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Laparoscopic Nissen fundoplication: The effects of
high-concentration supplemental perioperative oxygen on
the inflammatory and immune response: A randomised
controlled trial
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Abstract

Background: A number of studies have been reported on the effects of high-concentration oxygen (HCO)
on cytokine synthesis, with controversial results. We assessed the effect of administration of perioperative
HCO on systemic inflammatory and immune response in patients undergoing laparoscopic Nissen
fundoplication (LNF).

Materials and Methods: Patients (n = 117) were assigned randomly to an oxygen/air mixture with a
fraction of inspired oxygen (FiO,) of 30% (n = 58) or 80% (n = 59). Administration was commenced after
induction of anaesthesia and maintained for 6 h after surgery. White blood cells, peripheral lymphocytes
subpopulation, human leucocyte antigen-DR (HLA-DR), neutrophil elastase, interleukin (IL)-1 and IL-6 and
C-reactive protein (CRP) were investigated.

Results: A significantly higher concentration of neutrophil elastase, IL-1, IL-6 and CRP was detected
post-operatively in the 30% FiO, group patients in comparison with the 80% FiO, group (P < 0.05).
A statistically significant change in HLA-DR expression was recorded post-operatively at 24 h, as a reduction
of this antigen expressed on monocyte surface in patients from 30% FiO, group; no changes were noted
in 80% FiO, group (P < 0.05).

Conclusions: This study demonstrated that perioperative HCO (80%), during LNF, can lead to a reduction in
post-operative inflammatory response, and possibly, avoid post-operative immunosuppression.
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INTRODUCTION suffers from at least monthly reflux episodes. GERD

may lead to the development of serious complications,

Gastroesophageal reflux disease (GERD) is one of the including ulcers, strictures, bleeding, Barrett’s oesophagus,
most common disorders. In the Western world, it is  znd eventually, adenocarcinoma of the oesophagus.”l
extremely common; over 30% of the general population
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Accepted indications for antireflux surgery are persistent
regurgitation despite adequate medical therapy, incomplete
response to acid-suppressing drugs in patients with proven
reflux and unwillingness to take lifelong medication.*!
Since 1991, the laparoscopic Nissen fundoplication (LNF)
has shown physiological results similar to these of

78 and is the most frequently

the open techniquel!
performed operation for GERD.” Several randomised
studies have demonstrated that LNF has similar 5- and
10-years!'™""l rates for disease control compared with
open fundoplication. LNF has been recommended as
the surgical therapy of choice by the European Study
Group for Antireflux Surgery!"” and the Society of
American Gastrointestinal Endoscopic Surgeons.!"!
Its advantages over open Nissen fundoplication, such
as lower surgical stress, shorter hospitalisation period
and quicker recovery are undeniable.l’! Although the
exact cause for this better clinical outcome is still
being investigated, better preservation of systemic
inflammatory and immune function might also contribute
to this improved recovery.'"*'” During anaesthesia and
surgery, oxygen is routinely administered to all patients.
Inspired oxygen concentrations, however, vary between
30% and 100% and oxygen is often administered in
a seemingly random manner. During the past decade,
it has been shown in several randomised trials that
perioperative supplemental oxygen administration might
improve outcome after certain surgical procedure.!'””)
Some studies have shown that supplemental oxygen
also decreases the rate of post-operative nausea and
vomiting after laparoscopic and open abdominal
surgical procedures.?*! Furthermore, 80% inspired
oxygen fraction almost doubles subcutaneous tissue
oxygen tension and halves the rate of post-operative
wound infections.”*! A striking conundrum is evident
immediately when one review studies on the effects
of oxygen on cytokine synthesis. Most investigators
have found that hyperoxia enhances proinflammatory

