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Although gagging is a frequent problem that, when severe, can jeopardize the
dental procedure, no single protocol is used to alleviate this phenomenon. Selec-
tive 5-HT3 antagonists, such as granisetron, may attenuate gagging. In this study,
granisetron and placebo were administered intravenously, in a crossover, double-
blind manner, to 25 healthy volunteers in 2 different sessions. Gagging levels
were recorded before and after administration, as were BP, pulse, and O2 satura-
tion. Recorded results were analyzed with the use of tests for nonparametric val-
ues (P 5 .05). A significant increase in the depth of swab insertion was noted after
administration of both placebo and drug. The increase in drug effectiveness cor-
related with decreased body weight. The true efficacy of granisetron in gagger pa-
tients with this treatment protocol has yet to be fully established, although it has
been theorized that an increased dosage of granisetron may have a better effect.
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INTRODUCTION

The gag reflex is a primitive physiological defense
mechanism, tailored to prevent ingestion of harmful
or offensive substances and foreign bodies into the
gastrointestinal tract. Primarily, the reflex involves
constriction of the oropharyngeal muscles, followed
immediately by spastic and periodic reversed move-
ments, which are combined with abdominal, thoracic,
and diaphragmatic activity. Common effects of this re-
flex include hypersalivation, tears, diaphoresis, tachy-
cardia, and, in extreme instances, vomiting, panic be-
havior, and loss of consciousness.1

Gagging can present a significant obstacle to the de-
livery of routine dental treatment. Dental instruments,
materials, and even odors can serve as a stimulus to

the reflex pathway, starting from the autonomic center
in the medulla oblongata. The reflex is modified fur-
ther by the emetic nucleus located at the area postre-
ma of the fourth ventricle, and by the enteric nucleus
of the vagus nerve (CN X). The chemoreceptor trigger
zone (CTZ) of the emetic nucleus contains a large
quantity of 5-HT3 receptors. These receptors, which
are also found in the stomach and the proximal small
intestine, regulate emesis in situations such as infec-
tion, drug therapy, and, primarily, antineoplastic treat-
ment. A suggested mechanism is that serotonin, se-
creted from the vagus nerve endings, binds to these
receptors and induces emesis.2

The medullary center, despite its being an autonom-
ic one, is partially controlled by the cerebral cortex,
thus making it possible to initiate gagging just by imag-
ining a disagreeable experience, or, conversely, by
controlling the reflex to some extent by distractive
action.1,3

Different levels of severity in gagging have been not-
ed. In most cases, successful dental treatment can be
given with minor necessary adjustments. Yet, some pa-
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tients react with such an acute reflex that any treat-
ment attempt might result in lowered quality or may
not succeed at all. The level of gagging is proportion-
ate to the quantity of neural endings in the stimulated
area, and gagging can be affected by local or transient
factors such as a common cold, gastrointestinal dis-
ease, or mental stress.1

No definitive technique can completely attenuate
the gag reflex. Among the most prevalent methods
are behavioral approaches,4 distraction or relaxation,
and drug therapy, provided primarily through topical
anesthesia of the oral mucosa. Research into the use
of nitrous oxide (N2O) sedation has led to conflicting
results, with most studies pointing to a significant de-
crease in gagging5; others suggest that N2O itself may
cause nausea and vomiting, especially when combined
with local anesthetics.6 Other suggested methods of
controlling dental gagging include administration of
propofol IV,7 acupuncture,8,9 hypnosis,10 and combi-
nations of these.11,12

Selective 5-HT3 antagonists were synthesized for
palliative treatment of patients during antineoplastic
treatment.13 The drug of choice in such cases is on-
dansetron (Zofran), which has been used since the be-
ginning of the 1990s.14 This drug and other 5-HT3
antagonists (palonosetron, dolasetron, granisetron,
and tropisetron) are given enterally or parenterally
and influence the peripheral and central nervous sys-
tem in prevention of emesis. Their primary use is in
preventing nausea and emesis during antineoplastic
treatment or post surgery, yet some are used to mini-
mize nausea at pregnancy. Their therapeutic activity is
incomplete, as it depends on genetic polymorphism of
5-HT3 receptors.

15

The objective of this study was to examine the pro-
phylactic effect of granisetron, a commonly used anti-
emetic drug, during palatal and oropharyngeal stimu-
lation mimicking the dental situation, as a first step in
establishing a protocol for extensive gaggers.

