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Background:  Laparoscopic surgery is associated with a more favorable clinical outcome than that of conventional 

open surgery. This might be related to the magnitude of the tissue trauma. The aim of the present study was to 

examine the differences of the neuroendocrine and inflammatory responses between the two surgical techniques. 

Methods:  Twenty-four patients with no major medical disease were randomly assigned to undergo laparoscopic 

(n = 13) or abdominal hysterectomy (n = 11). Venous blood samples were collected and we measured the levels of 

interleukin-6 (IL-6), CRP and cortisol at the time before and after skin incision, at the end of peritoneum closure and 

at 1 h and 24 h after operation.

Results:  The laparoscopic hysterectomy group demonstrated less of an inflammatory response in terms of the serum 

IL-6 and CRP responses than did the abdominal hysterectomy group, and the laparoscopic hysterectomy group had 

a shorter hospital stay (P < 0.05). The peak serum IL-6 (P < 0.05) and CRP concentrations were significantly less 

increased in the laparoscopic group as compared with that of the abdominal hysterectomy group (P < 0.05), while 

the serum cortisol concentration showed a similar time course and changes and there were no significant difference 

between the groups. The response of interleukin-6 showed a significant correlation with the response of CRP (r = 0.796; 

P < 0.05).

Conclusions:  The laparoscopic surgical procedure leaves the endocrine metabolic response largely unaltered as 

compared with that of open abdominal hysterectomy, but it reduces the inflammatory response as measured by the 

IL-6 and CRP levels. (Korean J Anesthesiol 2010; 59: 265-269)
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Introduction 

    Surgical trauma, and particularly the surgical trauma 

asso ciated with major operations, elicits characteristic 

profound physiologic changes that involve the metabolic 

(neuroendocrine), inflammatory and immune reactions 

that lead to wide spread changes in the functioning of body 

organs. This overall effect is commonly referred to as the stress 

response to surgery [1-3]. The magnitude of the stress response 

is roughly proportional to the severity of surgery and this has an 

influence on the postoperative complications and the patients’ 

convalescence and morbidity [3]. Therefore, many investigators 

have attempted to find ways to attenuate the stress response to 

surgery [4].

    Laparoscopic surgery is becoming more popular and 

it is rapidly replacing conventional open surgery for the 

same procedure. In contrast to conventional open surgery, 

laparoscopic surgery is associated with reduced postoperative 

pain, a reduced hospital stay and a rapid return to normal 

activity [5,6]. Although laparoscopic procedures results in 

a favorable clinical outcome compared with open surgical 

procedures, little is known about their impact on improving 

the clinical outcome and homeostasis, and especially in the 

gynecologic field.

    This study was designed to investigate the differences of the 

inflammatory markers IL-6 and C-reactive protein (CRP) and 

the neuroendocrine response between laparoscopy and open 

surgery for performing total hysterectomy. 

Materials and Methods

    The study was conducted after receiving approval from the 

hospital’s ethical committee, and informed, written content was 

obtained from all the patients. Twenty four ASA I and II patients 

and who were scheduled for elective total hysterectomy for 

nonmalignant disease were studied preoperatively and for 

24 hours after their operations. The patients were randomly 

allocated to receive either an abdominal hysterectomy or 

laparoscopic assisted hysterectomy for their benign disease. 

All the patients had no anemia, chronic inflammatory disease, 

metabolic or endocrine disorder, hepatic disease or renal 

disease, and they were not receiving any medications. 

    All patients were premedicated with an intravenous injection 

of glycopyrrolate 0.2 mg before arrival in the operating room 

and all the patients were placed under general anesthesia along 

with performing endotracheal intubation. Anesthesia was 

induced with an IV bolus of thiopental sodium (5 mg/kg) or 

propofol (2 mg/kg), and tracheal intubation was facilitated with 

IV rocuronium bromide (esmeronⓇ 0.08 mg/kg). Anesthesia 

was maintained with inhalation of sevoflurane in 40% O2 in air 

and the patients were ventilated to maintain an end tidal PaCO2 

of 35-45 mmHg. 

