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, Abstract—Background: Patients with acute and chronic
pain syndromes such as migraine headache, fibromyalgia,
and sickle cell disease represent a significant portion of emergency department (ED) visits. Certain patients may have tolerance to opioid analgesics and often require large doses and
prolonged time in the ED to achieve satisfactory pain mitigation. Droperidol is a unique drug that has been successfully
used not only as an analgesic adjuvant for the past 30 years,
but also for treatment of nausea/vomiting, psychosis, agitation, sedation, and vertigo. Objectives: In this review, we
examine the evidence supporting the use of droperidol for
analgesia, adverse side effects, and controversial United
States (US) Food and Drug Administration (FDA) black
box warning. Discussion: Droperidol has myriad pharmacologic properties that may explain its efficacy as an analgesic,
including: dopamine D2 antagonist, dose-dependent GABA
agonist/antagonist, a2 adrenoreceptor agonist, serotonin
antagonist, histamine antagonist, muscarinic and nicotinic
cholinergic antagonist, anticholinesterase activity, sodium
channel blockade similar to lidocaine, and m opiate receptor
potentiation. Conclusion: Droperidol is an important
adjuvant for patients who are tolerant to opioid analgesics.
The FDA black box warning does not apply to doses below
2.5 mg. ! 2011 Elsevier Inc.

at emergency departments (EDs) (1–3). A subset of
these patients have opioid tolerance from prolonged use
of prescription and non-prescription opioid analgesics,
or have genetic polymorphism (4,5). They may require
multiple and large doses of opioids with extended
periods of time in the ED to achieve acceptable
analgesia. This results in need for close monitoring for
respiratory depression, which in turn may lead to
worsening crowding as ED beds become occupied for
lengthy periods and nursing resources are stretched
(6,7). Chronic pain patients may insist on specific opioid
analgesic regimens, often via an intravenous (i.v.) or
intramuscular (i.m.) route. This often places clinicians
in a difficult position if they do not acquiesce (8). Furthermore, it may be difficult to distinguish between patients
who have bona fide exacerbation of chronic pain and
malingerers (9). This problem also extends to patients
addicted to non-prescribed opioid analgesics and illicit
drugs such as heroin (10). Emergency physicians strive
to mitigate their patients’ pain as quickly, safely, and
ethically as possible. Use of large doses of opioid analgesics in patients who are tolerant or may be malingering
should be avoided whenever possible (11). Furthermore,
parenteral opioid use in a subset of chronic pain patients
may enhance pain sensitivity (12). The use of alternative
medications, if indicated, should be considered in this
subgroup. Implementation of a non-opioid protocol at
one university ED effectively reduced the number of visits
by this patient population and enabled some to be weaned
off opioid analgesics entirely (13). One of the alternative
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drugs used in the aforementioned study, droperidol (Inapsine"; Akorn Inc., Lake Forest, IL), has several unique
pharmacologic properties and shall be discussed further as
a potential adjuvant in this clinical setting.
DISCUSSION
Pathophysiology and Pharmacology
The process of nociception is complex and involves
distinct nerve pathways from the periphery to the central
nervous system (CNS), as well as neurotransmitters,
receptors, inflammatory modulating substances, and
genetic factors (14–18). Pain is essential for human
survival, but chronic or sustained pain has been shown
to result in alteration of gene expression within the
CNS, development of dysphoria, and diminished quality
of life (14). Dopamine in the CNS has an important
role in pain modulation (15–17). Furthermore, chronic
opioid use and pain syndromes such as fibromyalgia and
migraine headache have been shown in both animal and
human studies to result in significant alteration in CNS
dopamine receptor regulation, gene expression, and
binding properties (18–24).
