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Abstract

Background: Laryngospasm and postoperative vomiting are serious complications after surgery involving pediatric anesthesia, and
these complications may cause morbidity.

Objectives: The objective of this study was to compare the incidences of laryngospasm and vomiting between two groups of children
treated with anesthesia. The patients were managed by either controlled ventilation or spontaneous respiration.

Patients and Methods: This prospective clinical study was conducted with 200 children who had underwent elective infraumbilical
surgery. The patients were divided to two groups of one-hundred cases, including the control ventilation (CV) and spontaneous respiration
(SR) groups. Anesthesia induction and maintenance were the same in all patients. However, in the CV group, atracurium was used as a
muscle relaxant to facilitate intubation and surgery.

Results: The incidences of postoperative vomiting, laryngospasm, and excessive secretions were significantly higher in the CV group than
the SR group (P=0.001, 0.02 and 0.001, respectively).

Conclusions: This study demonstrated that the incidences of postoperative vomiting and laryngospasm are significantly higher in

patients receiving anesthesia with muscle relaxants and controlled ventilation.
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1. Background

Postoperative nausea and vomiting (PONV) and laryn-
gospasm are common complications of surgery. These
complications occur in 20 to 30% and 1 to 5% of patients,
respectively (1). The incidence of PONV is dependent on
factors such as age, sex, duration of surgery, type of sur-
gery, tobacco use, anesthetics and postoperative opioids.
Postoperative nausea and vomiting may complicate pa-
tient outcomes and lead to laryngospasm, dehydration,
electrolyte imbalance, gastric and esophageal bleeding,
pulmonary edema, discharge delay, increased costs, and
patient dissatisfaction (2).

Previous studies have reported that using less opioids,
replacing opioids with non-steroidal anti-inflammatory
drugs,and using less Nitrous Oxide (N,O) or volatile anes-
thetics can decrease the incidence of PONV (3).

Most studies examining the incidence of PONV and la-
ryngospasm have employed controlled mechanical ven-
tilation, which is a common method of ventilation dur-
ing general anesthesia.

Spontaneous ventilation was replaced by controlled

mechanical ventilation following the introduction of
endotracheal tubes and neuromuscular blocking agents
in the 1960s. As a result, endotracheal tubes are currently
reserved for short duration surgeries.
Controlled-ventilation-based anesthesia has several
advantages, such as the tight control of instantaneous
ventilation and End-tidal CO, (EtCO,). Neuromuscular
blocking agents are usually administered with this meth-
od of anesthesia. Neuromuscular blocking agents can
facilitate endotracheal intubation and surgery. However,
neuromuscular block (residual block) complications oc-
cur in the recovery room in 10 to 50% of cases (4).
Another method of anesthesia induction uses a laryn-
geal mask airway (LMA) with spontaneous ventilation
(5). In contrast to controlled mechanical ventilation,
spontaneous ventilation anesthesia has several disad-
vantages, including the following, reduced tidal volume,
minute ventilation, functional residual capacity (FRC),
and increased airway resistance and breathing effort (6-
9). The complications of spontaneous ventilation include
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dislodgement of the endotracheal tube and inadvertent
extubation.

Previous studies have shown that spontaneous ventila-
tion is feasible in short pediatric surgeries (10). Further-
more, studies have also shown decreased atelectasis in
children (11).

The other benefit of not using a muscle relaxant and
neostigmine includes a decreased prevalence of PONV.
The goal of our study was to assess the effects of muscle
relaxants on PONV.

2. Objectives

We designed this study to compare the incidence of
PONV in two groups of anesthetized patients due to the
importance of reducing PONV and laryngospasm.

3. Patients and Methods

This randomized prospective clinical trial was regis-
tered by IRCT2012072410385N1 in the Iranian registry of
clinical trials (www.irct.ir). The study was conducted after
accreditation by the research committee of the depart-
ment of anesthesiology and critical care of Tehran uni-
versity of medical sciences.

This study was performed from 2011 to 2012 at the Teh-
ran pediatric medical center hospital. We evaluated 200
patients scheduled for infraumbilical surgery.

The subjects were randomly allocated to each group us-
ing a random numbers table. The study was performed
after the design was explained and the patients’ parents
signed an informed consent.

All of the subjects included in the study were aged be-
tween two and seven years old and had an ASA class I
status. The duration of the surgical procedure was esti-
mated to be less than one hour.

The study exclusion criteria included the following: hav-
ing upper airway diseases, fever, history of asthma, mor-
bid obesity, cardiovascular diseases, metabolic disorders,
renal diseases, and electrolyte imbalances. Additionally,
patients with airway irritation, cough, breath holding,
bronchospasm, or profuse secretion during intubation
were excluded from the study.

