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Stress Response to Hepatectomy in Patients with a Healthy or a Diseased Liver
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Abstract. Partial hepatectomy is a major upper abdominal operation asso-
ciated with certain stress to the patient. Successful adaptation to such
stress is a prerequisite for survival. Donor hepatectomy with maximal
safety is a principal concern during living donor liver transplantation. The
purpose of the study was to compare the stress response by assessing cyto-
kines and the acute-phase response induced by hepatectomy in patients
with a healthy liver and those with a diseased liver. Fourteen patients un-
dergoing partial right hepatectomy were enrolled in this study. Seven of
them were donors for living related liver transplantation (group I, or GI);
the other seven were patients with hepatocellular carcinoma due to chronic
hepatitis B (Child’s class A) (GII). Blood samples for interleukin-6 (IL-6),
tumor necrosis factor-� (TNF�), and C-reactive protein (CRP) assays
were collected before the operation, at the beginning and end of the opera-
tion, and 24 and 48 hours after the operation. The data were analyzed and
compared in the same group using the Friedman test and between groups
using the Mann-Whitney U-test. A value of p < 0.05 was regarded as sig-
nificant. Results showed that resection of the liver in patients with both
healthy and disease livers leads to significant increases in IL-6 and CPR
but not TNF�. Significantly lower levels of IL-6 before and after operation
in GI patients compared to those in GII patients suggests that GI patients
adapted to surgical stress more easily than did the GII patients.

Living related donor liver transplantation (LRLT) is a new form of
therapy for pediatric and adult patients with end-stage liver disease
that is being used to overcome the problem of organ donor short-
age. The major medical and ethical concern of this technique is the
risk to the donor. This concern is legitimate, as hepatectomy is ma-
jor upper abdominal surgery, and the liver plays a major role in
maintaining host-defense homeostasis [1]. The reported mortality
and morbidity rates associated with hepatectomy are mostly high in
patients with liver disease. Although Fan et al. recently reported no
in-hospital mortality in their series of 110 patients [2], most centers

have reported hospital mortality varying from 2% to 16% and mor-
bidity from 21% to 31% [2–4]. In contrast, the mortality and mor-
bidity associated with hepatectomy in donors for LRLT is ex-
tremely low. Broelsch et al. reported only one death (0.8%) among
228 cases in Europe [5]. Low complication rates with no mortality
have also been reported in our series [6] and others [7]. Acceptable
stress and safety levels for LRLT donors have been assessed using
the arterial ketone body ratio and liver function tests [8].

Surgical stress results in adaptive responses encompassing three
major homeostatic axes: endocrine responses involving the hypo-
thalamic-pituitary-adrenal axis; sympathetic nervous system re-
sponses; acute-phase response [9]. Successful adaptation to stress is
a prerequisite for survival. The net outcome of a successful re-
sponse is the return of the host to a sustainable homeostatic plateau
[9]. If tissue injury from the operation is sufficiently severe to over-
whelm local defense mechanisms, overexpression of these essen-
tially protective mechanisms, especially persistent up-regulation of
various mediator systems (particularly cytokines), may lead to au-
todestructive host defense failure disease [10]. Because the out-
comes of LRLT donor and liver disease patients undergoing the
same hepatectomy are not identical, some differences must exist in
host response and defense between the two groups. Interleukin-6
and C-reactive protein, an acute-phase protein, have been shown to
be the most specific and sensitive indicators of trauma and infec-
tion [11—13]. The purpose of this study was to evaluate the cyto-
kines and the acute-phase response induced by hepatectomy in pa-
tients with healthy and diseased livers and to compare them.

Patients and Methods

The Hospital Ethics Committee approved this study. After obtain-
ing written informed consent, 14 patients undergoing partial right
hepatectomy were enrolled in the study. Seven were donors forCorrespondence to: Bruno Jawan, M.D.
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LRLT (group I, or GI); the other seven were patients with hepato-
cellular carcinoma due to chronic hepatitis B (Child’s class A)
(group II, or GII).

All patients were subjected to the same anesthesia, which was
induced with sodium pentothal, fentanyl, and succinylcholine intra-
venously for tracheal intubation. The anesthesia was maintained
with isoflurane and N2O/O2 (1:1). Atracurium was used as a muscle
relaxant. All patients were monitored with electrocardiography
(ECG), an arterial line for continuous blood pressure monitoring,
central venous pressure (CVP), pulse oximetry, end-tidal CO2,
body temperature, and urine output. Blood samples were collected
before the operation, at the beginning and end of the operation,
and 24 and 48 hours after operation. The blood was collected in a
heparinized tube, which was immediately placed on ice and centri-
fuged. The serum was stored at −70°C until measurement. C-
reactive protein (CRP) was assessed with an enzyme-linked immu-
nosorbent assay (ELISA) using a commercial ELISA kit
(Eurogenetics, Tessenderlo, Belgium), the sensitivity of which is 1
µg/ml. Interleukin-6 (IL-6) and tumor necrosis factor-� (TNF�)
were also assessed by ELISA kits (Endogen, Woburn, MA, USA)
whose sensitivities were < 1 pg/ml and < 5 pg/ml, respectively.

