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The intra- and early postoperative courses of 142 consecutive
patients who underwent liver resections using vascular occlusions
to reduce bleeding were reviewed. In 127 patients, the remnant
liver parenchyma was normal, and 15 patients had liver cirrhosis.
Eighty-five patients underwent major liver resections: right, ex-
tended right, or left lobectomies. Portal triad clamping (PTC)
was used alone in 107 cases. Complete hepatic vascular exclusion
(HVE) combining PTC and occlusion of the inferior vena cava
below and above the liver was used for 35 major liver resections.
These 35 patients had large or posterior liver tumors, and HVE
was used to reduce the risks of massive bleeding or air embolism
caused by an accidental tear of the vena cava or a hepatic vein.
Duration ofnormothermic liver ischemia was 32.3 ± 1.2 minutes
(mean ± SEM) and ranged from 8 to 90 minutes. Amount of
blood transfusion was 5.5 ± 0.5 (mean ± SEM) units of packed
red blood cells. There were eight operative deaths (5.6%). Over-
alL postoperative complications occurred in 46 patients (32%).
The patients who experienced complications after surgery had
received more blood transfusion than those with an uneventful
postoperative course (p < 0.001). The length of postoperative
hospital stay was also correlated with the amount of blood trans-
fused during surgery (p < 0.001). On the other hand, there was
no correlation between the durations of liver ischemia of up to
90 minutes and the lengths of postoperative hospital stay. The
longest periods of ischemia were not associated with increased
rates of postoperative complications, liver failures, or deaths.
There was no difference in mortality or morbidity after major
liver resections performed with the use of HVE as compared
with major liver resections carried out with PTC alone, although
the lesions were larger in the former group. It is concluded that
the main priority during liver resections is to reduce operative
bleeding. Vascular occlusions aim at achieving this goal and can
be extended safely for up to 60 minutes.

I NTRAOPERATIVE BLEEDING is the main risk during
liver resections. Hepatic inflow occlusion is one of
the methods that can be used to reduce this risk.
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Temporary portal triad clamping (PTC), the Pringle ma-
neuver,' can minimize the bleeding from the raw surface
of the liver during parenchymal transection. But it has
no effect on the bleeding from branches of the hepatic
veins. Hepatic vascular exclusion (HVE) associates PTC
and occlusion of the inferior vena cava below and above
the liver.2A It completely isolates the liver and the retro-
hepatic vena cava from the rest ofthe circulation. Its aim
is to reduce the risks of massive hemorrhage and air em-
bolism caused by a tear ofthe vena cava or a hepatic vein
during the removal of large or posterior liver tumors.

Both types of vascular occlusions result in liver isch-
emia. The duration of ischemia depends on the extent of
liver resection and varies within a relatively wide range,
sometimes exceeding 1 hour. Although it is now accepted
that the human liver can tolerate a period of normother-
mic ischemia extending beyond the classical limit of 15-
20 minutes,3" it is not yet known if the duration of isch-
emia influences the surgical outcome.
The aim of this study is to evaluate the role ofdifferent

factors, particularly the duration of liver ischemia, in in-
traoperative and early postoperative courses. For this
purpose our experience with 142 liver resections per-
formed with vascular occlusions is reported.

Patients and Methods
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Patients

Between January 1980 and November 1985, 153 pa-
tients underwent liver resections. Eleven minor liver re-
sections were performed without the use of vascular oc-
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TABLE 1. Indications for 142 Liver Resections

No. of
Indications Patients

Malignant diseases
Primary liver neoplasms 31
Metastatic neoplasms 64
Direct invasion 10

Benign diseases
Benign liver tumors 18
Trauma 2
Miscellaneous 17

clusion and were not included in the study. The intra-
and early postoperative courses of the 142 patients who
underwent liver resection using hepatic vascular arrest
were analyzed. There were 72 men and 70 women, with
a mean age of 54 ± 1 years (plus minus values are mean
± SEM). Indications for liver resection were malignant
tumors in 105 patients and benign disease in another 37
patients (Table 1). Remnant liver parenchyma was normal
in all but 15 patients, who had liver cirrhosis. A loss of
weight was observed before surgery in 37 patients (6.2
± 0.7 kg), seven ofwhom received preoperative parenteral
or continuous enteral nutrition.

