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Abstract

Background Laparoscopic surgery is associated with a
high incidence of postoperative nausea and vomiting
(PONV). The use of CO, pneumoperitoneum has been
proposed as a potential cause of high PONV incidence.
However, intraoperative hypercarbia may be related to
enhanced perfusion to the main effector sites for PONV,
including the brain and gastrointestinal tract. In this study,
we investigated whether an increase in intraoperative CO,
partial pressure in arterial blood (PaCO,) reduces the
incidence of PONV.

Methods This study enrolled 400 female patients aged
20-60 years who were undergoing laparoscopic gyneco-
logic surgery. The patients were allocated randomly to one
of three groups with the following intraoperative PaCO,
levels: 36-40 mmHg (Group 1), 41-45 mmHg (Group 2),
or 46-50 mmHg (Group 3). The anesthetic regimen used a
standardized total intravenous anesthesia consisting of
propofol and remifentanil for all patients. The arterial
blood gas analysis was performed to identify the difference
in CO, partial pressure between arterial blood and end-tidal
gas. The PONV incidence was evaluated for the periods of
0-2, 2-6, and 6-24 h after anesthesia. The incidence and
severity of PONV and the administration of rescue
antiemetics were recorded.
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Results The three groups were comparable for the patient,
anesthesia, and surgical characteristics. The average PaCO,
level during surgery was 38-39, 4344, and 47-48 mmHg
in Groups 1, 2, and 3, respectively. The incidence and
severity of PONV and use of rescue antiemetics were not
significantly different among the groups. The overall
incidence of nausea during the first 24-h postoperative
period was 54, 48, and 50% in Groups 1, 2, and 3,
respectively (P = 0.593).

Conclusion Our data suggest that mild to moderate intra-
operative hypercapnia did not decrease the incidence and
severity of PONV or the requirement for rescue antiemetics
after gynecologic laparoscopic surgery.

Keywords CO2 pneumoperitoneum - Hypercapnia -
Laparoscopy - PONV

Postoperative nausea and vomiting (PONV) is the most
common adverse effect following general anesthesia and
surgery. Although the etiology of PONV remains unclear,
the contributing factors include the following: gender,
smoking, a history of motion sickness or previous PONV,
anesthetic technique, type of surgery, and use of opioids.
Laparoscopic surgery reduces postoperative pain and hos-
pital stay and can lead to a faster return to normal activities
than laparotomic surgery [1, 2]. However, there is a higher
incidence of PONV associated with laparoscopic surgery
[3]. Although compression of the gastrointestinal mucosa
by the pneumoperitoneum could induce intestinal ischemia
and serotonin release that may lead to PONV [4], the cause
of the high incidence of PONYV after laparoscopic surgery
remains unknown.

The use of CO, pneumoperitoneum with 10-15 mmHg
of intra-abdominal pressure (IAP) is the most common
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technique used to create an adequate working space in
laparoscopy. In addition to the increased IAP caused by
CO, pneumoperitoneum, the Trendelenburg position
results in elevation of the diaphragm and the abdominal
contents into the chest during gynecologic and colorectal
laparoscopic surgery. As a result, air-way pressure is
increased and pulmonary compliance is decreased. These
changes could cause hypoventilation and dead-space ven-
tilation [5]. Hypoventilation increases the CO, partial
pressure in the arterial blood (PaCO,), and dead-space
ventilation increases the difference between PaCO, and
end-tidal CO, (E1CO,). Furthermore, CO, gas is absorbed
across the peritoneum and results in hypercarbia during
CO; pneumoperitoneum [6]. The combined effects of CO,
absorption and hypoventilation significantly increase
PaCO,. The PaCO, is indirectly monitored by ErCO,
during general anesthesia, and the increased difference
between PaCO, and EtCO, can make it difficult to esti-
mate PaCO, by EtCO,. Therefore, the PaCO, may be
underestimated and could lead to hypercarbia during
laparoscopic gynecologic surgery.