The preoperative diagnosis, intraoperative complications (e.g.,
blood loss), the blood products used, and the postoperative mor-
bidity and mortality were recorded, analyzed, and compared. Mor-
bidity was defined as a systemic inflammatory response such as fe-
ver > 38°C, tachypnea (> 20 breaths/min), or tachycardia (> 90/
beats/min) for more than 48 hours and dysfunction of at least one
organ (prolonged ventilatory support or vasopressors required for
more than 48 hours). Data were given as the mean ± SD. Differ-
ences between groups were tested using the Mann-Whitney U-test.
Changes in the same group were tested using Friedman’s test. A
value of p < 0.05 was considered significant.

Results

Table 1 shows the patients’ characteristics and changes in the se-
rum CRP, IL-6, and TNF� levels. Figure 1 shows the changes in
IL-6, which increased significantly in both groups 24 hours after the
operation; GII patients consistently had significantly higher levels
than GI patients. Figure 2 shows the changes in CRP, which in-
creased significantly 24 hours after the operation in both groups,
with no significant difference noted between groups. Patients from
the donor group were all free from morbidity and mortality,
whereas two of the seven patients from the hepatoma group had
morbidity due to sepsis and multiple organ dysfunction.

Discussion

Our results show that resection of the liver in patients with healthy
or diseased liver leads to a significant increase in IL-6 and CPR but
not in TNF�. Among them, only IL-6 exhibited a significant differ-
ence between groups. The difference was observed even before the
operation and remained higher postoperatively in GII patients
than in GI patients.

Interleukin-6, a cytokine that has both pro- and antiinflamma-
tory properties [14], is known to have multiple functions. It is im-
portant not only for inflammation and immunologic function, it is
required for acute-phase induction, which has been regarded as
part of the attempt to maintain homeostasis [15]. Furthermore,
IL-6 is an important component of the early signal pathway leading

to liver regeneration [16, 17]. Impaired hepatocyte proliferation
and regeneration with subsequent liver failure after hepatectomy
was observed in IL-6 −/− knockout mice [18]. Liver failure in such
mice after partial hepatectomy can be prevented and the capacity
of hepatocyte proliferation restored by injecting IL-6 before the
operation. This indicates that IL-6 is fundamentally important for
liver regeneration [18]. An elevated IL-6 level before operation in a
hepatoma patient was probably due to the tumor and the associated
hepatitis having injured the liver cells. After hepatectomy, there
was a significant increase in the IL-6 level associated with increased
CRP, indicating that the liver regeneration process was activated in
both patient groups (Table 1; Figs. 1, 2). Although IL-6 is necessary
for initiating the process of liver regeneration, uncontrolled and
prolonged action of cytokines is potentially harmful. Elevated IL-6,
but not IL-1 or TNF�, has been found to be correlated with the
state of critical illness, such as septic shock [19, 20] or multiple or-
gan failure [21]; it has also been correlated with the mortality rate
[19, 20]. Therefore excessive expression of IL-6 is thought to be a
sensitive predictor of the development of multiple organ failure
[19, 21]. The significantly higher IL-6 levels before and after opera-
tion in GII patients compared to those in GI patients suggests that
the GII patients are at higher risk of developing postoperative com-
plications than are those in group I.C-reaction protein, an acute-
phase protein, is now accepted to be an important indicator of the
acute-phase response to surgical injury [12, 13]. It serves an impor-
tant function in restoring homeostasis after infection and inflam-
mation [22]. The production of acute-phase proteins requires a
proinflammatory cytokine as mediator [23, 24]. Among the proin-
flammatory cytokines, only recombinant IL-6 is capable of inducing

Table 1. Patient characteristics and changes in CRP, IL-6, and TNF� .

Characteristic Group 1 Group II p

Age (years) 34.8 ± 5.5 48.4 ± 14.6 0.610
Weight (kg) 55.3 ± 12.1 61.7 ± 10.6 0.343
Operating time (hr) 10.8 ± 1.9 7.57 ± 1.60 0.180
Blood loss (cc) 80 ± 57 191 ± 230 0.476
Blood transfusion 0 0
Morbidity 0 2 0.141
CRP (mg/ml)

1a 2.21 ± 2.00 4.82 ± 4.50 0.970
2b 1.54 ± 1.19 5.00 ± 4.56 0.170
3c 2.21 ± 1.30 4.60 ± 3.90 0.318
4d 44.00 ± 14.00* 40.80 ± 36.30* 0.535
5e 97.00 ± 58.00* 86.40 ± 80.32* 0.318

IL-6 (pg/ml)
1a 4.12 ± 2.10 11.50 ± 6.80 0.010
2b 3.60 ± 1.13 11.09 ± 7.60 0.017
3c 22.83 ± 11.13* 59.26 ± 33.20* 0.011
4d 47.51 ± 37.02* 141.90 ± 82.00* 0.011
5e 25.81 ± 12.15 109.50 ± 89.90 0.026