Droperidol is a high-potency, rapid-acting butyrophenone, similar to haloperidol, that has been used worldwide
since its discovery in 1961, and in the United States since
approval by the Food and Drug Administration (FDA) in
1970 (25). Droperidol has several pharmacologic properties that may account for its protean clinical applications,
such as for treatment of emesis, vertigo, psychosis,
agitation, anxiety, and analgesia (26). Droperidol is
primarily an antagonist of dopamine D2 receptors in the
CNS, specifically the subcortical, midbrain, and brainstem reticular formation. It is also an a2 agonist, which
may account for some of the observed analgesic effects
(25–28). Droperidol is an antagonist of CNS histamine
and serotonin receptors (25–28). The antihistaminic
property of droperidol may enhance its sedating effect
(29). Droperidol has also been shown to block vasoconstriction by several vasoactive agents (30). Droperidol
has been shown to have anticholinesterase activity as
well as mild antagonism of muscarinic acetylcholine
receptors (31,32). This may explain its amnestic and
behavioral modification effects.
CNS dopaminergic systems act as negative modulators
of opiate analgesia, whereas serotonergic and cholinergic
systems act positively (14,33). In one study, dopaminergic
receptor stimulation, inhibition of serotonin synthesis,
and blockade of muscarinic receptors led to inhibition
of morphine analgesia (33). Conversely, dopaminergic
receptor antagonism or increase in serotonergic or cholinergic activity resulted in the enhancement of morphine
analgesia in the same study. Another potential explanation

for its observed analgesic potentiation is that droperidol
inhibits CNS neuronal nicotinic acetylcholine receptors,
which have been implicated in the mechanism of action
of all intravenous and gaseous general anesthetics
(34,35). Droperidol also has affinity for g-aminobutyric
acid type A (GABA-A) receptors, which seems to be
dose-dependent. Low-dose droperidol causes antagonism, and higher doses result in agonism (35). This
GABA-A effect may explain why certain patients achieve
a calm, indifferent state and others experience dysphoria
and anxiety after receiving droperidol. However, unlike
benzodiazepines, droperidol does not cause respiratory
depression.
Another mechanism of analgesia is attenuation of pain
at the level of the spinal cord. Droperidol has structural
similarities to lidocaine and a reversible local anesthetic
effect (36). Both drugs are comprised of a lipophilic ring
system on one end of the molecule connected by an aliphatic chain with a tertiary amine on the other end
(Figure 1). The intermediate aliphatic chain contains an ester bond in droperidol and an amide bond in lidocaine. Dorsal horn neurons located in the spinal cord process and
transmit nociceptive information (14). Olschewski and
colleagues demonstrated that droperidol suppresses
voltage-gated sodium conductance in spinal dorsal
horn neurons, with fast sodium channels twice as sensitive
to droperidol as slow channels (37). This effect differs
from local anesthetics and tetrodotoxin, which equipotently suppress fast and slow sodium current. This same research group reported that droperidol also blocks the
delayed rectifier potassium channel of spinal sensory
neurons, which further enhances its anesthetic effect
(38). Before these studies, Radke and associates demonstrated that droperidol does not block sodium channels in
the CNS (39).
Droperidol may directly modulate CNS opiate receptors. It was first reported in 1979 that droperidol potentiated the effects of leucine-enkephalin, an endogenous
opioid (40). Vargas and colleagues demonstrated in two
studies that droperidol and haloperidol resulted in release
of endorphins in an animal model (41,42). Zhu and
co-workers have studied the effect of droperidol on CNS
m (mu) opiate receptors, monoamine content, and preproenkephalin mRNA expression in an animal model.
This research group reported that m receptor binding and
availability during electroacupuncture was further
enhanced by droperidol administration, while confirming
its dopaminergic and serotoninergic effects (43,44).
