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Abstract
Objectives: This is an evaluation of the efficacy of metoclopramide (MTCP) or diphenhy-
dramine (DPH) to relieve symptoms of motion sickness in patients being transported via 
ambulance in a mountainous setting.
Methods: This is a prospective, randomized, double-blinded, placebo-controlled study 
of patients transported by ambulance in the Sierra Nevada mountains of Fresno County. 
Consenting patients who met the inclusion criteria were asked to rate their motion sickness 
every five minutes using a visual analog scale (VAS) during transport. If motion sickness 
occurred, they were randomized to receive MTCP (20 mg IV), DPH (50 mg IV), or pla-
cebo (normal saline), and remaining symptoms were recorded every five minutes. If signs 
and symptoms of motion sickness persisted after 15 minutes, a rescue dose of MTCP was 
offered.
Results: Twenty-six patients were enrolled in the study. Twenty-two (84.6%) devel-
oped motion sickness and were randomized to MTCP, DPH, or placebo. Eight patients 
received MTCP, seven received DPH, and seven received placebo. The MTCP group 
showed a statistically significant decrease in the mean VAS score at 15 minutes compared 
to the DPH and placebo groups. There was no significant difference in the decrease in 
VAS score between the placebo and the DPH group. Twelve out of 22 patients requested a 
rescue dose of MTCP after 15 minutes. At 25 minutes, there was no significant difference 
in the VAS score between the three groups.
Conclusion: During ambulance transport in a mountainous setting, the administration 
of MTCP is superior to both DPH and placebo in the treatment of motion sickness. 
Diphenhydramine is not superior to placebo.

Rubio S, Weichenthal L, Andrews A: Motion sickness: Comparison of metocopramide 
and diphenhydramine to placebo. Prehosp Disaster Med 2011;26(4):305–309.

Introduction
Motion sickness is an uncomfortable but common occurrence in the general popu-
lation. The most common symptoms experienced are feeling hot or sweaty, head-
ache, and drowsiness, which often are accompanied by nausea and vomiting.1 The 
mechanism behind motion sickness is believed to be a mismatch in the expectation 
of movement and the actual perception of movement. Being in control of motion, as 
when driving a car, and therefore, being able to predict motion stimuli, reduces the 
incidence of motion sickness. Females seem to be more susceptible to motion sick-
ness than are males and passengers with no forward view during traveling experience 
greater symptoms.1

Studies report that up to 28% of individuals experience motion sickness during public 
coach transportation.1 Rapid travel on winding roads or up and down travel on a series 
of hills causes more symptoms than travel on smooth, straight roads. Motion sickness 
can be even more debilitating and anxiety provoking for an already sick patient being 
transported in the back of an ambulance. The symptoms are uncomfortable, can lead to 
an increased risk of aspiration due to vomiting, and may interfere in maintaining cervi-
cal spine immobilization in the setting of trauma. Given that patients in the back of an 
ambulance are rear facing, it would be expected that the incidence of motion sickness 
would be even greater than the incidence in the general population. A 2003 study using 
healthy volunteers showed an incidence of motion sickness of 43% of those transported 
in the back of an ambulance on a mountainous route.2 It would be expected that the 
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department setting.6,7 Diphenhydramine was chosen because 
it is known to have mild anti-emetic properties and already is 
included in the California paramedic scope of practice. Dosing 
for DPH is far more standardized and a common adult dose of 
50 mg was selected.

Both the paramedic and the patient were blinded to the med-
ication given. The study investigators developed randomized 
numbers using www.random.org, which were assigned to the 
three different drug categories: Placebo, MTCP, and DHP. The 
paramedic coming off the night shift would draw up the medi-
cations and label each syringe with an appropriate randomly 
assigned number from one of the three drugs groups. Depending 
on the anticipated number of calls, the night paramedic would 
draw up three to nine doses of the various drugs. The syringes 
then were passed on to the oncoming morning paramedic. Once 
a randomized number was assigned to a drug syringe, there was 
no record at the two posts of which numbers corresponded to 
which drugs. Only the principal investigator maintained the 
master list of randomized numbers, and the medications admin-
istered were not unblinded until after the study period was com-
pleted. All unused medications once drawn up into syringes 
were discarded after 24 hours if not used.