The patients received no premedication. One patient
group maintained Spontaneous Respiration (SR) and in
the other group received controlled ventilation (CV).

After primary monitoring with an Electrocardiogram
(ECG), pulse oximetry, and noninvasive blood pressure
(NIBP), anesthesia induction was achieved by intravenous
administration of 4 mg/kg thiopental and 1 ug/kg fentanyl.

The patients in the CV group received 0.6 mg/kg of atra-
curium, intravenously, and the endotracheal intubation
was performed three minutes later. The intubation was
performed in the SR group after a stepwise increase in
halothane concentration from 1% to 4%. Sufficient an-
esthesia was confirmed before the intubation was per-
formed. All patients were ventilated during surgery with
50% N,0, 50% O, and 1% - 2% halothane.

The effects of muscle relaxants were antagonized with
0.04 mg/kg neostigmine plus 0.02 mg/kg atropine at the
end of the procedure in the CV group. Extubation was
performed when the patient was completely awake and
could voluntarily move all extremities. The patients were
given 10 mg/kg intravenous paracetamol at the end of
surgery. A nurse who was unaware of the method of anes-
thesia monitored the incidence of vomiting for six hours
after extubation.

Patients who had no episodes of vomiting received no
medication, and subjects who vomited more than twice
received 50 pg/kg of granisetron, intravenously.

The number of post-extubation laryngospasms with pe-
ripheral capillary oxygen saturation (SpO,) of less than
85%, and the number of profuse secretions, requiring
more than one oral suctioning, were recorded.

The probability of vomiting was defined as 30% in the
controlled ventilation group based on previous reports.
Our expectation was a 25% difference in the incidence of
vomiting between the two groups with a statistical power
of 95%. We used the open epi info software (www.cdc.gov/
epiinfo) and determined that a sample size of 70 patients
was needed in each group. We allocated 100 patients to
each group to improve the statistical power of the study.
Almost the same sample size would be required based on
the probability of laryngospasm.

All statistical tests were performed using the SPSS 11 soft-
ware for Windows. The results are reported as absolute
values and mean =+ standard deviation (SD). The continu-
ous variables were analyzed using the Student's T- test.
The nominal and ordinal variables were analyzed by the
Chi-square test, Fisher’s exact test or Mann-Whitney U-
test. AP < 0.05 was considered statistically significant.

4.Results

The demographic data for the CV and SR groups are
shown in Table 1. There was no significant difference be-
tween the two groups with respect to age, weight or sex.
Endotracheal intubation was performed on the first at-
tempt, and no difficult intubations were observed.

We recorded no coughing or breath holding in the CV
group. However, eight patients in the SR group experi-
enced coughing and breath-holding and were excluded.
Thus, there were 100 cases in the CV group and 92 cases
in the SR group.

The mean surgical times in both groups were not signifi-
cantly different (Table 2). The incidence of vomiting was
less in the SR group than the CV group (2% vs.16%) and was
statistically significant (P = 0.001). The incidence of more
than one vomiting episode in the SR group was less than
the CV group (0% vs. 1%), yet was not statistically signifi-
cant. The incidence of profuse secretions at the end of the
procedure in the SR group was less than the CV group (11%
vs. 52%), and was statistically significant (P < 0.001). The in-
cidence of laryngospasm at the end of the procedure (SpO,
< 85%) in the SR group was less than the CV group (14% vs.
27%). This difference was statistically significant (P =0.04).
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Table 1. The Demographics of the Two Study Groupsa'b

Variables CV Group (n=100) SR Group (n=92) PValue
Age,y 61.5+2.4 12.5+2.4 039
Weight, kg 71.9 £11.1 85.6+10.1 0.23
Male/Female 65/35 60/32 0.97
Operation duration, min 51+12.4 3.4+13.5 0.08
dAbbreviations: CV, Control ventilation; SR, Spontaneous respiration.
Data are presented as mean + SD.
Table 2. The Incidence of Adverse Effects in the Two Groupsa'b
CVGroup (n=100) SRGroup (n=92) OR 95% CI P Value

Vomiting once 16 (16) 2(2) 8.57 1.91-38.41 0.001¢
Vomiting more than once 1(1) 0(0) - - 033
Massive Secretion 52(52) 11(12) 7.97 3.79-16.75 <0.001°
Laryngospasm 27(27) 14 (15) 2.06 1-4.23 0.04¢

4Abbreviations: CV, Control ventilation; OR, Odds ratio; SR, Spontaneous respiration; 95% Cl, 95% Confidence interval.

Data are presented as No. (%).
Cpvalues less than 0.05 were considered significant.

5. Discussion

Several investigators have reported twice the incidence
of PONV in pediatric cases compared with adults under-
going surgery with anesthesia (12).