CO; is a potent vasodilator, and intraoperative hyper-
carbia may be related to enhanced perfusion to the main
effector sites for PONV, including the brain and gastroin-
testinal tract. Therefore, we hypothesized the PaCO, levels
affect the incidence of PONV following laparoscopic sur-
gery. We conducted a prospective randomized double-
blinded study to investigate the hypothesis that an increase
in the level of intraoperative PaCO, reduces the incidence
of PONV after laparoscopic gynecologic surgery.

Materials and methods

This prospective randomized double-blinded study was
approved by the institutional review board of Chonbuk
National University Hospital and was registered with the
WHO International Clinical Trials Registry Platform
(KCT0001125). We obtained written informed consent and
enrolled 400 female patients (aged 20-60 years with
American Society of Anesthesiologists physical status I or
II, and undergoing laparoscopic gynecologic surgery) in
the study. The patient exclusion criteria included the fol-
lowing: history of motion sickness or PONYV, diabetes
mellitus, chronic obstructive pulmonary disease, gastroin-
testinal disease, smokers, actively menstruating, body mass
index of <16 or >35, and use of antiemetics or steroids
within 72 h prior to surgery. The four major risk factors of
PONYV proposed by Apfel et al. [7] are female gender, non-
smoker, the use of postoperative opioids, and a history of
motion sickness or PONV. The basic inclusion criteria of
this study were female gender, non-smoker, and anticipated
use of opioids postoperatively. Therefore, patients with

three of the four major risk factors of PONV were selected.
We used computer-generated random numbers to allocate
patients to one of the following three intraoperative
PaCO,-level  groups: 3640 mmHg  (Group 1),
41-45 mmHg (Group 2), or 46-50 mmHg (Group 3).

The anesthetic regimen was standardized with total
intravenous anesthesia for all patients. No patient received
pre-anesthetic medication. All patients were monitored by
ECG, noninvasive blood pressure, temperature, pulse
oximetry, and capnography. The anesthesia was induced
with 3-5 pg/ml of the effect-site concentration of propo-
fol (Fresofol MCT® 2%, Fresenius Kabi, Graz, Austria)
and 4 ng/ml of the effect-site concentration of remifen-
tanil (Ultiva®, GlaxoSmithKline, Parma, Italy). The
propofol and remifentanil were infused using an effect-
site target-controlled infusion pump (Orchestra® Base
Primea, Fresenius Vial, Brézins, France) with the Marsh
and Minto models, respectively. After the patients lost
consciousness, we administered 1.0 mg/kg of rocuronium
and orotracheal intubation was performed. All patients
received 5 mg of dexamethasone for prophylaxis of
PONYV at anesthesia induction. The controlled mechanical
ventilation was maintained with a TV of 6-8 ml/kg of
ideal body weight and an inspiratory to expiratory ratio of
1:2 with 5 cm H,O of PEEP. The arterial blood gas
analysis was performed to identify the difference in CO,
partial pressure between PaCO, and E1CO, at 5 min after
endotracheal intubation and 5 min after CO, pneu-
moperitoneum. All patients underwent laparoscopic
gynecologic surgery under 12 mmHg of CO, pneu-
moperitoneum. The PaCO, was measured indirectly by
corrected-E1CO, (the ErCO, plus the difference between
PaCO, and E1CO,) during surgery. The corrected-E+CO,
values were recorded every 10 min during surgery. The
ventilation frequency was adjusted to maintain the pre-
determined PaCO, range for the group, and the values
were maintained until the end of surgery. The arterial
blood pressure was maintained within 20% of the pre-
anesthetic values. The effect-site concentrations of
propofol and remifentanil were adjusted according to
blood pressure. A balanced salt solution was infused at a
rate of 6 ml/kg/h during surgery.

The patients were administered 2 pg/kg of fentanyl
upon closure of the skin. All patients were equipped with
a patient-controlled analgesia (PCA) device (Accumate
1100®, Wooyoung Meditech, Seoul, Korea). The 60 ml
analgesic solution contained 20 pg/kg of fentanyl in
normal saline. The PCA settings included 0.5 ml/h
background infusion and a demand bolus dose of 1.0 ml.
The lockout interval was 8 min, and the patients were
limited to 6 uses per hour. The propofol and remifentanil
infusions were stopped at the completion of surgery. The
residual neuromuscular blockade was antagonized with

@ Springer



4578

Surg Endosc (2017) 31:4576-4582

neostigmine and glycopyrrolate before the trachea was
extubated.

