermittent Pringle maneuver or selective

portal clamping often are used to control inflow during

parenchymal liver transection. This study was designed to

determinate whether these maneuvers are associated with

adverse hepatic function.

Methods Resection was performed without portal

clamping in 17 patients (group 1). Selective continuous

portal clamping was performed in 11 patients (group 2) and

the remaining 33 patients (group 3) had intermittent non-

selective portal clamping (occlusion of the main portal

trunk). The centers’ protocol for total portal occlusion is

15-min occlusion alternated with 5-min reperfusion in

patients with normal liver parenchyma or 10 min alternated

with 5 min in patients with abnormal parenchyma. ICG

elimination tests were conducted concurrently using a

noninvasive monitor that tracks the plasma disappearance

rate (PDR-ICG-%/min) and 15-min retention rate after

administration (ICG-R15-%).

Results There was no statistically difference between the

three studied groups in terms of sequential changes of ICG-

PDR (p \ 0.625) or ICG-R15 (p \ 0.398).

Conclusions Our study indicates that 15 min of inter-

mittent Pringle maneuver or selective hemihepatic contin-

uous portal clamping are safe methods of vascular control

during liver resection, with no adverse effects on hepato-

cellular function.

Introduction

One of the major advances in liver surgery is the preven-

tion of intraoperative bleeding. This includes several steps:

(1) maintain a low central venous pressure, (2) control and

division of major portal pedicles and hepatic veins before

parenchymal transection, and (3) the use of vascular

clamping during transection of parenchyma. Portal

clamping or Pringle maneuver (PM) is the most commonly

used technique. It significantly decreases bleeding during

transection of the parenchyma and it has little effect on

systemic hemodynamics or liver function, particularly if

applied intermittently [1–5]. Although liver surgeons use

different vascular clamping techniques, including PM, the

optimal ischemia time has not yet been determined and

remains controversial [6–9]. To our knowledge, no pro-

spective clinical study has examined the ideal ischemia

time during hepatectomy in relation to severity of ische-

mia-reperfusion liver injury by using perioperative moni-

toring of noninvasive indocyanine green (ICG) clearance.

ICG is a nontoxic, water-soluble triacarbocyanime dye.

Its elimination rate has been largely used to measure the

hepatic function and the hepatic blood flow for the last

three decades [10]. Indeed, the ICG is extracted exclusively

by the hepatic parenchyma cells and excreted almost

entirely into the bile without enterohepatic circulation [11].

Recently, with the LiMON� system (Impulse Medical

System, Munich, Germany), the ICG elimination rate is
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monitored by a noninvasive pulse-densitometric method

[12, 13]. This monitor expresses the ICG elimination in

terms of plasma disappearance rate (PDR-ICG) and

retention rate of ICG 15 min after administration (ICG-

R15).

This study was designed to estimate the impact of dif-

ferent inflow vascular occlusion techniques on the function

of hepatic cells by monitoring the ICG clearance and its

plasma disappearance rates in patients undergoing liver

resections.

Patients and methods

From January 2006 to March 2008, 61 patients treated in

our center were included in the study. Of them, 21 were

women and 40 men, with a mean age of 62.5 ± 12.3

(range, 33–84) years. Eleven patients were cirrhotic (Child-

Pugh score A). Twelve patients received neoadjuvant

chemotherapy.

Type of pathology

Thirty-seven patients had colorectal liver metastases, 13

had hepatocellular carcinoma (HCC), 4 had cholangiocar-

cinoma, 3 had liver metastases (gastric carcinoma), 1 had

hemangioma, 1 had hydatid cyst, 1 had gallbladder carci-

noma, and the last patient had liver metastases (GIST).

Surgical procedures

The selection of patients for surgery and type of clamping

were based on liver functional status, radiological evidence

of tumor resectability, and absence of major contraindica-

tions precluding surgery. In addition, patients with HCC

had to be outside the Milan criteria [14] and have a Child-

Pugh score grade A to be considered for resection [15].

Sixty-one patients underwent right extended hepatec-

tomy (n = 9), right hepatectomy (n = 11), central hepa-

tectomy (n = 2), extended left hepatectomy (n = 1), left

hepatectomy (n = 1), trisegmentectomy (n = 1), biseg-

mentectomy (n = 3), left lobectomy (n = 5), segmentec-

tomy (n = 16), subsegmentectomy (n = 18), and

pericystectomy (n = 1).