Intraoperative Management

Anesthesia. Anesthesia was induced and maintained
with a combination of thiopental, narcotic, and pancu-

ronium. In addition, 62 patients received droperidol, and
49 received enflurane (0.4-0.8%). Ventilation was con-

trolled throughout anesthesia with a nitrous oxide/oxygen
mixture (60/40). Radial artery pressure was monitored in
128 patients, and central venous pressure was monitored
in 113; the pulmonary artery pressure was measured
through a Swan-Ganz0 (Edwards Laboratory) catheter in
91 patients, and cardiac output determined by thermo-
dilution in 84.

Dextrose and crystalloids were infused at a mean rate
of 14 ml/kg-'/hour', and 49 patients received colloids
(745 ± 69 ml). We have abandoned prophylactic alkalin-
ization;4 sodium bicarbonate was administered rarely,
ccording to the results of blood gas analysis only. Pro-
phylactic betalactamas was administered to 1 3 patients
(cefoxitin to 90 patients) in association with aminogly-
coside or metronidazole in 20 patients.

Operative Procedure. The abdomen was opened
through a bilateral subcostal incision in 118 patients,
which was extended by a right thoracotomy in seven. An
upper midline incision was used in the remaining 24 pa-

tients. Eighty-five patients underwent major liver resec-

tions: 47 right lobectomies, 25 extended right lobectomies,
and 13 left lobectomies. Fifty-seven patients underwent
minor liver resections: 21 left lateral segmentectomies and
36 segmental or subsegmental resections.

PTC alone was used in 107 cases. HVE was used for
35 major liver resections. In seven of the patients, the
supraceliac aorta had been cross-clamped before HVE.
Neither topical refrigeration nor hypothermic perfusion
of the liver was used. Duration of normothermic liver
ischemia was 32.3 ± 1.2 minutes and ranged from 8 to
90 minutes: 30.4 ± 1.4 minutes under PTC (8-70 min-
utes) and 40.0 ± 2.2 minutes underHVE (18-90 minutes).
Duration of liver ischemia was longer for major liver re-
sections (38.2 ± 1.5 minutes) than for minor liver resec-
tions (24.7 ± 1.5 minutes; p < 0.001). During liver isch-
emia, mean body temperature was 34.9 ± 0.1 C.

Liver transection was carried out by hemostat or finger
fracture without previous ligation of hilar vessels or he-
patic veins. Main vascular or biliary tracts were individ-
ually secured by vascular clips or ligatures on the raw
surface of the liver.

Synchronous Procedures (n = 18). The biliary conti-
nuity was restored with a hepaticojejunostomy after liver
resection in seven patients, one ofwhom also required a
tangential resection ofthe portal vein. A portacaval shunt
was concomitantly performed in a cirrhotic patient. Nine
patients with secondary liver deposits or a tumor invading
the liver had synchronous excision ofthe primary tumor/
intestinal resection (n = 4), total gastrectomy and sple-
nectomy (n = 3), and adrenalectomy and right nephrec-
tomy in continuity (n = 2) necessitating complete resec-
tion with reconstruction of the suprarenal inferior vena
cava in one patient. Complete resection without recon-
struction of the retrohepatic inferior vena cava was as-
sociated with an extended right lobectomy in one patient.
The mean duration of the procedure was 4 hours 9

minutes ± 7 minutes: 3 hours and 28 minutes for minor
liver resections, 4 hours and 38 minutes for major liver
resections (p < 0.001)
Blood transfusion. The mean amount ofintraoperative

blood transfusions was 5.5 ± 0.5 units ofpacked red blood
cells (PRBC) and 5.6 ± 0.5 units of fresh frozen plasma
(FFP). Sixteen patients did not receive any unit ofPRBC.
Two patients required platelet concentrates. Blood trans-
fusions were greater in major liver resections (7.0 ± 0.7
units ofPRBC) than in minor liver resections (3.3 ± 0.4
units ofPRBC; p < 0.001). Massive intraoperative hem-
orrhage (defined as requiring more than 10 units ofPRBC)
occurred in 15 patients. In eleven patients, bleeding began
before liver transection and was due to a synchronous
procedure (n = 3), or to a difficult liver mobilization (n
= 8), which resulted mostly from previous liver surgery.
In two patients, PTC failed to prevent bleeding from
branches of the hepatic veins during liver transection.
Clamps were applied to the inferior vena cava in order to
complete HVE. They were well-tolerated in one patient,
allowing the resection to be finished safely, but had to be
released in the second patient because of a poor hemo-
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TABLE 2. Operative Mortality