27311 Tn contrast,

cytokine transcription and translation.
hyperbaric oxygen has generally been shown to
suppress stimulus-induced pro-inflammatory cytokine
production.’? Other studies have demonstrated that
supplemental oxygen improves inflammatory and immune
function,’?% and it is not associated with clinically
important side effects.’””! Surgical procedure may be
divided into three groups depending on the degree of
trauma: (1) minor surgical trauma (cataract, biopsy,
inguinal and femoral herniorrhaphy with local anaesthesia,
etc.); (2) moderate surgical trauma (laparoscopic
cholecystectomy, LN, etc.) and (3) major surgical

trauma (gastric resection, hemicolectomy, hepatic

resection, etc.). Although laparoscopy is thought to be
moderate surgical trauma, CO2 insufflation may lead
to further pathophysiological changes. The effects of
low- and high-intra-abdominal pressures and different
anaesthetic agents on immune response have been studied
previously,?** but regarding the use of supplemental
oxygen in LNF and inflammatory and immune response,
there is no information in the literature.

The aim of the present study, prospective randomised, was
to assess the effect of administration of high-concentration
supplemental perioperative oxygen therapy on systemic
inflammatory and immune response in patients undergoing
elective LNE.

MATERIALS AND METHODS

From March 2011 to April 2016, we studied, in a
prospective randomised study, 117 patients consecutively
(66 men, 51 women; mean age: 56.2 years), with
documented GERD who underwent an LNF Criteria for
exclusion were endocrine or immune systemic disorders;
hematologic disorders; anticoagulant treatment; current
or recent (6 months) thromboembolic disorders; renal,
hepatic, rheumatic or vascular disorders; pregnancy;
recent (6 months) surgery; current or recent (3 years)
malignancy; chronic inflammatory disease and marked
obesity (body mass index >36 kg/m?). We also excluded
patients taking corticosteroids drugs or other drugs, which
may affect their immunologic responses. The patients were
classified as Grade I or II according to the American Society
of Anesthesiologists grading system.*)

The LNF was performed by the same team of surgeons in
each case, using the same surgical technique and four trocars.
CO, pneumoperitoneum (12-14 mmHg) was established
with open laparoscopy. Most of the patients underwent LNF
go home 2 days after operation. Anaesthesia was obtained
using the same procedure across all patients. Pre-anaesthesia
was accomplished using atropine (0.01 mg/kg), plus
promethazine (0.5 mg/kg), induction using sodium
thiopental (5 mg/kg) and atracutium (0.5 mg/ke) and
tracheal intubation and assisted ventilation using nitrogen
dioxide/oxygen (O,) 2:1. After intubation, anaesthesia was
maintained with oxygen in air, sevoflurane and remifentanil
(0.25 pg/kg/min). Randomisation to intervention was
stratified by study centre. Computer-generated codes
were maintained in sequentially numbered opaque
envelopes. The randomisation envelopes were opened in
the operating department after induction of anaesthesia
by the anaesthesiologist. Patients were assigned randomly
to an oxygen/air mixture with a fraction of inspired
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oxygen (FiO,) of 30% (Group 1) or 80% (Group 2). The
displays of the anaesthesia machine and gas monitors
were covered with cardboard shields in both the operating
department and post-anaesthesia care unit (PACU) to keep
the surgical team blinded to group assigned. Patients were
not informed of their group assignments. Furthermore,
the surgical team was blinded to the oxygen concentration
administered. The Ethical Committee of the University
of I’Aquila approved the study protocol. All patients
gave informed written consent. As shown in Table 1 data,
pre-, intra- and post-operative were comparable in the
two groups. Electrocardiogram, heart rate, non-invasive
blood pressure, FiO,, pulse oximetry (SpO,) and end-tidal
concentrations of carbon dioxide and sevoflurane were
continuously monitored during the surgery. An arterial
blood sample was obtained 1 h after induction of
anaesthesia to evaluate partial pressure of oxygen; another
sample was obtained 2 h after extubation. When the
operation was finished, the inhaled anaesthetic was stopped,
and FiO, was increased to 100% during extubation. During
the first 6 post-operative h, all patients were administered
non-rebreathing facemasks with a reservoir (Intersurgical,
Wokingham, Berkshire); oxygen was provided at the
randomly designated concentration at a total flow of 16 L/
min. Subsequently, patients breathed ambient air, although
supplemental oxygen was provided as necessary to maintain
oxygen saturation as measured by pulse oximetry of at least
92%. An intention-to-treat analysis was performed, and
patients who required a transient increase in inspired oxygen
concentration were included in the analysis. Furthermore,
the patients requiring conversion were included in
the analysis. Perioperative normothermia [Table 1]
was maintained in all patients with circulating-water
mattresses and forced-air heaters. Fluids were administered

