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Laparoscopic surgery impairs tissue oxygen tension more than
open surgery
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Background: Wound infection remains a common and serious complication after colonic surgery.
Although many colonic operations are performed laparoscopically, it remains unclear whether this
has any impact on the incidence of wound infection. Subcutaneous tissue oxygenation is an excellent
predictor of surgical wound infection. The impact of open and laparoscopic colonic surgery on tissue
oxygenation was compared.
Methods: Fifty-two patients undergoing elective open and laparoscopic left-sided colonic resections
were evaluated in a prospective observational study. Anaesthesia management was standardized and
intraoperative arterial partial pressure of oxygen was kept at 150 mmHg in both groups. Oxygen tension
was measured in the subcutaneous tissue of the right upper arm.
Results: At the start of surgery subcutaneous tissue oxygen tension (PsqO2) was similar in both
groups (mean(s.d.) 65·8(17·2) and 63·7(23·6) mmHg for open and laparoscopic operations respectively;
P = 0·714). Tissue oxygen remained stable in the open group, but dropped significantly in the
laparoscopic group during the course of surgery (PsqO2 after operation 53·4(12·9) and 45·5(11·6)
mmHg, respectively; P = 0·012).
Conclusion: Laparoscopic colonic surgery significantly decreases PsqO2, an effect that occurs early in the
course of surgery. As tissue oxygen tension is a predictor of wound infection, these results may explain
why the risk of wound infection after laparoscopic surgery remains higher than expected.
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Introduction

Wound infection is a frequent and serious complication
after colonic surgery1,2. Over past 10 years laparoscopic
colorectal surgery3,4 has become more common. Several
studies have shown the advantages of laparoscopic surgery,
including less postoperative pain, better cosmesis and
quicker patient mobilization5–10. A further possible
advantage is a reduction in surgical-site infection owing
to less tissue trauma11, although the results of several
recent studies have differed considerably. Two trials11,12

showed a reduction in wound infection from 15 per cent
in the open group to 6 per cent in the laparoscopic group,
whereas other studies reported a comparable incidence of
postoperative wound infection and overall recovery after
open and laparoscopic surgery13,14.

Resistance to infection depends on the partial pressure
of oxygen in the wound, as oxygen is an important
substrate for oxidative killing by neutrophils. Accordingly,
subcutaneous tissue oxygen tension (PsqO2) is an excellent
predictor of the development of surgical wound infection13.
In patients undergoing open colonic surgery PsqO2 values
around 80 mmHg almost eliminate the risk of wound
infection, whereas values near 30 mmHg are associated
with a 50 per cent infection rate13.

Laparoscopic surgery seems to be associated with less
tissue injury than open surgery, leading to a decrease
in the surgical stress response. There is evidence that
laparoscopic abdominal surgery is associated with marked
activation of neuroendocrine responses, reflected by
increases in serum cortisol and plasma catecholamine
concentrations15. Moreover, pneumoperitoneum leads to
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several haemodynamic changes, such as a significant
increase in systemic vascular resistance (SVR) and a
decrease in cardiac index (CI)16. These haemodynamic
disturbances may contribute to alterations in tissue
perfusion and oxygenation. It was hypothesized that, taken
together, these factors might lead to a decrease in tissue
oxygenation during laparoscopic surgery and thus explain
the remaining high infection rates. The aim of this study
was to ascertain whether PsqO2 measured in the right upper
arm is lower in patients undergoing laparoscopic colonic
surgery than in those having open surgery.

Patients and methods

This non-randomized, non-blinded observational study
included 52 patients with American Society of Anesthesi-
ologists (ASA) physical status I, II or III undergoing elective
open or laparoscopic resection of left-sided colonic can-
cer between October 2004 and July 2005. Inpatients were
recruited from the operating room schedule on the day
before surgery. Exclusion criteria included documented
coronary or peripheral artery disease, insulin-dependent
diabetes mellitus, a history of heavy smoking (defined as
more than two packs per day), and any symptoms of infec-
tion or bowel obstruction. Patients with a preoperative
systolic arterial blood pressure greater than 170 mmHg
or diastolic arterial pressure above 90 mmHg were also
excluded. The study was approved by the Institutional
Review Board of the Medical University of Vienna and
written informed consent was obtained from the patients.