Patient Age/Sex
No. (years) Diagnosis Procedure Cause of Death Day

1 69/F Metastatic neoplasm RL Uncontrollable hemorrhage Intraoperative
2 72/M Hilar sclerosing ERL Persistent bleeding 0

cholangitis Hepaticojejunostomy
3 63/M Cholangiocarcinoma ERL Ruptured esophageal varices; 23

portal thrombosis
4 69/M Metastatic neoplasm ERL Unknown 1
5 55/M Metastatic neoplasm ERL Liver failure 27
6 56/M Malignant ERL Acute renal failure; 5

retroperitoneal Right nephrectomy pulmonary edema
tumor Inferior vena cava

resection
7 72/F Hepatocarcinoma in Segmental resection Liver failure 6

cirrhotic liver
8 55/M Hepatocarcinoma in Double segmental Liver failure; gastric bleeding 6

cirrhotic liver resections

ERL = extended right lobectomy.

dynamic tolerance. In the remaining two patients, massive
bleeding appeared after removal ofthe clamp on the portal
triad and was responsible for the only intraoperative death.
Massive bleeding resulted in hemorrhagic shock in seven
patients, who required vasopressors and sodium bi-
carbonate.

Postoperative Management

One hundred nineteen patients were extubated in the
recovery room and thirteen were extubated the following
morning. After surgery, all of the patients were admitted
to the surgical intensive care unit. Eight were ventilated
after the first postoperative day for 4.6 ± 0.8 days. Swan-
Ganz catheters were almost always removed during the
first 24 hours.

Within the 24 first hours, FFP was administered to 55
patients (3.1 ± 0.4 units) and albumin to 13 patients (34
+ 4 g). After Day 1, FFP was given to 72 patients (4.3
+ 0.4 units) and albumin to 49 patients (60 ± 6 g). All
patients received intravenous infusion of dextrose (214

3 g/day) for a mean duration of 6.1 ± 0.4 days. Total
parenteral nutrition was administered to 19 patients for
5 ± 1 days, and continuous enteral nutrition was used in
twelve patients for 14 ± 2 days. Insulin was required in
59 patients during the 24 first hours (20 ± 1 units) and
was continued in 13 patients for 6 ± 2 days.

Antibiotics were administered after surgery in 115
patients (betalactamin alone or in association with ami-
noglycaside and/or metronidazole).

Statistical Analysis

Any death that occurred within 30 days after liver re-

section, as well as any death that occurred during the initial
hospitalization for liver resection, was included in oper-

ative mortality. The length of stay in surgical intensive

care unit (ICU stay) and the length of postoperative stay
in the hospital are reported for patients who survived sur-
gery.

Different factors were analyzed in order to determine
any correlation between operative mortality and morbid-
ity: patient age, presence or absence of liver cirrhosis, ex-

tent of liver resection (major vs. minor liver resections
and weight of specimen), amount of blood transfused
during surgery, and duration of liver ischemia.

Differences between groups were tested with analysis
of variance and Fisher's least significant difference. The
chi-square test was used to determine statistical signifi-
cance of difference in the frequency of variables between
groups. Correlation was evaluated by standard linear
regression analysis. All values are presented as mean

± SEM. A p value of less than 0.05 was considered sta-
tistically significant.

Results

Operative Mortality

As shown in Table 2, there were eight deaths, account-
ing for an overall operative mortality of 5.6%. Massive
bleeding from the raw surface ofthe liver was responsible
for the only intraoperative death (Patient 1) and for one
death caused by persistent hemorrhage despite early re-

operation (Patient 2). Three patients, two of whom had
cirrhosis, died of liver failure (Patients 5, 7, and 8). One
patient (Patient 3) died of ruptured esophageal varices
caused by a portal vein thrombosis. The patient who un-

derwent an extended right lobectomy associated with a

right nephrectomy and complete resection with recon-

struction ofthe suprarenal inferior vena cava died ofacute
renal failure and pulmonary edema (Patient 6). One pa-

tient died suddenly of an unknown cause after an un-

RL = right lobectomy.
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TABLE 3. Biochemical Liver Tests Before and After Liver Resections*