We considered as hospital mortality all deaths that

occurred during the first two postoperative months. The

complications were graded in accordance to the Clavien

Score [16].

Resection without portal clamping was performed in 17

patients. Selective continuous portal clamping (occlusion

of right or left hepatic artery/portal branch) was performed

in 11 patients and the remaining 33 patients had intermit-

tent nonselective portal clamping (occlusion of the main

portal trunk). The centers’ protocol for total portal occlu-

sion is 15-min occlusion alternated with 5-min reperfusion

for patients with normal liver parenchyma, whereas for

patients with abnormal parenchyma (cirrhotic, steatosis)

the occlusion time is reduced to 10 min. The mean time of

the portal clamping was 10 ± 12.01 (range, 0–56) min.

The mean transfusion rate was 0 ± 0.77 (range, 0–9 units

of red blood cells). Fifty-four (88.5%) patients received no

blood transfusion. Table 1 describes the characteristics of

patients who had no portal clamping (group 1), selective

continuous portal clamping (group 2), and occlusion of the

main portal trunk (group 3).

The PDR-ICG and the R15-ICG, hemodynamic status

(systolic, diastolic, mean arterial pressure (MAP), central

venous pressure, and heart rate), hemoglobin (Hb), platelet

count, creatinine and standard liver biochemistry [plasma

levels of prothrombin (PT), albumin (Alb), alanine ami-

notransferase (ALT), aspartate aminotransferase (AST),

alkaline phosphatase (ALP), gamma-glutamyl transpepti-

dase (GGT), total bilirubin (T Bil), lactic acid dehydroge-

nase (LDH)] were evaluated before induction of general

anesthesia (T0), immediately after the end of surgery (T1),

and 24 h after hepatectomy (T2).

Measurement of the indocyanine green clearance

ICG elimination tests were conducted by using the Li-

MON� (Pulsion Medical System, Munich, Germany). Each

patient was monitored with an ICG finger clip, which was

connected to the liver function monitor (LiMON�) via an

optical probe. Injected ICG is detected from fractional

pulsatile changes in optical absorption. The optical peak

absorption of 805 and 890 nm allows continuous mea-

surements of PDR-ICG.

For each measurement, ICG (5 mg/ml) was adminis-

tered intravenously at a dose of 0.5 mg/kg body weight of

ICG (Infracyanine, Laboratories Serb, France) and given

through a peripheral or central vein as a bolus and imme-

diately flushed with normal saline. The monitor determines

automatically the PDR-ICG by monoexponential transfor-

mation of the original ICG concentration curve and back-

ward extrapolation to the time point ‘‘zero’’ (100%),

describing the decay as percentage change per time.

The study protocol was approved by the ethics comity of

our hospital. All patients were informed about the study

and signed the informed written consent.

Statistical analysis

Continuous data were presented as mean and standard

deviation (SD). Skewed and non-Gaussian continuous data

were analyzed using nonparametric tests (Mann–Whitney

U test or the Kruskal–Wallis test, whenever there were two
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samples, three or more samples to compare); Chi-square

test was applied to compare proportions. Serial measure-

ments were compared by repeated measure analysis vari-

ance (ANOVA). Statistical analysis was performed using

Statistica� version 7, and the value of 5% was considered

as a significant level.

Results

Mortality and morbidity

There were no perioperative deaths. Postoperative com-

plications occurred in nine patients. In the intermittent

nonselective portal clamping group, complications inclu-

ded bile leak (n = 1), intra-abdominal abscess (n = 1), and

intestinal obstruction (n = 2) (Clavien grade I—two

patients; Clavien grade II—one patient; and Clavien grade

IIIa—one patient). In the selective continuous clamping

group, complications included bile leak (n = 1) and

pneumonia (n = 1) (Clavien grade I—one patient; and

grade II—one), and lastly in the nonclamping group,

complications included biliary fistula (n = 1), intra-

abdominal abscess (n = 1), and intestinal occlusion

(n = 1) (Clavien grade I—two patients; and Clavien grade

IIIa—one patient). No significant statistical difference was

obtained for postoperative mobility between different

groups.

Sequential changes of clinical parameters

We observed no statistical differences in the evolution of

the clinical parameters measured over time between the

three studied groups. Table 2 describes the hemodynamic

changes before induction of general anesthesia (T0),

immediately after intervention (T1), and at 24 h after (T2).