    Venous blood samples were collected from each patient at 

the following times: a baseline sample before surgery (T0), after 

skin incision (T1), at the end of peritoneum closure (T2), 1 h 

after the operation (T3) and 24 h after the operation (T4). The 

samples were separated and the sera were all stored at -80oC 

until analysis for the cortisol and IL-6 levels. The IL-6 in the 

serum was analyzed using a commercially available enzyme-

linked immunosorbent assay (ELISA) method (IL-6 Quantikan 

kit; R & D systems, Minneapolis, MN, USA) with a detection 

limit of 0.3 pg/ml. The serum cortisol was determined by 

radioimmunoassay (Gamma CoatTM Cortisol Kit; Diasorin Inc. 

Stillwater. MN, USA) with a sensitivity of 0.21 μg/dl (normal 

reference range: 7-25 μg/dl). The C-reactive protein (CRP) 

was measured by an immunoturbidimetric assay (Roche 

Diagnostics, IN, USA). The detection limit of this assay was 0.425 

mg/L.

    Statistical analysis was performed using Sigmastat (version 

2.03, SPSS, Chicago, IL). The changes in the IL-6, CRP and 

cortisol concentrations over time within and between the 

groups were analyzed using two-way repeated measures of 

ANOVA. The hospital days were analyzed using unpaired 

student’s t-tests. The correlation between IL-6 and CRP was 

analyzed using Pearson’s correlation coefficient. All the 

values were expressed as means ± SEMs. P values < 0.05 were 

considered to be significant. 

Results 

    There was no difference between the two groups with 

respect to age, weight, the operation time and the duration of 

anesthesia. The characteristics of the patients who underwent 

laparoscopy or conventional open surgery are summarized 

in Table 1. None of the patients required a blood transfusion 

during or after surgery. The mean duration of surgery was 

Table 1. Patients’ Characteristics and the Clinical Variables

Laparoscopy  
(n = 13)

Laparotomy  
(n = 11)

Age (yr)
Weight (kg)
Height (cm)
Duration of surgery (min)
Duration of anesthesia (min)
Hospital day (days)

44.5 ± 3.1
58.1 ± 5.9

158.5 ± 3.3
141.4 ± 41.5

188.61 ± 37.9
  5.6 ± 0.5

45.4 ± 8.4
60.0 ± 8.2

156.2 ± 3.7
122.7 ± 11.2
151.8 ± 14.1
     7.9 ± 0.2* 

Values are means ± SEMs. There were no significant differences 
between the groups, but the laparoscopic hysterectomy group 
showed a significantly shorter hospital stay as compared with that 
of the abdominal hysterectomy group. *P < 0.05 compared with 
abdominal hysterectomy. 
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141.4 ± 41.5 min for laparoscopic surgery and 122.7 ± 11.2 

min for abdominal hysterectomy, but there was no significant 

difference. The duration of the postoperative hospital stay for 

the patients who underwent laparoscopic hysterectomy was 

5.6 ± 0.5 days as compared to 7.9 ± 0.2 days for the patients who 

underwent abdominal hysterectomy (P < 0.05). 

    Before operation, the serum IL-6 level was not detected 

in both groups. However, the levels of IL-6 rose significantly 

after surgery in both groups. As the surgery proceeded, the 

changes of IL-6 showed a similar pattern between the groups: 

the level increased at the end of peritoneum closure and it 

reached the peak value at 1 hr postoperatively. For the patients 

who underwent abdominal hysterectomy, the peak IL-6 

concentration was significant higher than the peak IL-6 levels 

of the patients who underwent laparoscopic hysterectomy (P 

< 0.05). The IL-6 level in the abdominal hysterectomy group 

remained significantly elevated for 24 hr postoperatively, and 

this was longer than that in the laparoscopic hysterectomy 

group (P < 0.05, Fig. 1). 

