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Abstract t 

Background:Background: The degree of immunological impairment induced by operation is related 
too the severity of tissue injury. 
Objective:Objective: The aim of the study was to investigate the effect of surgical trauma in 
termss of approach (laparoscopic versus conventional surgery) and extent of bowel 
resectionn (ileocolic resection versus colectomy) on interleukin-6 (IL-6), C-reactive 
proteinn (CRP) levels and expression of HLA-DR on peripheral blood mononuclear 
cells.. Secondly the length of the incision was correlated with the inflammatory 
response. . 
Method:Method: Thirty-four patients as part of a randomised trial, comparing laparoscopically-
assistedd versus open bowel resection for Crohn's disease, ulcerative colitis and 
familiall  adenomatous polyposis were analysed. CRP levels and expression of HLA-
DRR on peripheral blood mononuclear cells were measured pre- and 1 day 
postoperatively.. IL-6 was measured preoperative and day 1 and 7 postoperatively. 
Results:Results: Four of the 34 patients were excluded because of blood transfusion within 24 
hourss postoperatively. One day postoperatively, median IL-6 level peaked 
significantlyy within both groups. Preoperative level in the conventional group was 0 
pg/LL (0-2.1 pg/L) versus 8.3 pg/L (2.7^42.3 pg/L) one day postoperatively (p<0.0\). 
Preoperativee level in the laparoscopic group was 0 pg/L (0-1.7 pg/L) versus 5.6 pg/L 
(0-61.66 pg/L) one day postoperatively (p<0.0\). At day 7 postoperative IL-6 levels 
weree similar in both groups and returned to the base line. Postoperatively median CRP 
levelss were elevated in both groups. Preoperative level in the conventional group was 
111 mg/L (3-28 mg/L) versus 154 mg/L (67-219 mg/L) postoperatively (pO.01). 
Preoperativee level in the laparoscopic group was 5 mg/L (3-21 mg/L) versus 118 mg/L 
(39-2911 mg/L) postoperatively (p<0.01). Pre- and postoperative HLA-DR expression 
onn monocytes and postoperative % of lymphocytes expressing HLA-DR did not differ 
betweenn the conventional and laparoscopic group. No differences in immune response 
withh respect to the measured parameters were noticed in patients with a large or small 
bowell  resection segment, or in patients with a small (< 8 cm) or large ( > 8 cm) 
incisionn length. 

Conclusion:Conclusion: These data suggest that surgical trauma in terms of neither the approach, 
norr the extent of bowel resection did significantly affect the immune status of the 
patientss with respect to the measured parameters. 
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Introduction n 

Bothh surgical and accidental trauma induce a generalised state of immune 
suppression,, which potentially increases the risk of infections . Incidence of 
postoperativee complications and improved postoperative recovery has been shown to 
bee correlated with the degree of changes in immune- and metabolic status IZ1°-13. 

Thee level of interleukin-6 (IL-6) induction is proportional to the severity of surgical 
traumaa and there is evidence that IL-6 is involved in the induction of hepatic acute 
phasee protein synthesis l4~18. C-reactive protein (CRP) is a key marker acute-phase 
protein,, and provides an overall marker for acute-phase reactants for severity of 
traumaa and infections. A reduction in the expression of the antigen presenting 
moleculee HLA-DR on peripheral blood mononuclear cells, which reflects the immune 
suppressionn of the host, has been found to correlate with patients outcome after major 
surgeryy or trauma 2'5,19. 

Minimall  invasive surgery is thought to be associated with a reduction of 
postoperativee pain, faster recovery, shorter hospital stay and earlier return to full 
activity.. It is hypothesized that this outcome is related to a lesser degree of tissue 
damagee due to smaller incisions resulting in less metabolic stress and immune 
suppressionn when compared to conventional surgery l2'2023. Many studies have been 
conductedd evaluating postoperative immune response in patients undergoing 
laparoscopicc versus conventional surgery and results have shown to be inconsistent 
10,13.20.21.24-277 Different immunological parameters have been studied at variable 
samplingg time. Some studies found less immune suppression in the laparoscopic group 
whenn compared to the conventional group, while others found no differences. Only 
feww studies have been evaluated the affect of laparoscopic surgery on the immune 
responsee in a randomised setting 242H. This is mainly due to the fast development and 
rapidd acceptance of laparoscopic surgery. 