Possible explanations for the effect observed for m and
perhaps other opioid receptors is that droperidol results
in increased expression or decreased degradation of
opiate receptor mRNA (45). Dopamine has an inhibitory
effect on the enkephalinergic system, and droperidol
antagonism may diminish this inhibition. A summary of
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Table 1. Droperidol Analgesia: Putative Mechanisms of
Action within the CNS
Dopamine D2 antagonist
GABA agonist/antagonist (dose-dependent)
a2 adrenoreceptor agonist
Serotonin antagonist
Histamine antagonist
Muscarinic and nicotinic cholinergic antagonist
Anticholinesterase activity
Sodium channel blockade, local anesthetic effect
m (mu) opiate receptor potentiation

Figure 1. Chemical structure of droperidol and lidocaine.

the putative pharmacologic effects of droperidol to
explain its analgesic properties is shown in Table 1, and
potential targets in the CNS in Figure 2.
Clinical Evidence
Admiraal and associates first described the successful use
of droperidol for chronic pain patients in 1971 (46,47).
There are several human studies that have specifically
addressed the analgesic effect of droperidol in the ED
for treatment of headache. Wang and colleagues first
studied the use of i.v. droperidol for this indication and
achieved a success rate of 88% of 25 patients with
status migrainosus and 100% of those with refractory
migraine (48). Miner et al. conducted a prospective,
single-blind comparison of i.m. or i.v. droperidol and prochlorperazine in the treatment of benign headaches and
reported that 61% of the 82 study participants receiving
droperidol and 44% of the 86 receiving prochlorperazine
achieved significant pain relief at 30 min (49). Another
prospective study of both drugs had similar results (50).
Richman and colleagues reported symptomatic relief in
81% of patients with migraine headache after receiving
droperidol (51). This same research group then conducted
a prospective comparison between droperidol and meperidine and reported similar outcomes between the two
drugs (52). Silberstein et al. demonstrated that droperidol
was effective for migraine headache treatment when
compared to placebo (53). Most recently, Hill and associates compared droperidol to the second-generation neuroleptic olanzapine and found both had similar analgesic
properties (54). Droperidol has also been reported effective for termination of organic, non-migraine headache.
Mendizabal described 2 patients with resolution of severe
headache after receiving droperidol in the ED who were
later diagnosed with meningitis and a brain tumor (55).
Anesthesiologists have used droperidol extensively for
postoperative nausea and vomiting since its advent and

have reported its unique analgesic properties in many
communications. The concept of neuroleptanalgesia
was described four decades ago with the combination
of droperidol with fentanyl (Innovar", Janssen Pharmaceuticals, New Brunswick NJ) for procedural sedation
(56). The addition of droperidol enabled clinicians to
reduce the amount of fentanyl given and the risk of
respiratory depression, while enhancing amnesia. This
opioid-sparing effect has been described with droperidol
use in patient-controlled analgesia (PCA). Sharma and
Davies reported improved analgesia and patient satisfaction with combination morphine and droperidol vs. morphine alone in a prospective study of post-hysterectomy
PCA patients (57). This outcome in post-hysterectomy
patients was also reported by Lo and co-workers (58).
Freedman and associates had similar results in PCA
patients after orthopedic surgery (59). Yamamoto et al.
described decreased morphine use and improved analgesia in patients who underwent rotator cuff repair and
received droperidol preoperatively vs. postoperatively
(60). Dresner and colleagues compared the addition of
droperidol vs. ondansetron to morphine PCA and
reported that the ondansetron subgroup utilized more
morphine and was a more expensive regimen overall (61).
The use of droperidol in epidural anesthesia is
well-documented. Bach and associates first described enhanced analgesia with epidural droperidol in chronic pain
patients who had developed tolerance to epidural opioids
(62). Epidural droperidol has also been shown to enhance
analgesia for postoperative pain (63,64). Naji and coworkers reported improved analgesia and decreased
morphine usage in patients who underwent hip replacement surgery (65). This same research group later compared the addition of droperidol to epidural sufentanil
in patients who underwent hip and knee arthroplasty
and found that droperidol enhanced analgesia and
reduced the side effects of nausea, emesis, and pruritis
(66). This added benefit of droperidol was also reported
by Kotake et al. in their postoperative comparison of
epidural fentanyl with droperidol or butorphanol (67).