Anaesthesia

Patients received standard bowel preparation (Klean-
Prep; Norgine, Marburg, Germany) the evening before
surgery. Patients were allowed to drink until midnight
and received 1000 ml Ringer’s lactate solution overnight.
Thirty minutes before skin incision, patients were given
prophylactic intravenous antibiotic therapy (metronidazole
1·5 g and cefamandole 1·5 g). Anaesthesia was induced with
fentanyl 1–3 µg/kg, propofol 2–3 mg/kg and rocuronium
0·6 mg/kg, and maintained with sevoflurane, which was
adjusted to keep arterial blood pressure within 20 per cent
of the preinduction value. Fentanyl was given continuously
during surgery at a rate of 3 µg per kg per h. No vasoactive
drugs were used. Patients did not receive an analgesic
epidural catheter.

After induction of anaesthesia and endotracheal intu-
bation, patients were mechanically ventilated with a tidal
volume of 8 ml/kg and 1–3 l/min fresh gas flow. The
respiratory rate was kept between 10 and 12 breaths/min,

and the fraction of inspired oxygen (FiO2) was adjusted
in all patients to reach the target arterial partial pressure
of oxygen (PaO2) of 150 mmHg; this level was maintained
throughout surgery. Blood gas analyses were performed
hourly to control target arterial partial pressure; end-tidal
partial pressure of carbon dioxide (etCO2) was maintained
near 40 mmHg. Positive end-expiratory pressure was main-
tained at 5 mmHg, and maximum ventilation pressure at
less than 30 mmHg.

A bolus of 10-ml/kg Ringer’s lactate solution was given
before induction of anaesthesia. Subsequently, the solution
was infused at a rate of 10 ml per kg per h. Blood loss was
replaced with crystalloid at a 4 : 1 ratio or colloid (Voluven

6 per cent; Fresenius Kabi, Graz, Austria) at a 2 : 1 ratio;
supplementary fluid was given as necessary to maintain a
urine output of at least 1 ml per kg per h. Because patients
with significant cardiovascular disease were excluded, red
cells were transfused as necessary to maintain haematocrit
at a minimum of 26 per cent.

Upper-body forced-air warming was used on the left arm
and head to keep patients normothermic. Local heating at
tissue oxygen measurement sites (described below) was
avoided.

Surgical technique

Patients were placed on a vacuum mat in the Lloyd-Davis
position. Open surgery was performed with patients in a
neutral position and laparoscopic surgery was performed
in the 30° Trendelenburg position. After induction of
anaesthesia the patients were prepared and draped, which
took approximately 30 min, followed by laparotomy (open
group) or induction of pneumoperitoneum (laparoscopic
group).

In the open group, a midline laparotomy was performed.
The left colon including the splenic flexure was mobilized
and vascular ligation was performed at the level of
the inferior mesenteric artery (IMA). Following rectal
stump washout, the bowel was transected using a linear
stapler. After proximal bowel division, an anastomosis was
constructed using the double-stapling technique.

For laparoscopic surgery, pneumoperitoneum was
induced by insufflation of carbon dioxide without heating
or humidification. The upper pressure limit was 12 mmHg
throughout the surgical procedure. Typically, three trocars
were used. The extent of dissection and anastomotic
technique were comparable to those of open surgery.
Vascular access was gained from medial to lateral, and
staples secured the IMA. Extraction of the specimen was
through either a small Pfannenstiel incision or an oblique
incision in the lower right quadrant, including one trocar
site. A plastic wound protector sheet was used.
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Measurements

Demographic data, ASA status and duration of surgery
were recorded, as were all routine anaesthetic, respiratory
and haemodynamic values, fluid administration and uri-
nary output. Inspired oxygen, oxygen saturation, end-tidal
sevoflurane and carbon dioxide concentrations were mea-
sured during anaesthesia. Core temperature was measured
in the distal oesophagus. Routine anaesthetic measure-
ments were recorded at 10-min intervals throughout the
perioperative period.

Forearm–fingertip skin temperature gradients were
measured as an index of arteriovenous shunt vasocon-
striction. Skin temperature gradients correlate well with
volume plethysmography readings17. Values exceeding 0°C
indicate vasoconstriction18.