Inn order to investigate the effect of surgical trauma in terms of approach 
(laparoscopicc versus conventional surgery) and extent of surgery (ileocolic resection 
versuss colectomy resection) on inflammatory response, a randomised study was 
designedd analysing IL-6, CRP levels and expression of the antigen presenting 
moleculee HLA-DR on peripheral blood mononuclear cells. Secondly the length of the 
incisionn was correlated with the inflammatory response. 

Patientss and methods 

Thirty-fourr patients as part of a randomised trial, comparing laparoscopic versus 
openn bowel resection for benign diseases, were included from July 1999 until January 
2001.. Patients were randomised for elective laparoscopically -assisted or conventional 
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ileocolicc resection for respectively Crohn's disease (CD), or colectomy for 
respectivelyy ulcerative colitis (UC) and familial adenomatous polyposis (FAP). 
Patientss were excluded if peroperative blood transfusion was necessary because it 
interferess with the immune response. The study was approved by the medical ethics 
committeee of the Academic Medical Center, Amsterdam (AMC). Informed consent 
wass obtained from every patient. 

AnaesthesiaAnaesthesia and surgical technique 
Al ll  patients were premedicated with a benzodiazepine and had standard anaesthesia. 

Thee operative technique of laparoscopic and conventional procedures have been 
describedd previously ~ " . Peroperatively all patients received Zinacef " and Dalacin k. 

EfficacyEfficacy parameters 
Ass potential indicators for inflammatory response caused by surgery, 1L-6. CRP and 

expressionn of HLA-DR on peripheral blood mononuclear cells were determined. 

IL-6 IL-6 
Plasmaa for measuring cytokine levels was obtained one day before surgery and day 1 
andd 7 postoperatively. IL-6 levels were evaluated by ELISA according to the 
instructionss of the manufacturer (CLB, the Netherlands). 

CRP CRP 
CRPP concentrations were measured by standard methods at the Central Laboratory of 
thee Academic Medical Center, Amsterdam, one day before surgery and 1 day 
postoperatively. . 

FlowFlow cytometry 
Bloodd was drawn into a tube containing heparin (final concentration 10 U/ml). 

Erythrocytess were lysed with ice-cold isotonic NH4C1 solution (155 mM NH4C1, 
lOmMM KHC03, 0.1 mM EDTA, pH 7.4) for 10 minutes. Cells were centrifuged at 600 
xx g for 5 minutes at 4 °C. The remaining cells were washed twice with cold FACS 
bufferr (PBS, containing 1% BSA, 0.3 mmol/L EDTA, 0.01 % sodium azide). For 
staining,, 1x10 cells/ well (96 well microplate, Greiner B.V. labor techniek, Alphen 
aann de Rijn, The Netherlands) were incubated with mouse-monoclonal antibodies 
againstt human HLA-DR, CD 14 and CD45 (Immunotech, Marseille, France) for 30 
minn on ice. After washing with Facsbuffer cells were analysed on the FACScan 
(Bectonn Dickinson, Mountain View, USA). The appropriate isotype controls were 
includedd in all experiments. Cell populations were gated by forward and side scatter 
usingg a FACScan flow cytometer in conjunction with the Facscan software (Becton 
Dickinson,, Mountain View, USA). 10,000 cells were counted. Results are expressed 
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ass the percentage of gated cells positive for the mAbs used or as the mean cell 
fluorescencee intensity (MFI) after subtraction of control IgG fluorescence. Expression 
off  the antigen presenting molecule HLA-DR on peripheral blood mononuclear cells 
wass analysed one day before surgery and 1 day postoperatively. 

StatisticalStatistical analysis 
Dataa are presented in median and range. Differences between groups were tested 

usingg the Mann-Whitney-U-test. Differences within groups were tested using the 
Wilcoxonn Signed Ranks test. A value of p < 0.05 was considered statistically 
significant.. Pearson correlation was performed to analyse the correlation between 
inflammatoryy response, length of bowel resection and length of the incision operation 
time,, intake of more than 1000 ml liquids, or normal diet and hospital stay. 
Al ll  analyses were performed using SPSS * 9.0 (SPSS Benelux BV) for Windows. 