Table 1: Comparison of patient characteristics in the two group

Parameters 30% FiO, 80% FiO,
No of patients 58 59*
Age, Y, mean (range) 55.8 (36-74) 56.9 (40-78)
Sex radio (M: F) 33/25 33/26
ASA grade no (%)

| 38 (65.5) 39 (66.1)

Il 20 (34.4) 20 (33.9)
Respiratory disease 2 (3.4) 1(1.6)
Cardiovascular disease 2 (3.4) 3(5)

Core temperature, °C mean (range) 36.2 (35.8-36.6) 36.3 (35.6-36.9)

EBL, mean (range) mL 50 (20-100) 45 (30-90)

Anesthesia, min mean (range) 42.8 (32-60) 43.2 (30-90)
Operative time, min mean (range) 37.1(20-52) 37.4 (25-55)
Postoperative complications: 2 (3.4) 1(1.6)

Bronchopneumonia wound 1 1
infention grade |

Postoperative hospitalization days,
mean (range)

1 /
2.2 (2-4) 2.8 (2-6)

ASA: American Society of Anesthesiologists, ESL: Estimated blood loss.
*QOne patient (1.6%) was converted to open surgery

intraoperatively at a rate of 20 mL/kg/h; blood loss was
restored with crystalloids (physiologic saline solution, 0.9%
or lactated Ringer’s solution) or colloids (hydroxyethyl
starch). Blood loss was replaced 1:1 with colloids and blood
transfusion was not necessary. Fluid was administered at
5 mL/kg/h during the first 6 post-operative hours and
then reduced to 3 mL/kg/h after patients were transferred
to the ward. In the PACU, vital signs (blood pressure,
pulse, respiration, pulse oximetry and adequate answering)
were monitored every 15 min. Patients were discharged
from PACU when vital signs were normalised. We used a
prophylactic multimodal analgesic technique for treatment
of post-operative pain. Thus, patients received incisional
local anaesthetics using a total of 20 ml (100 mg) of
bupivacaine (0.5% bupivacaine). Intravenous ketorolac
tromethamine (30 mg), was given every 6 h on the 2 days
after operation, and afterwards on demand. Blood samples
were collected from all patients before operation and at
days 1, 3 and 6 after operation. Serum concentration of
interleukin (IL)-1 and IL-6 and C-reactive protein (CRP)
were measured at 0, 30, 60, 90, 120 and 180 min, at 12,24 h
and then daily (8 am) until post-operative day 6. All samples
were tested for total white blood cells (WBC) count, and
WBC population (neutrophils, total lymphocytes), T-helper
lymphocytes (CD4), T-suppressor lymphocytes (CD8),
natural killer lymphocytes (CD16 and CD56), pan B cell
antigen (CD20), T cell receptor gamma/delta and the
T-helper/T-suppressor ratio (CD4/CD8). Human
leucocyte antigen-DR (HLA-DR) of peripheral monocytes
was measured by cytofluorimetric method. All blood
samples (10 ml) were collected with ethylenediaminetetracetic
acid (0.5 ml). A monoclonal antibody for the HLA-DR
antigen fluorescein isothiocyanate conjugated (10 ul) was
added. Whole blood (100 ul) from each patient was then
used, and the tubes were stirred with vortex and stored at
4°C for 30 min. Two ml of lysing solution were added to
each sample. All samples were stirred and then incubated for
15 min at room temperature. Finally, an orthocytofluorimeter
was used for the assay. Elastase concentration was
determined photometrically, using an immune-activation
immunoassay (Merck, Darmstadt, Germany), as a
complex with otl-proteinase inhibitor, according to the
method described by Hafner.!!! Serum concentration
of IL-1 and IL-6 were measured using a quantitative
‘sandwich’ enzyme-linked immunosorbent assay (ELISA)
kit (R and D System, Minneapolis, USA) according to the
manufacturer’s description (range 1L-10: 3.9-250 pg/mlL;
IL-6: 3.13-300 pg/mL). Samples of serum (100 UL) were
dispensed into wells of 96-well microlitre plates which
had been coated with the relevant monoclonal cytokine
antibody. After incubation for 2 h at room temperature,
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unbound proteins were washed away from the wells
to which subsequently an enzyme-linked antibody was
added, directed against the relevant cytokine for another
2 h at room temperature. After further rinsing to remove
unbound antibody, a substrate solution was added to each
well and the mixture were incubated for 20 min at 37°C.
The reaction was terminated with the addition of a stop
solution. Absorbance was determined using an ELISA
plate reading at 450 nm. Serial dilution of the relevant
recombinant cytokine provided the standard curve. Assays
were performed on duplicate samples. Samples were diluted
appropriately with the diluent provided in the kit if the
levels of neat samples were beyond the linear measuring
range. The plasma concentration of CRP was measured
using a competitive CRP ELISA Kit.