Table 1 Characteristics of

patients without portal clamping

(group 1), selective continuous

portal clamping (group 2), and

intermittent total occlusion of

the portal trunk (group 3)

Data are presented as range

(mean ± SD)

ICU intensive care unit

Group 1(n = 17) Group 2 (n = 11) Group 3 (n = 33) p

Age (year) 61.93 ± 11.71 55.3 ± 15.3 61.46 ± 9.28 0.754

Male/female ratio 10/7 7/4 23/10 0.099

Cirrhosis 3 2 4 0.488

Indication of hepatectomy 0.411

Colorectal liver metastases 13 6 18

Hepatocellular carcinoma 3 2 8

Cholangiocarcinoma 0 2 2

Gastric liver metastases 1 0 2

Hemangioma 0 1 0

Hydatid cyst 0 0 1

GIST liver metastases 0 0 1

Gallbladder carcinoma 0 0 1

Type of intervention

Extended right hepatectomy 1 1 7

Right hepatectomy 2 6 1

Extended left hepatectomy 0 0 1

Left hepatectomy 0 1 0

Central hepatectomy 1 0 1

Trisegmentectomy 0 0 1

Bisegmentectomy 3 0 0

Left lobectomy 4 0 1

Segmentectomy 3 1 12

Subsegmentectomy 6 8 4

Pericystectomy 0 0 1

Hemodynamic data

Heart rate (beats/min) 84 ± 10 82 ± 14 83 ± 12 0.880

Systolic blood pressure (mmHg) 133 ± 15 133 ± 22 132 ± 17 0.981

Diastolic blood pressure (mmHg) 66 ± 12 66 ± 10 70 ± 10 0.480

Central venous pressure (mmHg) 8.8 ± 2.4 7.9 ± 1.9 8.4 ± 1.9 0.556

ICU stay (days) 2.7 ± 1.7 2.5 ± 1.8 2.4 ± 1.8 0.588
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Sequential changes of plasma disappearance

(PDR-ICG) and retention rate of ICG 15 min

(R15-ICG) after administration

There was no statistical difference between the three

studied groups in terms of ICG-PDR (p \ 0.625) or ICG-

R15 noninvasive monitoring (p \ 0.398). Figure 1a and b

show sequential changes for the plasma disappearance rate

of ICG (PDR-ICG) and retention rate of IGC 15 min (R15-

ICG) after administration of ICG, respectively. Table 3

describes sequential changes of plasma disappearance rate

(PDR-ICG) and retention rate of IGC 15 min (R15-ICG)

after administration of ICG before induction of general

anesthesia (T0), immediately after intervention (T1), and at

24 h after (T2).

Sequential changes of biochemical parameters

There was a statistically significant difference for ALT

(p \ 0.016), GGT (p \ 0.003), and AF (p \ 0.014)

between group 3 (intermittent total occlusion of the main

portal trunk) and group 1 (no portal clamping) or group

2 (selective continuous portal clamping). In contrast,

there were no differences between the three groups in

terms of platelet numbers, creatinine, hemoglobin or

prothrombin levels, albumin, AST, total bilirubin, and

LDH. Table 3 describes sequential changes of biochem-

ical parameters before induction of general anesthesia

(T0), immediately after intervention (T1), and at 24 h

after (T2).

Discussion

Hepatic resection is a challenging surgical procedure

because of the complicated biliary and vascular anatomy of

the liver and the high risk of bleeding. One of the surgical

methods applied to reduce blood loss during hepatectomy

is inflow occlusion by clamping the portal triad (Pringle

maneuver). Several reports have compared continuous

versus intermittent pedicle occlusion, and have concluded

that intermittent pedicle occlusion may be a superior

technique to preserve the function of the future remnant

liver and prevent liver failure as a result of prolonged liver

ischemia [3, 9, 17, 18].

To date, much of the evidence is experimental and not

derived from human studies. The standard clamping time

of 10–15 min used at our institution is established empir-

ically based on 30 years of clinical experience with hepa-

tectomies as well as experimental evidence from animal

studies.

However, there is still controversy concerning the

potential effects of ischemia–reperfusion injury, which may

have deleterious consequences on the remnant liver result-

ing from the activation of Kupffer cells and production of

reactive oxygen species and cytokines (tumor necrosis

factor and interleukin-8), leading to liver dysfunction due to

sinusoidal endothelial and parenchymal injury [19].

