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Frequently, patients identified as high risk for postop-
erative nausea and vomiting (PONV) are treated pro-
phylactically with intravenous (IV) ondansetron and
postoperatively with IV promethazine. The purpose of
this study was to determine if using an aromatic ther-
apy of 70% isopropyl alcohol (IPA) would be more
effective than promethazine in resolution of break-
through PONV symptoms in groups of high-risk
patients administered prophylactic ondansetron.

All subjects enrolled were identified as high risk for
PONV, administered general anesthesia and a prophy-
lactic antiemetic of 4 mg of IV ondansetron, and ran-
domized to receive IPA or promethazine for treatment
of breakthrough PONV. Demographics, verbal numeric
rating scale (VNRS) scores for nausea, time to 50%

reduction in VNRS scores, and overall antiemetic and
incidence of PONV were measured.

The data for 85 subjects were included in analysis; no
differences in demographic variables or baseline meas-
urements were noted between groups. The IPA group
reported a faster time to 50% reduction in VNRS scores
and decreased overall antiemetic requirements. A simi-
lar incidence in PONV was noted between groups.

Based on these findings, we recommend that
inhalation of 70% IPA is an option for treatment of
PONV in high-risk patients who have received prophy-
lactic ondansetron.
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I
n the general surgical population, the risk of postop-
erative nausea and vomiting (PONV) is between 16%
and 30%; however, this risk ratio is increased even
further when certain factors are present that predis-
pose a patient to PONV.1-5 These risk factors include

general anesthesia of more than 60 minutes’ duration,
female gender, nonsmoker, history of PONV, and history
of motion sickness.1-7 In fact, it has been noted that the
incidence of PONV increases exponentially from 16%
when no risk factors are present to as high as 87% when
all risk factors are present.1-9 Therefore, it has become
routine in many anesthesia practices to screen patients
preoperatively to identify the patients at high risk for
PONV so that an aggressive management plan can be
implemented to prevent or decrease the severity of PONV
symptoms.

Most typically, this aggressive management plan in-
volves the prophylactic administration of an antiemetic
agent that works specifically on an area of the brain
called the chemotaxic trigger zone (CTZ).1-5 The CTZ,
located in the area postrema of the brain, lacks a blood-
brain barrier, thereby making it highly receptive to stim-
ulation from specific neurotransmitters that have been

shown to be integral in eliciting an emetic response.1-5

These neurotransmitters include serotonin, dopamine,
histamine, and acetylcholine.1-5 Although a variety of
agents can be administered prophylactically to prevent
PONV, the agent most often used is the serotonin antag-
onist ondansetron, an antiemetic agent that has been
shown to be highly effective in preventing PONV in a
wide variety of patient populations, while still having a
relatively low side-effect profile.6-11

Ondansetron, when used as a prophylactic agent, is
routinely administered approximately 15 to 30 minutes
before the conclusion of the surgical procedure. Studies
have shown that the prophylactic administration of on-
dansetron results in a 50% to 80% reduction in PONV in
groups of low-risk patients but only a 25% reduction in
patients identified as high risk for PONV.10-12 Because of
this lack of effectiveness in preventing PONV in patients
identified as high risk, the patients will often require a
subsequent antiemetic for treatment, and one of the most
common agents used to treat this breakthrough PONV is
the antiemetic agent promethazine.8,13

Promethazine is a dopamine receptor blocking agent
routinely administered because it has a rapid onset of



action (within 3-5 minutes) and a relatively long duration
of efficacy (approximately 2-6 hours).8 However, unlike
ondansetron, which has minimal side effects, prometha-
zine is commonly associated with sedation, dry mouth,
and, in rare cases, hypotension.8,13 Despite these side
effects, many practitioners prefer promethazine to other
traditional antiemetic agents because it can be used in the
inpatient and outpatient settings. Promethazine is routine-
ly administered by the intravenous (IV) route to a patient
while in the hospital but is also available in oral and sup-
pository forms for outpatient administration.8,13 However,
some patients report hesitancy to taking an oral antiemet-
ic when they are nauseous; therefore, many practitioners
prescribe the suppository form to avoid oral administra-
tion and because it can be easily self-administered by a
patient in the home setting. Despite this, many patients
still report hesitancy toward self-administration of a
promethazine suppository and often report that the side
effects following administration are unacceptable.9,14

Therefore, anesthesia practitioners are continually seeking
alternative antiemetic treatments that are highly effective
in treating PONV, can be easily self-administered in any
setting, and have a low side-effect profile.

