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Abstract
Background/Purpose. Major abdominal surgery such as liver 
resection is associated with an excessive hyperinfl ammatory 
response and transient immunosuppression. We investigated 
the immunomodulating effect of preoperative pulse adminis-
tration of high-dose methylprednisolone in patients undergo-
ing hepatic resection without pedicle clamping.
Methods. Twenty patients who underwent hepatic resection 
were randomized into two groups: a steroid group (n = 10), in 
which patients were given 30  mg/kg per body weight (BW) 
methylprednisolone intravenously, and a control group (n = 
10), in which patients received a placebo (sodium chloride) 
infusion. The main outcome parameter to assess systemic 
stress was the serum plasma level of interleukin-6 (IL-6). To 
evaluate cell-mediated immune function, human leukocyte 
antigen-DR (HLA-DR) expression on peripheral blood 
monocytes and lipopolysaccharide (LPS)-induced tumor 
necrosis factor-α (TNF-α) release by peripheral monocytes 
was measured. Other investigated serum parameters included 
C-reactive protein (CRP), total bilirubin, alanine aminotrans-
ferase (ALT), prothrombin time (PT)-INR, and cytokines 
such as IL-8 and IL-10 and TNF-α. Postoperative convales-
cence, complication rate, and length of hospital stay were com-
pared between the groups.
Results. Postoperative plasma concentrations of IL-6 (days 1 
and 2), IL-8 (days 2 and 3), and CRP (days 1–4) were signifi -
cantly lower in the steroid than in the control group. The total 
bilirubin concentration was signifi cantly lower on day 6 in the 
steroid than in the control group. Four hours after surgery, 
LPS-induced TNF-α secretion was signifi cantly reduced in the 
steroid group, but it increased rapidly during the following 
days. HLA-DR, ALT, and PT-INR levels were not different 
between the two groups. The postoperative hospital stay in 
the steroid group was signifi cantly lower compared to that in 
the control group (mean, 10.5 days versus 14.8 days; P < 0.05). 
No differences were found in the convalescence score or post-
operative complication rate.

Conclusions. Intravenous methylprednisolone administration 
before hepatic resection signifi cantly reduced systemic infl am-
matory cytokine release. No adverse effect on immunity was 
noted due to the methylprednisolone. We found no signifi cant 
difference in the convalescence score, but a signifi cantly short-
er hospital stay in the steroid group. Further studies with more 
patients are needed to elucidate the clinical impact of preop-
erative steroid bolus therapy in liver surgery.

Introduction

Major abdominal surgery leads to an acute infl amma-
tory response, which is characterized by hemodynamic 
and metabolic alterations, with the production and re-
lease of various chemical mediators, including stress 
hormones, free radicals, and cytokines.1 Physiologically, 
surgical trauma induces infl ammatory responses and as-
sists in activating the host defense system to resist infec-
tions, and maintain postoperative organ perfusion and 
homeostasis. The immediate hyperactivation of the im-
mune system in response to the tissue injury is followed 
by transient immunosuppression, leading to an increased 
susceptibility for the development of postoperative 
septic complications.1,2 In the acute phase following 
abdominal surgery, proinfl ammatory cytokines such as 
tumor necrosis factor (TNF)-α, interleukin (IL) 1-β, 
and IL-6 play an important role in surgical stress reac-
tions by directly infl uencing systemic cell-mediated im-
munity and the local infl ammatory reaction.3 While a 
balance of pro- and anti-infl ammatory cytokines is es-
sential for the patient’s appropriate immune response, 
the postoperative overproduction of proinfl ammatory 
cytokines may lead to tissue damage via the production 
of free oxygen species and may also result in systemic 
infl ammatory response syndrome (SIRS) with subse-
quent multiorgan failure.4 In addition to the tissue trau-
ma associated with abdominal surgery, liver resection 
itself may enhance the production and release of cyto-

Used Mac Distiller 5.0.x Job Options
This report was created automatically with help of the Adobe Acrobat Distiller addition "Distiller Secrets v1.0.5" from IMPRESSED GmbH.
You can download this startup file for Distiller versions 4.0.5 and 5.0.x for free from http://www.impressed.de.