To evaluate the effects of clampage-induced ischemia

on the liver parenchyma, a noninvasive monitoring (spec-

trophotometry) of ICG clearance was used in this study

(the first to use this method). ICG is a water-soluble,

nontoxic tricarbocyanine dye. The principal characteristic

Table 2 Sequential changes of hemodynamic status before induction

of general anesthesia (T0), immediately after the end of hepatectomy

(T1), and 24 hafter the surgery (T2) for patients without portal

clamping (group 1), selective continuous portal clamping (group 2),

and intermittent total occlusion of the portal trunk (group 3)

T Group T0 T1 T2 p (time 9 groups) p (groups)

HR (beats/min) 1 84.00 ± 9.86 87.20 ± 10.69 87.47 ± 8.62 0.066 T0: 0.880

2 81.67 ± 13.71 90.75 ± 9.92 84.42 ± 12.18 T1: 0.594

3 82.92 ± 12.06 90.62 ± 11.71 86.58 ± 9.88 T3: 0.729

SBP (mmHg) 1 132.53 ± 14.84 113.00 ± 17.35 133.80 ± 13.63 0.739 T0: 0.981

2 132.75 ± 21.57 109.67 ± 35.06 130.25 ± 17.98 T1: 0.758

3 131.69 ± 16.84 115.35 ± 15.86 130.69 ± 14.85 T3: 0.783

DBP (mmHg) 1 66.47 ± 11.96 58.47 ± 11.02 67.53 ± 11.23 0.657 T0: 0.480

2 65.92 ± 10.13 59.33 ± 11.78 65.75 ± 9.19 T1: 0.640

3 69.73 ± 9.80 61.42 ± 8.75 70.31 ± 8.13 T3: 0.344

CVP (mmHg) 1 8.80 ± 2.39 7.07 ± 1.71 8.40 ± 1.35 0.382 T0: 0.556

2 7.92 ± 1.98 6.17 ± 1.59 8.17 ± 0.72 T1: 0.113

3 8.35 ± 1.98 5.81 ± 1.98 7.88 ± 0.91 T3: 0.294

Results are mean ± SD

HR heart rate (beats/min), SBP systolic blood pressure (mmHg), DBP diastolic blood pressure (mmHg), CVP central venous pressure (mmHg)
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of the ICG is that is extracted nearly exclusively by the

hepatocytes and excreted almost entirely into the bile

without enterohepatic circulation [11]. Indeed, after injec-

tion, the ICG is taken up by hepatocytes, bound by acceptor

proteins, and then through them excreted and eliminated

with the bile in an unchanged form. The ICG is detectable

in the bile 15 min after injection, with a maximum con-

centration between 30 min and 2 h after injection,

depending on the amount injected. The kinetics of ICG

plasma disappearance has been described in previous arti-

cles [20, 21]. Because of the ICG metabolism, a dynamic

test has been used largely to assess hepatic function as well

as portal and hepatosplanchnic blood flow [10, 22, 23].

Indocyanine green is safe and well tolerated with no related

side effects. However, in patients with iodine allergy or

thyrotoxicosis, the use of ICG is not advised because it

contains iodine. In addition, rarely ICG can trigger ana-

phylactic reactions (incidence = 1:40000) [24]. No aller-

gic response related to the injection of ICG was observed in

our study.

Various techniques (invasive and noninvasive) have

been used to evaluate the ICG elimination, providing dif-

ferent values that quantify its elimination: the clearance,

the plasma disappearance rate (PDR-ICG—percentage of

ICG eliminated in 1 min), and the retention rate at 15 min

(R15-ICG). More recently a noninvasive method (spec-

trophotometry) has been used for its evaluation. With this

noninvasive bedside monitoring, the ICG elimination is

determined without time delay (within few minutes,

depending on the circulation time).

The pulse dye densitometry method for assessing liver

function and hepatic blood flow can be used in both

hemodynamically stable and unstable patients [25]. How-

ever the ICG-PDR value should be interpreted with caution

in some situations [25].