    Fig. 2 shows the response of the CRP level to surgery in both 

the groups. The serum concentration of CRP did not increase 

throughout the operation or at 1hr postoperatively, but there 

was an abrupt significantly higher increase at 24 hr after the 

operation in both groups. The mean CRP concentration at 24 hr 

postoperatively was 10.8 mg/L in the patients who underwent 

laparoscopic hysterectomy as compared to that of the patients 

who underwent abdominal hysterectomy (39.5 mg/L) (P < 0.05) 

and there was correlation with between the cytokine and CRP 

levels (Pearson correlation coefficient r = 0.796; P < 0.05).

    For the serum cortisol level, the baseline serum cortisol 

level was no difference between the groups and the groups 

had similar sequential changes over time throughout the 

operation and 24 hr after operation. The serum cortisol level 

increased after the surgery started, it reached its peak level 

at 1 hr postoperatively in the patients undergoing abdominal 

hysterectomy, but it reached its peak level at the end of 

peritoneum closure in the patients who were undergoing 

laparoscopic hysterectomy. Although the serum cortisol level 

did not show a significant difference between the groups, more 

rapid decline to baseline (from 30.4 ± 7.7 μg/dl to 11.8 ± 3.6 μg/dl) 

after operation and from 38.0 ± 14.3 μg/dl to 18.1 ± 5.9 μg/dl in 

the patients who underwent abdominal hysterectomy. But there 

was no significant difference for this between the groups (Fig. 3). 

Fig. 1. Changes in the plasma IL-6 concentration (mean ± SEM) 
during and after laparoscopic and abdominal hysterectomy. 
Measurement points: T0 = before anesthesia, T1 = after skin incision, 
T2 = at the end of peritoneal closure, T3 = 1 h after operation, T4 = 24 
h after operation. *P < 0.05 versus the preoperative value. †P < 0.05 
versus abdominal hysterectomy.

Fig. 2. Changes in the plasma CRP concentration (mean ± SEM) 
during and after laparoscopic and abdominal hysterectomy. 
Measurement points: T0 = before anesthesia, T1 = after skin incision, 
T2 = st the end of peritoneal closure, T3 = 1 h after operation, T4 = 24 
h after operation. *P < 0.05 versus the preoperative value. †P < 0.05 
versus abdominal hysterectomy.

Fig. 3. Changes in the plasma cortisol concentration (mean ± 
SEM) during and after laparoscopic and abdominal hysterectomy. 
Measurement points: T0 = before anesthesia, T1 = after skin incision, 
T2 = at the end of peritoneal closure, T3 = 1 h after operation, T4 = 24 
h after operation. *P < 0.05 versus the preoperative value. 
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Discussion 

    This present study demonstrated that laparoscopic hysterec-

tomy induced less tissue trauma and less of an inflammatory 

response than did open abdominal hysterectomy. Moreover, 

our results suggested that the surgical technique we employed 

has a capability to modify the extent of surgical trauma. 

    Surgical trauma, especially a major operation, stimulates 

a series of hormonal, metabolic and inflammatory changes 

that constitute the stress response [1-3]. This surgical stress 

response occurs through the activation of the afferent neural 

and sympathetic nervous systems and biological potent 

inflammatory mediators, e.g., cytokine [7-9]. Of all the 

proinflammtory cytokines, IL-6 is the main mediator that is 

released with surgical injury and it has an early and important 

role to play in the local and systemic inflammatory response. 

According to several studies, including the study by Cruickshank 

et al. [8], IL-6 is directly proportional to the extent of the direct 

surgical tissue injuries and the duration of the operation. The 

concentration of this mediator entering the systemic circulation 

is correlated with the magnitude of the tissue injury. Thus, it can 

be a useful maker for comparing different surgical methods that 

are applied for the same purpose [9].