GENERAL ----------------------------------------
File Options:
     Compatibility: PDF 1.2
     Optimize For Fast Web View: Yes
     Embed Thumbnails: Yes
     Auto-Rotate Pages: No
     Distill From Page: 1
     Distill To Page: All Pages
     Binding: Left
     Resolution: [ 600 600 ] dpi
     Paper Size: [ 595.276 785.197 ] Point

COMPRESSION ----------------------------------------
Color Images:
     Downsampling: Yes
     Downsample Type: Bicubic Downsampling
     Downsample Resolution: 150 dpi
     Downsampling For Images Above: 225 dpi
     Compression: Yes
     Automatic Selection of Compression Type: Yes
     JPEG Quality: Medium
     Bits Per Pixel: As Original Bit
Grayscale Images:
     Downsampling: Yes
     Downsample Type: Bicubic Downsampling
     Downsample Resolution: 150 dpi
     Downsampling For Images Above: 225 dpi
     Compression: Yes
     Automatic Selection of Compression Type: Yes
     JPEG Quality: Medium
     Bits Per Pixel: As Original Bit
Monochrome Images:
     Downsampling: Yes
     Downsample Type: Bicubic Downsampling
     Downsample Resolution: 600 dpi
     Downsampling For Images Above: 900 dpi
     Compression: Yes
     Compression Type: CCITT
     CCITT Group: 4
     Anti-Alias To Gray: No

     Compress Text and Line Art: Yes

FONTS ----------------------------------------
     Embed All Fonts: Yes
     Subset Embedded Fonts: No
     When Embedding Fails: Warn and Continue
Embedding:
     Always Embed: [ ]
     Never Embed: [ ]

COLOR ----------------------------------------
Color Management Policies:
     Color Conversion Strategy: Convert All Colors to sRGB
     Intent: Default
Working Spaces:
     Grayscale ICC Profile: 
     RGB ICC Profile: sRGB IEC61966-2.1
     CMYK ICC Profile: U.S. Web Coated (SWOP) v2
Device-Dependent Data:
     Preserve Overprint Settings: Yes
     Preserve Under Color Removal and Black Generation: Yes
     Transfer Functions: Apply
     Preserve Halftone Information: Yes

ADVANCED ----------------------------------------
Options:
     Use Prologue.ps and Epilogue.ps: No
     Allow PostScript File To Override Job Options: Yes
     Preserve Level 2 copypage Semantics: Yes
     Save Portable Job Ticket Inside PDF File: No
     Illustrator Overprint Mode: Yes
     Convert Gradients To Smooth Shades: No
     ASCII Format: No
Document Structuring Conventions (DSC):
     Process DSC Comments: No

OTHERS ----------------------------------------
     Distiller Core Version: 5000
     Use ZIP Compression: Yes
     Deactivate Optimization: No
     Image Memory: 524288 Byte
     Anti-Alias Color Images: No
     Anti-Alias Grayscale Images: No
     Convert Images (< 257 Colors) To Indexed Color Space: Yes
     sRGB ICC Profile: sRGB IEC61966-2.1

END OF REPORT ----------------------------------------

IMPRESSED GmbH
Bahrenfelder Chaussee 49
22761 Hamburg, Germany
Tel. +49 40 897189-0
Fax +49 40 897189-71
Email: info@impressed.de
Web: www.impressed.de

