Prehosp Emerg Care Downloaded from informahealthcare.com by Long Island Jewish Medical Centre on 03/19/14
For personal use only

COMPARISON OF DROPERIDOL AND HALOPERIDOL FOR USE BY PARAMEDICS:
ASSESSMENT OF SAFETY AND EFFECTIVENESS
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ABSTRACT

Background. Since the 2001 “black box” warning on droperi-
dol, its use in the prehospital setting has decreased substan-
tially in favor of haloperidol. There are no studies compar-
ing the prehospital use of either drug. The goal of this study
was to compare QTc prolongation, adverse events, and ef-
fectiveness of droperidol and haloperidol among a cohort of
agitated patients in the prehospital setting. Methods. In this
institutional review board-approved before and after study,
we collected data on 532 patients receiving haloperidol (n
= 314) or droperidol (n = 218) between 2007 and 2010. We
reviewed emergency department (ED) electrocardiograms
when available (haloperidol, n = 78, 25%; droperidol, n =
178, 76%) for QTc length (in milliseconds), medical records
for clinically relevant adverse events (defined a priori as
systolic blood pressure (SBP) <90 mmHg, seizure, admin-
istration of anti-dysrhythmic medications, cardioversion or
defibrillation, bag—valve-mask ventilation, intubation, car-
diopulmonary arrest, and prehospital or in-hospital death).
We also compared effectiveness of the medications, using
administration of additional sedating medications within 30
minutes of ED arrival as a proxy for effectiveness. Results.
The mean haloperidol dose was 7.9 mg (median 10 mg, range
4-20 mg). The mean droperidol dose was 2.9 mg (median
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2.5 mg, range 1.25-10 mg.) Haloperidol was given IM in
289 cases (92%), and droperidol was given IM in 132 cases
(61%); in all other cases, the medication was given IV. There
was no statistically significant difference in median QTc af-
ter medication administration (haloperidol 447 ms, 95% CI:
440-454 ms; droperidol 454 ms, 95% CI: 450-457). There were
no statistically significant differences in adverse events in
the droperidol group as compared to the haloperidol group.
One patient in the droperidol group with a history of con-
genital heart disease suffered a cardiopulmonary arrest and
was resuscitated with neurologically intact survival. There
was no significant difference in the use of additional sedat-
ing medications within 30 minutes of ED arrival after receiv-
ing droperidol (2.9%, 95% CI: —2.5-8.4%). Conclusions. In
this cohort of agitated patients treated with haloperidol or
droperidol in the prehospital setting, there was no signifi-
cant difference found in QTc prolongation, adverse events,
or need for repeat sedation between haloperidol and droperi-
dol. Key words: droperidol; haloperidol; emergency medi-
cal services
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INTRODUCTION

Since the 2001 black box warning on droperidol,! its
use in the prehospital setting has decreased*> substan-
tially in favor of haloperidol. The 2001 warning for
droperidol reports “deaths associated with QT prolon-
gation and torsades de pointes in patients treated with
doses of INAPSINE (droperidol) above, within, and
even below the approved range.”! It also recommends
a pretreatment electrocardiogram (ECG) be obtained
to establish baseline QTc length.! These recommenda-
tions have limited the use of droperidol in the prehos-
pital setting.?

However, there is controversy regarding the black
box warning. Horowitz et al. pointed out the limited
generalizability of the reported deaths to emergency
settings and doses, and questions the appropriateness
of the black box warning.* Kao et al. stated that “the
evidence is not convincing for a causal relationship be-
tween therapeutic droperidol administration and life-
threatening cardiac events.”® Shale et al. report that “in
clinical use there is no pattern of sudden deaths.”®

Droperidol has been studied in the prehospital set-
ting without a control group’ and with a placebo
control.® Droperidol and haloperidol have been
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compared in the ED setting, with the authors finding
more rapid sedation with droperidol.” However, there
are no other trials comparing droperidol with haloperi-
dol in the prehospital setting.

Therefore, the goal of this study was to compare pre-
hospital haloperidol and droperidol with respect to
ECG QTc length, adverse events, and need for addi-
tional ED sedation.

METHODS
Study Design

This was a before-after quasi-experiment of all pa-
tients receiving prehospital haloperidol or droperi-
dol from January 1, 2007 through January 30, 2010.
The Colorado Multiple Institutional Review Board ap-
proved the study.