Statistical analysis

A statistical analysis was performed using Student’s #test,
and P < 0.05 was considered to be significant. The values
were expressed as the mean and standard deviation. Areas
under the curves [Figures 1-3] in two groups were compared
using the Mann—Whitney U-test. The magnitude of
changes in each metabolic variable (areas under the curve)
was compared by the Pearson’s correlation coefficient (7).
An alpha adjustment according to Bonferroni—-Holm was
applied when appropriate.

RESULTS

We collected data from 117 patients who were enrolled
and randomised: 58 received 30% perioperative oxygen
and 59 received 80% perioperative oxygen. In Figure 4,
the CONSORT analysis is described in detail.* One
patient was converted to open surgery, and belonged to
80% FiO, group. The condition that required conversion
was the inability to reduce a very large hiatal hernia. This
patient who required conversion showed no significant
difference in immunological and inflammatory data as
regards 80% oxygen group. Estimated blood Loss was, in
30% FiO, group, mean 50 mL (range 20-100 mL), and in
80% FiO, group, mean 45 mL (range 30-90 mL) [Table 1].
Post-operative complications are cited in Table 1. There
were no differences between the 30% FiO, group and
the 80% FiO, group (3.4% vs. 1.6%) [Table 1]. Slight
leucocytosis (range 10.400-13.600) was observed only
in the 30% FiO, group, but not in the 80% FiO, group,
mostly due to an increment of neutrophils [Figure 5] (day
1, P < 0.05). This value returned to the normal range
within 2-3 days in the 30% FiO, group. Other WBC types
showed no significant variation. As concern lymphocyte
subpopulations, there were no differences between
the two groups of patients before and after operation.

—&—30% Fi02
80%Fi02

*p<0.05

Plasma IL-1Blevel (pg/ml™)
IS
&

Baseline 1h 2h 3h 4h 5h 6h 24h

Time after beginning the operation

Figure 1: Interleukin-1f levels in patients receiving 30% FiO, or 80%
FiO,; P < 0.05 for all values compared with baseline (Mann—Whitney
U-test). For the 80% FiO, group at 6 h, *P < 0.05 compared with 30%
FiO, group (Mann-Whitney U-test)
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Figure 2: Interleukin-6 levels in patients receiving 30% FiO, or 80% FiO,;
P < 0.05 for all values compared with baseline (Mann-Whitney U-test).
For the 80% FiO, group at 6 h, *P < 0.05 compared with 30% FiO,
group (Mann—-Whitney U-test)
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Figure 3: Changes in serum C-reactive protein levels in patients
receiving 30% FiO, or 80% FiO,. The increase in C-reactive protein was
significantly higher in the 30% FiO, group at days 1 and 3 (*P < 0.05)