Adobe Acrobat Distiller 5.0.x Job Option File
<<
     /ColorSettingsFile ()
     /LockDistillerParams false
     /DetectBlends false
     /DoThumbnails true
     /AntiAliasMonoImages false
     /MonoImageDownsampleType /Bicubic
     /GrayImageDownsampleType /Bicubic
     /MaxSubsetPct 100
     /MonoImageFilter /CCITTFaxEncode
     /ColorImageDownsampleThreshold 1.5
     /GrayImageFilter /DCTEncode
     /ColorConversionStrategy /sRGB
     /CalGrayProfile ()
     /ColorImageResolution 150
     /UsePrologue false
     /MonoImageResolution 600
     /ColorImageDepth -1
     /sRGBProfile (sRGB IEC61966-2.1)
     /PreserveOverprintSettings true
     /CompatibilityLevel 1.2
     /UCRandBGInfo /Preserve
     /EmitDSCWarnings false
     /CreateJobTicket false
     /DownsampleMonoImages true
     /DownsampleColorImages true
     /MonoImageDict << /K -1 >>
     /ColorImageDownsampleType /Bicubic
     /GrayImageDict << /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.9 >>
     /CalCMYKProfile (U.S. Web Coated (SWOP) v2)
     /ParseDSCComments false
     /PreserveEPSInfo false
     /MonoImageDepth -1
     /AutoFilterGrayImages true
     /SubsetFonts false
     /GrayACSImageDict << /VSamples [ 2 1 1 2 ] /HSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.76 /ColorTransform 1 >>
     /ColorImageFilter /DCTEncode
     /AutoRotatePages /None
     /PreserveCopyPage true
     /EncodeMonoImages true
     /ASCII85EncodePages false
     /PreserveOPIComments false
     /NeverEmbed [ ]
     /ColorImageDict << /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.9 >>
     /AntiAliasGrayImages false
     /GrayImageDepth -1
     /CannotEmbedFontPolicy /Warning
     /EndPage -1
     /TransferFunctionInfo /Apply
     /CalRGBProfile (sRGB IEC61966-2.1)
     /EncodeColorImages true
     /EncodeGrayImages true
     /ColorACSImageDict << /VSamples [ 2 1 1 2 ] /HSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.76 /ColorTransform 1 >>
     /Optimize true
     /ParseDSCCommentsForDocInfo false
     /GrayImageDownsampleThreshold 1.5
     /MonoImageDownsampleThreshold 1.5
     /AutoPositionEPSFiles false
     /GrayImageResolution 150
     /AutoFilterColorImages true
     /AlwaysEmbed [ ]
     /ImageMemory 524288
     /OPM 1
     /DefaultRenderingIntent /Default
     /EmbedAllFonts true
     /StartPage 1
     /DownsampleGrayImages true
     /AntiAliasColorImages false
     /ConvertImagesToIndexed true
     /PreserveHalftoneInfo true
     /CompressPages true
     /Binding /Left
>> setdistillerparams
<<
     /PageSize [ 576.0 792.0 ]
     /HWResolution [ 600 600 ]
>> setpagedevice



S.C. Schmidt et al.: Prospective randomized study of preoperative high-dose steroid after liver resection 485

kines, especially when the Pringle maneuver is used.5,6 
To attenuate the postoperative infl ammatory response 
in hepatic surgery, perioperative administration of ste-
roids has been suggested when utilizing the Pringle ma-
neuver.7–10 However, due to the massive concentration 
of macrophages (Kupffer cells) in the liver tissue, an 
exaggerated cytokine response following hepatic sur-
gery without pedicle clamping can be suggested. The 
aim of the present prospective randomized trial was to 
evaluate the effect and the safety of preoperative high-
dose methylprednisolone (MP) administration in liver 
surgery without portal triad clamping on the postopera-
tive immune response and the postoperative clinical 
course.

Patients and methods

Hypothesis, endpoints, and sample-size calculation

The null hypothesis (H0) of the analyzed data showed 
that the IL-6 response did not differ in the control and 
the steroid groups. The alternative hypothesis (HA) was 
that the postoperative plasma concentration of IL-6 dif-
fers between the steroid and the control group. Minor 
endpoints included the postoperative plasma levels 
of IL-8, IL-10, TNF-α, human leukocyte antigen-
DR (HLA-DR) receptor expression on peripheral 
monocytes, lipopolysaccharide (LPS)-induced TNF-α, 
and C-reactive protein (CRP). Clinical endpoints were 
postoperative complications, convalescence, and length 
of hospital stay. With a hypothesized difference of 80% 
of the postoperative plasma level of IL-6 between the 
steroid and the control groups, the calculated sample 
size was ten patients in each group, with α = 0.05, and 
β = 0.2 (power, 80%).