Study Setting and Population

Denver County has a geographic area of approx-
imately 150 square miles, an estimated county
population of 600,000, and an estimated metropolitan
population of 2.3 million according to 2010 cen-
sus data.!® The Denver Health Paramedic Division
(DHPD), an urban hospital-based EMS agency, is the
primary provider of 9-1-1 ambulance transport for
the City and County of Denver. The DHPD responds
to approximately 80,000 calls per year, with 55,000
patient transports distributed among 12 receiving hos-
pitals. During the study period, 50% of all transports
went to the study hospitals, with 40% of all patients
transported to Denver Health Medical Center, and 10%
transported to the University of Colorado Hospital.
Denver Health is a level I trauma center and by policy
the preferred destination for critically injured patients.
University of Colorado Hospital is a level II trauma
center.

The medications were indicated for patients “be-
having in a manner that poses a threat to their own
well-being or others” and for combative, head-injured
patients (Figure El, available online). The protocol
allowed for intramuscular administration when an
IV was not readily obtainable. The protocol called
for the use of either medicine as a single agent (that
is, without other sedatives). All patients sedated for
agitation also were physically restrained in the supine
or semi-Fowler’s position using seat belts and Velcro
or gauze wrist restraints.

On January 15, 2009, droperidol replaced haloperi-
dol in the DHPD protocol (Figure E1, available on-
line). After that date, haloperidol was not available
to paramedics. Droperidol was also available for pre-
hospital use as an anti-emetic after that date. How-
ever, ondansetron was the preferred anti-emetic and
droperidol was only administered for intractable vom-
iting with transport time greater than 10 minutes. To be
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complete in capturing any potential adverse outcomes,
we decided in advance to include patients receiving
droperidol 1.25 mg IV or IM as an anti-emetic.

Study Procedures

We queried the prehospital patient care report (Health-
Ware 5.9.4, HealthWare Solutions, Arcata, CA) to iden-
tify patients who received haloperidol or droperidol.
For patients who were not transported to one of the
study hospitals, we used structured follow-up to seek
out adverse events. This consisted of daily electronic
communication and weekly in-person communication
with EMS liaisons at the other hospitals. The Denver
Health Paramedic Division officer for quality assur-
ance (JBJ) actively sought reports of adverse events,
and instructed and routinely reminded the EMS li-
aisons at the other hospitals to report adverse events.
For patients transported to Denver Health Medical
Center and University of Colorado Hospital the pre-
hospital patient care report was matched with the
hospital medical record by searching electronically on
medical record number, then name, then date of birth,
and then social security number. We required two
identifying characteristics to be present to match a hos-
pital record to the prehospital record.

Data on call time, prehospital medication and to-
tal dose, and transport destination were taken from
the prehospital patient care report. Data on QTc inter-
val and adverse events were collected using structured
chart review as detailed below.

Data were abstracted from the hospital chart by
two trained medical student abstractors (KDM, AMS).
Training consisted of one hour of instruction. The ab-
stractors were blinded to the aims of the study. We
used a standardized closed-response data collection
instrument with precise definitions of each variable.
Data were entered into Microsoft Excel 14.1 (Microsoft,
Redmond, Washington). Both abstractors reviewed all
charts independently and were monitored by senior
investigators doing periodic checks on data abstrac-
tion throughout the chart review process. We held an
interim meeting with the data abstractors to review
protocols. We calculated intra-observer agreement on
the coding of the abstracted variables (kappa 0.87,
95% CI: 0.79-0.96). Two investigators (ACM, MM) re-
viewed differences in abstraction and differences were
resolved by consensus. A senior investigator (KEM)
was available to adjudicate where the reviewers did
not reach consensus. However, the two investigators
reached consensus in each case.

Outcomes

The QTc interval (in milliseconds) was obtained from
the first 12-lead ECG in the hospital record for each pa-
tient. In cases where a 12-lead ECG was not obtained
or could not be identified from the medical record, QTc
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interval was recorded from the physician note. If there
was no 12-lead ECG or documentation of QTc inter-
val in the physician note, QTc was recorded as missing.
Because drug was given for acute agitation, it was not
possible to obtain QTc interval prior to administration
of the drug.

We defined adverse events a priori as a systolic
blood pressure (SBP) <90 mmHg at any point
during the ED stay, seizure, administration of anti-
dysrhythmic medication, cardioversion or defib-
rillation, bag-valve-mask ventilation, intubation,
cardiopulmonary arrest, and prehospital or in-hospital
mortality. Cardiopulmonary arrest and death were
followed until hospital discharge; the remainder of the
adverse events was defined as occurring during the
patient’s stay in the ED.