Results s 

Patientt characteristics are shown in table 1. Four of the 34 patients were excluded 
becausee of blood transfusion within 24 hours postoperatively. Patients in the 
laparoscopicc group had a significant longer duration of the disease compared to the 
conventionall  group. There were no significant differences in sex distribution, age, use 
off  medications and type of resection performed. There were no conversions in the 
laparoscopicc group. The median length of the incision of the total group was 8 cm 
(range:: 3.5-30 cm) and was used as cut off point for evaluating the effect of the 
incisionn length on the measured immunological parameters. 

IL-6 IL-6 
Pre-- and postoperative IL-6 levels are shown in figure 1. Preoperative IL-6 revealed 

loww serum concentration in both the conventional and laparoscopic group of patients. 
Onee day postoperatively, median IL-6 level peaked significantly within both groups. 
Preoperativee level in the conventional group was 0 pg/L (0-2.1 pg/L) versus 8.3 pg/L 
(2.7-42.33 pg/L) one day postoperatively (p<0.01). Preoperative level in the 
laparoscopicc group was 0 pg/L (0-1.7 pg/L) versus 5.6 pg/L (0-61.6 pg/L) one day 
postoperativelyy (/?<0.01). There was a trend towards higher IL-6 levels in the 
conventionall  group one day postoperatively when compared to the laparoscopic group, 
althoughh not significantly different. At 7 days postoperatively, IL-6 levels were similar 
inn both groups and returned to the base line (conventional group: 0 pg/L (0-8.9 pg/L) 
andd for the laparoscopic group: 0 pg/L (0-5.5 pg/L). 
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TableTable 1. Patient characteristics after laparoscopically and open ileocolic resection and colectomy 

M:: F 
Agee (years) 
BMII (kg/m2) 
CD :UC:FAP P 
Durationn of disease (years) 
Temperaturee ) 
Haemoglobinn (mmol/L) 
ASAA classification 
1:2:3 3 
Medicationn preoperative 
-- 5-ASA 
-- Corticosteroids/immune suppression 
Procedure e 
-- Ileocolic resection 
andd primary anastomosis 

-- proctocolectomy and IPAA/ 
subtotall colectomy and IRA 

Conventional l 
laparotomy y 

n=14 4 
mediann (range) 

6:8 8 
35.5(17.8-68) ) 

26.8(18.7-32.9) ) 
7:5:2 2 

3(0.6-10) ) 
377 (36.2-37.7) 
8.33 (5.9-9.4) 

4:8:1 1 

5 5 
7/7 7 

7 7 

5 5 
1 1 

Laparoscopically y 
(-assisted) ) 
resection n 

n=16 6 
mediann (range) 

5:11 1 
30.0(17.6-43) ) 

22.5(18.3-31.2) ) 
7:8:1 1 

8(1-21) ) 
37(36.1-37.4) ) 
8.3(5.8-10.2) ) 

3:13:0 0 

9 9 
7/7 7 

6 6 

8 8 
1 1 

Mann--
Whitney y 

Test t 
p-p- value 

ns s 
ns s 
ns s 
ns s 

p<0.05 5 
ns s 
ns s 

ns s 
nss m 

ns s 

-- colectomy without primary 
anastomosis s 
Lengthh of bowel resection (cm) 
(median:: range) 
-- Ileocolic resection 

-- Colectomy: 
proctocolectomyy and IPAA/ 
subtotall colectomy and IRA 
colectomyy without primary anastomosis 
Lengthh of abdominal the incision (cm) 
(median:: range) 
-- Ileocolic resection 

-- Colectomy 

30(18-50) ) 

100.5(70-110) ) 

300 (17-45) 

101.5(73-112) ) 

12(8.5-15) ) 

26(18-30) ) 

5(3.5-8)* * 

8(8-12) ) 

p<0 .01 1 

p<0 .01 1 

AA p-value of < 0.05 was considered significant 
mm Chi- square Fisher's Exact Test when appropriate 
CDCD = Crohn's disease UC = Ulcerative Colitis FAP = Familial adenomatous polyposis 
IPAA=IPAA= Ileal Pouch Anal Anastomosis IRA= Ileal Rectal Anastomosis 
## 1 patient had an ileocolic resection through a Pfannenstiel incision 
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Whenn dividing the study group in colectomy (n=17) versus ileocolic resection 
(n=13),, only IL-6 levels at day 7 postoperatively was significantly higher in the 
patientss after colectomy compared to ileocolic resection (1.2 pg/L (0-8.9 pg/L) versus 
00 pg/L (0-2.4 pg/L)/><0.05). 