A PONV treatment that seems to meet all of these cri-
teria is the aromatic treatment of 70% isopropyl alcohol
(IPA) that is administered by simply using a single alcohol
prep pad. Research has shown that inhalation of IPA from
a simple alcohol prep pad is easy to administer in the in-
patient and outpatient settings, is highly effective in treat-
ing PONV, and is associated with no side effects.15-17

However, all of the studies to date using IPA have been
done only with patients who are not classified as high risk
for PONV, and IPA has never been used in a patient pop-
ulation that has been prophylactically treated with on-
dansetron. Therefore, the purpose of this study was to in-
vestigate the efficacy of IPA vs promethazine in treating
breakthrough PONV in groups of high-risk patients who
have received a perioperative prophylactic dose of on-
dansetron.

Methods
All patients scheduled for general anesthesia of more than
60 minutes’ duration and having 2 of the 4 individual risk
factors for PONV, (female gender, nonsmoker, history
of PONV or motion sickness) were approached for pos-
sible inclusion in this institutional review board–
approved prospective study. Patients were excluded from
participation if they reported a recent upper respiratory
infection; documented allergy to IPA, ondansetron,
promethazine, or metoclopramide; antiemetic or psy-
choactive drug use within 24 hours; inability to breathe
through the nose; pregnancy; history of inner ear pathol-
ogy; and/or taking disulfiram, cefoperazone, or metroni-
dazole. Patients with a body mass index greater than 35
kg/m2 also were excluded from the study. In addition, fol-

lowing enrollment, the data were excluded from analysis
for subjects who required inpatient hospitalization for
reasons not related to PONV.

Once inclusionary criteria were met, informed consent
was obtained and demographic data were collected, in-
cluding age, height, weight, gender, ASA class, body mass
index, race, and surgical procedure. All subjects were
then randomly assigned using a computer-generated
random numbers process into a control or an experimen-
tal group. The control group was assigned to receive 12.5
to 25 mg IV promethazine for complaints of PONV in the
postanesthesia care unit (PACU) and same-day surgery
unit (SDSU) and by promethazine suppository self-ad-
ministration following discharge to home. The experi-
mental group was assigned to receive treatment of PONV
by administration of inhaled 70% IPA.

In the preoperative holding area, all subjects received
instruction on treatments, study requirements, and the
home data collection tool. A baseline level of nausea was
obtained on all subjects following informed consent
using a 0 to 10 verbal numeric rating scale (VNRS) in
which a score of “0” indicated “no nausea” and a score of
“10” indicated the “worst imaginable nausea.” Before
transport to the operative suite, preoperative medications
for anxiolysis and sedation were administered based on
individual requirements and anesthesia providers’ discre-
tion using 0 to 5 mg of midazolam and/or 0 to 3 µg/kg of
fentanyl IV. All preoperative medications administered
were recorded.

On arrival to the operative suite, blood pressure, elec-
trocardiographic, and pulse oximetry monitors were
applied and a baseline set of vital signs was obtained and
recorded. Anesthesia induction was facilitated with
propofol, 1.5 to 2 mg/kg IV; lidocaine, 0 to 1 mg/kg IV;
fentanyl, 0 to 5 µg/kg IV; and a neuromuscular blocking
agent of the anesthesia provider’s choice. Following in-
duction, all subjects were endotracheally intubated, and,
based on surgical requirements, an orogastric tube was
inserted and stomach contents were evacuated. All oro-
gastric tubes were removed immediately before extuba-
tion, and the use of an orogastric tube was recorded.
Maintenance of anesthesia was achieved with isoflurane,
desflurane, or sevoflurane in combination with oxygen,
50% or 100%, and nitrous oxide, 0% or 50%. An opioid
of provider choice was used for maintenance of analgesia.
The doses of all opioids administered during the periop-
erative period were later converted to morphine equiva-
lents for analysis.18 Approximately 15 to 30 minutes
before extubation, all subjects received ondansetron, 4
mg IV. Neuromuscular blockade was reversed, if neces-
sary, using neostigmine, 0.05 mg/kg, and glycopyrrolate,
0.1 mg/kg IV. All medications administered intraopera-
tively were recorded on the data collection tool.
Additional information collected and recorded included
the type of surgery, use of laparoscopic technique, total
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estimated blood loss, total amount of IV fluids adminis-
tered, estimated preoperative-postoperative fluid deficit,
and anesthesia, surgical, and PACU times. All subjects
were extubated before transfer to the PACU.