A statistically significant change in HLA-DR expression
was recorded post-operative at day 1 as a reduction of this
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antigen expressed on monocyte surface in patients from
Group 1 (30% FiO,); no changes were noted in the 80%
FiO, group [Figure 6] (P < 0.05). In this case, HLA-DR
expression returned to normal values within 3 days
after operation. Finally, the ages of the patients did not

Laparoscopic Nissen
ication
2011-2015

=179

Randomized
(@=117)

Assigned to receive Assigned to receive
30% oxigen (n=58) 80% oxygen (2=59)
-Received oxygen as
allocated (n=356) Received oxygen as
allocated (2=59)
-Required a transient
increase in intraoperative
F0;>0.60 (n=2)
[ Analysed (=58) ] [ Analysed (o=59) ]

Fi0,: facton inspired oxygen
Figure 4: Trial profile: CONSORT analysis

"
|

HLA-DR (%)

/
»
P

B 1 3 6 Days

Preoperative Postoperative

030%Fi02 M80% Fi02

affect HLA-DR expression in either group. A statistically
significant change in plasma elastase concentration was
recorded post-operative at days 1 and 3 as an increase of
this neutral proteinase in patients from Group 1 (30% FiO,)
when compared to 80% FiO, group [Figure 7] (P < 0.05).
In the 30% FiO, group, plasma elastase concentration
returned to normal values within 6 days after operation.
Finally, the ages of the patients did not affect neutrophil
elastase concentration in either group. Before the operation,
the serum levels of neither IL-1 nor IL-6 were significantly
different between these two groups. Figures 1 and 2 show
the chronological change in the serum level of 1L-1 and
IL-6 both after surgery. In the 30% FiO, group, the serum
IL-1 and IL-6 levels began to significantly increase as eatly
as 1 h from the beginning of the operation revealing a peak
at the 6™ h (approximately 4 h after the operation), and
thereafter, declining to preoperative levels by the 6 days.
On the other hand, in the 80% FiO, group patients, the
increase in the serum IL-1 and IL-6 levels was delayed, and

Neutrophils (%)
8

NN NN N

Preoperative Postoperative

030%Fi02 M80% Fi02

Figure 5: Neutrophil concentration (mean + standard deviation) in
patients receiving 30% FiO, or 80% FiO,. The increase in neutrophils
was significantly higher in the 30% FiO, group at day 1 (*P < 0.05)
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Figure 6: Changes in human leucocyte antigen-DR expression
(mean =+ standard deviation) in patients receiving 30% FiO, or 80%
FiO,. The decrease in human leucocyte antigen-DR was significantly
higher in the 30% FiO, group at day 1 (*P < 0.05)
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Figure 7: Changes in plasma elastase concentration (mean + standard
deviation) in patients receiving 30% FiO, or 80% FiO,. The increase
in plasma elastase was significantly higher in the 30% FiO, group at
days 1 and 3 (*P < 0.05)
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the peak values were significantly lower than these in the
30% FiO, group (P < 0.05).

The average values of the serum CRP on post-operative days
1 and 3 were also significantly lower in the 80% FiO, group
than those in the 30% FiO, group (P < 0.05) [Figure 3]. In
this case, CRP concentration returned to normal values
within 6 days after operation. Two of 58 patients (3.4%) in
the 30% oxygen group required a FiO, of 0.60 or greater
for >1 h to maintain arterial oxygen saturation above 94%
in accordance with safety measures in clinical practice.
One patient suffered from chronic obstructive pulmonary
disease. In any case, these patients who required a transient
increase in inspired oxygen concentration showed no
significant difference in immunological and inflammatory
data as regards 30% oxygen group.