Study population

The study was approved by the local ethics committee. 
All patients gave their informed consent prior to enrol-
ment in the study. Twenty patients undergoing hepatic 
resection were included in the study. Randomization of 
patients to either the steroid or the control group was 
performed in a double-blind manner. Exclusion criteria 
were: liver cirrhosis, endocrine disorders, immunopa-
thies, coagulopathies, ulcus ventriculi/duodeni, obesity 
(body mass index >32  kg/m2), osteoporosis, glaucoma, 
and American Society of Anesthesiologists physical sta-
tus (ASA) more than III.

Perioperative management

Patients in the steroid group received 30  mg/kg per BW 
of MP intravenously 90  min before surgery, and pa-

tients in the control group received 50  ml physiologic 
saline intravenously.

All hepatic resections were performed without the 
Pringle maneuver. Transection of the liver parenchyma 
was done with an ultrasound dissector (CUSA; Tyco 
Healthcare, Mansfi eld, MA, USA). Small vessels or bile 
ducts were controlled by clips or ligations. Intraopera-
tive systemic single-shot antibiotics (second-generation 
cephalosporin and metronidazole) were routinely ap-
plied in all patients.

Blood sampling and cytokine analysis

Venous blood was drawn from each patient preopera-
tively, 4  h after surgery and on the fi rst, second, third, 
and seventh postoperative days (PODs). Blood samples 
for cytokine analysis were drawn into two 2.7-ml 
monovettes containing ethylenediamine tetraacetic acid 
(EDTA)/aprotinin and two 5.5-ml monovettes contain-
ing lithium/heparin. The plasma was centrifuged and 
stored frozen at −80  ºC for later analysis. For the meas-
urement of TNF-α, IL-6, IL-8, and IL-10, we used a 
semi-automated enzyme-linked immunosorbent assay 
(ELISA) system (Immulite; DPC Biermann, Bad 
Nauheim, Germany).

LPS whole-blood test

For the measurement of LPS-induced TNF-α produc-
tion, we used a commercially available whole-blood test 
(DPC Biermann). Fifty microliters of heparinized blood 
was suspended in 500  µl RPMI medium containing 
500  pg/ml LPS, and incubation was done at 37  ºC/5% 
CO2 for 4  h. After gentle mixing, the supernatant was 
collected by centrifugation (1000  g, 5  min) and stored at 
−80  ºC until measurement of TNF-α.

Quantifi cation of monocytic HLA-DR expression

Monocytic HLA-DR expression was quantifi ed fl ow-
cytometrically as recently described.11

CRP, aspartate aminotransferase (AST), ALT, total 
bilirubin, and prothrombin time (PT)-INR were deter-
mined using commercially available reaction kits at the 
Institute of Laboratory Medicine, Charité Campus Vir-
chow Clinic, University Medicine Berlin.

Assessment of convalescence

Convalescence was assessed by the mobilization score 
described by Nagelschmidt et al.6 (Table 1). The assess-
ment started 1 day before the operation, and was docu-
mented daily until the patient was discharged.
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Statistical analysis

Statistical analysis was done with the Statistical Package 
for Social Sciences (SPSS 12.0; Chicago, IL, USA). Con-
tinuous variables were compared by the Mann-Whitney 
U-test and categorical parameters by the χ2 or Fisher 
exact-test. Differences were considered to be signifi cant 
at a level of 5% (P < 0.05).

Results

Twenty patients fulfi lled the inclusion criteria and were 
randomly assigned to receive either high-dose MP (n = 
10) or placebo (n = 10) prior to hepatic resection. The 
preoperative clinical and laboratory variables and the 
extent of resection are summarized in Table 2.

Surgical complications

During the postoperative course, one patient from the 
steroid group and one from the control group devel-
oped a biliary stenosis associated with a small leakage 
after right (steroid group) and left (control group) 
hemihepatectomy. Both patients were successfully 
treated by endoscopic stenting and sphincterotomy. 
The patient in the control group with the biliary stenosis 