Noo differences in IL-6 levels were found in patients after laparoscopic versus 
conventionall  colectomy and laparoscopic versus conventional ileocolic resection. 
Whenn comparing the patients with a length of the incision of < 8 cm or > 8 cm, no 
differencess were found in IL-6 levels. 

Sincee immunosuppressive medication suppresses the immune system, the patients 
withoutt corticosteroids/ immunosuppressive medication (n=9) were compared with the 
patientss having corticosteroids/ immunosuppressive medication (n=21). In patients 
withoutt corticosteroids/ immunosuppressive medications, no differences in pre- and 
postoperativee IL-6 levels were found between the laparoscopic group (n=5; 2 patients 
hadd proctocolectomy and IPAA, 3 patients had ileocolic resection) compared to the 
conventionall  group (n=4; 2 patients had proctocolectomy and IPAA, 2 patients had 
ileocolicc resection) resection (data not shown). When comparing patients with and 
withoutt immunosuppressive medication, also no significant differences in pre- and 
postoperativee IL-6 were found (data not shown). 

50 0 

25 5 

II 2
~3> > 

100 -

 Conventional 

|| Laparoscopic 

DC C 
D--

—Ig g 

" " 
coll l « « 

T=0 0 T=1 1 T=7 7 

FigureFigure 1. IL-6 levels preoperative (7=0) and 1 (1=1) and 7 days (T=7) postoperatively 
inin patients undergoing laparoscopic versus conventional bowel resection 
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CRP CRP 
CRPP levels were analysed pre- and one day postoperatively and are shown in figure 

2.. Preoperative CRP levels were not significantly different in both groups. 
Postoperativelyy median CRP levels were elevated in both groups. Preoperative level in 
thee conventional group was 11 mg/L (3-28 mg/L) versus 154 mg/L (67-219 mg/L) 
postoperativelyy (pO.Ol). Preoperative level in the laparoscopic group was 5 mg/L (3-
211 mg/L) versus 118 mg/L (39-291 mg/L) postoperatively (p<0.01). 
Theree was a trend towards higher CRP level in the conventional group one day 
postoperatively,, compared to the laparoscopic group, although not significantly 
different. . 

 Conventional 

|| Laparoscopic 

300 0 

-&200 0 
E_ E_ 
a. a. 
Q: : 
Ü Ü 

100 0 

T=0 0 T=1 1 

FigureFigure 2. CRP levels 1 day preoperative (7=0) and 1 day postoperatively (T=1) 
inin patients undergoing laparoscopic versus conventional bowel resection 

Whenn dividing the study group in colectomy (n=l7) versus ileocolic resection 
(n=!3),, no differences in CRP levels were found at any time point. CRP 
postoperativelyy was higher in the patients after conventional ileocolic resection 
comparedd with laparoscopic ileocolic resection (197 mg/L (83-218 mg/L) versus 137 
mg/LL (39-291 mg/L)p=0.05). 

Noo differences in CRP levels were found in patients after laparoscopic versus 
conventionall  colectomy at any time point. When comparing the patients with an 
incisionn of < 8 cm or > 8 cm, no differences in CRP levels were found. 

Inn patients without corticosteroids/ immunosuppressive medications, CRP 
postoperativelyy was higher in the conventional group compared to the laparoscopic 
groupp (175 mg/L (154-218 mg/L) versus 108 mg/L (39-138 mg/L) p<0.05). No 
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differencess in pre- and postoperative CRP levels were found between patients with 
(n=9)) and without (n=21) immunosuppressive medication at any time point (data not 
shown). . 

ExpressionExpression of the antigen presenting molecule HLA-DR on peripheral blood 
mononuclearmononuclear cells. 