DISCUSSION

LNF is nowadays considered the treatment of choice for
symptomatic GERD."'* Performed at first in 19914 LNF
rapidly became the elective surgical procedure in the United
StatesP* and Europe.** When compared with open
Nissen fundoplication, LNF presents several advantages,
such as reduced post-operative pain, prompt post-operative
bowel activity (6 to 24 h after operation), reduced
hospitalisation (1 to 2 days), eatlier return to work, better
aesthetic results and reduced post-operative infections. The
impact of surgical stress on the inflammatory and immune
response is a possible predictive factor of patients’ clinical
outcome.*>? Laparoscopic surgery induces less trauma and
is, therefore, less aggravating for the immune system.>>>!
The overall immune response to surgery, in general, is
reflected mainly in terms of alteration in cytokine function
and the cellular messenger system. The acute phase
response and cytokines are important and necessary
components of immunological function. Although cytokine
levels do not indicate immune status directly, they are a good
guide in the assessment of the activation of the systemic
immune system. However, the overproduction of cytokines,
or their production at non-inflammatory sites, may lead to
deleterious effects on tissues, so a decrease production of
cytokines (reduced inflammatory reaction) might be
considered beneficial during the post-operative period. The
cytokines IL-1 and IL-6 play a major role in the acute phase
response.'* The expression of IL-6 is believed to be
directly proportional to the extent of surgical trauma.””! CRP
is also a dependable marker of acute phase response. CRP
levels usually rise approximately 4 to 12 h after operation
and peak at 24-72 h, thereafter remaining raised for
approximately 2 weeks.¥l In the present study, significant
increase in IL-1 B, IL-6 and CRP levels were observed in

both treatment groups, but these levels increased significantly
less in the 80% FiO, group compared with 30% FiO, group.
How does high-concentration supplemental petioperative
oxygen inhibit stimulus-induced proinflammatory cytokine
production? The inhibitory effect of high-concentration
oxygen (HCO) seen in the ex »ivo and 7z vivo models could
be due to changes in the distribution of mononuclear cell

subsets.*

' In some models, HCO could reduce cytokine
production by inducing apoptosis in cytokine-producing
cells. For example, HCO stimulates apoptosis in murine
thymocytes as well as lymphocytic and granulocytic cell
lines.” However, in the study of Benson ef /! the
inhibitory effects of HCO on cytokine synthesis were only
transient, thereby suggesting that HCO induced a qualitative
change in the monocyte-macrophage. This change according
to Benson ¢f all¥ is probably mediated by intetference ot
augmentation of an eatly signaling event. For example, HCO
could inhibit cytokine production by downregulating PGE2
production!® through suppression of cyclooxygenase-2
expression'™ or by inducing the formation of heat shock
proteins.”! Moreover, in 30% FiO, group, we observed a
statistically significant post-operative decrease of HLA-DR
monocyte antigen expression; no changes were noted in the
80% FiO, group. The previous studies have demonstrated
the crucial role of this antigen in assessing the activity of
the immune system.*! The HLLA-DR antigen expression
on monocytes has an important role in antigen presentation
to lymphocytes, patticulatly T-helper lymphocytes:*" in fact,
these cells require both HLLA-DR and exogenic antigens on
the macrophage surface to initiate proliferation. Moreover,
the previous studies have shown that HLA-DR is related to
the severity of the surgical trauma in the pathogenesis of
the septic process and in its healing,”"* " Because HLA-DR
expression is not significantly affected by age, sex, or race,
this antigen can be considered of crucial significance in the
post-operative monitoring of surgical patients.”” Neutrophil
elastase (PMN-elastase) is a neutral proteinase (30 kD),
consisting of 218 amino acids, present mainly in the
neutrophils granules of segmented granulocytes. Its function
is to contribute to tissue repair after trauma, inflammation
or necrosis and can also cause, by non-specific proteolysis,
tissue injuries and breakdown of regulatory proteins, thus
sustaining the inflammatory process.”""? Ninety percent of
the circulating elastase is bound to an at1-proteinase inhibitor
complex. The remaining 10% is bound to 0i2-macroglobulin,
another elastase inhibitor. During the surgical procedures,
there is a massive release of elastase from the neutrophils!™
along with other proteinases. Therefore, the measurement
of the elastase al1-proteinase inhibitor complex might be a
useful indicator of the degree of surgical trauma. In our
study, in the 30% FiO, group, we observed a statistically
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significant post-operative increase of plasma elastase
concentration. In the 80% FiO, group, the patients showed
no significant difference in the activity of leucocyte of
clastase considering the pre-operative and post-operative
values. Does the difference in immune functioning between
high and low concentration supplemental perioperative
oxygen influence the clinical outcome? The publication on
the subject of immune alteration, after high and low
concentration supplemental perioperative oxygen, are few
and little is known about this difference in post-operative
clinical outcomes.” Sparse information is available on
immune function and clinical outcome. Because there still
are too little data, no direct correlation could be found
between clinical outcome and immunologic changes after
high and low concentration supplemental perioperative
oxygen. This study also compared clinical results of
administration of inspired oxygen of 30% versus 80%. No
mortality and no serious adverse events were noted in either
group. No difference was seen in the proportion of
participants with non-serious adverse events between the
two groups. However, our trial has some limitations. First,
LNF is a short and relatively less traumatic procedure.
Second, we have included low anaesthetic risk patients. Third,
the confidence intervals of setious and non-serious adverse
events are wide, and significant increases or decreases in
complications due to high-concentration supplemental
perioperative oxygen cannot ruled out. Therefore, further
well-designed trials are required for LNE, and in particularly
in people with acute cardiopulmonary disorders who
undergo LNE Even though there is a need for additional
studies to prove beneficial effects of high-concentration
supplemental perioperative oxygen on cytokines factors
concentrations, our observations may be of certain
importance in assessing this technique also in cancer patients.
On the basis of the results obtained by other authors, we
think that there is a need for studies comparing changes in
the concentration of cytokines factors during and after
oncology, laparoscopic operations performed with high- and
low-concentration supplemental perioperative oxygen, as
cancer patients may show different cytokine response to the
two techniques with different concentration supplemental
petioperative oxygen. In contrast, laparoscopic-assisted
colorectal resection for cancer requires an incision
substantially larger than that typically requited for other
laparoscopic procedures, such as laparoscopic
cholecystectomy. Further, with respect to colectomy, there
is a wide variation in the size of the incision needed to extract
the specimen and facilitate the anastomosis, dependent on
body habitus, the size of the specimen, and the surgeon.™
Other variables that may impact the results of cytokine
studies include blood transfusions and elevated (=14 mmHg)