TNF� (pg/ml)
1a 16.70 ± 13.80 19.50 ± 17.24 0.260
2b 16.20 ± 12.30 21.90 ± 15.00 0.165
3c 19.47 ± 13.90 21.40 ± 13.60 0.805
4d 20.90 ± 16.70 19.80 ± 14.60 0.805
5e 18.30 ± 15.37 178.30 ± 13.40 0.902

CRP: C-reactive protein; IL-6: interleukin-6; TNF�: tumor necrosis
factor-�.

aBefore operation.
bAt the beginning of the operation.
cAt the end of the operation.
dAt 24 hours after the operation.
eAt 48 hours after the operation.
*p < 0.05 in the same group.
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CRP mRNA and CRP-protein synthesis [25]. Activation of the
IL-6 receptor complex activates JAK tyrosine kinases [26, 27], and
it subsequently induces the production of acute-phase proteins [27,
28]. Some reports showed that a high preoperative CRP level is
associated with increased postoperative infectious complications
after cardiac surgery [13, 29], but another found that CRP is less
sensitive than IL-6 as an early predictor of the outcome of pancre-
atitis [21].

The arterial ketone body ratio, which reflects the hepatic mito-
chondrial redox potential, and liver enzyme assays have been used
to show that the stress of hepatectomy in living liver donors is ac-
ceptable [8, 30]. The current study shows that resection of healthy
and diseased livers leads to a significant increase in IL-6 and CPR
but not TNF�. A significantly lower IL-6 level before and after op-
eration in the GI patients compared to that in the GII patients sug-
gests that the GI patients adapted to surgical stress better than did
the GII patients.

Résumé. L’hépatectomie partielle est une intervention chirurgicale
majeure associée à certain stress pour le patient. Vaincre ce stress est
essentiel à la survie. La sécurité est un souci réel au cours d’une
transplantation hépatique avec donneur vivant. L’objectif de cette étude a
été de comparer la réponse au stress par l’évaluation des cytokines et de la
réponse de la phase aiguë induites par l’hépatectomie et de les comparer
entre les patients porteurs d’un foie sain et malade. Quatorze patients
ayant eu une hépatectomie droite ont été inclus dans cette étude. Sept
étaient des donneurs vivants (Groupe I); les sept autres étaient des patients
avec un cancer hépatocellulaire sur hépatite chronique B (Child A)
(Groupe II). On a fait des prélèvements sanguins pour doser l’ll-6, le TNF�
et la C-reactive protéine avant, au début et à la fin de l’opération, 24 et 48
heures après la fin de l’intervention. Les données ont été analysées et
comparées entre elles par le test de Friedman à l’intérieur d’un même
groupe et par le test de Mann-Whitney entre les deux groupes. La valeur p
< 0.05 a été prise comme significative. Les résultats montrent que la
résection du foie qu’il soit sain ou malade, était associée à une
augmentation significative de l’ll-6 et de la CPR mais pas du TNF�. Un
niveau significativement plus bas d’ll-6 avant et après opération dans le
groupe I en comparaison au groupe II suggère que les patients du groupe I
s’adaptent mieux au stress que les patients du groupe II.

Resumen. La hepatectomı́a parcial es una de las operaciones del
compartimento superior del abdomen que más estresan al paciente. Su
adaptación a este estrés es un prerequisito fundamental para su
supervivencia. La seguridad en la extracción de la porción del hı́gado que se
dona es condición indispensable para el trasplante con donantes vivos. El
objetivo del estudio fue comparar, mediante la determinación de las
citocinas y otros parámetros de la fase aguda postraumática, la respuesta
a la agresión, producida por la hepatectomı́a entre pacientes con hı́gado
sano frente a los que aquejaban una afección hepática. Se estudiaron 14
pacientes que sufrieron una hepatectomı́a parcial derecha. 7 eran donantes
vivos y sanos (GI); otros 7 padecı́an de un carcinoma hepatocelular
secundario a una hepatitis B (estadio A de Child) (G II). Se obtuvieron
muestras de sangre para la determinación de la IL-6, TNF � y proteı́na C
reactiva (CPR) antes de la intervención, al principio y al final de la misma
y a las 24 y 48 horas del postoperatorio. Los parámetros obtenidos se
analizaron y compararon utilizando la prueba de Friedman entre sujetos
del mismo grupo y el test U de Mann-Whitney para la comparación entre
ambos grupos; una p < 0.05 se consideró como significativa. Los resultados
demostraron que la hepatectomı́a, tanto en sujetos con hı́gado sano como
en pacientes con el hı́gado enfermo, originaba un incremento significativo
de la IL-6 y de la CPR, pero no del TNF�. Los niveles más bajos de IL-6
antes y después de la operación en el grupo GI en relación con los obtenidos
en el grupo GIl sugieren, que los sujetos del grupo GI estaban mejor
adaptados al estrés que los del grupo GII.
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