Following the administration of medication, patients again 
were asked to rate their sickness on the VAS scale every five 
minutes. If symptoms persisted for >15 minutes after the original 
medication administration, patients were offered the option of 
receiving a rescue dose of MTCP. The decision to receive a res-
cue dose was entirely left to the patient and their perceived level 
of persistent symptoms. If the patient verbalized the desire for a 
rescue dose, 20 mg of MTCP was administered intravenously. 
Metoclopramide was chosen as a rescue medication because it is a 
centrally acting antiemetic and it has a large therapeutic window. 
Paramedics also were asked to note any adverse reactions to the 
medications given. If patients developed a dystonic allergic reac-
tion, DPH was offered to the patient as per the EMS protocol.

This study was approved by the hospital institutional 
review board (IRB) and by the California Emergency Medical 
Services Authority.

Statistical Processing
All data were entered into an Excel spreadsheet (2007, Microsoft, 
Inc., Redmond, WA) and then imported into NCSS/PASS 2000 
(©2000 Jerry Hintze) which was used for all statistical calcula-
tions. Multi-level Analysis of Variance and the Bonferroni Test 
were used for multiple comparisons. The multi-factor ANOVA 
was used to compare two independent variables (drug and time) 
compared to the dependant variable (VAS). Within group 
comparisons were made to determine that all groups improved 
with time alone. A One-Way Analysis of Variance was used to 
compare means not involving the control group (placebo) and 
for comparisons of the baseline characteristics of the treatment 
groups (DPH and MTCP). The two treatment groups (MTCP 
and DPH) were compared to placebo. Parametric and nonpara-
metric analyses were also performed. A chi-square analysis was 
used to determine independence between groups when com-
paring rescue medication use. All calculations were performed 
using an alpha of 0.05.

Results
A total of 26 patients were enrolled and completed the study, and 
22 patients (84.6%) developed signs and symptoms of motion 

incidence of motion sickness in the prehospital setting may be 
even higher in already sick patients.

In the California paramedic scope of practice, no specific 
therapy for the treatment of motion sickness currently exists. 
Studies that have examined the treatment of motion sickness in 
the prehospital setting have shown that the use of supplemen-
tal oxygen3,4 and hand acupressure5 decreases the incidence. 
Droperidol also has been shown to reduce symptoms of motion 
sickness in healthy volunteers.2 The use of droperidol has since 
been limited due to the FDA “black box” warning concerning 
prolonged QT and torsade de pointes. There has been no study 
examining the effect of metoclopramide (MTCP) or diphenhy-
dramine (DPH) in reducing motion sickness.

The goal of this study was to determine if MTCP or DPH 
when compared to placebo help relieve the symptoms associated 
with motion sickness during ambulance transport.

Methods
This was a prospective, randomized, double-blinded, placebo-
controlled study involving patients being transported in the 
Sierra Nevada mountain Range of Fresno County between 
January 2005 and June 2008. Paramedics staffing two ambu-
lance posts in this mountainous region were trained in the study 
protocol. The first post was located in Auberry, California at 
2,018 feet (615 meter) of elevation. The closest receiving hos-
pital to this post is a 40-minute drive. The second post was at 
Shaver Lake, California at 5,640 feet (1,719 meter) elevation and 
requires a transport of >60 minutes to the nearest hospital.

The study consisted of a convenience sampling of patients 
who presented for transport at times when paramedics trained 
in the study protocols were on duty. All patients consented prior 
to the start of ambulance transport. Inclusion criteria included: 
(1) 18 to 65 years of age; (2) transported by ambulance in the 
mountainous areas of Fresno County; and (3) clinically sta-
ble, alert, oriented, and competent to give informed consent 
prior to transport. Patients were not eligible if they met any 
of the following exclusion criteria: (1) <18 or >65 years of age; 
(2) considered to be too sick or hemodynamically unstable; 
(3) pregnant; (4) known renal insufficiency or renal failure; 
(5) already taking MTCP, DPH, or another antiemetic; (6) not 
oriented or competent to consent; or (7) if prehospital care might 
be compromised by inclusion in the study. Exclusion criteria two 
and seven were left to the judgment of the paramedic on scene.

Patients who met the inclusion criteria were approached for 
consent prior to transport by a paramedic trained in the research 
protocol and human subjects research. Patients had the option 
of withdrawing from the study at any point. Once consented, an 
intravenous (IV) was placed and the patient was transported in 
the back of an ambulance. All patients received care following 
normal emergency medical services (EMS) policies and proce-
dures. Patients were asked by the paramedic every five minutes 
to rate any feelings of motion sickness on a 100 mm visual analog 
scale (VAS). Patients who developed symptoms were random-
ized to receive MTCP 20mg IV, DPH 50mg IV, or an equiva-
lent volume amount of placebo (normal saline).