Following arrival to the PACU and SDSU, an admis-
sion VNRS for nausea was obtained and recorded. For the
purposes of this study, nausea was defined as the subjec-
tive feeling of the urge to vomit, and vomiting was defined
as the forceful expulsion of gastric contents. Each event
had to be at least 60 seconds from any other event to be
recorded as a separate event. In addition, VNRS scores
were obtained and recorded at the first complaint of
nausea, every 5 minutes following treatment for nausea
for the first 30 minutes, and then every 15 minutes there-
after for 75 minutes after the event or until discharge
from the PACU or SDSU. Nausea events were treated ac-
cording to group assignment (IPA or promethazine).

Subjects in the control (promethazine) group received
promethazine, 12.5 to 25 mg IV, at the first complaint of
nausea in the PACU and SDSU; this dose could be re-
peated in 30 minutes for a maximum dose of 50 mg IV.
For nausea that was refractory to promethazine, control
subjects could receive metoclopramide, 10 mg IV every
15 minutes, not to exceed a total dose of 30 mg.

All subjects in the experimental (IPA) group received
inhalation therapy using a commercially available 70%
IPA pad (Webcol, Kendall Healthcare, Mansfield,
Massachusetts). All subjects were instructed to remove
the IPA pad from the protective covering, fold the IPA pad
in half, hold the folded pad approximately 0.5 inches from
their nares, and take 3 deep inhalations from the pad and
discard it after use. This treatment could be administered
by the PACU and SDSU nurses in the hospital setting or
by the patient; however, subjects were instructed to self-
administer their IPA treatments following discharge to
home following the treatment regimen described above.
The IPA treatments were ordered to be administered on an
as-needed basis, up to a total of 3 separate applications (3
deep inhalations per application) every 15 minutes. For
complaints of nausea refractory to IPA treatment (no res-
olution of PONV symptoms after 3 applications) or if a
patient requested an antiemetic agent at any time, promet-
hazine, 12.5 to 25 mg IV every 30 minutes was given, not
to exceed a total dose of 50 mg IV, or metoclopramide, 10
mg IV every 15 minutes, not to exceed a total dose of 30
mg. These treatment protocols were the same in the PACU
and SDSU settings. All pharmacologic treatments admin-
istered for nausea and VNRS score measurements were
recorded.

Before discharge to home, all subjects were instructed
to treat PONV symptoms based on their assigned group.
The subjects in the promethazine group were instructed
to treat any PONV using 25-mg promethazine supposito-
ries every 6 hours on an as-needed basis. The subjects in
the IPA group were instructed to use the folded IPA

regimen as described in the hospital setting on an as-
needed basis, up to a total of 3 separate applications. In
addition, IPA subjects were also instructed that they
could self-administer a 25-mg promethazine suppository
for any PONV symptoms that were refractory to the IPA
treatments or if they had exhausted the number of appli-
cations ordered and had not achieved resolution of
PONV symptoms. All subjects were asked to record the
time any antiemetic therapy was self-administered at
home (IPA or promethazine), the number of nausea and
emetic events, and the severity of nausea using the 0 to
10 VNRS scale before they self-administered any
antiemetic therapy and every 15 minutes after initiation
for a period of 30 minutes. Before discharge, all subjects
were given a home data collection sheet to record these
events and instructed that they would receive a telephone
call by one of the investigators approximately 24 hours
after surgery to obtain this information. In addition,
during the telephone call, all subjects were asked to rate
their level of satisfaction regarding their antiemetic
therapy using the following scale: 1, totally dissatisfied;
2, somewhat dissatisfied; 3, somewhat satisfied; 4, satis-
fied; and 5, totally satisfied. All responses from the tele-
phone interview were recorded on a data collection sheet.