Before Surgery Day I Day 3 Day 7

Serum alanine transaminase (IU/1) 44.8 ± 6.3 197.5 ± 19.5t 100.5 ± 10.6tt 55.4 ± 4.9*
Serum aspartate transaminase (IU/1) 41.3 ± 6.5 189.9 ± 16.8t 52.6 ± 3.5t 41.2 ± 4.8*
Prothrombin (per cent of normal) 85.5 ± 1.2 58.5 ± 1.2t 68.6 ± 1.6t1 67.7 ± 2.7t4
Proaccelerin (per cent of normal) 94.7 ± 1.1 61.3 ± 1.6t 71.4 ± 2.2tt 75.4 ± 3.9tt
Albumin (g/l) 38.5 ± 1.0 34.3 ± 0.7t 33.7 ± 0.7t 33.8 ± 0.8t
Tot Protein (g/l) 69.9 ± 0.8 57.8 ± 0.7t 58.8 ± 0.8t 59.7 ± 1.Ot
PlateletCount(103/ml) 285 ± 12 185 ± 9t 189 ±+ It 225 ±24t

* Values are mean ± SEM.
t p < 0.05 versus before surgery.

eventful extended right lobectomy (Patient 4). Postmor-
tem examination of this patient could not be obtained.

Postoperative Morbidity

Including the lethal complications, 46 patients (32%)
had one or more postoperative complications. Nine pa-
tients required reoperation for postoperative bleeding and
one for hemothorax. Fourteen patients had subphrenic
abscesses, which in seven instances were drained by re-
operation. Subphrenic abscesses occurred and required
reoperation more frequently in patients who did not re-
ceive intraoperative antibiotic (eight of 39 patients; six
reoperations) than in the others (five of 103 patients; no
reoperation; p < 0.001). Hepatic failure occurred in nine
patients and was more frequent in patients with cirrhosis
(five of 15 patients) than in patients without cirrhosis (four
of 127; p < 0.001). Other complications included pleural
effusion (17 patients), pneumonia or atelectasis (four pa-
tients) major gastrointestinal hemorrhage (four patients)
bile leakage (four patients), wound infection (four pa-
tients), renal insufficiency requiring only conservative
therapy (three patients), and wound rupture (one patient).
The mean length of stay in the ICU and in the hospital

was 6.3 ± 0.6 days (range of 0-41 days) and 17.7 ± 0.8
days (range of5-69 days), respectively. Length ofstay was
longer for patients with complications (ICU stay of 9.5
± 1.7 days, hospital stay of 25.0 ± 1.9 days) than for pa-
tients without complication (ICU stay of 5.0 ± 0.4 days,
p < 0.001; hospital stay of 14.8 ± 0.6 days, p < 0.001).

Liver Function Tests

Changes in biochemical liver tests are presented in Ta-
ble 3. Levels of serum alanine transaminase and serum
aspartate transaminase showed a peak on the first post-
operative day (five times the preoperative levels) and rap-
idly decreased within a few days. No correlation was ob-
served between the level of transaminases on Day 1 and
the duration of liver ischemia or the extent of liver resec-
tion. Prothrombin and proaccelerin levels decreased on
Day 1 and then increased, but remained below the pre-
operative levels during the first week. The fall in pro-

tp <0.05 versusDay 1.

thrombin and proaccelerin levels was greater after major
liver resections than after minor resections. Serum albu-
min concentrations decreased after surgery and remained
low during the first week. No statistically significant dif-
ference in serum albumin concentration was observed
when comparing the patients who had minor liver resec-
tions with those who had undergone major resections.
However, after surgery,this latter group received a larger
amount ofFFP and albumin (p < 0.01). In patients with
cirrhosis, the levels of prothrombin, proaccelerin, and
serum albumin remained lower throughout the postop-
erative stay than they did in patients without cirrhosis.
The fall in platelet count on Day 1 correlated with the
amount of blood transfused during surgery (r = 0.481 p
< 0.001).