Table 1. Mobilization score as described by Nagelschmidt 
et al.6

Parameter Score

Fluid intake
 Drinks without help 0
 Drinks but needs intravenous supplementation −1
 Intravenous infusion only −2
Food intake
 Eats without help 0
 Eats with help −1
 Parenteral nutrition/enteral nutrition via −2
  gastric tube
Washing
 Washes out of bed 0
 Washes in bed −1
 Needs bed wash −2
Bowel and bladder function
 Continent and independent 0
 Needs bedpan −1
 No stool/incontinent −2
Mobility
 Fully mobile 0
 Partly mobile −1
 Immobile −2
Mental needs
 Needs little psychological support 0
 Needs some psychological support −1
 Needs a lot of psychological support −2

Total score points  0 to −12

Table 2. Comparison of perioperative parameters between the control and steroid groups

Variable Control group (n = 10) Steroid group (n = 10) P

Age (years)  65  57 <0.05
Sex ratio (M  :  W) 4  :  6 3  :  7 0.64
Diagnosis
 Metastastic liver tumor  4  4
 Hepatocellular carcinoma  1  2
 Cholangiocellular carcinoma  2  0
 Benign diseases  3  4
Intraoperative variables
 Operative procedures
  Segment II/III resection  5  4
  Segment V–VIII resection  5  6
Blood loss (ml)a 780 340 0.51
Operative time (min) 252 222 0.24
Preoperative blood chemistry
 AST (U/l)a    21 ± 10.9    37 ± 24.9 0.14
 ALT (U/l)a    19 ± 14.3    21 ± 15.3 0.63
 Bilirubin (mg/dl)a 0.5 ± 0.3 0.6 ± 0.3 0.23
Postoperative blood chemistry
 AST (U/l)a peak    247 ± 180.0    280 ± 120.9 0.45
 ALT (U/l)a peak    242 ± 165.7    238 ± 113.0 0.68
 Bilirubin (mg/dl)a POD 1 1.6 ± 0.8 1.5 ± 1.1 0.59
 Prothrombin time-INR POD 1    1.3 ± 0.19 1.27 ± 0.09 0.45
Postoperative complications
 Bile leakage  1  1
 Biliary stenosis  1  1
 Wound infection  1  0

AST, aspartate aminotransferase; ALT, alanine aminotransferase; POD, postoperative day
a  Values are means (SD)
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additionally developed a deep wound abscess. The hos-
pital stay of these two patients was prolonged, at 33 days 
(control group) and 13 days (steroid group).

Humoral and cellular stress responses

Analysis of the plasma concentration of IL-6 demon-
strated a peak in both groups 4  h after surgery, with a 
subsequent decline. Mean (SD) IL-6 levels were signifi -
cantly lower in the steroid than in the control group on 
POD 1 (16.19 ± 13.50  pg/ml vs 91.46 ± 85.49  pg/ml; P = 
0.008) and on POD2 (13.71 ± 12.84  pg/ml vs 76.68 ± 
73.34  pg/ml; P = 0.002; Fig. 1). Mean (SD) levels of IL-8 
were signifi cantly suppressed in the steroid group com-
pared to the control group on POD 2 (10.61 ± 17.74  pg/
ml vs 19.19 ± 14.73  pg/ml; P = 0.008) and on POD 3 (5.00 
± 0.00  pg/ml vs 12.24 ± 12.83  pg/ml; P = 0.005). In the 
steroid group, the mean (SD) plasma level of IL-10 
reached a peak 4  h after surgery (19.70 ± 22.94  pg/ml vs 
8.79 ± 6.80  pg/ml), followed by a continuous decrease 
during the following days. The postoperative IL-10 val-
ues in the control group were higher than those in the 
steroid group; however the differences were not signifi -

cant. The postoperative plasma concentrations of TNF-
α were lower in the steroid group than in the control 
group, but were not signifi cantly different (Fig. 2).

The analysis of HLA-DR expression demonstrated 
postoperative suppression in both groups; however, the 
values were not signifi cantly different between the ste-
roid and the control groups (Fig. 3a). In the steroid 
group, LPS-induced TNF-α secretion was signifi cantly 
suppressed at 4  h after surgery, followed by a rapid in-
crease (Fig. 3b).