Before initiation of this study, a power analysis was
performed based on previous studies15,16 that indicated
that subjects in the IPA group would achieve a 50% re-
duction in their mean VNRS scores for nausea 15 minutes
earlier than subjects randomized to receive promethazine
treatment. By using an α of .05 and a β of .10, we deter-
mined that a sample size of 40 subjects per group would
be required to determine if a difference between the
groups existed. Factoring in a 20% attrition rate increased
our sample size to 96 subjects (48 per group).

Statistical analysis was performed using SPSS software
version 13.0 (SPSS Inc, Chicago, Illinois). Data analysis
was accomplished using descriptive and inferential statis-
tics. Demographic data and frequency data were analyzed
using the χ2 test and Pearson correlation. The VNRS scores
and time to resolution were analyzed using a Student t test.
Subject satisfaction scores, body mass index scores, and
total promethazine requirements were analyzed using a
Mann-Whitney U test. A P value of less than .05 was con-
sidered significant.

Results
A total of 96 subjects were enrolled, but 11 subjects were
withdrawn, leaving a total of 85 subjects (IPA group, 42;
promethazine group, 43) whose data would be included in
the final analysis. Reasons for withdrawal included 4 sub-
jects who received additional antiemetics intraoperatively
(2 in each group), 1 subject inadvertently enrolled despite
being scheduled for a nasal surgical procedure (IPA group),
and 6 subjects who required postoperative inpatient hospi-
talization for reasons unrelated to PONV (3 in each group).
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No differences were noted between the groups in rela-
tion to demographic variables, surgical times, anesthesia
times, use of laparoscopy, orogastric tube use, time to first
PONV event from PACU admission, history of motion
sickness, primary volatile agent used, or the total number
of PONV risk factors present. A noted difference was in
the use of nitrous oxide between groups: 59% of the IPA
group received 50% nitrous oxide compared with 37% in
the promethazine group (P = .049). However when a sep-
arate analysis of nitrous oxide use and PONV was per-
formed, no significance could be found to indicate that

nitrous oxide administration increased the incidence of
PONV. No differences in the amount of opioids adminis-
tered during the perioperative period were noted between
groups (P > .05) (Table 1). No differences in fluid deficit,
estimated blood loss, type of surgical procedure per-
formed, total amount of IV fluid administered, or total
hours without oral intake were noted between groups.

The overall incidence of postoperative nausea was
similar between groups, with 76% (n = 32) of the IPA
group reporting postoperative nausea compared with 60%
(n = 26) of the promethazine group. (P = .119). Analysis
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Table 1. Description of Demographic Data, Preoperative Risk Factors, and Perioperative Informationa

PONV indicates postoperative nausea and vomiting; PACU, postanesthesia care unit; SDSU, same-day surgical unit.
a Data are given as mean ± SD or number of cases unless otherwise indicated.
b Significant at P < .05.

