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Abstract: Dihydroergotamine (DHE) is an ergot alkaloid derivative of substances produced

by rye fungus. Ergotamine was first used in the field of gynecology and obstetrics, then used

for migraine treatment a few years later. DHE was developed as a derivative of ergotamine.

DHE, when compared to ergotamine, demonstrates greater alpha-adrenergic antagonist

activity, lower arterial vasoconstriction, less dopaminergic agonism, and lower emetic poten-

tial. DHE can be delivered via several routes including intravenous (IV), intramuscular (IM),

subcutaneous (SC), intranasal (IN), oral, and orally inhaled (although the latter two are not

available in the USA and the last remains experimental only). DHE can be used in an

outpatient basis in infusion centers, emergency departments, and urgent care centers, as well

as inpatient treatment for admitted patients. There are protocols for adults as well as pediatric

migraine treatment. DHE and other ergot alkaloids are considered contraindicated in preg-

nant women as they decrease uterine blood flow and increase uterine muscle contractility

predisposing to spontaneous abortion. DHE during lactation is also not recommended as it

can lead to gastrointestinal distress and weakness in infants; it can also suppress milk

production. Caution should be taken before administering DHE in patients with cardiovas-

cular risk factors. DHE is an older drug with an interesting history, yet it is still clinically

useful today for patients with migraine attacks not responsive to triptans, who have a greater

burden from migraine, and in refractory migraine.

Keywords: ergotamine, rye fungus, pregnant, lactating, cardiovascular risk factors, infusion,

inpatient, pediatric

Introduction
Migraine is an under-recognized and undertreated neurologic condition that can be

significantly costly and disabling. Migraine has been found to be the second leading

cause of disability in the United States when it comes to “impaired quality of life,

substantial lost productivity, and high economic costs”.1 Several theories behind the

etiology of migraine have been put forth over centuries, including both vascular and

neuronal, until ultimately in 2002, Goadsby, Lipton, and Ferrari described migraine

as a neurovascular condition.2 Treatments for migraine include preventive and

acute, and in one way or another, they address certain aspects of migraine patho-

physiology. With respect to acute therapy, there has been an evolution from treat-

ments that are non-specific (ie, they target aspects not unique to migraine) to the

more specific (ie, they target the unique aspects) driven by the need for more

effective and better tolerated approaches. One of the first synthesized migraine-
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specific treatments is dihydroergotamine (DHE). Here we

discuss the coming of age of DHE through its prototype,

its pharmacology, and its pharmacokinetics, and more

importantly, the special considerations – who should use

it, under what circumstances, and when to use with

caution.

History of Dihydroergotamine
Dihydroergotamine (DHE) is an ergot alkaloid borne

from the discovery of ergots, substances produced by

rye fungus and recognized to have interesting biologic

properties centuries ago. The first ergot used in modern

medicine is ergotamine, which was isolated from its ergot

predecessor in 1918.3 Ergotamine was initially used for

its uterotonic effects in the field of gynecology and

obstetrics under the name Gynergen (ergotamine tartrate)

in 1921. Ergotamine was first used for the treatment of

migraine in 1925 by Maier in Switzerland, when it was

originally postulated that migraine was caused by

increased sympathetic activity and that ergotamine

could reverse that effect based on its properties. Not

long after, Graham and Wolff showed a parallel decrease

in temporal pulsations and headache after the use of

intravenous (IV) ergotamine, inspiring the Vascular

Theory of Wolff. This theory stated that an initial cere-

bral vasoconstriction would be followed by vasodilation

and could explain symptoms of migraine such as aura

(linked to vasoconstriction) and throbbing pain (caused

by pulsating dilated arteries).3,4 Although today this the-

ory is no longer considered valid, the supposition was

that a vasoconstrictor such as an ergot could reverse the

vasodilation and thus the pain of migraine. Ergotamine

was introduced to the USA in 1934 following several

European studies demonstrating its successful use in

migraine treatment.