The patients were monitored for 2 h in the post-anes-
thesia care unit (PACU) and interviewed in the ward
postoperatively at 6 and 24 h to assess nausea and vomit-
ing. PONV during periods of 0-2, 2-6, and 6-24 h after
anesthesia was evaluated by an anesthesiologist blinded to
the study groups or by the spontaneous complaints of the
patients. Nausea was defined as a subjectively unpleasant
sensation associated with awareness of the urge to vomit.
Vomiting was defined as the forceful expulsion of gastric
contents from the mouth. The patients were provided res-
cue antiemetics immediately at the discretion of the
attending anesthesiologists, in response to nausea and
vomiting, or at the patient’s request. The attending anes-
thesiologists were unaware of the group identities. The
first-line rescue antiemetic was 0.75 mg of palonosetron,
and 10 mg of metoclopramide was the second-line
antiemetic.

Any episode of nausea or vomiting during the 24-h
period following surgery was considered a PONV occur-
rence. The incidence and severity of PONV and adminis-
tration of rescue antiemetics were recorded. The nausea
severity was recorded using a visual analog scale (nausea-
VAS; where 0 cm = no nausea and 10 cm = worst pos-
sible nausea) at postoperative 2, 6, and 24 h or when the
patient complained of nausea or vomiting. The level of
postoperative pain was evaluated using a VAS (pain-VAS;
where 0 cm = no pain and 10 cm = worst possible pain)
simultaneously with the PONV evaluation.

Statistical analysis

The sample size was predetermined by proportions sample
size using SigmaPlot 12.0 (Systat Software Inc., San Jose,
USA) based on the assumption that the incidence of
PONV, which was regarded as the primary endpoint, would
be 60% in Group 1 and 40% in Group 3. A sample of 107
patients was required in each group with a significance
level of 0.05 (« = 0.05) and a power of 0.8 (f = 0.20).
The total sample size was enlarged to 400 patients to allow
for attrition.

All statistical analyses were performed with SigmaPlot
12.0. The continuous variables were analyzed with a one-
way analysis of variance. The incidence of PONV and use
of rescue antiemetics were analyzed using the Chi-square
test. The Holm-Sidak method and Bonferroni correction
were used for multiple comparisons after the ANOVA and
Chi-square test, respectively. All data are expressed as the
mean =+ standard deviation or patient number and per-
centage. A P value <0.05 was considered statistically
significant.
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Results

There were 381 patients who completed the study, and the
subject flow diagram is shown in Fig. 1. The three groups
were similar with respect to patient characteristics, anes-
thesia, pneumoperitoneum time, volume of fluids admin-
istered, and surgery types (Table 1). The average PaCO,
level during surgery was 38-39, 43-44, and 47-48 mmHg
in Group 1, 2, and 3, respectively (Fig. 2). The difference
between PaCO, and E1CO, at 5 min after tracheal intu-
bation was 2.8 £+ 1.7 mmHg in Group 1, 2.7 & 2.1 mmHg
in Group 2, and 2.6 £ 1.9 mmHg in Group 3 (P = 0.654).
The difference increased after pneumoperitoneum to
3.7 £ 2.3,3.6 & 2.3, and 3.6 + 2.3 mmHg in Groups 1, 2,
and 3, respectively.

The incidence of PONV and use of rescue antiemetics
were not significantly different among the three groups
(Table 2). The overall incidences of nausea during the first
postoperative 24 h were 54, 48, and 50% in Groups 1, 2,
and 3, respectively (P = 0.593). The intensity of postop-
erative nausea evaluated with the VAS was similar among
the three groups for patients who had PONV (Table 3). The
dose of fentanyl given during the postoperative 24 h was
comparable among the three groups (Group I;
673 £ 228 ng, Group 2; 667 £ 240 pg, Group 3;
645 £+ 204 ng, P = 0.584). There were no differences in
pain-VAS among the three groups in each time period
(Table 4).