The authors described improved analgesia and less nausea and vomiting in the subgroup receiving droperidol.
Similar outcomes were reported by Ben-David and
colleagues in their comparison of epidural fentanyl with
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Figure 2. Droperidol modulation of spinal cord pain transmission. Dorsal horn projection neuron receptors: Serotonin (5HT3-R),
endorphins (m k d), alpha 2 adrenoreceptor (a2), vasopressin inhibitory protein (VIP-R), somatostatin (S-R), substance P (NK1/2/3),
calcitonin G-related peptide (CGRP-R), g-aminobutyric acid (GABA-A/B), alpha-amino-3-hydroxy-5-methyl-4-isoxazole proprionic acid (AMPA), N-methyl-d-aspartate (NMDA). Cholecystokinin receptors (CCK-R) are located on the primary afferent neuron terminal. Other neurotransmitters include nitric oxide (NO) and norepinephrine (NE). Droperidol may also have a local
anesthetic effect similar to lidocaine within the spinal cord. (+) = agonist; (!) = antagonist; (+/!) = mixed effect.

droperidol or nalbuphine (68). The addition of droperidol
to epidural tramadol, a non-opioid analgesic with m receptor agonism and noradrenergic and serotoninergic effects, also has been shown in two prospective,
randomized studies to enhance its analgesic properties
(69,70). Finally, the combination fentanyl and
droperidol has been used for patients with acute
myocardial infarction to mitigate pain and anxiety
(71,72). To date, no further studies with droperidol have
been performed in patients with coronary heart disease.
Clinical Use
For patients with acute exacerbation of chronic pain
syndromes or who are tolerant of opioid analgesics,
droperidol may be used either i.v. or i.m. (73). Typical
starting dosage ranges from 0.625 to 2.5 mg for this indication; higher doses are reserved for patients with acute agitation or psychosis (74,75). This dosage range has also
been shown to be effective for nausea, vomiting, vertigo,
and light sedation (76–80). Droperidol administration
may be repeated, but this is usually not necessary.
Onset of action is biphasic, with initial effect observed
3–10 min after i.v. and i.m. administration and peak

response at 30 min (81). Elimination half-life in adults is
134 6 13 min and may be increased in geriatric patients.
In children, it is 101.5 6 26.4 min. There is extensive
protein binding after administration. Droperidol crosses
the blood-brain barrier and is distributed into cerebrospinal
fluid. There is slow transfer of the drug across the placenta,
and no fetal harm has been reported with use of droperidol
in pregnancy (category C). Metabolism is hepatic with inactive metabolites excreted via urine and feces. In 1970
the FDA approved droperidol for nausea, vomiting, anxiety, and sedation. Droperidol is currently FDA-approved
for only nausea and vomiting; all other uses are considered
‘‘off-label,’’ including doses < 2.5 mg.
Adverse Effects
Akathisia and dystonia are adverse effects associated with
neuroleptics and many antiemetics. It is the most common
adverse effect with droperidol, and symptoms can range
from mild to severe (82–85). Akathisia is believed to be
precipitated by CNS imbalance of dopaminergic
inhibition of cholinergic pathways, but serotoninergic
and endogenous opioid systems may also be involved
(86). Akathisia is rarely encountered in acutely agitated
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or psychotic patients treated with dopamine antagonists, as
there is excess CNS dopamine that cannot be overcome at
normal dosage range. Treatment with anticholinergics
such as benztropine or diphenhydramine is usually effective at terminating akathisia. More severe akathisia and
dystonia may also require beta-blockers and benzodiazepines (86). Sedation is another adverse effect of droperidol
and is likely a result of its aforementioned anticholinergic
and mixed GABAergic properties (87). This may actually
be advantageous when droperidol is used for procedural
sedation or agitation. Patients receiving droperidol should
be warned against driving or operating heavy machinery
for 24 h (88).