Incidence ofSeveral Factors on Mortality and Morbidity

Age ofthe patients. No patients under 50 years of age
died. Patients who died after surgery were older than sur-
vivors (63.9 ± 2.7 vs. 52.9 ± 1.3 years; p < 0.05). However,
there was no increase with age in the complications rate
or the lengths ofICU stay and hospital stay.

Liver cirrhosis. Age ofthe patients, ratio ofmajor/minor
liver resections, specimen weight, amount ofblood trans-
fusion, and duration of liver ischemia were similar in pa-
tients both with and without cirrhosis (Table 4). Liver
failure occurred more frequently in patients with cirrhosis
(p < 0.001). Although the difference in mortality was not
significant when compared with patients without cirrhosis,
the mortality rate reached 13.3% in patients with cirrhotic
liver.

Extent ofliver resection. For all patients, the length of
ICU stay and postoperative stay were correlated with the
weight of liver specimen (r = 0.418, p < 0.001, and r
= 0.232, p < 0.05, respectively). Patients who had un-
dergone major liver resections stayed for a longer period
in the surgical department, and their complications rate
was greater than after minor liver resections (Table 5).
Except in two cirrhotic patients, no death occurred after
minor liver resections.
Amount of blood transfused. The amount of blood

214 DELVA AND OTHERS



VASCULAR OCCLUSIONS FOR LIVER RESECTIONS

TABLE 4. Influence ofLiver Cirrhosis*

Variables Normal Liver Cirrhosis

Number of patients 127 15
Major liver resection 78 (61%) 7 (47%)
Intraoperative blood transfusion

(units of PRBC) 5.3 ± 0.5 7.3 ± 0.9
Ischemia duration (minutes) 32.6 ± 1.2 34.1 ± 4.2
Length of ICU stay (days) 6.2 ± 0.6 7.1 ± 1.4
Length of hospital stay (days) 17.5 ± 0.9 19.1 ± 1.5
Patients with complication 39 (31%) 7 (47%)
Liver failure 4 (3%) 5 (33%)t
Mortality 6 (4.7%) 2 (13.3%)

* Plus-minus values are mean ± SEM.
t p < 0.001 versus normal liver.

transfused was greater for patients who died (1 1.6 ± 2.9
units of PRBC) than for patients who survived after sur-

gery (5.2 ± 0.5 units, p < 0.01), and was likewise greater
for patients with a complicated postoperative course (8.2
± 1.2 units of PRBC) than for patients without compli-
cation (4.3 ± 0.4 units, p < 0.001). Lengths of ICU stay
and hospital stay correlated with the amount of PRBC
units transfused during operation (r = 0.675, p < 0.001,
and r = 0.485, p < 0.001, respectively). The 15 patients
who received more than 10 units ofPRBC during surgery

were compared with those who had received less than 10

units (Table 6). The first group demonstrated increased
mortality, morbidity, and length ofICU and hospital stays.

Duration ofliver ischemia. Two groups ofpatients were
compared: patients in whom the duration ofliver ischemia
was less than 45 minutes (28.3 minutes ± 0.8 minutes;
range of 8-44 minutes) and patients in whom the duration
of ischemia exceeded 45 minutes (55.9 minutes ± 2.9
minutes; range of 45-90 minutes) (Table 7). Major liver
resections were more frequent in this latter group. How-
ever, no other difference between the two groups was ob-
served concerning mortality rate, incidence ofliver failure
or other complications, and length of ICU and hospital
stays.

In this population, there was no correlation between
the durations of liver ischemia, the length of ICU and
hospital stays, and the serum levels oftransaminases after
surgery.

Type ofhepatic vascular arrest. We have compared the
35 patients who underwent major liver resection using
HVE with the 50 patients undergoing major liver resection
using PTC only (Table 8). The size of liver resection was
greater in patients undergoing liver resection using HVE
than those undergoing liver resection using PTC. None
ofthe other criteria differed significantly between the two
groups.