Discussion

The use of CO, pneumoperitoneum has been proposed as a
potential cause of high PONV incidence [8, 9]. During
laparoscopic surgery, the CO, pneumoperitoneum results
in two physiological derangements compared with laparo-
tomic surgery. These changes include increased IAP and
hypercapnia. The increased IAP could decrease intestinal
blood flow [4], and because the intestinal mucosa is highly
metabolic and poorly tolerates ischemia [10], even brief
periods of ischemia can trigger the release of neurotrans-
mitters, such as serotonin, that could lead to PONV [11].
Moreover, increased IAP may increase intracranial pres-
sure (ICP) [12], and elevated ICP is a cause of nausea and
vomiting [13]. However, a previous study reported that
low-pressure CO, pneumoperitoneum (8 mmHg) does not
reduce the incidence and severity of PONV compared with
13 mmHg of IAP [14]. Although the CO, pneumoperi-
toneum group had a significantly higher incidence of
PONV than the abdominal wall-lifting group in a recent
meta-analysis [15], the abdominal wall-lifting method did
not use CO, insufflation or increase IAP.
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Fig. 1 Subject flow diagram

Table 1 Patients characteristics, surgical and anesthetic data

Group 1 (N = 120) Group 2 (N = 134) Group 3 (N = 127) P values

Age (y) 42 +£9 43 £ 10 43 £ 10 0.542
Height (cm) 159 £ 6 158 £ 6 159 £ 6 0.639
Weight (kg) 60 + 10 60 £ 9 60 + 10 0.862
Body mass index 237+ 3.6 240 + 3.3 237+ 34 0.784
Anesthesia time (min) 104 + 30 104 + 30 107 + 32 0.591
Pneumoperitoneum time (min) 57 £27 58 + 27 60 £ 27 0.750
Administered fluid volume (ml) 601 + 267 604 + 242 620 + 263 0.806
Surgery types

Adnexectomy 24 24 19 0.645

Cystectomy 23 29 25

Hysterectomy 61 55 69

Myomectomy 19 26 20

Others 0 2 1

CO; has a vasodilating effect, and hypercapnia improves
global hemodynamics, tissue perfusion, and oxygenation
during general anesthesia [16—18]. A retrospective study
reported there is a significant association between higher
intraoperative ErCO, and shorter length of hospital stay
after colon resection and hysterectomy [19]. The increased

tissue perfusion and oxygenation caused by hypercapnia
may contribute to improved postoperative condition and a
shorter hospital stay. PONV is also a common factor that
can increase hospital stay and morbidity after surgery.
Intestinal ischemia is proposed as an important mechanism
of PONV [4, 20], and we hypothesized that decreased
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intestinal mucosal perfusion can be offset by the vasodi-
lating effect of hypercapnia. Thus, hypercapnia may reduce
the incidence of PONV after laparoscopic gynecologic
surgery. However, we did not find any differences in the
incidence and severity of PONV in patients with mild to
moderate hypercapnia compared with those with normo-
capnia. CO; has dilatory effects on cerebral vessels and
may increase ICP. Nevertheless, the favorable effect of
hypercapnia on tissue perfusion and oxygenation may
counteract the emetic effect of increased ICP.

Two recent studies investigated the effects of EtCO, on
the incidence of PONV [21, 22]. However, the study results
were contradictory. In patients who underwent percuta-
neous nephrolithotomy (PCNL), mild intraoperative
hypercapnia (EtCO, 43-45 mmHg) resulted in a lower
incidence and severity of PONV compared with

55

50 -

45 -

40 4

PaCO5 (mmHg)

35

30 T T T T T T T
IT-5 PP-5 PP-10 PP-20 PP-40 PP-End SC

normocapnia and hypocapnia [21]. However, PCNL was
performed in the prone position without CO, pneu-
moperitoneum. Therefore, IAP was not increased, and the
capillary blood flow of the intestinal mucosa may not have
been obstructed during surgery. Conversely, the other study
demonstrated intraoperative ErCO, and venous CO, levels
are independent risk factors for postoperative vomiting in
pediatric patients [22]. The incidence of vomiting is only
evaluated for PONV investigation because evaluation of
nausea is difficult in pediatric patient. However, the
mechanisms of nausea and vomiting are not identical. The
sample sizes in both studies were too small to investigate
the incidence of PONV. Thus, a large randomized con-
trolled study is needed to evaluate the effects of hyper-
capnia on PONV. In general, a large-scale study involving
more than 100 patients per group is recommended for
PONV investigations [23].