It was not until 1943 that DHE was first developed as

a derivative of ergotamine. DHE, when compared to ergo-

tamine, demonstrates greater alpha-adrenergic antagonist

activity, lower arterial vasoconstriction, less dopaminergic

agonism, and lower emetic potential.5

DHE was largely used and studied as an acute treat-

ment for migraine at first. It was later found that DHE,

while effective in acute treatment, required higher doses

for the same effects when compared to ergotamine.

Because of its weaker vasoconstrictive properties, later

studies supported the notion that DHE might be used as

a prophylactic treatment.2 Currently, it is used in some

countries under this indication, but not in the USA.

For years, ergotamine and DHE were the only

migraine-specific treatment options until the era of the

triptans. Now many guidelines list triptans and DHE as

first-line therapies for moderate to severe migraine attacks.

DHE has been found to be helpful with menstrual

migraine, status migrainosus, rebound headache, and

chronic daily headache.6 DHE has also been found to be

effective in triptan non-responders.7

Formulations
DHE can be delivered via several different routes includ-

ing IV, intramuscular (IM), subcutaneous (SC), intranasal

(IN), oral, and orally inhaled (although the latter two are

not available in the USA and the last remains experimental

only). Pharmacokinetics, and thus efficacy and tolerability,

vary with each route of administration.

Oral DHE was first formulated in 1943. It was not until

much later that the IV formulation (in 1987) and the IM

formulation (in 2001) of DHE were studied formally and

shown to be effective in the treatment of migraine.

An extensive literature review written by Silberstein

and Kori revealed the following when comparing each of

the different formulations: 1) DHE, in general, is more

effective than placebo but less effective than sumatrip-

tan; 2) orally inhaled DHE likewise is more effective

than placebo, though no comparative studies with suma-

triptan had been done; 3) SC sumatriptan provides more

rapid relief than DHE, but DHE results in less headache

recurrence compared to sumatriptan; 4) among parenteral

formulations of DHE (including SC, IM, IV, and IN),

efficacy is superior with injectables, though adverse

effects, including nausea, are worse with this dosing.7

IN dosing carries advantages in that it is a convenient

method of delivery with broad patient acceptability. Nasal

sprays are more accessible while in the workplace and

more acceptable to those with needle phobia; thus, non-

injectable formulations are important options for outpati-

ent management.

Pharmacology
DHE is one of the derivatives of ergot alkaloids, which

come from the fungus Claviceps purpurea that grows in

the ears of rye.8 The chemical structure of all ergot alka-

loids includes the ergoline ring.9 DHE is a semisynthetic,

hydrogenated ergot alkaloid synthesized by reducing an

unsaturated bond in ergotamine.10 This chemical modifica-

tion results in an ergot derivative with greater alpha-

adrenergic antagonist activity and reduced vasoconstrictor
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and emetic potential.10 DHE is structurally similar to

lysergic acid diethylamide (aka LSD); however, it does

not carry hallucinogenic properties.8 DHE also has struc-

tural similarities to serotonin, norepinephrine, and dopa-

mine, therefore its purported mechanism of action is by

acting on various catecholamine receptors.8

The exact mechanism of action is not known; however,

it is proposed to include inhibition of neurogenic inflam-

mation, blockade of transmission in the trigeminal nucleus

caudalis, and possibly, vasoactive effects (eg, constriction

of large capacitance arteries, closure of arteriovenous

anastomoses).10 It is believed that these effects are due

to its potent agonist activity at 5HT-1B, −1D, and −1F
receptors. The most common adverse effects seen with