Following induction of anaesthesia, a 20-g cannula
was inserted into the left radial artery. Arterial pressure
was measured continuously from this catheter throughout
surgery; arterial blood gases were measured during surgery
and target PaO2 maintained. Haemoglobin and blood
glucose levels were also measured.

A silastic tonometer was inserted in the subcutaneous
tissue of the right upper arm to measure PsqO2 and
temperature. The tonometer consisted of a 15-cm
tube filled with hypoxic saline, 10 cm of which was
tunnelled subcutaneously. A Clarke-type oxygen sensor
and thermistor (Licox; Gesellschaft für Medizinische
Sondensysteme, Kiel, Germany) were placed in the
subcutaneous portion of the silastic tube. The in vitro
accuracy of these oxygen sensors is ± 3 mmHg for the
range 0–100 mmHg and ± 5% for 100–360 mmHg (in
a water bath at 37°C)19. The oxygen sensor calibration
remains stable (within 8 per cent of baseline value for room
air) in vivo for at least 8 h. The temperature sensitivity
of the sensors is 0·255 per °C. However, thermistors
are incorporated into the probes, and temperature
compensation is included in the PsqO2 calculations.
Individual oxygen sensors were calibrated by exposing them
to room air (ambient PO2 154 mmHg); measurements in
air were within 10 per cent of 154 mmHg in all cases.
After each investigation, the sensors were again exposed
to ambient air to exclude a significant drift of the oxygen
sensor; none drifted more than 10 per cent from baseline.
PsqO2 was recorded at 10-min intervals throughout surgery
following equilibration for 30 min.

Statistical analysis

The number of patients required for this trial was estimated
based on previous findings suggesting that a difference
in PsqO2 of approximately 15 mmHg might be clinically

important20,21. The standard deviations of PsqO2 values in
similar studies range from 10 to 20 mmHg, with a mean
of 15 mmHg. Assuming a difference of at least 15 mmHg
between the two treatment groups in this study, it was
calculated that 26 patients in each group would have
85 per cent power to detect a significant difference between
the two groups at an α level of 0·05.

Data are presented as mean(s.d.) if normally distributed
or median (i.q.r.) if not normally distributed. Normally
distributed data were analysed with Student’s t test and
the Wilcoxon rank sum test was used for non-normally
distributed data; χ2 test was used to compare categorical
data. Normal distribution was assessed with a quantile-
quantile plot and the Shapiro–Wilk test. Changes in PsqO2
over time were analysed using summary measures22 and
the groups were compared with Student’s t test. P < 0·050
was considered statistically significant.

Results

Age, body mass index, weight, height and ASA classification
were comparable in the laparoscopic and open surgery
groups (Table 1). The duration of anaesthesia and surgery
were similar (Table 2).

Anaesthetic management, fluid replacement, urine
output and core temperature were similar in the two
groups. Haemodynamic values were also comparable
(Table 2). Blood loss was significantly higher with open
than laparoscopic surgery (334(277) versus 221(381) ml;
P = 0·009), but the haemoglobin level at the end of
surgery did not differ between groups (Table 2). The pH,
base excess, bicarbonate and blood glucose levels (122(26)

Table 1 Demographic data and morphometric characteristics

Open
surgery
(n = 26)

Laparoscopic
surgery
(n = 26) P

Age (years)* 56(24) 48(16) 0·339†
Body mass index (kg/m2)* 25·1(4·6) 24·5(4·8) 0·206†
Weight (kg)* 73(20) 68(18) 0·115†
Height (cm)* 170(10) 167(15) 0·399†
Sex ratio (M : F) 12 : 14 11 : 15 1·000‡
Smoker (> 1 pack/day)

Yes 8 7 1·000‡
No 18 19

ASA grade 0·540‡
I 16 15
II 9 11
III 1 0

*Values are median (i.q.r.) or number of patients. ASA, American Society
of Anesthesiologists physical status. †Wilcoxon rank sum test; ‡χ2 test.
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Table 2 Perioperative data

Open
surgery

Laparoscopic
surgery P*

Mean arterial pressure (mmHg) 79(11) 79(10) 0·895
Haemoglobin at end of

surgery (mg/dl)
11(2) 12(2) 0·284

Sevoflurane end-tidal
concentration (%)