We used administration of an additional sedating
medication within 30 minutes of ED arrival as a proxy
for effectiveness. Patients who received droperidol as
an anti-emetic were excluded from this analysis.

Data Management and Statistical Analyses

After matching prehospital reports and hospital
records, the data were de-identified. We used Stata
11.2 (StataCorp, College Station, Texas) for analyses.
Absolute differences in QTc intervals were calculated,
with 95% confidence intervals (Cls) calculated using
the “cendif” command. We used Fisher’s exact test
to calculate differences in adverse events for the use
of additional sedating medications within 30 minutes.
For the adverse events for which there were no out-
comes, we added 1 to each cell in the 2 x 2 table to
estimate confidence intervals.

REsULTS

During the 37-month study period, the Denver Health
Paramedic Division responded to 190,292 calls (116,674
[61%] while haloperidol was available and 100,645
[39%] when droperidol was available). In this time,
154,764 patients were transported (100,645 [65%] while
haloperidol was available, 54,119 [35%] while droperi-
dol was available). During the study period, 488
patients received haloperidol (0.5% of patients trans-
ported during that time) and 361 received droperidol
(0.7% of patients transported during that time). Of the
849 patients who received these medications, 166 pa-
tients who received haloperidol and 145 who received
droperidol were transported to non-study hospitals
and were excluded from further analyses (n = 311). No
deaths were reported in the excluded group. Of the re-
maining 538 patients, there were 6 (1%) for whom we
were unable to match prehospital records to hospital
records by two patient identifiers. All of these patients
had received haloperidol. A review of morbidity and
mortality case logs for the study hospitals did not
identify any adverse effects in patients meeting any

Total patients receiving
droperidol or haloperidol
pre-hospital
(n=849) Transported to other
hospital; excluded from
> further analysis
Transported to a study (n=311)
hospital
(n=538) ED chart not located;
excluded from further
> analysis
ED chart located; included (n=6)
in outcomes data
(n=532)
Received droperidol pre- Received haloperidol pre-
hospital hospital
(n=218) (n=314)

FIGURE 1. Flowchart illustrating patient flow.

of the characteristics of the 6 patients who could not
be identified. The final study population consisted
of 314 patients who received prehospital haloperidol
and 218 patients who received prehospital droperidol
(Figure 1). Of these 218 patients who received pre-
hospital droperidol, 11 patients received droperidol
1.25 mg IV or IM as an anti-emetic. The mean haloperi-
dol dose was 7.9 mg (median 10 mg, range 4-20 mg).
The mean droperidol dose was 2.9 mg (median 2.5 mg,
range 1.25-10 mg).

The study groups were similar demographically. For
the haloperidol group, median age was 31 (IQR 23-40)
years and 69% of patients were male. In the droperidol
group, median age was 31 (IQR 24-42) years and 75%
of them were male.

QTc Interval Length

The median QTc was 448 (IQR 426-467) ms for pa-
tients who received prehospital haloperidol and 453
(IQR 437-469) ms for patients who received prehospi-
tal droperidol (Figure 2). Because ECG was obtained at
physician discretion during the historical haloperidol
period, an initial ED ECG was only recorded on 78 pa-
tients in the haloperidol group (25%). Initial ED ECGs
were recorded on 166 patients in the droperidol group
(76%). The longest QTc interval noted in both groups
was 542 ms; neither of these 2 patients experienced an
adverse event (Table 1).

Adverse Events

There were no seizures, no uses of cardioversion
or defibrillation, and no deaths. There was one car-
diopulmonary arrest in the droperidol group (0.4%
of the droperidol group, absolute difference from
haloperidol group 0.5%, 95% CI: —0.04-1.3%). This
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Graph. QTc Interval vs. Prehospital Dose of Haloperidol or Droperidol
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FIGURE 2. QTc by prehospital medication dose.

cardiopulmonary arrest immediately followed a strug-
gle with staff while the patient was combative. The
patient had return of spontaneous circulation after 1
minute of CPR (before an initial cardiac arrest rhythm
was obtained). The post-arrest QTc was 481 ms; there
were no other abnormal features of the ECG. The pa-
tient was discharged from the hospital neurologically
intact.

Of the other adverse events, there were fewer ad-
verse events in the droperidol group but no statisti-
cally significant differences. There were 6 patients with
SBP <90 mmHg in the droperidol group and 13 in the
haloperidol group (3% versus 4%, absolute difference
1.3%, 95% CI: —1.7-4.5%). All patients who received
bag-valve-mask ventilation were also intubated. This
comprised 4 in the droperidol group and 12 in the
haloperidol group (2% versus 4%, absolute difference
1.9%, 95% CI: —1.0-4.8%). Table 2 summarizes adverse
events.