Discussion
Temporary inflow occlusion ofthe liver is an easy way

to obviate the risk of arterial and portal venous bleeding

215
TABLE 5. Influence oftheEent ofLiver Resections*

Minor Liver Major Liver
Variables Resections Resections

Number of patients 57 85
Cirrhosis 8 (14%) 7 (8%)
Intraoperative Blood Transfusion

(units of PRBC) 3.3 ± 0.4 7.0 ± 0.7$
Ischemia duration (minutes) 24.7 ± 1.5 38.2 ± 1.5*
Length of ICU stay (days) 5.1 ± 0.7 7.1 ± 0.8
Length of hospital stay (days) 15.7 ± 1.0 19.0 ± 1.2t
Patients with complication 9 (16%) 37 (44%)$
Hepatic failure 3 (5%) 6 (7%)
Mortality 2 (3.5%) 6 (7.1%)

* Plus-minus values are mean ± SEM.
tp < 0.05.
t p < 0.001 versus minor liver resections.

during liver resections. However, although the method
was described in 1908 by Pringle,' because of fear ofdel-
eterious consequences, it has received little clinical ap-
plication for more than 70 years.
PTC results in general hemodynamic effects on one

hand and liver ischemia on the other. For many years it
has been studied only in laboratory animals. Acute oc-

clusion ofthe portal vein is poorly tolerated in dogs.7 8 It
results in a rapid cardiovascular collapse and death within
1 hour. The main factor is the reduction ofthe circulating
blood volume due to the sequestration of blood in the
splanchnic bed.8'9 Most laboratory animals have very few
spontaneous portosystemic collateral veins. As a conse-

quence, they survive portal occlusion only ifprovision is
made for escape ofblood from the portal to the systemic
circulation. This can be achieved by progressive ligation

TABLE 6. Influence ofBlood Transfusion: Comparison ofPatients Who
Received More or Less than 10 Units ofPRBC During Surgery*

Intraoperative Intraoperative
Blood Transfusion Blood Transfusion

Variables < 10 units ofPRBC > 10 units of PRBC

Number of patients 127 15
Cirrhosis 12 (9%) 3 (20%)
Major liver resection 72 (57%) 13 (87%)t
Intraoperative Blood

Transfusion (units
of PRBC) 4.0 ± 0.2 18.3 ± 2.3*

Ischemia duration
(minutes) 32.0 ± 1.1 39.4 ± 5.7

Length ofICU stay
(days) 5.2 ± 0.4 17.9 ± 4.2*

Length of hospital stay
(days) 16.7 ± 0.7 28.7 ± 5.3*

Patients with
complication 37 (29%) 9 (60%)t

Liver failure 7 (6%) 1 (7%)
Mortality 4 (3.1%) 4 (26.7%)*

* Plus-minus values are mean ± SEM.
t p < 0.05.
t p < 0.001 versus patients who received less than 10 units of PRBC.
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TABLE 7. Influence ofLiver Ischemia: Comparison ofPatients in
Whom Ischemia Lasted More or Less than 45 Minutes*

Duration of Duration of
Liver Ischemia Liver Ischemia

Variables < 45 Minutes 2 45 Minutes

Number of patients 119 23
Cirrhosis 11(9%) 4 (17%)
Major liver resection 66 (55%) 19 (83%)t
Intraoperative blood

Transfusion (units
of PRBC) 5.2 ± 0.5 7.4 ± 0.8

Ischemia duration
(minutes) 28.3 ± 0.8 55.9 ± 2.9f

Length of ICU stay
(days) 6.0 ± 0.7 7.5 ± 0.8

Length of hospital stay
(days) 17.3 ± 0.9 19.7 ± 1.8

Patients with
complication 37 (31%) 9 (39%)

Liver failure 7 (6%) 2 (9%)
Mortality 7 (5.9%) 1 (4.3%)

* Plus-minus values are mean ± SEM.
t P < 0.05.
t p < 0.001 versus patients with hepatic ischemia duration below 45

minutes.

of the portal vein or by an external shunt.'0 In humans
and primates, clamping the portal vein is better tolerated
because of a more efficient portosystemic collateral net-
work through which splanchnic blood can return to the
heart." In dogs, occlusion of the whole portal triad pro-
duces the same dramatic cardiovascular consequences as
portal occlusion.'2 In humans, the hemodynamic response
is clearly different;'3 PTC induces a small decrease in car-
diac output, whereas arterial pressure increases.