Several prognostic scores have been tested and validated

in intensive care patients. In many of them [Simplified

Acute Physiology Score (SAPS II), Sequential Organ

Failure Assessment (SOFA)], bilirubin was the only vari-

able used to assess liver function. On other hand, the ICG-

PDR clearance on admission in ICU is as sensible as other

scores, such as APACHE II or SAPS II [26]. In patients

with septic shock, the ICG elimination rate is an indicator

of hepatocellular dysfunction; indeed, in a recent issue, an

association between hepatocellular injury and a reduction

in hepatic ICG clearance has been reported [27]. In addi-

tion, it has been shown that in patients with septic shock,

sequential changes of the elimination rate of ICG could

predict survival [27]. The ICG clearance is thought to be an

adequate estimate of liver functional reserve in patients

with cirrhosis and reflect the degree of sinusoidal capil-

larization, portovenous shunt/s, and the modification of

liver blood flow [10]. In cirrhotic patients, the ICG clear-

ance is significantly lower than in healthy patients, mainly

with an intrinsic decrease of ICG hepatic uptake and during

the follow-up of cirrhotic patients, the ICG has been used

as a significant predictor of survival [28, 29].

In this prospective study, the biochemical variables used

to estimate the ischemia–reperfusion injury of the hepato-

cytes and subsequent recovery include: plasma levels of

PT, Alb, total protein, AST, ALT, ALP, GGT, T Bil, and

LDH.

Our results demonstrate that there is a statistically sig-

nificant difference for ALT (p \ 0.016), GGT (p \ 0.003),

Fig. 1 a, b Sequential changes of plasma disappearance rate (PDR-

ICG) after administration of ICG before induction of general

anesthesia (T0), immediately after the end of hepatectomy (T1),

and 24 h after the surgery (T2) for patients without portal clamping

(group 1), selective continuous portal clamping (group 2), and

intermittent total occlusion of the portal trunk (group 3). ICG
indocyanine green, PDR-ICG plasma disappearance rate of ICG (%/

min), R15-ICG retention rate of indocyanine 15 min after adminis-

tration (%)
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Table 3 Sequential changes of PDR-ICG, R15-ICG, and biochemical

parameters before induction of general anesthesia (T0), immediately

after the end of hepatectomy (T1), and 24 h after the surgery (T2) of

patients without portal clamping (group 1), selective continuous

portal clamping (group 2), and intermittent total occlusion of the

portal trunk (group 3)

T Group T0 T1 T2 p (time 9 groups) p (groups)