Need for Repeat Sedation

In the droperidol group, 22 patients (10%) received
an additional sedating medication within 30 minutes
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TABLE 2. Observed emergency department complications
in patients receiving prehospital droperidol or haloperidol®

Droperidol ~ Haloperidol

(n=218) (n=2314) Difference
N (%) N (%) (95%CI)
SBP <90 mmHg 6(3) 13 (4) 1.3% (—1.7-4.5%)
Seizure 0(0) 0(0) 0(—0.01-1.2%)
Anti-arrhythmic 1(0.5) 5(2) 1.1% (—0.1-2.7%)
Cardioversion/ 0(0)8 0(0) 0(—0.01-1.2%)
defibrillation
BVM 4(2) 12 (4) 1.9% (—1.0-4.8%)
Intubation 4(2) 12 (4) 1.9% (—1.0-4.8%)
Cardiopulmonary 1 (0.4) 0(0) —0.5% (—1.3-0.04%)
arrest
Expired in 0(0) 0(0) 0(—0.01-1.2%)
hospital

2Occurring at any time during emergency department stay, unless otherwise
noted.

of ED arrival, compared to 41 patients (13%) in the
haloperidol group (absolute difference 2.9%, 95% CI:
—2.5-8.4%). In the droperidol group, 12 patients (6%)
received an additional butyrophenone, compared with
22 patients (7%) in the haloperidol group (absolute
difference 1.5%, 95% CI: —2.6-5.6%). In the droperi-
dol group, 14 patients (6%) received a benzodiazepine
within 30 minutes of ED arrival, compared to 20 pa-
tients (6%) in the haloperidol group (absolute differ-
ence 0%, 95% CI: —4.2-4.1%) (Table 3).

DISCUSSION

The present study represents the largest cohort to date
comparing haloperidol to droperidol for the sedation
of patients with undifferentiated agitation in the pre-
hospital setting. Other studies have compared droperi-
dol with other agents. Droperidol has been reported to
be superior to midazolam in several studies with re-
spect to need for rescue medications and need for air-
way management.!'™13 In the only prior comparisons
of haloperidol and droperidol, droperidol has been re-
ported to produce more rapid sedation.”4

QTc prolongation is the prime concern in the
FDA warnings for both haloperidol and droperi-
dol. While exceeding 440 and 460 ms in men and
women, respectively, is considered abnormal, the
risk for developing torsades de pointes becomes
significant when QTc exceeds 500 ms.!> The precise
mechanism of butyrophenone-induced QTc interval

TABLE 1. QTc interval for prehospital haloperidol and droperidol

Droperidol Haloperidol
(n=166) (n=78) Difference
N (%) N (%) (95%CI)
Median QTc interval in ms (range, IQR) 453 (398-542, 437-469) 448 (386-542, 426-467) 5 ms (—10-6 ms)
QTc 450474 ms 59 (36) 23 (29) 6% (—6-19%)
QTc 475499 ms 27 (16) 9(12) 5% (—4-14%)
QTc >500 ms 5@3) 3(2) 1% (—6-4%)
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TABLE 3. Additional chemical sedation received within 30
minutes of arrival to the ED, after prehospital sedation with
droperidol or haloperidol

Droperidol Haloperidol

(n=207) (n=314) Difference
N (%) N (%) (95% CI)
Any sedation within 21 (10) 41 (13)  2.9% (—2.6-8.5%)
30 min
Butyrophenone within 11 (5) 22 (7) 1.7% (—2.5-5.9%)
30 min
Benzodiazepine within 14 (6) 20 (6) 0.0% (—4.8-3.9%)
30 min

Which butyrophenone was available varied during the droperidol and
haloperidol study periods.

prolongation is unknown; however, abnormal ven-
tricular repolarization and the development of early
after-depolarizations are likely involved.!® This study
suggests that haloperidol does not have a significantly
different effect on the QTc than does droperidol. How-
ever, our group received significantly lower doses of
droperidol than haloperidol, and it is possible that a
dose-dependent QTc prolongation exists and would
have been apparent with a larger dose. Also, we did
not have complete ECG data for either group, with a
significant number missing in the haloperidol group.
It is possible that spectrum bias made patients more
prone to adverse events more likely to have ECGs
obtained.