There was an increase in the plasma concentration of 
CRP in both groups following surgery. The mean (SD) 
CRP levels were signifi cantly higher in the control group 
than in the steroid group on POD 1 (4.5 ± 1.77  mg/dl vs 
3.0 ± 1.43  mg/dl; P = 0.043), POD 2 (10.2 ± 5.32  mg/dl 
vs 3.3 ± 1.81  mg/dl; P = 0.002), POD 3 (11.0 ± 5.06  mg/dl 
vs 2.6 ± 1.57  mg/dl; P = 0.001), and POD 4 (9.5 ± 4.34  mg/
dl vs 3.5 ± 1.17  mg/dl; P = 0.014; Fig. 4). The mean (SD) 
total bilirubin level on POD 6 was signifi cantly higher 
in the control group than in the steroid group (1.6 ± 
0.33  mg/dl vs 1.0 ± 0.26  mg/dl; P = 0.033). No signifi cant 
differences were found in ALT levels (Fig. 5, Table 2) 
or PT-INR (Table 2).

Fig. 1. Comparison of postoperative 
serum interleukin 6 levels. Data are ex-
pressed as means ± SD. Asterisk indicates 
P < 0.05

Fig. 2. Comparison of postoperative se-
rum tumor necrosis factor (TNF)-α. Data 
are expressed as means ± SD
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a

b

Fig. 3. a Comparison of postoperative hu-
man leukocyte antigen-DR (HLA-DR) 
expression. Data are expressed as means 
±SD b. Comparison of postoperative li-
popolysaccharide (LPS)-induced TNF-α. 
on peripheral monocytes. Data are ex-
pressed as means ±SD. Asterisk indicates 
P < 0.05

Fig. 4. Comparison of postoperative 
serum C-reactive protein (CRP) levels. 
Data are expressed as means ±SD. Aster-
isk indicates P < 0.05

Convalescence and hospital stay

After an immediate drop until POD 2, the convales-
cence score demonstrated improved values on the 
following days in both groups, without signifi cant differ-

ences (Fig. 6). Comparison of the postoperative hospital 
stay showed that the patients in the steroid group were 
discharged signifi cantly earlier, after a mean of 10.5 
days (range, 7–15 days) compared with 14.8 days (range, 
10–16 days) in the control group (P < 0.05).
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Discussion

Apart from metabolic and endocrinologic alterations, 
the postoperative infl ammatory response includes the 
local release of cytokines from stimulated macrophages 
and monocytes.12 Cytokines are important mediators of 
the infl ammatory response, and they infl uence both spe-
cifi c and nonspecifi c pathways of the cellular and hu-
moral immune system.13 The released cytokines activate 
the production of other cytokines, a process that 
results in a cytokine cascade consisting of pro- and anti-
infl ammatory cytokines. In the acute-phase response, 
the cytokines TNF-α and IL-6 play a key role as 
modulators of the infl ammation.13 TNF-α belongs to the 
fi rst released cytokines in the acute phase and is one 
of the most potent mediators of the infl ammatory 
response, stimulating the production and release of 
IL-6. IL-6 is a multifunctional cytokine infl uencing 
B-lymphocytes and T-lymphocytes, and it induces the 
production of acute-phase proteins in the liver, such 
as CRP, antiproteinases, and fi brinogen.2 Furthermore 

IL-6 induces the proliferation of immature polymor-
phnuclear neutrophils (PNMs) in the circulation and 
stimulates mature PNMs to release superoxide anion 
(O2

−).13 IL-6 has been suggested as a marker of surgical 
stress, and it has been shown that the release of IL-6 
correlates with the extent of tissue injury, duration of 
surgery, and volume of intraoperative blood loss.13 In 
addition, liver resection itself induces the production of 
IL-6.12 In liver surgery, the magnitude of the IL-6 re-
lease is enhanced by the use of pedicle clamping, due to 
the ischemia/reperfusion injury.7–10 In contrast, IL-10 
represents an anti-infl ammatory cytokine, which down-
regulates the infl ammatory response during the early 
postoperative period by modulating the activity of TNF-
α, IL-6, IL1-α, and IL-1β activity.5,14 However, non-
physiologic postoperative elevation of IL-10 may result 
in immunosuppression.2 Therefore, the balance between 
pro- and anti-infl ammatory cytokines is important for 
achieving an adequate immune response for surgical 
trauma, otherwise an exaggerated hyper- or hypoin-
fl ammatory response may result in an impaired host 