METHODS

Subjects and Study Design

This study was designed as a double-blind crossover
placebo-controlled trial and was conducted at the
Center of Sedation and Anesthesia in Dentistry in the
Oral Medicine Department of the Hebrew University-
Hadassah School of Dental Medicine in Jerusalem, Is-
rael.
Volunteers were requested to fill out a medical his-

tory form, and those with health problems (The Amer-
ican Society of Anesthesiologists Physical Status

Classification System, as it appears in the 2008 ASA
RelativeValue Guide [ASA] ASA .2), as well as smok-
ers, or those using systemic medications or recreation-
al drugs were excluded. Twenty-five volunteers were
included in the study, most of them students at the
medical campus of the Hebrew University. The volun-
teers were in good general health (ASA 1-2) with no
history of extensive gagging that would interfere with
dental treatment. Tested group data are presented in
theTable.
Informed signed consent was required before partic-

ipation in the study. The study was performed in ac-
cordance with the Declaration of Helsinki, and the
protocol was approved by the local ethics committee
of the Hadassah Medical Organization.
In the study, a standard dose of 3 mg granisetron

(Granisetron-Teva, Teva Pharmaceutical Industries,
Jerusalem, Israel ) was administered to all volunteers
in a manner similar to that used in routine clinical situ-
ations. Each subject received the drug and the placebo
at 2 different appointments, separated by at least 1
week. A 10 mL syringe containing the placebo (10 mL
of saline) or the drug (3 mg/3 mL of granisetron dilut-
ed in 7 mL of saline) was prepared for each volunteer
in each session in computer-generated random order
by an investigator not involved in the data collection.
Each syringe was marked with a serial number, and its
contents were unknown to both examiners and sub-
jects. Decoding of syringe contents was done upon
completion of the study.

Procedures

Each meeting was designed to last 30 minutes. Blood
pressure, pulse, and O2 saturation values were record-
ed (S/5 Anesthesia Monitor, Datex-Ohmeda, GE
Healthcare, Oy, Finland) 4 times during the appoint-
ment: (1) upon arrival, (2) after IV line insertion, (3)
5 minutes after injection of the drug or placebo, and
(4) after completion of the check.
Following primary data intake (time point 1), an in-

travenous line was started using standard 24G venflon
(BD Venflon, Becton Dickinson Infusion Therapy, Hel-
singborg, Sweden), which was connected to an IV bag
containing 150 mL of normal saline solution dripping

Subject Data

Males Females Total

Number 13 (52%) 12 (48%) 25 (100%)
Age (yr) 29.2 63.2 25 62.9 27.2 63.7
Weight (kg) 68.6 68.5 58.5 611.35 63.8 611.0
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at a rate of 100 mL/hr. BP, pulse, and saturation val-
ues then were taken again (time point 2), and gagging
was checked with a standard 130 mm bacteriology
transport swab (Fastidious Anaerobe Transport Swab,
108C.US, COPAN Innovation, Brescia, Italy). The
swab was placed gently on the anterior hard palate
and was moved posteriorly until gagging was initiated.
At this point, the depth of insertion was measured in
millimeters, with the edge of the upper central incisors
serving as the reference point.
Either the drug or the placebo was injected through

the IV line via the pre-prepared 10 mL syringe. A
slow, manual injection with a simple disposable plastic
syringe (Medi-Plus, Shandong Zibo Shanchuan Medi-
cal Instrument Co. Ltd., Shandong, China) lasted
90 seconds, and after a 5 minute pause, BP, pulse ox-
imetry, and swab insertion depth measurements were
retaken (time point 3). BP, pulse, and saturation val-
ues were recorded again before the volunteer was dis-
charged (time point 4).

Statistical Analysis

Blood pressure, pulse, and O2 saturation were mea-
sured and recorded 4 times during each session. The
length of swab insertion was measured 3 times before
and 3 times after drug or placebo injection (time
points 2 and 3) and each time the mean result was
calculated. The difference between insertions before
and after injection of drug/placebo was calculated.
Because of the experimental design, the nonpara-

metric Wilcoxon test was used to compare paired me-
dian values. The P value in our trial was equal to .05.

RESULTS

Results were obtained after recorded data were corre-
lated with the type of treatment (drug or placebo) giv-
en to each volunteer.
A significant difference between depth of insertion

before and after injection was noted, with both place-
bo and drug showing an increase in depth of insertion
(Figure 1). The mean increase after drug injection was
8.576 5.41 mm, and after placebo injection, 7.816

6.30 mm (P 5 .388, using the Monte-Carlo simula-
tion). Thus, no statistically significant difference be-
tween depths reached after injection of drug or place-
bo was observed.
When the dose per kilogram was calculated in each

volunteer, and in spite of the similarity of body masses

Figure1. The change in swab insertion depth was measured
following administration of drug (black) and placebo (grey).
The figure shows that both drug and placebo caused a signif-
i c a n t i n c r e a s e i n t h e vo l u n t e e r’s h an d l i n g o f t h e
swab insertion.

Figure 2. Depths of swab insertion in male (a) and female
(b) volunteers following drug (black) and placebo (white) ad-
ministration. The females, who received higher dosages be-
cause of lower body mass, showed a more significant in-
crease in drug action contrary to placebo.
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of some volunteers, variability in responses to drug
and to placebo was evident (Figure 2). However, a
positive trend of increased drug effect with decreased
body weight was seen (Figure 3). The effect of the
drug was statistically greater among females, whose
average weight was lower (P 5 .031) (Figure 4).

No statistically significant change in volunteer heart
rate, blood pressure, and O2 saturation was noted af-
ter injection of drug or placebo.