Our findings suggest that droperidol does not have
a worse side-effect profile than haloperidol. We do,
however, recognize that a patient in the droperidol
group suffered cardiopulmonary arrest. This patient
had history of congenital heart disease and a median
sternotomy scar from a surgery at age 3, and did
not require defibrillation or anti-dysrhythmic drugs
for resuscitation, suggesting that torsades de pointes
was a less-likely cause of his cardiopulmonary ar-
rest. Clearly, careful monitoring of the use of sedating
agents in this group of high-risk patients is indicated.

Our study did not demonstrate a statistically signif-
icant difference between droperidol and haloperidol
in effectiveness, measured by use of further medica-
tions within 30 minutes of ED arrival. Thomas found
more patients receiving equivalent doses of droperi-
dol as compared to haloperidol to be more sedated at
15 and 30 minutes,’ and Resnick found more patients
receiving droperidol to be sedated at 30 minutes.!*
Our results may differ because of the lower doses of
droperidol used as compared to haloperidol. Further-
more, this study only measured in-hospital effective-
ness (as defined by the aforementioned criteria of ad-
ditional medication requirements within 30 minutes of
arrival to the ED).

Acute undifferentiated agitation can be difficult to
treat. The exact frequency is unknown, and research is
limited by the lack of precise definitions. In a database

of 698 police use-of-force incidents, 3.4% had several
features of excited delirium.!” In a Maryland database
of 45 in-custody deaths over 14 years, 5 deaths were
attributed to excited delirium (however, in 33 cases
the medical examiner could not determine a cause of
death).'®

There are other pharmacologic options. Ben-
zodiazepines, primarily midazolam, have been
used both alone*!"®and in combination with
antipsychotics.!>1%20 Patients treated with midazolam
10 mg IM alone were observed to have higher need for
repeat sedation than patients treated with droperidol
10 mg IM or droperidol 5 mg IM and midazolam 5 mg
IM.2 Both Isbister and Martel describe increased diffi-
culty related to oversedation or respiratory depression
when midazolam was used as a single agent.>12

Other options for treatment of acute agitation in-
clude atypical antipsychotics, diphenhydramine, and
ketamine. Atypical antipsychotics often have higher
cost than haloperidol or droperidol, and have been
observed to have slower time to onset and no sig-
nificant in adverse reactions as compared to typical
antipsychotics.''1%2! There is little literature to support
the use of diphenhydramine for sedation. Although it
may decrease dystonic reactions from phenothiazines,
it may also worsen anticholinergic delirium and has
been associated with paradoxical excitation.?>?® Fi-
nally, ketamine may present an option for the most
severe cases of excited delirium, with the advan-
tage of rapid sedation and preserved airway reflexes
but the disadvantage of hypersalivation and, rarely,
laryngospasm.?4~30

LIMITATIONS

This study has several limitations. As a chart review, it
is subject to selection and ascertainment bias. We were
only able to obtain hospital records on 63% of the pa-
tients who received prehospital haloperidol or droperi-
dol, as we did not have access to medical records at
other receiving hospitals. These patients were also less
likely to have had a traumatic injury, as patients requir-
ing a trauma center were preferentially transported to
the study hospitals. Other bias in destination choice is
also possible. We only have QTc data for 29% of pa-
tients who received the medications during the study
period. The missing data and spectrum bias severely
limit the strength of our conclusion regarding QTc pro-
longation. We also were not able to confirm patient
identity in 6 patients in the haloperidol group who
were transferred to our study hospitals, and it is possi-
ble that we missed ED and in-hospital adverse events
in these patients. Of the droperidol group, 11 patients
received droperidol as an anti-emetic. These patients
were included to maximize capture of adverse events.
Our patients were not randomized, and the groups
were separated in time; it is possible that secular
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trends could have contributed to or obscured differ-
ences between the groups. Although the protocol was
for droperidol or haloperidol as a single agent, we did
not control for other potentially sedating medications
given in the prehospital setting, and this could have
confounded the results. Given the rare outcomes of in-
terest, there is a possibility of type II error. We did not
measure the frequency of extrapyramidal side effects,
and these may have occurred both during the ED visit
and after.

CONCLUSIONS

In this cohort of agitated patients treated with
haloperidol or droperidol in the prehospital setting,
there was no significant difference in QTc prolonga-
tion, adverse events, or need for repeat sedation be-
tween haloperidol and droperidol. There was a trend
toward fewer adverse events and less need for repeat
sedation in the droperidol group. Further study with
larger patient groups is needed to better define the
safest and most effective method to sedate agitated pa-
tients in the prehospital setting.
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Figure E1: Droperidol protocol.