and persistent (=3 h) intra-abdominal pressure as a result of
intraperitoneal insufflation. In these cases, the parameters
tested return to near baseline levels on the order of 3 or
6 days."*" Laparoscopic-assisted colorectal resections for
cancer, performed with high-concentration supplemental
petioperative oxygen, may induce the release of minor
acute-phase response mediators with the return to mean
baseline levels by 4872 h. Anyway, in these patients, the
clinical importance of better preserved immune function
post-operatively has yet to be proven.*™ Certainly, when
one compares operative morbidity and cancer recurrence
rates in healthy immunocompetent patients to patients who
are immunosuppressed to begin with, the latter group has
significantly worse results than the former."*” Even though
there is a need for more studies to prove beneficial effects
of high-concentration supplemental perioperative oxygen
on inflammatory and immunologic factors concentration,
our observation could be of certain importance in choosing
operative technique, maybe not so much for the surgical
treatment of benign diseases such as gallstones or GERD
but certainly when treating cancer patients. In these cases,
post-operative immunosuppression is indicated among
factors responsible not only for post-operative infections
but also for tumours spread and metastasis." In contrast,
surgery is almost always the ultimate therapeutic procedure
in oncology. Therefore, it is important to avoid in these
patients, often already presenting immunologic depression,
all the conditions that could further reduce the post-operative
immune response.

CONCLUSIONS

This study demonstrates that high-concentration (80%)
supplemental perioperative oxygen, during LNF, can lead
to a reduction in post-operative inflammatory response,
and possibly, avoid post-operative immunosuppression.
We need detailed studies concerning effects of various
degrees of high-concentration supplemental perioperative
oxygen on systemic inflammation and immune response in
laparoscopic surgeries, especially during and after oncology
laparoscopic operations.
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