HLA-DRR expression on monocytes pre- and 1 day postoperatively is shown in 
figuree 3. Pre- and postoperative HLA-DR expression on monocytes was similar in the 
laparoscopicc and conventional group. Postoperatively, median HLA-DR expression on 
monocytess decreased significantly in both groups and there was a trend of higher 
HLA-DRR expression on monocytes in the laparoscopic group compared to the 
conventionall  group. Preoperative Mean Fluorescence Intensity (MFI) in the 
conventionall  group was 262.3 MFI (118.5-547.5 MFI) and 153 MFI (61-338.4 MFI) 
postoperativelyy (p<0.05). Preoperative MFI in the laparoscopic group was 268.1 MFI 
(100.5-409.33 MFI) and 167.2 MFI (64-467.2 MFI) postoperatively (p<0.05). 

Whenn dividing the study group in colectomy versus ileocolic resection or 
laparoscopicc versus conventional colectomy or laparoscopic versus conventional 
ileocolicc resection or when comparing patients with an incision length of < 8 cm or > 8 
cm,, no differences were found in HLA-DR expression on monocytes at any time point. 

Inn patients without corticosteroids/ immunosuppressive medications no differences 
weree found in pre- and postoperative HLA-DR expression on monocytes and no 
differencess were found between patients with (n=9) and without (n=21) 
immunosuppressivee medication. 

Pre-andd postoperative percentages of lymphocytes expressing HLA-DR are shown 
inn figure 4. Pre- and postoperative percentages of lymphocytes expressing HLA-DR 
didd not differ between the conventional and laparoscopic group. Postoperatively 
mediann % of lymphocytes expressing HLA-DR was significantly elevated in the 
laparoscopicc group (preoperative: 24.1 % (0-60 %) versus postoperative: 34.8 % (18-
544 %),/)<0.01). Also in the conventional group, % of lymphocytes expressing HLA-
DRR was elevated postoperatively (preoperative: 28.7 % (12-59%) versus 
postoperative:: 35% (18-54 %)p=0.08). When dividing the study group in colectomy 
versuss ileocolic resection or laparoscopic versus conventional colectomy or 
laparoscopicc versus conventional ileocolic resection or when comparing patients with 
ann incision length of < 8 cm or > 8 cm, no differences were found in % of lymphocytes 
expressingg HLA-DR at any time point. 

Inn patients without corticosteroids/ immunosuppressive medications no differences 
weree found in pre- and postoperative % of lymphocytes expressing HLA-DR and also 
noo differences were found between patients with (n=9) and without (n=21) 
immunosuppressivee medication. 
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FigureFigure 3. Mean Fluorescence Intensity (MFI) on peripheral blood monocytes 
PreoperativePreoperative (T=0) and 1 day (T=1) postoperatively in patients undergoing laparoscopic 
versusversus conventional bowel resection 
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FigureFigure 4. Percentages of lymphocytes expressing HLA-DR preoperative (T=0) 
andand 1 day postoperatively (T=1) in patients undergoing laparoscopic versus 
conventionalconventional bowel resection 
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Noo correlation was found between IL-6 and CRP levels and expression of the anti-
genn presenting molecule HLA-DR on peripheral blood mononuclear cells, length of 
bowell  resection and length of the incision and immunosuppressive medication. 

Discussion n 
Inn this study IL-6 levels significantly increased after both laparoscopic and 

conventionall  ileocolic resection and colectomy, which indicate significant activation 
off  the immune response. Postoperatively, no differences were noticed in IL-6 levels 
betweenn the conventional and the laparoscopic group. This could be explained by the 
surgicall  trauma in terms of bowel resection, which was comparable in both groups. 
Similarr results of comparable IL-6 levels were found postoperatively by others 20,31. 
However,, others found higher IL-6 levels in the laparoscopic group one day 
postoperativelyy compared to the open group 10 24. This could be an effect of a longer 
operation. . 

Whenn dividing the study group in colectomy versus ileocolic resection, higher 
levelss of IL-6 were observed in the colectomy group at day 7 postoperative, indicating 
thatt this difference in IL-6 may reflect the magnitude of surgical trauma. However, no 
correlationss were found between IL-6 levels and the length of the incision. 
Sincee groups were comparable for tissue damage in terms length of bowel resection, 
thee question remains whether the length of the incision significantly contribute to the 
overalll  immune response after bowel surgery. The results of the present study indicate 
thatt the extent of the bowel resection is more important than the size of the incision. In 
thee study of Tang et al., comparing open versus laparoscopic colectomy for colorectal 
cancerr the median length of the incisions was 9 cm in the laparoscopic group versus 15 
cmm in the open group and similar results were noticed with respect to the length of the 
incision.. In the last mentioned study however, other immulogical parameters were 
usedd ~x. 