PDR-ICG (%/min) 1 18.36 ± 5.17 14.74 ± 5.8 19.07 ± 6.68 0.625 T0: 0.364

2 22.5 ± 10.06 17.74 ± 7.29 17.08 ± 12.1 T1: 0.425

3 18.98 ± 8.73 14.18 ± 7.55 14.48 ± 7.56 T3: 0.160

R15-ICG(%) 1 8.27 ± 6.83 14.35 ± 9.66 8.62 ± 7.45 0.398 T0: 0.383

2 10.01 ± 18.6 11.05 ± 12.79 16.89 ± 13.94 T1: 0.501

3 11.1 ± 11.43 18.94 ± 16.39 18.35 ± 15.37 T3: 0.160

HB (gr/dl) 1 12.82 ± 1.68 11.85 ± 1.33 11.37 ± 1.37 0.692 T0: 0.865

2 12.87 ± 1.89 11.4 ± 1.67 11.78 ± 2.08 T1: 0.850

3 13.13 ± 2.09 12.12 ± 2.12 11.22 ± 1.52 T3: 0.558

Platelets no (9104) 1 20.4 ± 12.9 16.7 ± 11.9 17.9 ± 10.5 0.070 T0: 0.148

2 21.2 ± 6.5 14.7 ± 6.9 12.4 ± 6.7 T1: 0.325

3 14.7 ± 10.1 10.7 ± 10.1 9.5 ± 9.4 T3: 0.023

Protomb (%) 1 85.6 ± 13.04 72.54 ± 10.58 56.5 ± 10.68 0.645 T0: 0.588

2 83.6 ± 9.9 64.56 ± 9.5 47.91 ± 8.96 T1: 0.348

3 87.04 ± 14.39 108.59 ± 159.34 61.5 ± 10.79 T3: 0.006

Creat (mg/dl) 1 0.97 ± 0.37 0.85 ± 0.33 0.93 ± 0.4 0.328 T0: 0.923

2 0.9 ± 0.35 0.93 ± 0.27 0.87 ± 0.35 T1: 0.550

3 0.88 ± 0.16 0.87 ± 0.22 0.86 ± 0.17 T3: 0.698

TB(mg/dl) 1 0.81 ± 0.30 1.0 ± 0.41 0.9 ± 0.40 T0: 0.789

2 0.91 ± 0.39 1.10 ± 0.51 1.0 ± 0.51 0.147 T1: 0.302

3 0.89 ± 9.43 1.12 ± 0.39 1.1 ± 0.52 T3: 0.289

TP (gr(dl) 1 7.4 ± 0.61 5.58 ± 0.89 5.68 ± 0.76 0.916 T0: 0.834

2 7.28 ± 0.68 5.54 ± 0.72 5.05 ± 0.64 T1: 0.964

3 7.2 ± 0.74 5.57 ± 0.86 5.39 ± 0.55 T3: 0.087

Alb (gr/dl) 1 4.25 ± 0.49 3.51 ± 0.42 3.21 ± 0.41 0.522 T0: 0.994

2 4.26 ± 0.3 3.33 ± 0.36 3 ± 0.38 T1: 0.890

3 4.18 ± 0.48 3.44 ± 0.45 3.38 ± 0.63 T3: 0.097

AST (U/I) 1 32.8 ± 22.64 243.08 ± 178.56 199.93 ± 110.27 0.054 T0: 0.538

2 35.1 ± 20.1 390.75 ± 153.16 334.4 ± 139.28 T1: 0.039

3 35.88 ± 16.09 475.88 ± 306.16 443 ± 276.17 T3: 0.001

ALT (U/I) 1 26.47 ± 14.21 210.54 ± 179.72 234.87 ± 200.7 0.016 T0: 0.404

2 35.5 ± 30.39 330.78 ± 152.91 391.25 ± 183.15 T1: 0.057

3 32.88 ± 15.28 446.33 ± 320.92 516.36 ± 373.26 T3: 0.015

GGT (U/l) 1 108.87 ± 120.22 75.08 ± 73.18 94.93 ± 106.34 0.003 T0: 0.384

2 222.4 ± 224.01 159.78 ± 128.17 112.75 ± 93.42 T1: 0.122

3 99.44 ± 77.48 100.44 ± 81.84 88.52 ± 63.95 T3: 0.660

ALP (U/l) 1 106.8 ± 37.88 82.46 ± 28.41 99.6 ± 86.32 0.014 T0: 0.224

2 196 ± 163.65 129.5 ± 94.42 110 ± 76.19 T1: 0.541

3 122.54 ± 70.62 94.06 ± 61.81 82 ± 29.76 T3: 0.613

LDH (U/l) 1 204.4 ± 38.77 350.93 ± 140.7 297.93 ± 110.63 0.935 T0: 0.166

2 227.4 ± 75.75 415.5 ± 180.72 315.01 ± 80.72 T1: 0.102

3 335.76 ± 359.29 483.96 ± 29.57 452.96 ± 271.57 T3: 0.025

Results are mean ± SD

ICG indocyanine green, PDR-ICG plasma disappearance rate of ICG, R15-ICG retention rate of indocyanine 15 min after administration of ICG,

HB hemoglobin, platelets no platelets numbers, Creat creatinine, PT prothrombin, ALB albumin, TP total protein, ALT alanine aminotransferase,

AST aspartate aminotransferase, ALP alkaline phosphatase, GGT gamma-glutamyl transpeptidase, TB total bilirubin, LDH lactic acid

dehydrogenase
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and ALP (p \ 0.014) between group 3 (total occlusion of

the portal trunk) and group 1 (no portal clamping) or group

2 (selective continuous portal clamping). In contrast, there

are no differences between the three groups for Hb, platelet

count, creatinine, PT, Alb, total protein, AST, T Bil, and

LDH. Many studies have used aminotransferase levels to

assess the severity of hepatic injury resulting from ische-

mia [30–32]. Although serum AST and ALT levels are

currently considered by many clinicians as most sensitive

markers reflecting liver ischemic damage they also are

influenced by the injury caused by liver transection

resulting in much higher levels. In general, hepatobiliary

surgeons pay special attention to postoperative serum total

bilirubin levels as an indicator of liver failure after hepa-

tectomy. In our study, there is no difference between the

three groups in the bilirubin rate. However, a prospective

study suggested that dynamic liver function tests, such as

indocyanine green clearance, are superior to conventional

liver function tests in assessing short-term prognosis in

cirrhotic patients [33].