DHE include nausea, vasoconstriction, and dizziness, sug-

gesting that DHE indeed acts also on dopaminergic, mus-

carinic, and adrenergic receptors.8

DHE has low oral bioavailability and is subject to sub-

stantial (greater than 90%) first-pass metabolism.9 However,

the metabolites of DHE have actions similar to those of the

parent drug, which leads to potentiation of effect.9 In addition,

oral DHE has incomplete and inconsistent drug passage across

the gastrointestinal mucosa, making it suboptimal for clinical

use.10 The absolute bioavailability of SC/IM/IV DHE is

100%, and for intranasal administration, it is approximately

40%.8 Peak plasma levels occur approximately 1 to 2 minutes

after IV administration, 24 minutes after IM administration,

and 30 to 60 minutes after intranasal administration.8,9

Parenteral administration of DHE avoids first-pass hepatic

metabolism and delivers adequate plasma concentrations of

the drug.8,10 DHE is rapidly and extensively metabolized in

the liver with only about 6–7% excreted in the urine.10 The

major route of elimination is the feces following biliary excre-

tion of unchanged drug and metabolites.10 DHE has many

metabolites, but only the ones that contain the ergoline ring

structure of ergot alkaloids are active in migraine.10 The major

metabolite is 8-OH DHE, which attains a concentration 5–7

times greater than that of DHE itself, with pharmacological

effects qualitatively similar to those of the parent compound.10

The elimination half-life of DHE is biphasic, with peaks at

approximately 0.7 to 1 hour and then 10 to 13 hours.9

Patient Selection and Clinical Use
Guidelines in the United States and France recommend

migraine-specific therapies like triptans and DHE as first-

line treatment for moderate to severe attacks.7 DHE is

considered generally beneficial in difficult to treat cases,

for example, those with menstrual migraine, rebound

headache, migraine recurrence, status migrainosus, or

chronic daily headache.7 A typical intranasal dose consists

of one spray (0.5 mg) into each nostril then repeated after

15 minutes. A typical injectable dose is 0.5 to 1 mg. It is

generally recommended to limit dosing to 3 mg per 24

hours and to 6 mg per week, though it has been established

safe and effective to give up to 3 mg per day for up to 7

days in a controlled setting.

Both triptans and DHE act on 5HT-1B and −1D recep-

tors but have different pharmacodynamics. Both can be

useful in the treatment of moderate to severe migraine

attacks, with sumatriptan providing more rapid relief and

DHE being more effective in reducing recurrence.7 Often

DHE is reserved as an option for patients whom triptans

have failed but has value also in difficult to treat headaches

and those complicated with medication overuse.7

Outpatient Infusion Centers
Raskin developed the original repetitive dose IV DHE

protocol to treat refractory migraine in 1986. This became

the foundation for inpatient and in-clinic treatments admi-

nistered over a number of days. The original protocol

called for IV DHE 0.3–1 mg every 8 hours with IV

metoclopramide 10 mg for 2–3 days.11 Raskin’s original

protocol has been studied against various other treatments

over the years, including IV meperidine and IV prometha-

zine, in which it resulted in similar efficacy yet signifi-

cantly fewer adverse effects,12 and IV ketorolac, in which

it demonstrated a greater degree of improvement. In the

outpatient infusion setting, a modification of this protocol

is typically undertaken to allow for up to 2 mg of DHE in

divided doses (and other medications as necessary) to be

delivered over several hours and repeated on consecutive

days. Continuous intravenous DHE administration in an

outpatient home-based setting is also another option for

patients.13 Charles et al conducted a prospective study to

treat patients with a daily intractable headache by admin-

istering intravenous DHE infusion at their home. They

were administered a total of 7.5 mg IV DHE over three

consecutive days under the care of a registered nurse.13

Thirty-five patients were treated, 33% became headache-

free and 64% had a reduction in their headache at the end

of 3 days.13 It is a cost-effective treatment option for

patients and avoids hospitalization for migraine treatment.

A favorable adverse event profile, high degree of effi-

cacy, and lack of need for close laboratory or telemetry

monitoring make treatment with IV DHE an attractive

option in the outpatient setting. The benefits of outpatient
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IV DHE infusion also include less time commitment, less

cost to both the patient and the healthcare system, and no

exposure to noisy, brightly lit emergency departments.