In the current study, we reported that 65% of patients in
the control group (Group 1) had PONV during the post-
operative 24-h period. This incidence was slightly lower
than previous studies in patients who underwent laparo-
scopic gynecologic surgery (69-70%) [24, 25]. The dif-
ference could be due to the use of prophylactic antiemetic
medication (dexamethasone) and the anesthetic technique
(total intravenous anesthesia with propofol versus inhala-
tional anesthesia with N,O). In addition to the four major
risk factors, the other contributing factors of PONV,
including operation type and time and anesthetic technique,

Table 3 Nausea severity evaluated with visual analog scale (VAS)

Group 1 Group 2 Group 3 P values
Fig. 2 lntraoperatlve. pa.rtlal pressure of .carbon dioxide in the arterial Nausea-VAS 2h 38420 32+18 49426 0066
blood (PaCO,) was significantly higher in Groups 2 and 3 compared
with Group 1. IT-5: 5 min after intubation; PP-5, PP-10, PP-20, and 6h 35+21 38+£20 39+£20 0772
PP-40: 5, 10, 20, and 40 min after pneumoperitoneum, respectively; 24h 37+£21 41£22 38425 0.644
PP-End: at the end of pneumoperitoneum; SC: at skin closure
Table 2 Ipc1dences of Group 1 Group 2 Group 3 P value
postoperative nausea and N = 120) o = 134) (n = 127)
vomiting and use of rescue _ _ _
antiemetics 0-2h Nausea 21 (18%) 20 (15%) 13 (10%) 0.250
Vomiting 3 (2%) 1 (1%) 2 (2%) 0.534
Rescue medications 20 (17%) 15 (11%) 11 9%) 0.144
2-6h Nausea 31 (26%) 34 (25%) 34 (27%) 0.966
Vomiting 6 (5%) 11 (8%) 7 (6%) 0.521
Rescue medications 25 (21%) 24 (18%) 27 (21%) 0.762
624 h Nausea 46 (38%) 48 (36%) 48 (38%) 0.908
Vomiting 9 (8%) 15 (11%) 13 (10%) 0.593
Rescue medications 24 (20%) 26 (19%) 24 (19%) 0.976
0-24 h Nausea 65 (54%) 64 (48%) 64 (50%) 0.593
Vomiting 15 (13%) 21 (16%) 20 (16%) 0.713
Rescue medications 49 (41%) 48 (36%) 43 (34%) 0.505
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:Vaal;l';t: dpv‘;;?h‘ﬁ::;tznalog Group 1 (N = 120)  Group 2 (N = 134)  Group 3 (N = 127) P values

scale (VAS) Pain-VAS 2h  39+17 3.9 + 2.0 40+ 1.7 0.932
6h 23+ 14 23415 23415 0.945
24h 14+ 14 14+ 1.4 15412 0.936

were well controlled in this study. Therefore, the outcomes
of the current study could be attributed to differences in
P aCOz.

There are two limitations in this study. First, the effects
of hypocapnia on PONV were not evaluated. Because the
CO, levels of the most patients were normocapnia or
hypercapnia during laparoscopic surgery, the hypocapnia
group was excluded in the current study. However, the
effects of hypocapnia should be examined in further studies
to evaluate the effects of PaCO, on PONV. Second, the
PaCO, or ErCO, values were not monitored in the PACU.
The patients breathed spontaneously, and they may be
hypoventilated and hypercapnic at the early period in the
PACU. We could not exclude the effects of hypercapnia on
the normocapnia group if the patients were hypoventilated.

In conclusion, mild to moderate intraoperative hyper-
capnia did not decrease the incidence and severity of
PONYV or the requirement of rescue antiemetics compared
with normocapnia after gynecologic laparoscopic surgery.
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