Metoclopramide was chosen as a study drug because it has 
some centrally acting antiemetic effects, similar to droperidol 
that had been examined in the pilot study. Dosing for MTCP is 
quite variable, from 10–140 mg, depending on its indication. A 
20 mg dose was chosen for this study based on previous studies 
looking at the use of MTCP as an antiemetic in the emergency 
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sickness. Of the 22 patients who developed motion sickness, 
seven were in the placebo group, seven were in the DPH group, 
and eight were included in the MTCP group.

There were no statistically significant differences between 
the three groups with regard to age, gender, or initial VAS 
score (Table 1).

Together, all three drug groups showed a significant reduc-
tion in the VAS score over time (p = 0.002; Table 2). Patients in 
the MTCP group had a significant reduction in their mean VAS 
score at 10, 15, 20, and 25 minutes compared to their initial VAS 
score (Table 3). There was no significant reduction in the mean 
VAS score for the DPH or the placebo groups until 20 minutes 
after the drugs were administered, and a rescue dose of MTCP 
was given if requested (Table 3).

At 15 minutes, there was a significant difference in the mean 
VAS score between the three drug groups (p = 0.02), but there 
was no difference in the reduction of the VAS score between the 
DPH group and the placebo group (p = 0.864).

Twelve out of the 22 patients (54.5%) who developed motion 
sickness requested a rescue dose of MTCP at 15 minutes; six out 
of seven patients (85.7%) in the placebo group; 5 out of 7 patients 
(71.4%) in the DPH group; and 1 out of 8 subjects (12.5%) in the 
MTCP group (Figures 1 and 2). There was a statistically signifi-
cant difference in the VAS score at 15 minutes for those patients 
who chose to receive a rescue dose of MTCP compared to those 
who did not (49.8 versus 14.9, p = 0.019). There was a decrease 

in the VAS score in both the placebo and DPH group after 
the MTCP rescue dose was given (Table 3). At 25 minutes, 
there was no statistical difference in the mean VAS score among 
all three drug groups (p = 0.361). The administration of the 
rescue dose of MTCP was not independent of the three drug 
groups (p = 0.0099).

None of the patients in the DPH or MTCP group reported 
any side effects. One patient in the placebo group reported dry 
mouth. It was not specified if this side effect was experienced 
before or after the rescue dose of MTCP was given. No dystonic 
reactions were reported.

Discussion
Motion sickness in an ill patient being transported in the back 
of an ambulance can lead to an uncomfortable transport, and 
can put the patient at risk for emesis and aspiration. Patients 
in the back of an ambulance are predisposed to experiencing 
motion sickness because they have no forward facing view of the 
road ahead.

Across all three drug groups in this study, participants 
equally experienced symptoms of motion sickness when they 
entered the study. Close to 85% of the patients transported by 
ambulance experienced signs and symptoms of motion sick-
ness. This number is much higher than the incidence of motion 
sickness in a pilot study done by Weichenthal et al in 2003.2 
Their study found a motion sickness incidence of 43% in healthy 
volunteers. Other studies report that up to 28% of automobile 
passengers experience motion sickness.1 The higher incidence of 
motion sickness in this study may be because the patients being 
transported were already ill, and therefore, predisposed to devel-
oping motion sickness or may have already been symptomatic 
before transport secondary to their illness. It also is possible that 
patients who knew that they suffered from motion sickness pref-
erentially chose to be involved in the study.

The signs and symptoms of motion sickness improved over 
time in all three of the study groups, and there was no difference 
in symptoms between the three groups at the end of the study. 
However, subjects who received MTCP intravenously felt better 
much sooner. These patients had improvement in their symp-
toms as soon as 10 minutes after the administration of MTCP. 
In comparison, patients in the DPH and the placebo group had 
to wait 20 minutes until they felt better, and that was not until 
after most of them had received a rescue dose of MTCP.