Pretreatment with diphenhydramine 25–50 mg i.v. or
i.m. to preclude akathisia in patients with prior history
of dystonia to antiemetics may be prudent. To date, no
studies have been published regarding this issue for
droperidol, but several exist for other related drugs.
Vinson and Drotts reported a 22% reduction in the
incidence of akathisia with diphenhydramine pretreatment for patients receiving i.v. prochlorperazine (89).
Friedman et al. concluded that pretreatment with
diphenhydramine reduced akathisia in patients receiving
higher-than-normal doses of metoclopramide (90). Slow
infusion of prochlorperazine does not seem to affect
development of akathisia (91,92).
Droperidol is one of many commonly used drugs that
prolong the QT interval (93,94). In 2001 the FDA placed
a black box warning on the use of droperidol for
doses > 2.5 mg (95). This warning has caused considerable controversy among anesthesiologists and emergency
physicians, as many believe it is unwarranted; however,
a majority of clinicians have decided to discontinue using
droperidol for any indication as a result of the warning
(95). A screening electrocardiogram to measure the QT
interval before administration of droperidol is recommended but not required for doses # 2.5 mg. In 2003 the FDA
Anesthetic & Life Support Drugs Advisory Committee
stated, ‘‘The boxed warning really is not about doses of
droperidol less than 2.5 mg because the use of droperidol
at doses less than 2.5 mg is off-label. We don’t have data
submitted to the agency to make a determination of safety
and efficacy at less than 2.5 mg, and we really are not
making any statement about the safety or lack of safety
of droperidol at those doses.’’ (96). Despite this warning,
droperidol has an excellent safety profile (97–101). In
2000, just before the black box warning, approximately
25 million unit doses of generic droperidol were sold
worldwide (77). Only 10 adverse cardiac events were
reported to the FDA for patients receiving 1.25 mg of
droperidol or less, and all had confounding factors making it impossible to determine causation (97). In a large
retrospective study, Nuttall and associates reviewed
16,791 patients exposed to low-dose droperidol, and
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none experienced torsade de pointes or other dysrhythmia
due to QT interval prolongation (102).
CONCLUSION
Patients with acute and chronic pain who are tolerant to
opioid analgesics may respond to droperidol in a range
of 0.625–2.5 mg i.v. or i.m. Pretreatment with diphenhydramine may mitigate or prevent akathisia. Screening for
QT interval prolongation before administration of droperidol, and cardiac monitoring for 2 to 3 h thereafter is
prudent but not essential, according to current FDA
doctrine. The FDA black box warning does not apply to
doses below 2.5 mg. Patients should be warned about
sedation and instructed not to drive or operate heavy
machinery for 24 h. We believe this regimen represents
a progressive, alternative approach to treating patients
who fail to respond to opioid analgesics in large and
frequent doses while avoiding complications such as
respiratory depression, prolonged time in the ED, or
propagating addictive behavior.

REFERENCES
1. Hansen GR. Management of chronic pain in the acute care setting.
Emerg Med Clin North Am 2005;12:307–38.
2. Mandelberg JH, Kuhn RE, Kohn MA. Epidemiologic analysis of
an urban, public emergency department’s frequent users. Acad
Emerg Med 2000;7:637–46.
3. Chan BTB, Owens HJ. Chronic migraineurs: an important
subgroup of patients who visit emergency departments frequently.
Ann Emerg Med 2004;43:238–42.
4. Nagashima M, Katoh R, Sato Y, Tagami M, Kasai S, Ikeda K. Is
there genetic polymorphism evidence for individual human sensitivity to opiates? Curr Pain Headache Rep 2007;11:115–23.
5. Somogyi AA, Barratt DT, Coller JK. Pharmacogenetics of opioids.
Clin Pharmacol Ther 2007;81:429–44.