In patients with large or posterior tumors, the main

TABLE 8. Influence ofthe Type of Vascular Occlusion in Patients
Undergoing Major Liver Resections: Comparison ofPortal Triad

Clamping with Hepatic Vascular Exclusion*

Portal Triad
Clamping Hepatic Vascular

Variables Group Exclusion Group

Number of patients 50 35
Specimen weight (g) 730 ± 56 1271 ± 108t
Ischemia duration

(minutes) 36.8 ± 2.0 40.0 ± 2.2
Intraoperative blood

transfusion (units of
PRBC) 6.3 ± 0.7 8.0 ± 1.4

Length of ICU stay
(days) 6.4± 0.5 8.3 ± 1.9

Length of hospital stay
(days) 19.3 ± 1.2 18.6 ± 2.2

Patients with
complication 22 (44%) 15 (43%)

Liver failure 4 (8%) 2 (5.7%)
Mortality 3 (6.0%) 3 (8.9%)

* Plus-minus values are means ± SEM
t p < 0.001 versus PTC group.

risk is related to massive hemorrhage or air embolism if
a hepatic vein or the inferior vena cava is accidently torn
during the liver transection."' In these patients, PTC can
be associated with occlusion ofthe inferior vena cava be-
low and above the liver to achieve complete HVE.2-4 HVE
performed for partial liver resections includes the same
vascular occlusions as the anhepatic period of liver trans-
plantation. Their hemodynamic effects are now well-
known;4"15"6 arterial pressure is maintained despite a 50%
decrease in cardiac output. The duration ofHVE for par-
tial liver resections is shorter than for liver transplantations
and is usually well-tolerated. There is no need for the
administration of vasopressors or the insertion ofa veno-
venous bypass. Moreover, aortic cross-clamping-which,
in combination with HVE, was used in patients treated
early in order to improve its hemodynamic tolerance2'3
is necessary only when a good complete exclusion of the
liver cannot be obtained by the venous occlusions ofHVE.
Intraoperative metabolic consequences ofhepatic vascular
isolation are also mild, transient, and spontaneously re-

versible.4
The classical belief that human liver cannot tolerate

normothermic ischemia for longer than 15-20 minutes
had led many surgeons to restrict the use ofPTC to critical
hemorrhagic circumstances, or to release the clamps at
fixed time intervals. In 1978, Huguet et al.5 showed in
patients undergoing elective liver resections that the hu-
man liver could withstand a much longer period of nor-

mothermic ischemia. This was confirmed later by trauma
surgeons.6"7 This study shows that normothermic isch-
emia of the liver is well-tolerated for periods as long as

90 minutes. Operative mortality and morbidity after liver
resections are not modified by the duration of hepatic
vascular inflow occlusion within these limits. The longest
periods of ischemia required for either the resection of
large lesions or when surgical difficulties occurred were

not associated with an increased mortality or with higher
rates ofpostoperative complications, liver failure, or pro-

longed postoperative hospital stays.
The overall mortality rate of 5.7% is in the same range

as that published in other recent series of patients who
underwent operation in specialized institutions.8-23 After
minor liver resections, the mortality rate was nil when
the remnant liver parenchyma was normal; two deaths
due to postoperative liver failure have occurred in patients
with cirrhosis.
We have considered as major liver resections only right,

extended right, and left lobectomies, excluding left lateral
segmentectomies. Thirty-five of these major hepatic re-

sections have been performed with HVE because the tu-
mors had previously been considered as either entirely
nonresectable or safely nonresectable without the use of
this method. The mortality rate was 7.1% in all patients
with major liver resections, 6% in those in whom only

216 Ann. Surg. * February 1989



Vol. 209 * No. 2 VASCULAR OCCLUSIONS FOR LIVER RESECITIONS 217

the liver pedicle had been clamped, and 8.9% in the group
with complete HVE. Thus HVE has allowed the ability
to perform the most extended and hazardous liver resec-
tions with the same mortality rate as that ofstandard ma-
jor liver resections.

Intraoperative bleeding can be reduced by vascular oc-
clusions during the phase of liver transection. In 127 pa-
tients, 72 ofwhom have undergone a major liver resection,
the mean amount ofblood transfusion was only four units
of PRBC. However, vascular occlusions are of no help
during the period of dissection and mobilization of the
liver. Bleeding at that time is related mainly to the large
size ofthe lesions, their hypervascularization, local exten-
sion, or adhesions due to previous liver surgery; eleven
of the 15 patients who received more than 10 units of
PRBC during surgery bled during preliminary dissection
of the liver.