DISCUSSION

Granisetron (Kytril ) is a selective, high-affinity antago-
nist of the 5-HT3 receptor, with very low affinity to
other amine receptors. It is metabolized by the liver
by CYP-4503A, together with other drugs (e.g., cyclo-
phosphamide, diazepam), yet no drug interactions
have been reported.16 Granisetron is not cardiotoxic
in dosages lower than 300 mg/kg.16,17 The recom-
mended dose of granisetron is 40 mg/kg. In more
than 60% of patients, this dose prevents emesis for
24 hours post chemotherapy or radiation therapy.17

Side effects have been noted in a small percentage of
patients; the most common is headache, which occurs
in 15% of cases. The recommended dose of granise-
tron has proved safe and effective in children.18 In this
study, no adverse effects were reported by volunteers.
A significant change in the reaction of volunteers to

swab insertion occurred after injection of either drug

Figure 4. Subtraction of the placebo effect from the drug
effect shows that in females, whose average weight was lower
(and thus the dosage per kilogram was higher), a significant
increase was seen in drug efficacy proportional to the in-
crease in dosage per kg (P , .031).

Figure 3. A logarithmic reduction of changes in depth following administration of drug and placebo shows a positive trend in
the increase of drug efficacy correlated with the increase in dosage per kilogram. The placebo does not follow the same trend.
The increase in drug effectiveness is best seen in doses greater than ,45 mg/kg.
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or placebo. Some volunteers with similar body mass
responded differently to drug and placebo, enabling
deeper insertion of the swab on the second appoint-
ment, independent of the injection contents. This phe-
nomenon is probably due to order effect. In most vol-
unteers (78%), depth of insertion significantly in-
creased by 5 mm or more after injection. It is well
documented that the gag reflex is affected by psycho-
logical factors; thus it is possible that the gag reflex de-
creased on the second measurement as subjects be-
came more relaxed and better acquainted with the
procedure.
Although some placebo effect was noted, it is im-

portant to emphasize that a positive trend in drug ac-
tion was seen (Figure 3). Although not statistically sig-
nificant, the drug effect increased proportionately to
the increase in drug dosage per kilogram of body
weight. In the study, a standard dose of 3 mg of gran-
isetron was administered to all volunteers. It was
found that the drug was more effective in volunteers
with lower body weight (who, because of this, received
a higher drug dosage per kilogram). Body weight had
no such similar effect on those receiving the placebo
injection.
Various pilot studies have been conducted through-

out the world to evaluate the efficacy of granisetron
and its side effects following its original protocol as a
palliative, antinausea-antiemetic treatment, given dur-
ing chemotherapy or post surgery. In a recent double-
blind study, small doses (10 mg/kg-40 mg/kg) of gran-
isetron were given to children and adolescents aged 1
to 23 years, during carboplatin therapy. The 2 dosages
were found to be equally effective in preventing eme-
sis, without causing side effects.18 In studies conduct-
ed in the mid 1990s by the Granisetron Study Group,
who studied the antiemetic effects of granisetron dur-
ing cisplatin chemotherapy courses, doses of 10 mg/
kg and 40 mg/kg were found to have similar effica-
cy.19 When dosages of 40 mg/kg and 160 mg/kg were
compared, no significant difference between their effi-
cacies was found.20 Nonetheless, Carlisle and Steven-
son stated that reducing the dosage of granisetron by
50% increases the risk of nausea or emesis.21

In a recent study in which the efficacy of prophylac-
tic granisetron in preventing intraoperative nausea and
vomiting during cesarean section was checked, doses
of 1 mg granisetron proved ineffective in comparison
with placebo.22 Another study suggested that granise-
tron is more effective than inhalation isopropyl alcohol
in preventing postoperative nausea and vomiting
(PONV) following laparoscopic procedures, yet no sig-
nificant difference was found between granisetron
prophylaxis and no prophylaxis at all.23 Other studies
have shown granisetron to be more effective than oth-

er drugs in preventing PONV post laparoscopy,24 es-
pecially when combined with steroid agents.25,26 Sub-
jects received doses ranging from 35.3 mg/kg to
77.5 mg/kg, and only when given in doses greater
than 45 mg/kg was the drug more effective than the
placebo, with its efficacy increasing proportionately
with dosage. It is possible, therefore, that although
the recommended dosage of 40 mg/kg is effective in
the prevention of chemotherapy-induced delayed nau-
sea and vomiting, it might not be enough to prevent
dental gagging induced by direct triggering of the oro-
pharyngeal region during dental procedures.
All of the volunteers in this study were young and

generally healthy and had no known gagging prob-
lems during past dental treatments. Thus, they may or
may not represent those with severe gagging, and it is
difficult to determine the potential effect of granisetron
on gagger patients, on whom the second phase of the
study will be conducted.
None of the subjects in this study reported side ef-

fects of any kind after a 1-time injection of granisetron;
thus the drug can be considered safe to use as part of a
dental treatment protocol. Indications suggest that
granisetron may have an effect on the prevention of
gagging during dental treatment when given in the ap-
propriate dosage. However, the true efficacy of grani-
setron in this treatment protocol has yet to be estab-
lished fully.
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