Isopropyl alcohol Promethazine
(n = 42) (n = 43) P

Age (y) 33.98 ± 10.9 37.09 ± 11.0 .052

Weight (kg) 75.43 ± 17.4 74.84 ± 13.3 .939

Median (range) body mass index (kg/m2) 27 (22-34) 27 (21-33) .947

Laparoscopy

Total 21 20 .748

Gynecologic 14 11 .433

Gender .763

Female 30 33

Male 12 10

Surgical time (min) 50.57 ± 34.32 57.63 ± 44.3 .416

Anesthesia time (min) 90.45 ± 39.5 101.1 ± 48.7 .272

PONV risk factors .676

3 risk factors 24 26

4 risk factors 12 9

5 risk factors 6 8

Time from PACU admission to PONV event (min) 90.9 ± 101.8 78.8 ± 76.7 .664

History of motion sickness .723

Yes 26 25

No 16 18

Primary volatile agent used .326

Desflurane 18 25

Sevoflurane 22 16

Isoflurane 2 2

Opioid morphine equivalent

Perioperative 24.05 ± 16.4 21.5 ± 9.1 .375

PACU 8.8 ± 5.7 9.3 ± 5.6 .775

SDSU 4.4 ± 2.5 4.1 ± 1.9 .736

Nitrous oxide use .049b

Yes 25 16

No 17 27

Orogastric tube use .668

Yes 16 19

No 26 24
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of the incidence of nausea based on setting revealed that a
higher incidence of PONV occurred in the IPA group in all
settings but achieved significance only following dis-
charge to home (P = .019). Promethazine was adminis-
tered as the primary antiemetic agent in the promethazine
group and as a rescue agent in the IPA group. Not sur-
prisingly, the median dose of promethazine was higher in
the promethazine group in all settings, achieving signifi-
cance in the PACU and SDSU (Table 2). Analysis of the
need for promethazine suppositories following discharge
revealed that 23% (n = 10) of the promethazine group self-
administered a promethazine suppository compared with
only 7% (n = 3) of the IPA group (P = .039). No subject in
either group required metoclopramide as a rescue agent in
any setting. No differences in the VNRS scores were noted
between groups on initial complaint of nausea in any
setting (Figure 1). However, when time to 50% reduction

in VNRS scores for nausea was analyzed, we noted a sig-
nificantly faster time to a 50% reduction in VNRS scores
in the IPA group compared with the promethazine group
in the PACU (P = .045), SDSU (P = .032), and the home
(P = .017) settings (Figure 2).

Emetic events were similar between the groups in the
PACU (none), SDSU (IPA group, 3; promethazine group,
2) and in the home (5 in each group). Satisfaction with
nausea control was similar between groups: both groups
reported a median of 4 (satisfied) with the level of nausea
control for the respective treatment regimens (P > .05). No
subject who received IPA treatments exclusively reported
any untoward side effects, whereas subjects who received
promethazine as a primary or rescue treatment reported
mild to moderate degrees of sedation and dry mouth;
however, no subject required treatment for side effects.

Table 2. Incidence of Nausea Events and Median Doses of Promethazine Required Per Group Per Setting
PACU indicates postanesthesia care unit; SDSU, same-day surgical unit.
a Significant at P < .05.

Isopropyl alcohol Promethazine
(n = 42) (n = 43) P

No. (%) of nausea events

PACU 7 (17) 10 (23) .448

SDSU 17 (42) 10 (23) .088

Home 19 (45) 10 (23) .019a

Median (range) promethazine requirements (mg)

PACU 0 12.5 (0 - 25) .002a

SDSU 12.5 (0 - 25) 25.0 (0 -50) .033a

Home 12.5 (0 - 25) 12.5 (0 - 25) .214
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Figure 1. VNRS Scores on Initial Complaint Per Setting
VNRS indicates visual numeric rating scale; IPA, isopropyl alcohol;
PACU, postanesthesia care unit; SDSU, same-day surgical unit.
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Scores by Group Per Setting
VNRS indicates visual numeric rating scale; IPA, isopropyl alcohol;
PACU, postanesthesia care unit; SDSU, same-day surgical unit.
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Discussion
Postoperative nausea and vomiting continue to be per-
sistent problems following general anesthesia. In our
study, we used the risk factors for PONV identified by
Koivuranta et al1 that included the variables gender,
smoking history, history of PONV, a history of motion
sickness, and exposure to general anesthesia for more
than 60 minutes to establish a risk of PONV. Koivuranta
et al1 reported that the relative risk of PONV for someone
with 3 risk factors is 54%, with 4 risk factors is 63%, and
with all 5 risk factors is 87%.

Based on these findings, we anticipated the overall in-
cidence of PONV to be approximately 60%, given that the
number of risk factors ranged between 3 and 5 in both
groups. We anticipated this number to be decreased by a
ratio of 25% to 42% following ondansetron administra-
tion. We were surprised to find that the overall incidence
of PONV ranged between 61% and 76%, thereby indicat-
ing that ondansetron prophylaxis was not as effective as
we hypothesized. However, analysis of the incidence of
nausea in the PACU and SDSU revealed that the overall
incidence of nausea was approximately 45% in both
groups, indicating that ondansetron is limited in provid-
ing prophylaxis for the first few hours after surgery.
Because of this limited range of effectiveness, it is
common for patients at high risk for PONV to require
subsequent antiemetic agents for the treatment of break-
through PONV, which can often result in some significant
side effects such as sedation and hypotension.