This study confirms the relation between amounts of
blood lost and replaced and the rate ofperioperative com-
plications in major liver surgery.2'123 Of course, it is ob-
vious that the patients who received the larger amounts
ofblood and had a complicated postoperative course were
usually those who had undergone the most extensive or
difficult procedures. Extensive surgical dissections and
large hepatic raw surfaces may result in imperfect local
hemostasis that is associated with an increased risk of
subphrenic fluid collections or abcesses and secondary
pleural effusions. In liver surgery, bleeding can lead to
hemorrhagic shock and its consequences. Moreover, blood
transfusion itself behaves as an independent factor con-
tributing to multiple organ failure.24 This contribution
cannot be attributed to the underlying conditions that
required blood transfusion. Thus it appears preferable to
take the necessary time to obtain a good local hemostasis,
even if it requires an increased duration of vascular oc-
clusions, rather than lose more blood with an imperfect
hemostasis.

Blood transfusion may worsen the coagulation disorders
observed in liver surgery.25 Our transfusion regimen as-
sociated FF1 with red blood cells. The policy of blood
replacement recently advocated that suggests the restric-
tion ofFF1 administration26 and its replacement-by crys-
talloid or colloid solutions may be dangerous during major
liver resections that are frequently associated with a re-
duction of coagulation factors and an increased fibrino-
lysis.27'28 In this series, we have observed significant blood
coagulation disorders with nonmechanical bleeding only
in the two patients who suffered hemorrhage at removal
of the clamp.

Liver failure is a postoperative complication specifically,
related to liver resection. It was responsible for three of
eight deaths that occurred in-hospital and for most ofthe
prolonged hospital stays. Its occurrence is related to the
quantity and the quality ofthe remnant liver parenchyma.

When the remnant liver is normal, hepatic failure hardly
ever occurs, except when an extensive resection of nor-
mally functioning parenchyma is required for the removal
of a poorly located small lesion, particularly in the case
of an extended right lobectomy. On the other hand, he-
patic failure occurs frequently after resection in the pres-
ence of liver cirrhosis. The proportion of liver resections
carried out in patients with cirrhosis in different series
published in the literature'18-2329-31 accounts for the many
discrepancies in mortality rates observed among them. In
patients with cirrhosis, large liver resections are usually
associated with an increased risk of operative mortality.
In recent series, most ofwhich are from Asia, an improved
prognosis seems to be related to a better selection of pa-
tients with cirrhosis29 and an increased proportion oflim-
ited liver resections.30'3' In our series, a 13.3% mortality
rate was observed in the 15 patients with cirrhosis, al-
though seven patients underwent major liver resection.
Vascular occlusions were used in all of these patients in
order to reduce blood loss during surgery and were well-
tolerated for up to 60 minutes. A similar experience was
reported by Nagasue et al.32 for segmental liver resections
in patients with cirrhosis; postoperative mortality and
morbidity was reduced by minimizing blood loss with the
help of hepatic vascular arrest, which lasted for up to 47
minutes. Thus, patients with liver cirrhosis appear to be-
have similarly to those with a normal hepatic parenchyma
during liver resections and tolerate liver ischemia within
certain limits better than they do the consequences of
massive bleeding and blood transfusion.

Because operative blood loss is the main factor ofearly
prognosis after liver resections, the first operative priority
should be to reduce bleeding. Vascular occlusions aim at
achieving this goal and allow 90% of liver resections with
blood transfusions of less than 10 units of PRBC to be
performed. Most liver resections may be carried out with
PTC alone. PTC can also be associated with the occlusion
of the inferior vena cava in order to obtain a complete
HVE. This method reduces the risks of massive hemor-
rhage or air embolism if the vena cava or a hepatic vein
is accidently torn during resection. It should therefore be
reserved to large or posterior tumors that can thereby be
removed with low mortality and morbidity rates. This
study demonstrates that the human liver can tolerate nor-
mothermic ischemia for up to 90 minutes. Thus it seems
preferable to take the time necessary for obtaining a good
local hemostasis under vascular occlusions, even if this
requires increasing the duration of liver ischemia, rather
than hurry and lose more blood.
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