At 15 minutes after drug administration, there was a sig-
nificant difference in the mean VAS score between the three 

Rubio © 2011 Prehospital and Disaster Medicine

Table 1—Patient baseline characteristics

 Placebo DPH MTCP p-value

Age (mean) 43.7 44.6 34.5 0.228

Gender

Male (%) 3 (42.9) 5 (71.4) 5 (62.5) 

Female (%) 4 (57.1) 2 (28.6) 3 (37.5) 

Mean Initial VAS Score 66 70 52.6 0.439

Rescue Dose (%) 6 (85.7) 5 (71.4) 1 (12.5) 

Rubio © 2011 Prehospital and Disaster Medicine

Table 2—Combined VAS score for all three drug groups 
over time

 = Time after rescue drug given

Time Mean VAS

 0 62.4 (95%CI = 51.2–73.6)

 5          41.3 (95%CI = 26.3–56.3)

10    38.4 (95%CI = 24.0–52.8)

15    34.0 (95%CI = 19.0–49.0)

20                           8.6 (95%CI  = -0.22–17.4)

25              8.1 (95%CI = -1.01–17.2)
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in further decreasing the signs and symptoms of motion sick-
ness. However, the data cannot prove this since there was no 
control group for the rescue medication.

Although this study is small, it suggests that MTCP improves 
the signs and symptoms of motion sickness experienced by 
patients being transported via ambulance in a mountainous set-
ting. However, DPH is not superior to placebo in the treatment 
of motion sickness in this environment.

Limitations
There are several limitations of this study including the small 
sample size, the necessity of convenience sampling, and the 
potential that the method of blinding the paramedics to 

drug groups. At that time, the DPH group and the placebo 
group experienced significantly more motion sickness symp-
toms when compared to the MTCP group, but there was no 
difference in their symptoms when compared to one another. 
Also, more patients in the DPH group and the placebo group 
chose to get a rescue dose of MTCP at 15 minutes. This was 
presumably because they did not feel as good as the patients in 
the MTCP group. It is interesting to note that there was a sig-
nificant improvement in the VAS score five minutes after the 
administration of the rescue dose in both the DPH group and 
the placebo group when compared to their initial VAS score. 
Also, all of the patients felt the same at the end of the study. This 
points to the possibility that the rescue dose of MTCP worked 

Time Placebo Mean VAS DPH Mean VAS MTCP Mean VAS

 0 66.0 (95%CI = 51.8–80.1)          70.0 (95%CI = 61.2–78.8)               52.6 (95%CI = 42.2–63.1)

 5 53.1 (95%CI = 37.1–69.1)             54.9 (95%CI = 40.4–69.4)   19.1 (95%CI = 7.9–30.3)

10     54.1 (95%CI = 40.1–68.1)             53.9 (95%CI = 39.4–68.4) 11.0 (95%CI = 4.7–10.7)

15        51.4 (95%CI = 37.1–65.7)             46.9 (95%CI = 29.2–64.6)            7.4 (95%CI = 4.1–10.7)

20   7.1 (95%CI = 0.1–14.1) 17.0 (95%CI = 3.1–30.9)    2.6 (95%CI = 0.4–4.8)

25   7.1 (95%CI = 0.1–14.1)  17.3 (95%CI = 2.8–31.8)       0.9 (95%CI = -0.1–1.9)

Rubio © 2011 Prehospital and Disaster Medicine

Table 3—Comparison of mean VAS score between drug groups over time

 = Time after rescue drug given

Rubio © 2011 Prehospital and Disaster Medicine

Figure 1—Treatment of motion sickness, mean VAS
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to deliberately circumvent the blinding process for it to be 
 ineffective, and, even if they did so, their bias would only 
have a limited impact as the patients engaged in a self evalu-
ation of symptoms.

Conclusions
Metoclopramide is a common anti-emetic used for in-hospi-
tal treatment of nausea and vomiting. This study shows that 
MTCP also is effective in treating the signs and symptoms 
of motion sickness experienced by patients during prehospital 
transport in a mountainous setting. Further, larger studies of 
MTCP in this setting are needed to more clearly delineate its 
efficacy and safely.
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the nature of the study drugs was not foolproof. The initial 
intent was to enter more individuals into the study; however, 
the exclusion criteria prevented many of the patients trans-
ported at the two mountain posts from being enrolled in the 
study. One of the posts was located near a skilled nursing 
facility, and transported many patients who were not com-
petent to give consent. The other post transported a major-
ity of underage patients from a local ski resort, who were 
excluded from enrollment secondary to their age. Although 
the study used a convenience sample, during the majority of 
the study period the paramedies trained in the study protocol 
were staffing the two posts and were able to enroll patients. 
All paramedics who regularly worked these two posts were 
trained in the study protocol. Only when a replacement para-
medic from the metro area was staffing one of the posts were 
patients unable to be enrolled. Finally, although the blinding 
method was not perfect, it was the best that could be devised 
in this remote prehospital setting. Paramedics would have 
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Figure 2—Percent of patients who requested a rescue dose of MTCP in each study group
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