Our study results indicate that the incidence of post-
operative vomiting with spontaneous respiration and
endotracheal intubation is less than the incidence with
endotracheal controlled mechanical ventilation.

There have been several studies comparing spontane-
ous respiration in adults and pediatric patients. Most
studies of PONV have assessed factors such as premedica-
tion with antiemetic agents or anesthesia. We found no
studies evaluating the incidence of nausea and vomiting
based on the type of ventilation during anesthesia.

The use of narcotics, type of surgery, history of difficult
intubation, and administration of muscle relaxants have
all been postulated to increase the incidence of laryngo-
spasm and postoperative nausea and vomiting (13).

In 2009, Sinha and colleagues studied 90 children aged
two to six months old with signs and symptoms of upper
airway infection, who were scheduled for infraumbilical
surgery. The study compared spontaneous ventilation
with controlled mechanical ventilation. All patients in
both groups received ProSeal LMA. Sevoflurane, N,0, and
0, were delivered for the maintenance of anesthesia, and
no muscle relaxant was used. There was more coughing,
breath holding, laryngospasm, bronchospasm, and pha-
ryngeal secretion in the spontaneous breathing group
than the controlled mechanical ventilation group (14).

The incidence of vomiting in the spontaneous ventila-
tion group was reduced in our study. In contrast to the
prior study, the incidence of pharyngeal secretions, vom-
iting, and laryngospasm in our spontaneous respiration
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group was less than in the controlled ventilation group.
However, cough and breath holding were not assessed in
our study.

The main distinction of our study compared with the
former study was the use of muscle relaxant in the con-
trolled ventilation group. Additionally, we excluded pa-
tients with upper respiratory infections from our study.
All patients in the prior study had signs and symptoms of
upper airway infection.

It should be noted that the incidences of some com-
plications, such as coughing, breath holding, laryngo-
spasm, bronchospasm and volume of secretions, are
greater than normal in patients with upper respiratory
infection. The incidence of these complications was less
in our study compared with the study of Sinha and col-
leagues (14).

Muscle relaxants are administered and at the end of
the procedure in controlled mechanical ventilation. The
drugs are antagonized with neostigmine and atropine.
These medications are known to increase nausea and
vomiting (5).

According to the results of these studies, withholding
muscle relaxants may reduce the risk of PONV after an-
esthesia.

There are several different ideas concerning the effects
of neostigmine on PONV. Several investigators have hy-
pothesized that neostigmine does not increase the inci-
dence of PONV (15,16).

In their meta-analysis, Tramer and Fuchs-Buder con-
cluded that doses of neostigmine greater than 2.5 mg in-
creased the incidence of PONV (17).

Lovstad et al. in 2001 evaluated 90 healthy females
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scheduled for gynecologic laparoscopy. The patients
were randomized to two groups. Following a 75% decline
in muscle relaxant effect at the end of surgery, 0.5 - 1 pg/
kg neostigmine and 10 pg/kg glycopyrrolate were admin-
istered. The placebo group received normal saline. In the
group receiving muscle relaxant reversal, the prevalence
of nausea and vomiting in the first six hours after surgery
was 30% versus 11% in the placebo group (18).

Rose et al. reported that in pediatric anesthesia, the co-
administration of atropine and neostigmine decreased
vomiting shortly after surgery. However, if the patients
were followed for a longer period, neostigmine caused
more vomiting (19).

There are controversies regarding the effect of neostig-
mine on PONV. We did not use multiple doses of muscle
relaxants in our study. Thus, the low frequency of PONV in
the SR group is related to not using neostigmine in this
group. Additionally, low secretion in the SR group is likely
due to not using neostigmine in this group.

It is known that profuse secretions at the end of a pro-
cedure are related to an increased incidence of laryngo-
spasm, and the results of our study confirm this claim.
In our study, laryngospasm was reduced in the SR group.

Our results showed reduced vomiting and laryngo-
spasm in pediatric infraumbilical surgeries using spon-
taneous ventilation and endotracheal intubation less
than one hour in duration.

One hypothesis is that neostigmine causes secretions
that cause airway irritation and laryngospasm.

Another explanation is that controlled ventilation has
a greater potential for gaseous distention of the stomach
after administration of muscle relaxants and prior to in-
tubation, which may cause a greater incidence of vomit-
ing.

One of the study limitations was the inability to mea-
sure the volume of secretions and stomach pressure in
these patients. Another limitation was the inability to ac-
curately measure nausea in children.

Werecommend larger studies to compare the incidence
of PONV in spontaneous respiration and controlled me-
chanical ventilation by omitting confounding factors
such as neostigmine. Sugammadex may be an alternative
medication because it avoids the need for neostigmine
and reverses muscle relaxation at the end of surgery.
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