Another problem with traditional antiemetic agents is
that they often cannot be administered easily in the home
setting. In addition, the potential for side effects may
place postoperative patients at risk. We chose IPA aro-
matic therapy as an avenue for investigation because pre-
vious research showed that it is effective in treating the
symptoms of nausea and can be easily administered in
the home setting.15,16 However, these earlier studies were
not performed on a high-risk patient population or in
groups of patients already given ondansetron. In this
study, we showed that IPA is effective in alleviating the
symptoms of PONV and works very well in concert with
ondansetron.

There has been some research that found that IPA is no
more effective than other aromatic therapies or having
the patient take several deep breaths of ambient air. For
example, Anderson and Gross19 reported that no differ-
ence in nausea scores was found among groups of pa-
tients asked to inhale peppermint, IPA, or saline, and
they concluded that it was the simple act of taking a deep
inhalation of air that was the inducement to relieve
PONV symptoms rather than any specific aromatic prop-
erties. However, it was noted that this study was done on
a very small group of patients (33 subjects), and the re-
searchers did not have control over subsequent antiemet-
ics administered during the perioperative and postopera-

tive periods; therefore, it is difficult to ascertain the spe-
cific agent that facilitated the relief of PONV symptoms in
the study. The findings of Anderson and Gross are con-
tradicted in an earlier study by Langevin and Brown,17

who compared the inhalation of IPA with placebo
(saline) in a double-blinded study (30 subjects;
15/group). These investigators reported that administra-
tion of IPA resulted in a complete resolution of PONV
symptoms in 80% of patients treated with IPA and that
deep inhalation from a saline-soaked pad was totally in-
effective in resolution of PONV symptoms, indicating
that simply performing deep inhalations through the
nose is not effective in alleviating symptoms of PONV.

Our study had some limitations. The SDSU staff was
required to record VNRS scores every 5 minutes on com-
plaint of PONV; therefore, we were forced to limit our
subject enrollment to 1 or 2 subjects per day to ensure
quality data collection. Also, in the home setting, we
found there was a social stigma associated with the inser-
tion of suppositories, and some patients reported hesi-
tancy to use the suppository. We specifically chose a sup-
pository over oral medication because it has also been
noted that many patients are also hesitant to orally ingest
a medication when they are experiencing nausea. It is
unknown what overall effect this hesitancy may have had
on the number of subjects who reported that they did not
use the promethazine suppository as a rescue medication
in the home setting. In retrospect, perhaps a better choice
of an antiemetic for use as a rescue agent following dis-
charge to home may have been an agent that does not
require oral ingestion or suppository insertion, for
example, sublingual ondansetron.

Although this study was designed using a unimodal ap-
proach to PONV prophylaxis, many practitioners report
that more clinical effectiveness is observed when a multi-
modal antiemetic approach is used. The multimodal ap-
proach is used in an effort to optimize coverage on differ-
ent receptors in the CTZ. While using this approach has
been shown to be more effective in preventing PONV than
using a single modal approach, it usually results in an in-
crease in side effects.6-9 Because of this, we are planning a
future study in which we plan to provide IPA prophylaxis
immediately before induction of general anesthesia in ad-
dition to the standard ondansetron prophylaxis 15 to 30
minutes before the conclusion of the surgical procedure. It
is unclear where IPA works in relation to blocking the re-
ceptors in the CTZ. We hypothesize that it may possibly
work on several sites simultaneously in the CTZ; therefore,
IPA pharmacokinetics may already use a multimodal ap-
proach. However, we note that the clinical duration of IPA
is limited; therefore, we propose that in an effort to opti-
mize this multimodal approach, it may be best tested by in-
corporating ondansetron prophylaxis into the design as
well. To date, only 1 study has been performed in which
IPA was administered prophylactically, and the investiga-
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tors reported that the inhalation of IPA was no more effec-
tive than the administration of granisetron but was more
effective than no prophylactic treatment.20 This study in-
dicated that IPA prophylaxis was effective in preventing
PONV, but the study used a small sample and administered
the IPA following extubation, a different method than the
one we are planning.

We believe that we clearly showed that IPA is as effec-
tive in treating PONV as promethazine in patients who
have been identified as high risk for PONV, but it works
considerably faster, works well in concert with on-
dansetron, and can be easily administered in any setting.
Therefore, we are confident in recommending that IPA be
considered a viable option to conventional antiemetic
therapy in treating breakthrough PONV in groups of pa-
tients identified as high risk for PONV who have received
perioperative prophylactic ondansetron.
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