The present investigation demonstrated that statistically

there is no difference between the three studied groups in

terms of ICG-PDR or ICG-R15 noninvasive monitoring.

Our results showed that intermittent 15-min Pringle

maneuver (group 1) or selective hemihepatic continuous

portal clamping (group 2) are not associated with adverse

long-term prognosis.

Although this is a prospective study, the findings may be

limited by a selection bias and confounding factors, which

would be minimized by performing a randomized, con-

trolled trial. However, the three groups were well matched

for clinicopathological features and types of liver resection

thereby reducing the influence of any selection bias.

Perhaps with the advent of new surgical devices, news

trails to perform bloodless hepatic transection will be

opened with no need for inflow or outflow occlusion [34–

36]. Nevertheless, our study indicates that 15 min of

intermittent Pringle maneuver or selective hemihepatic

continuous portal clampage are safe methods of vascular

control during liver transection, with no adverse effects on

hepatocellular function.

References

1. Franco D (2002) Liver surgery has become simpler. Eur J Ana-

esthesiol 19:777–779

2. Melendez JA, Arslan V, Fischer ME et al (1998) Perioperative

outcomes of major hepatic resections under low central venous

pressure anesthesia: blood loss, blood transfusion, and the risk of

postoperative renal dysfunction. J Am Coll Surg 187:620–625

3. Man K, Fan ST, Ng IO et al (1997) Prospective evaluation of

Pringle maneuver in hepatectomy for liver tumors by a ran-

domized study. Ann Surg 226:704–711

4. Clavien PA, Emond J, Vauthey JN et al (2004) Protection of the

liver during hepatic surgery. J Gastrointest Surg 8:313–327

5. Jarnagin WR, Gonen M, Fong Y et al (2002) Improvement in

perioperative outcome after hepatic resection: analysis of 1, 803

consecutive cases over the past decade. Ann Surg 236:397–406

6. Benzoni E, Lorenzin D, Baccarani U et al (2006) Resective

surgery for liver tumor: a multivariate analysis of causes and risk

factors linked to postoperative complications. Hepatobiliary

Pancreat Dis Int 5:526–533

7. Garcea G, Gescher A, Steward W et al (2006) Oxidative stress in

humans following the Pringle manoeuvre. Hepatobiliary Pancreat

Dis Int 5:210–214

8. Filos KS, Kirkilesis I, Spiliopoulou I et al (2004) Bacterial

translocation, endotoxaemia and apoptosis following Pringle

manoeuvre in rats. Injury 35:35–43

9. Grazi GL, Mazziotti A, Jovine E et al (1997) Total vascular

exclusion of the liver during hepatic surgery. Selective use,

extensive use, or abuse? Arch Surg 132:1104–1109

10. Caesar J, Shaldon S, Chiandussi L et al (1961) The use of in-

docyanine green in the measurement of hepatic blood flow and as

a test of hepatic function. Clin Sci 21:43–57

11. Wheeler HO, Cranston WI, Meltzer JI (1958) Hepatic uptake and

biliary excretion of indocyanine green in the dog. Proc Soc Exp

Biol Med 99:11–14

12. Sakka SG, Reinhart K, Meier-Hellmann A (2000) Comparison of

invasive and noninvasive measurements of indocyanine green

plasma disappearance rate in critically ill patients with mechan-

ical ventilation and stable hemodynamics. Intensive Care Med

26:1553–1556

13. von Spiegel T, Scholz M, Wietasch G et al (2002) Perioperative

monitoring of indocyanine green clearance and plasma disap-

pearance rate in patients undergoing liver transplantation. An-

aesthesist 51:359–366

14. Mazzaferro V, Regalia E, Doci R et al (1996) Liver transplan-

tation for the treatment of small hepatocellular carcinomas in

patients with cirrhosis. N Engl J Med 334:693–699

15. Pugh RN, Murray-Lyon IM, Dawson JL et al (1973) Transection

of the oesophagus for bleeding oesophageal varices. Br J Surg

60:646–649

16. Tamura S, Sugawara Y, Kaneko J et al (2006) Systematic grading

of surgical complications in live liver donors according to Cla-

vien’s system. Transpl Int 19:982–987