6. Pattinson KT, Governo RJ, MacIntosh BJ, et al. Opioids depress
cortical centers responsible for the volitional control of respiration.
J Neurosci 2009;29:8177–86.
7. Derlet RW, Richards JR. Overcrowding in the nation’s emergency
departments: complex causes and disturbing effects. Ann Emerg
Med 2000;35:63–8.
8. Hansen GR. The drug-seeking patient in the emergency room.
Emerg Med Clin North Am 2005;23:349–65.
9. Merrill JO, Rhodes LA, Deyo RA, Marlatt GA, Bradley KA.
Mutual mistrust in the medical care of drug users: the keys to
the ‘‘narc’’ cabinet. J Gen Intern Med 2002;17:327–33.
10. Wilsey BL, Fishman SM, Ogden C. Prescription opioid abuse in
the emergency department. J Law Med Ethics 2005;33:770–82.
11. Collins ED, Streltzer J. Should opioid analgesics be used in the
management of chronic pain in opiate addicts? Am J Addict
2003;12:93–100.
12. Banllantyne JC, Mao J. Opioid therapy for chronic pain. N Engl
J Med 2003;349:1943–53.
13. Svenson JE, Meyer TD. Effectiveness of nonnarcotic protocol for
the treatment of acute exacerbations of chronic nonmalignant pain.
Am J Emerg Med 2007;25:445–9.
14. Hunt SP, Mantyh PW. The molecular dynamics of pain control.
Nat Rev Neurosci 2001;2:83–91.
15. Wood PB. Role of central dopamine in pain and analgesia. Expert
Rev Neurother 2008;8:781–97.

394
16. Magnusson JE, Fisher K. The involvement of dopamine in
nociception: the role of D1 and D2 receptors in the dorsolateral
striatum. Brain Res 2000;855:260–6.
17. Hagelberg N, Martikainen IK, Mansikka H, et al. Dopamine D2
receptor binding in the human brain is associated with the response
to painful stimulation and pain modulatory capacity. Pain 2002;99:
273–9.
18. Przewlocki R. Opioid abuse and brain gene expression. Eur J Pharmacol 2004;500:331–49.
19. Elwan MA, Soliman MR. Alteration of D1 and D2 dopaminergic
receptor kinetics in specific rat brain regions following repeated
administration of opiates. Pharmacology 1995;51:73–83.
20. Zhang Y, Xu MY, Su J. Differential effects of dopamine on painrelated electric activities in normal rats and morphinistic rats. Neurosci Bull 2007;23:185–8.
21. Zhang Y, Yang C, Xu X, et al. Morphine dependence changes the
role of droperidol on pain-related electric activities in caudate nucleus. Biochem Biophys Res Commun 2008;372:179–85.
22. Wood PB, Schweinhardt P, Jaeger E, et al. Fibromyalgia patients
show an abnormal dopamine response to pain. Eur J Neurosci
2007;25:3576–82.
23. Wood PB, Glabus MF, Simpson R, Patterson JC 2nd. Changes in
gray matter density in fibromyalgia: correlation with dopamine
metabolism. J Pain 2009;10:609–18.
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ARTICLE SUMMARY
1. Why is this topic important?
Patients who are tolerant to opioid analgesics are difficult to treat in the emergency department (ED) and may
require large, escalating doses of opioids to achieve satisfactory pain control. Droperidol represents an alternative
to opioid analgesics for this subset of patients.
2. What does this review attempt to show?
This is an extensive review of the unique pharmacologic properties of droperidol and its clinical use as an
analgesic.
3. What are the key findings?
Droperidol has many properties that may explain its analgesic effect, and it has been shown in several clinical
studies to have efficacy as an adjuvant to opioid analgesics.
4. How is patient care impacted?
Opioid-tolerant patients may achieve significant analgesia with droperidol in lieu of escalating doses of opioids. This may lead to shorter length of stay in the ED
and fewer complications such as respiratory depression.