Laparoscopicc surgery has become a potential alternative for conventional bowel 
resectionn in inflammatory bowel disease (IBD)22,32. Indication for operation in IBD is 
failuree of conservative therapy. Most of these patients use steroids or 
immunosuppressiveimmunosuppressive medication before operation. One could argue that the use of 
immunosuppressiveimmunosuppressive medication could bias the results of the present study. Since 
groupss were comparable for the use of immunosuppressive medication and length of 
bowell  resection, this is not very likely. In addition, when evaluating the patients 
withoutt immunosuppressive medications, also no differences were found. Even 
comparingg patients with and without the use of immunosuppressive medications no 
differencess were found in IL-6 levels. Hildebrandt et al. comparing laparoscopic 
versuss open resections in patients with Crohn's disease without the use of steroids, 
showedd also no differences in postoperatively IL-6 levels. 
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CRPP is key marker acute-phase protein and increased concentrations represent a 
consistentt response to trauma and infections. Plasma concentrations of CRP provide 
dependablee screenings test to overall acute-phase response. The CRP rises 
approximatelyy 4-12 hours postoperatively and peaks at 24 hour. Subsequently it 
remainss elevated 48-72 hours postoperative until 2 weeks 33. Levels of CRP were 
increasedd significantly in both groups in this study. However, at day 1 postoperatively 
noo differences in CRP were found in the conventional group compared to the 
laparoscopicc group. Similar results were obtained by others 10,2°. In contrast higher 
levelss of CRP were noticed in the laparoscopic group in the study of Stage et al.9. In 
studiess comparing laparoscopic versus open cholecystectomy higher levels of CRP 
weree mentioned in the open group 34'35. However, this was not confirmed by other 
reportss 36. Also patients undergoing Nissen fundoplication showed significantly higher 
levelss of CRP after conventional surgery 13,27. 

Inn this study the length of the incision did not contribute to the level of CRP. When 
comparingg the patients with and without the use of immunosuppressive medications no 
differencess were found in CRP levels. Hildebrandt et al. comparing laparoscopic 
versuss open resections in patients with Crohn's disease without the use of steroids did 
nott found differences in CRP postoperatively between the laparoscopic and open 
group.. No sufficient correlation was noticed between IL-6 levels and CRP, whereas in 
otherr studies correlation were noticed between CRP and IL-6 37,33. 

HLA-DRR plays an important role in the presentation of antigens and is needed for 
ann effective immune response. Failure of surface expression of HLA-DR on peripheral 
bloodd monocytes has been found to correlate with worse patients outcome after major 
surgeryy on trauma2'5'14'19'33'38'39. 

Inn the present study a significant reduction of antigen presentation on monocytes 
wass observed in the laparoscopic and conventional group, with a trend of higher 
expressionn in the laparoscopic group 1 day postoperative, indicating a better immune 
response.. A significant increase of % of lymphocytes expressing HLA-DR was 
noticedd in the laparoscopic group. This might indicate adequate lymphocytes 
activation.. The reduction in antigen presentation on monocytes, was also observed by 
otherss postoperatively 13-21-26'31-40

i Kloosterman et al., and Carlei et ai, comparing 
laparoscopicc versus conventional cholecystectomy, found a significant reduction in 
antigenn presentation on monocytes in the open group one day postoperatively. No 
correlationss were found between expression of the antigen presenting molecule HLA-
DRR on peripheral blood mononuclear cells, IL-6 and CRP. 

Althoughh the clinical relevance of these changes in immunological parameters still 
remainss to be determined, there seems to be no difference in the immune status after 
laparoscopicc bowel surgery compared to open. Since the laparoscopic and 
conventionall  group in this study had similar length of bowel resection for ileocolic 
resectionn and colectomy and in generally similar visceral dissection, mobilization and 
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anastomosis,, it seems that the length of the incisions does not affect the immune 
response. . 

Inn conclusion, these data suggest that surgical trauma in terms of neither the 
approach,, nor the extent of bowel resection did significantly affect the immune status 
off  the patients with respect to the measured parameters. 
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