Emergency Departments and Urgent

Care Centers
Patients who do not have adequate at-home treatment

options lack access to outpatient infusion centers, or

who have intractable nausea and vomiting may present

to an emergency department (ED) or urgent care center

(UCC) for treatment. There have been few strong studies

of DHE use in the ED14 and none in the UCC setting. In

one class 3 study in the ED, patients were randomized to

DHE 1 mg SC or sumatriptan 5 mg SC. The outcome

favored sumatriptan at 1 and 2 hours though not at 3

hours, suggesting a more durable effect of DHE at abort-

ing a migraine attack. Due to the lack of rigorous stu-

dies, however, the use of IV DHE in the ED setting does

not garner a strong recommendation. Despite this, it is

used commonly in many EDs and UCCs, often as part of

a “migraine cocktail” incorporating antiemetic and anti-

inflammatory drugs. Further study is warranted to estab-

lish best practices with DHE under these circumstances.

Inpatient
Certain populations of patients benefit from inpatient

admission for the management of migraine. Among them

include patients with status migrainosus, dehydration or

intractable nausea/vomiting, dependence on opioids or

barbiturates requiring detoxification, medical disease

requiring careful observation, outpatient treatment failure,

frequent ED visits, and those requiring comprehensive

medical or psychiatric co-management.16

For patients with a longstanding history of refractory

migraine, inpatient treatment improves pain and disability

and reduces analgesic overuse.7,16 Multiple drugs can be

used in the inpatient setting along with DHE to enhance its

effects, manage other symptoms of migraine, and mitigate

adverse events. Inpatient use was first described by

Raskin, in which 55 patients with continuous headache,

most of whom were overusing acute medications, received

IV DHE at a dose between 0.3 mg and 1 mg every 8 hours

for 2 days. At the end of treatment, 89% of patients were

headache-free with most reporting lasting benefit.11

In a publication by Silberstein and colleagues, long-

term prognosis was evaluated in 50 patients admitted for

inpatient management of chronic daily headache and

medication overuse. They found that 87% of patients

who were detoxified from acute drug overuse and treated

with repetitive IV DHE continued to have an improvement

for up to 2 years.15 In their experience, IV DHE is effec-

tive in rapidly controlling intractable headache, with most

patients achieving improvement in 2 to 3 days.15 Other

studies also support the effectiveness of IV DHE in redu-

cing headache frequency and severity. This includes

a study by Nagy et al who evaluated 114 patients with

chronic migraine treated with IV DHE; 67% of patients

reported headache freedom at discharge, and 75% reported

headache freedom 1 month after treatment.17

Protocols of administrating DHE vary from center to

center. The University of California San Francisco

Headache Center administers DHE every 8 hours with an

initial dose of 0.5 mg escalated to 1 mg as tolerated. In

pediatric patients, the dose is adjusted for weight in

patients under 50 kg.18

Special considerations to take with IV DHE revolve

around its potential adverse events and contraindications.

The most common side effect is nausea. Many patients

require a concomitant antiemetic. A more recent adverse

event has become apparent with the increasing use of DHE

in the inpatient setting in patients with difficult IV access.

In a retrospective review of patients admitted to the inpa-

tient headache unit at University of California San

Francisco Headache Center, patients undergoing DHE

infusion who had a mid-line or peripherally inserted cen-

tral catheter (PICC line) had a higher risk of deep venous

thrombosis (DVT) or pulmonary embolism (PE) than

patients undergoing treatment without DHE or with only

peripheral access. Of 263 admissions for IV DHE treat-

ment given trough PICC or midline, 19 had PE, DVT, or

superficial vein thrombosis.18 Of the 10 adults with DVT

or PE, all required anticoagulation; 1 pediatric patient

needed anticoagulation. This suggests that the venocon-

strictive effect of DHE around a longer foreign surface

(PICC line or mid-line) increases the risk of thrombus

formation. Given that no thrombotic effect was associated

with peripheral IV access, the authors recommend the use

of peripheral IV lines for administrating IV DHE when-

ever possible.18

Long-term success depends not only on providing

aggressive IV treatment for migraine but also on optimiz-

ing preventive medication, addressing psychological

comorbidities and providing adequate follow-up post

hospital.15
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Considerations in Special
Populations
Pregnant or Lactating Women
As a group, ergots are associated with increased sympa-

thetic activity and vasoconstriction. Use in pregnancy has

been associated with decreased uterine blood flow and

increased uterine muscle contractility, predisposing to

spontaneous abortion. Therefore, its use in pregnancy is

not recommended,19–21 and DHE and other ergot alkaloids

are considered contraindicated in the USA.