Fig. 5. Comparison of postoperative 
serum alanine aminotransferase (ALT). 
Data are expressed as means ± SD

Fig. 6. Comparison of postoperative con-
valescence. Data are expressed as means 
± SD
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defense, with increased susceptibility to postoperative 
infectious and septic complications.15 Overproduction 
of cytokines may also lead to the systemic infl ammatory 
response syndrome (SIRS), with consecutive multior-
gan dysfunction.16

To modulate the overproduction of proinfl ammatory 
cytokines, perioperative treatment with steroids has 
been demonstrated in cardiac, thoracic, and abdominal 
surgery.17 In liver surgery, it has been shown that the 
preoperative administration of steroids reduces the 
cytokine release associated with ischemia-reperfusion 
injury when the pedicle clamping technique is used.7–10 
The effect of preoperative steroid administration in 
liver surgery without the Pringle maneuver has not been 
investigated until now. The effect of steroid administra-
tion is based on specifi c receptor-mediated and recep-
tor-independent effects. Primarily, the suppression of 
postsurgical cytokine release from monocytes is caused 
by the inhibition of the messenger RNA.18 Furthermore, 
steroids have lysosome membrane-stabilizing effects 
and protect the cells against lipid peroxidation.19 Be-
cause steroids have no effect on cytokines that have al-
ready been released, it is important to reach a high dose 
during the early stage of the operation.17 The optimal 
glucocorticoid preparation, timing of administration, 
and dosage remain a matter of debate (Table 3). We 
used MP because of the higher anti-infl ammatory po-
tency and reduced alteration of electrolyte and meta-
bolic status relative to cortisol. A single shot of 30  mg/kg 
per body weight reduced the infl ammatory response in 
several clinical and experimental studies.17 However, a 
single dose of 500  mg was also suffi cient to modify the 
early infl ammatory response.8,10 Because the onset of 
the anti-infl ammatory effects of steroids is 1 to 2  h, glu-
cocorticoid administration should be performed within 
this interval before surgery.17

Although the Pringle maneuver was not utilized in 
our series, the levels of the proinfl ammatory cytokines 
IL-6 and IL-8 were signifi cantly lower in the steroid 
group than in the control group. However, compared to 
the reported high postoperative proinfl ammatory cyto-

kine levels in studies in which the Pringle maneuver was 
used, the cytokine levels in our patients were much less 
exaggerated after surgery.7–10 Subsequently, the acute-
phase protein CRP, which is mainly induced by IL-6, 
was signifi cantly suppressed in the steroid group in com-
parison to the control group. The moderate postopera-
tive increase of IL-10 in the steroid group might be 
explained by the suppression of TNF-α. In addition to 
the suppression of the infl ammatory response, it has 
been shown that steroid administration signifi cantly 
lowered liver cell damage.10 In our study, the postopera-
tive ALT level and PT-INR were lower in the steroid 
group; however, the difference was not signifi cant. 
This might refl ect a protective role of the steroids 
against impaired coagulation balance and hepatocyte 
damage. On the other hand, the relatively low ALT 
levels in both groups can be explained by the renuncia-
tion of pedicle clamping in our series. The lower total 
bilirubin level in the steroid group might be the result 
of a faster recovery of the liver. Muratore et al.9 ob-
served modifi ed transaminases and PT following steroid 
administration only in patients with chronic liver dis-
ease. In the study of Yamashita et al.,8 the total bilirubin 
level was also signifi cantly lower in the steroid group, 
whereas the transaminases were not suppressed. Fur-
ther studies with more patients are necessary to inves-
tigate the infl uence of steroids on hepatic damage and 
liver function.