1·6(0·3) 1·7(0·3) 0·242

Fentanyl (mg) 0·7(0·4) 0·6(0·3) 0·797
Crystalloid (ml/h) 751(230) 731(227) 0·764
Urine output (ml/h) 116(108) 112(96) 0·890
Core temperature (°C) 36·0(0·4) 35·9(0·6) 0·559
Duration of anaesthesia (min) 249(76) 233(50) 0·377
Duration of surgery (min) 196(66) 178(48) 0·255

Values are mean(s.d.). *Student’s t test.

and 110(15) mg/dl in open and laparoscopic groups,
respectively; P = 0·093) were similar in both groups.

To reach a PaO2 of about 150 mmHg, a FiO2 of
38 per cent was required in the open group and 40 per cent
in the laparoscopic group. etCO2 was comparable in
the two groups (Table 3). Respiratory rates were similar
in the open and laparoscopic groups (13(2) and 13(1)
per min respectively; P = 0·657), as were maximum
ventilation pressure (17(3) and 20(4) mmHg; P = 0·083),
tidal volume (553(69) and 565(86) ml; P = 0·721) and
positive end-expiratory pressure (5(2) and 5(2) mmHg;
P = 0·928).

Table 3 Subcutaneous oxygen tension and respiratory variables

Open
surgery

Laparoscopic
surgery P

PaO2 (mmHg)‡ 156(23) 151(34) 0·750*
PaCO2 (mmHg)‡ 38(5) 41(6) 0·117*
etCO2 (mmHg)‡ 35(3) 36(4) 0·012*
PsqO2 (mmHg)§

Beginning of surgery 65·8(17·2) 63·7(23·6) 0·714†
End of surgery 53·4(12·9) 45·5(11·6) 0·012†
Averaged over entire operation 56·7(12·2) 49·2(11·8) 0·028†

Subcutaneous tissue temperature
averaged over entire operation (°C)

33·9(1·3) 34·3(1·2) 0·232†

Values are ‡median (i.q.r.) or §mean(s.d.). PaO2, arterial partial pressure
of oxygen; etCO2, end tidal partial pressure of carbon dioxide; PsqO2,
subcutaneous tissue oxygen tension. Tissue oxygenation values were first
averaged over time for each patient and then averaged for each group22.
*Wilcoxon rank sum test; †Students t test.

PsqO2 was similar in both groups at the beginning of
surgery (Table 3, Fig. 1), but differed significantly between
the groups during surgery (Fig. 1). Averaged over the entire
study period it was higher in patients undergoing open
surgery than in those having laparoscopic surgery (Table 3).
Subcutaneous tissue temperature averaged over the whole
operation was comparable in the two groups (Table 3).

Forearm–fingertip skin temperature gradients were
similar in the open and laparoscopic groups (0·0(1·2) and
(0·4(1·2)°C, respectively; P = 0·653).
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Discussion

Laparoscopic colorectal surgery has gained widespread
popularity because it has advantages such as less pain23,24

and faster recovery of intestinal motility and function11.
A possible reason is that tissue injury and the surgical
stress response are less pronounced during laparoscopic
surgery. It has been shown previously that reducing
the surgical stress response with thoracic epidural
anaesthesia significantly improves tissue oxygen tension25.
Furthermore, adequate treatment of postoperative pain
increases PsqO2 after arthroscopy26. Tissue oxygen tension
values during laparoscopic colonic surgery would therefore
be expected to be higher than those during open colonic
surgery. However, the present results show the opposite;
PsqO2 decreased by 30 per cent during the course of
laparoscopic colonic surgery, but remained relatively stable
during the open procedure. This may indicate a higher
degree of surgical stress than is generally expected during
laparoscopic surgery.