    In the present study, the serum IL-6 level was not detected 

in both groups before and immediately after surgery. As the 

surgery proceeded, the serum IL-6 began to increase with 

delay at the end of peritoneum closure, and it reached its peak 

value at 1 h postoperatively. But the serum concentration of 

IL-6 was less marked and it showed a more prompt return 

toward baseline values following laparoscopic hysterectomy 

as compared to that following abdominal hysterectomy. This 

finding showed that the surgical trauma related with a skin 

incision can trigger cytokine to be released from injured tissue, 

and laparoscopic surgery is associated with less tissue injury 

and less inflammation than that of abdominal hysterectomy. 

This decreased IL-6 response following laparoscopic surgery 

are probably due to avoiding a larger surgical wound and the 

lesser intra-abdominal tissue damage that is secondary to 

intraoperative manipulation and incision of exposed tissue [10].

    These findings of our study are consistent with those of the 

previous studies [10-12], showing that laparoscopic surgical 

technique induces less of an inflammatory response than 

that of open surgery. But several studies have failed to find 

any difference when comparing the two surgical techniques. 

Ellströme et al. [13] demonstrated that there were no significant 

differences in the serum IL-6 and CRP concentrations in 

the patients who underwent laparoscopic and abdominal 

hysterectomy. They reported the extent of surgical trauma 

did not differ between the two operative techniques. They 

concluded that this lack of difference could be attributed to 

the significantly longer operation time of laparoscopic surgery, 

which might have obscured the benefits of less tissue trauma. 

In our study, the same anesthetic methods and agents were 

administered and the surgery time was not significantly longer 

for laparoscopic surgery. The only difference was the type of 

surgical procedure. This finding supports that the severity and 

extent of the trauma are more important than the operating 

time per se, like what was reported by Kristiansson et al. [14]. 

This concept, that tissue damage is the key determinant of 

recovery, is supported by the studies in which the length of the 

abdominal incisions was varied [15] and by the studies that 

used smaller laparoscopic ports [16].

    The host responses that follow surgical injury, such as fever, 

leukocytosis and synthesis of acute-phase proteins restore 

homeostasis and promote wound healing. These acute and 

intermediate responses are called the acute phase reaction 

[17,18]. CRP, as a key representative of the acute-phase proteins, 

reflects that the magnitude of the metabolic response to surgical 

trauma is proportional to the degree of injury [17]. In our 

study, the response of IL-6 preceded the response of CRP, and 

the former showed a clear increase 24 hr after surgery in the 

laparotomy group and there was significant correlation between 

the IL-6 level and the CRP level. This finding supported the fact 

that the cytokine IL-6 is the primary stimulus for the acute-

phase response [17].

    Elevated serum cortisol levels are indicative of surgical stress 

[19,20]. In the present study, both the laparoscopic and open 

surgical approaches caused an increased serum cortisol level. 

The similarity in the cortisol response between the two groups 

suggests that laparoscopic hysterectomy, despite the absence 

of a substantial abdominal incision, cause a significant stress 

response similar to that resulting from abdominal hysterectomy. 

The increased cortisol level following the laparoscopic 

surgical technique indicate that a considerable activation 

of the neuroendocrine response occurs after laparoscopic 

surgery despite the absence of a substantial skin incision. It 

also suggests that the main stimuli for promoting hormonal 

secretion are visceral and peritoneal afferent activities and not 

the stimuli arising from the abdominal wall. This was supported 

by the prompt fall of the serum cortisol level soon after 

peritoneal deflation. 

    In conclusion, our study demonstrated that laparoscopic 

hysterectomy did not greatly alter the classic neuroendocrine 

response, but laparoscopic hysterectomy is associated with 

a less intense inflammatory response compared with that of 

abdominal hysterectomy. Laparoscopic surgery is believed to 

lessen the surgical trauma and so it causes redcued disturbance 

of the physiologic function. This may all contribute to the rapid 

recovery after laparoscopic hysterectomy. 
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