There are no studies prospectively evaluating adverse

events and outcomes of DHE use in pregnant women. The

available data come mainly from registries and animal

studies. In a pregnancy registry done in Quebec, evaluat-

ing 53 pregnant women exposed to DHE, the use of DHE

in pregnancy was associated with a fourfold increase risk

of prematurity. In one animal study, DHE did not demon-

strate teratogenic effects,19 but in another, a dose of

617 mg/kg produced 50% embryonic mortality in rats,

and with lower doses, congenital malformations were

observed including cleft palate, bilateral limb defects,

and lens opacity.20

The use of DHE during lactation also is not recom-

mended. Under Hale’s lactation risk, it is classified as L4

(potentially hazardous) due to reported cases of gastroin-

testinal distress and weakness in infants. In addition, it can

suppress milk production.21

Pediatric Use
Despite its utility, relatively little has been written about DHE

in this population, and therefore, its use has been limited

mostly to specialists in pediatric migraine who are familiar

with its effects. Intranasal DHE has been used successfully in

children and adolescents who do not respond to intranasal

triptans.22 IV DHE has been shown to be effective in status

migrainosus in children and adolescents.23–25 There are two

inpatient dosing schedules for pediatric patients described in

the literature, based on weight, age, and tolerability. A lower

dose protocol calls for 0.1–0.2 mg/dose (based on age) along

with a neuroleptic (eg, metoclopramide) administered every 6

hours for a maximum of 16 doses or until headache freedom is

achieved.22 A higher dose protocol (for patients with inade-

quate response to lower doses, or who are deemed unlikely to

respond to a lower dose but likely to tolerate a higher dose)

utilizes 0.5–1mg/dose (based on age andweight) administered

with a neuroleptic (eg, prochlorperazine) every 8 hours for

a maximum of 20 doses.22 Two retrospective studies of these

dosing regimens revealed that 74–80% of patients have an

excellent response.26

Patients with Cardiovascular Risk Factors
Given the potential for vasoconstriction, caution should be

exercised in all patients. DHE, in contrast to ergotamine and

triptans, has a less vasoconstrictive effect on peripheral arteries

and a more pronounced effect on the veins. Hence, IV DHE

was used at one time with heparin, even in elderly patients, for

the prophylactic treatment of postoperative thrombophlebitis7

and in orthostatic hypotension.27 Still, use in patients who

already have a predisposition for vasoconstriction, active or

unstable vascular disease, or high vascular risk burden is

contraindicated. It is also worth noting that the vasoconstric-

tive effects of DHE are more prominent in the meningeal

arteries than coronary arteries.28 Baseline EKG is often recom-

mended prior to inpatient IV DHE administration, and a more

complete vascular risk assessment is often undertaken in the

predisposed based on comorbidities or age.

A common side effect of IV DHE is chest pain. In

a retrospective review in the Children’s Hospital of

Philadelphia, 24% of patients admitted for IV DHE developed

chest pain. Among them, 20% had EKG abnormalities, but

none were deemed clinically significant, and no elevations in

cardiac enzymes were seen. Most of the time therapy could be

restarted safely and effectively, however precautions are still

warranted when patients complain of chest pain, regardless of

their risk profile, and evaluation with EKG and cardiac

enzymes should be undertaken when chest pain occurs.29

Summary
DHE is an older drug with an interesting history, yet it is still

clinically useful today for patients with migraine attacks not

responsive to triptans, who have a greater burden from

migraine, and in refractory migraine. Currently, it is adminis-

tered as a liquid nasal spray or by injection, though oral

formulations have been used historically, and an intranasal

powder is in development. DHE can be used at home, in the

clinic, and in the hospital with good results in select patients.

All providers who care for patients with migraine should be

familiar with its properties and precautions.
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