Tissue oxygen tension values around 60 mmHg are
typical in healthy unanaesthetized volunteers27. Similar
values are commonly found during open colonic surgery
in patients receiving 30 per cent oxygen28. However these
values are not sufficient to prevent postoperative wound
infections, as Hopf et al.13 showed that postoperative tissue
oxygen values of 60 mmHg were associated with a wound
infection rate of 20 per cent after open surgery. Thus
PsqO2 values of approximately 40 mmHg in patients who
had laparoscopic surgery in the present study are likely
to be associated with higher infection rates. This might
explain why the wound infection rate after laparoscopic
colonic surgery is still around 6 per cent12, even though
the wound infection rate might be expected to be lower
after laparoscopic compared with open surgery2,28 as the
tissue trauma is much less11. This is consistent with recent
studies suggesting that the overall postoperative morbidity
rate is similar after open and laparoscopic surgery29.

The debate about whether laparoscopic surgery
decreases the surgical stress response is ongoing30,31. It is
clear that both laparoscopic and open surgical procedures
affect the immune status. Both types of operations produce
changes in various endocrine metabolic responses, inflam-
matory responses and changes in immune functions, but
they are more pronounced during open colonic surgery32.

Tissue oxygen tension might function as a surrogate
marker of the sympathoadrenergic response25,26. Low
PsqO2 in patients having laparoscopic surgery might
lead to a significant catecholamine response. However,
catecholamine and cortisol levels were not measured in this
study, so this explanation for the observed decrease in tissue
oxygen tension is speculative. Moreover, intraoperative

serum glucose levels, an indicator of glucocorticoid
responses, did not differ between groups. This is in
accordance with previous observations33.

Patients in the laparoscopic group had surgery in the 30°
Trendelenburg position, whereas those in the open group
were in a neutral position. Heart rate and blood pressure
did not differ between groups nor did ventilatory strategy.
It is known that adopting the head-down position during
laparoscopic procedures has no influence on blood pressure
and heart rate34,35. Pneumoperitoneum increases SVR and
decreases CI16 even in healthy patients. The increase in
SVR may lead to changes in perfusion in peripheral tissues,
including a reduction in peripheral tissue oxygen tension.
In the present study PsqO2 was reduced early in the course
of laparoscopic surgery and remained low throughout the
operation. As tissue oxygen tension was not measured after
operation it is not known how rapidly PsqO2 increases after
release of pneumoperitoneum.

Pneumoperitoneum might also have local effects
on tissue perfusion and oxygenation. Increasing intra-
abdominal pressure to moderate levels has been shown
to decrease gastric mucosal oxygen saturation in patients
undergoing laparoscopy14. This finding is in accordance
with an earlier experimental study in pigs, which showed
a significant decrease in bowel submucosal tissue oxygen
tension36. However, intra-abdominal pressures were far
higher than insufflation pressures used during standard
clinical procedures. Furthermore, measurements were
obtained only for 1 h. Surprisingly, gut oxygen tension was
higher during laparoscopic than open surgery in another
study11. Several factors can explain this finding, such as
the less traumatic abdominal incision, less traction on the
mesentery and the low-pressure pneumoperitoneum used.

The forearm–fingertip gradient is an indicator of
arteriovenous shunt and vasomotor tone, and is thus a
reliable indicator of perfusion. Arteriovenous shunt is
found mainly in the fingers and toes, which react sensitively
to hypothermia, hypovolaemia and pain. Similar gradients
in both groups showed that perfusion of the arteriovenous
shunt was the same in all patients, indicating that patients
in both groups were normothermic and had adequate fluid
management.

A limitation of this study is that gut or wound
tissue oxygen tension was not measured. PsqO2 was
only measured from a needle-induced surrogate wound
in the arm, which is the classical method of evaluating
perioperative tissue oxygen tension used in numerous
previous studies13,25,28. The primary benefit of this location
is that measurements can be conducted easily during
surgery. Microscopic tissue injury to subcutaneous tissues
at the sensor insertion site in the upper arm is not only
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inevitable, but a deliberate feature of this model, which
is designed to mimic surgical trauma37. It seems likely
that this feature contributes to the ability of upper arm
oxygenation to predict infection risk13.

Blood loss was slightly greater in the open group than
the laparoscopic group. However, a difference of 100 ml
blood loss between open and laparoscopic surgery is not
clinically important, nor does it influence tissue oxygen
tension38.

This study has shown that laparoscopic colonic surgery
decreases PsqO2 in the right upper arm by amounts that are
likely to produce clinically significant increases in infection
risk.
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