17. Makuuchi M, Kosuge T, Takayama T et al (1993) Surgery for

small liver cancers. Semin Surg Oncol 9:298–304

18. Belghiti J, Di Carlo I, Sauvanet A et al (1994) A ten-year

experience with hepatic resection in 338 patients: evolutions in

indications and of operative mortality. Eur J Surg 160:277–

282

19. Purcell R, Kruger P, Jones M (2006) Indocyanine green elimi-

nation: a comparison of the LiMON and serial blood sampling

methods. ANZ J Surg 76:75–77

20. Ott P (1998) Hepatic elimination of indocyanine green with

special reference to distribution kinetics and the influence of

plasma protein binding. Pharmacol Toxicol 83(Suppl 2):1–48

21. Imamura H, Sano K, Sugawara Y, Kokudo N, Makuuchi M

(2005) Assessment of hepatic reserve for indication of hepatic

resection: decision tree incorporating indocyanine green test. J

Hepatobiliary Pancreat Surg 12:16–22

22. Hunton DB, Bollman JL, Hoffman HN (1960) Studies of hepatic

function with indocyanine green. Gastroenterology 39:713–724

23. Sakka SG (2007) Assessing liver function. Curr Opin Crit Care

13:207–214

24. Kholoussy AM, Pollack D, Matsumoto T (1984) Prognostic

significance of indocyanine green clearance in critically ill sur-

gical patients. Crit Care Med 12:115–116

World J Surg

123



25. Faybik P, Krenn CG, Baker A (2004) Comparison of invasive and

noninvasive measurement of plasma disappearance rate of indo-

cyanine green in patients undergoing liver transplantation: a pro-

spective investigator-blinded study. Liver Transpl 10:1060–1064

26. Sakka SG, Reinhart K, Meier-Hellmann A (2002) Prognostic

value of the indocyanine green plasma disappearance rate in

critically ill patients. Chest 122:1715–1720

27. Kimura S, Yoshioka T, Shibuya M et al (2001) Indocyanine green

elimination rate detects hepatocellular dysfunction early in septic

shock and correlates with survival. Crit Care Med 29:1159–1163

28. Kawasaki S, Sugiyama Y, Iga T et al (1985) Pharmacokinetic

study on the hepatic uptake of indocyanine green in cirrhotic

patients. Am J Gastroenterol 80:801–806

29. Merkel C, Bolognesi M, Finucci GF et al (1989) Indocyanine

green intrinsic hepatic clearance as a prognostic index of survival

in patients with cirrhosis. J Hepatol 9:16–22

30. Uhlmann D, Pietsch UC, Ludwig S et al (2004) Assessment of

hepatic ischemia-reperfusion injury by simultaneous measure-

ment of tissue pO2, pCO2, and pH. Microvasc Res 67:38–47

31. Nuzzo G, Giuliante F, Vellone M et al (2004) Pedicle clamping

with ischemic preconditioning in liver resection. Liver Transpl

10:S53–S57

32. Miller CM, Masetti M, Cautero N et al (2004) Intermittent inflow

occlusion in living liver donors: impact on safety and remnant

function. Liver Transpl 10:244–247

33. Oellerich M, Burdelski M, Lautz HU et al (1991) Assessment of

pretransplant prognosis in patients with cirrhosis. Transplantation

51:801–806

34. Hashimoto M, Watanabe G (2000) Hepatic parenchymal cell

volume and the indocyanine green tolerance test. J Surg Res

92:222–227

35. Mukherjee S, Rogers MA, Buniak B (2006) Comparison of in-

docyanine green clearance with Child’s-Pugh score and hepatic

histology: a multivariate analysis. Hepatogastroenterology

53:120–123

36. Herold C, Heinz R, Radespiel-Troger M et al (2001) Quantitative

testing of liver function in patients with cirrhosis due to chronic

hepatitis C to assess disease severity. Liver 21:26–30

World J Surg

123


	Intermittent Pringle Maneuver and Hepatic Function: Perioperative Monitoring by Noninvasive ICG-Clearance
	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Patients and methods
	Type of pathology
	Surgical procedures
	Measurement of the indocyanine green clearance
	Statistical analysis

	Results
	Mortality and morbidity
	Sequential changes of clinical parameters
	Sequential changes of plasma disappearance �(PDR-ICG) and retention rate of ICG 15 min �(R15-ICG) after administration
	Sequential changes of biochemical parameters

	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