Although the preoperative administration of steroids 
seems to signifi cantly reduce the infl ammatory reaction, 
there are some concerns about negative effects on 
immune status, liver regeneration after resection, and 
wound healing. The present study shows that preopera-
tive steroid administration does not affect the cellular 
immunity. In the steroid group, the LPS-induced TNF-α 
release was only temporarily reduced immediately after 
surgery, followed by a fast increase. However, only pro-
longed monocyte deactivation for several days enhances 
the susceptibility to infection.20 Additionally, we found 
no differences in the postoperative expression of HLA-
DR on monocytes between the two groups. Reduced 

Table 3. Human studies of steroid administration during partial hepatectomy

Author Year n Dosage/Timing Hepatic damage Infl ammatory response

Shimada et al.7 1996 17 30  mg/kg BW 3  h before AST ↔ IL-6 ↓ CRP ↓
    surgery
Yamashita et al.8 2001 33 500  mg 2  h before surgery AST, ALT ↔ IL-6 ↓ IL-10 ↑
Muratore et al.9 2003 53 30  mg/kg per BW 30  min Normal liver: AST, ALT, ↔ IL-6 ↓
    before surgery  cholestatic liver: ↓
Aldrighetti et al.10 2006 76 500  mg before induction of AST, ALT ↓ IL-6, TNF-α ↓
    anesthesia
Schmidt et al.  2006 20 30  mg/kg per BW 90  min ALT ↔ IL-6 ↓ IL-8 ↓ IL-10 ↔
 (present study)    before surgery  CRP ↓ HLA-DR ↔
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expression of HLA-DR was shown to be associated 
with an increased risk of infection and a signifi cant 
short-term outcome after major surgery.21 Furthermore, 
Yamashita et al.8 previously reported that preoperative 
administration of steroids suppressed the serum values 
of immunosuppressive antigen and the positive rate of 
serum candida antigen, a marker of bacterial transloca-
tion. They concluded that preoperative administration 
of steroids preserved the postoperative immune func-
tion. This is of great clinical interest, not only because 
of the decreased susceptibility to septic complications, 
but also in oncologic surgery, because a better-
preserved postoperative immune system may inhibit 
tumor cells from establishing metastases.22 Another ma-
jor concern about the administration of preoperative 
steroids in liver surgery was the potential negative effect 
on the regeneration of the remnant liver after resection, 
due to the suppression of infl ammatory cytokines, espe-
cially IL-6, which play a key role in liver regeneration.23 
While IL-6 promotes cell-cycle progression after hepa-
tectomy, it has been demonstrated that the overproduc-
tion of IL-6 may inhibit liver regeneration.24 In 
accordance with Yamashita et al.,8 Muratore et al.,9 and 
Aldrighetti et al.,10 we found no negative effects of the 
steroid in regard to hepatocyte damage or recovery of 
the remnant liver (ALT, bilirubin, PT-INR). Compar-
ing the resected liver in a rat model with and without 
preoperative high-dose steroid administration, Glane-
mann et al.25 showed that the steroid administration did 
not infl uence postoperative liver regeneration.

In this study we did not notice an advantage of steroid 
administration on the postoperative complication rate 
or convalescence. The signifi cantly shorter hospital stay 
in the steroid group can be explained by the prolonged 
hospital stay of the patient in the control group who 
developed biliary stenosis and a wound abscess. While 
Yamashita et al.8 and Muratore et al.9 found no 
improvement in the postoperative clinical course in 
patients undergoing liver surgery with preoperative 
steroids, a recently published prospective study has 
demonstrated reduced postoperative complications and 
earlier discharge of the patients in the steroid group.10 
Especially in high-risk patients with impaired cardiopul-
monary function, preoperative steroid administration 
may contribute toward achieving a better postoperative 
course due to the membrane-stabilizing effects on vas-
cular endothelial cell membranes, the suppression of 
local edema, and the improvement of the microcircula-
tion that results in the reduction of tissue trauma.6,26–28 
In liver surgery, Kimura et al.29 demonstrated a hyper-
active proinfl ammatory cytokine response and a high 
incidence of postoperative infection in patients with 
preoperative biliary obstruction compared to those 
without. The evaluation of preoperative steroid treat-
ment is necessary in these high-risk patients.

In conclusion, this prospective randomized trial has 
demonstrated a signifi cant suppression of the surgical 
stress response in liver surgery without pedicle clamp-
ing after preoperative pulse therapy with high-dose MP, 
without affecting the cellular immunity. To elucidate 
the impact of a preoperative steroid bolus on the short-
term clinical course, further studies with more patients 
are needed.
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