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I Abstract
Nowadays, dihydroergotamine (DHE) is sporadically used as a vasoconstrictor in the treatment of acute migraine. The
importance of this drug in medicine has significantly decreased in the recent years. Limitations on the use of dihydroergotamine
are due to the high toxicity and increased the risk of severe adverse events after prolonged theraphy. The Committee for
Medicinal Products for Human Use of the European Medicines Agency recommends limiting the use of drugs that contain
ergotamine derivatives due to the potential risk of ischemic vascular events, fibrosis and ergotism. However, ergot alcaloids
preparations are not recommended for use in the prophylaxis of migraine pain, although it is still a good alternative for
people with status migrainosus, migraine recurrence or chronic daily headache that do not respond to the classical theraphy.
In clinical practice, DHE can be used as a rescue medication to treat migraine attacks involving aura or without aura, as well
as for the acute treatment of cluster headache episodes. The effectiveness of DHE in alleviating migraine headache was
assessed in multiple clinical studies. This review describes the pharmacodynamic and pharmacokinetic properties of DHE
in an expanded view and its role in modern therapy based on available clinical trials. Most clinical data confirm that the
drugis still an important element of contemporary migraine therapy, especially in cases when conventional medicine fails.
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INTRODUCTION

Migraine is estimated to affect 18% of women and 6% of men,
causing their quality of life to deteriorate and generating
considerable costs for the healthcare system. Vasodilation
of the extracranial blood vessels is considered to play a key
role in the pathophysiology of migraine headaches. For some
people with migraine who do not respond to the classical
analgesics, therapy with dihydroergotamine (DHE) is a good
alternative, particularly for people with status migrainosus,
migraine recurrence, chronic daily headache, or those who
suffer from medication-overuse headache (MOH). DHE can
be used to treat migraine attacks involving aura or without
aura, as well as for the acute treatment of cluster headache
episodes [1, 2, 3].

Dihydroegrgotamine (DHE) pharmocodynamics. DHE is
occasionally used as a rescue medication for acute migraine
headache and as first-line therapy in the treatment of drug-
resistant migraine headaches. The therapeutic effect of DHE
comprises vasoconstriction of the carotid artery beds via
modulation of the serotonergic system. This mechanism is
based mostly on the drugbonding with 5-HT, | and 5-HT ¢
serotonin receptors, as well as with 5-HT,,, 5-HT,,, 5-HT ,
5-HT,. 5-HT , 5-HT ,and5-HT, serotonin receptors [4, 5,
6, 7, 8]. As an agonist, DHE stimulates serotonin receptors
located in the intracranial blood vessels, including those on
arterio-venous anastomoses, leading to vasoconstriction.
Simultaneously, activation of these receptors on sensory
nerve endings of the trigeminal system inhibits the release
of pro-inflammatory neuropeptides, such as calcitonin
gene-related peptide (CGRP), which plays a key role in the
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development of migraine pain. Furthermore, the drug has
a strong affinity for other types of receptors, e.g. adrenergic
(o, 0y Oy, 00, 0 ) and dopaminergic (D,, D, D).

Studies indicate that DHE also limits ATP-mediated
sensitization of trigeminal ganglion neurons and inhibits the
expression of P2X3 membrane receptor, which is important
for peripheral pain responses and plays a significant role
in migraine pathology [9]. Additionally, DHE decreases
activation of the trigeminal nucleus caudalis by inhibiting
the release of prostaglandins from glia [10, 11].

In the past, DHE was also recommended for treating
dementia, including Alzheimer’s disease, because it inhibits
binding of amyloid-p oligomers on ephrin type-B receptor
2, but this type of treatment is currently less practiced [12].

Pharmacokinetics of DHE. The pharmacokinetic parameters
characteristic of DHE can vary depending on the route of
administration (Tab. 1). According to Silberstein and Kori [13],
who presented an overview of the pharmacokinetic properties
of various DHE formulations, the peak concentration occurs
6 minutes after intravenous administration, 34 minutes after
intramuscular administration, 56 minutes after intranasal
administration, and 12 minutes after oral inhalation, whereas
after oral administration it occurs after 75 minutes. Due
to the high first-pass effect, the bioavailability of the drug
after oral administration is low (~1%, total bioavailability of
DHE and its active metabolites does not exceed 6-8%); thus,
the preferred routes of administration are intravenous and
intramuscular (bioavailability close to 100%). DHE can also
be used subcutaneously, intramuscular, intranasally or via
oral inhalation [14, 15, 16, 17, 18]. Oral inhalation of DHE
(MAP0004) allows therapeutic concentrations to be achieved
in a short time (~10 minutes) and causes fewer adverse
effects than intravenous administration due to the selective
influence of the drug, when thus administered, on 5-HT ,
and 5-HT  receptors [19, 20]. DHE intended for intranasal
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administration is also well tolerated by patients, and such
drug administration is convenient and non-invasive.

The drug binds well to serum proteins (93%) and the
volume of distribution in adult patients is 800 L [21]. The
most important enzyme for hepatic metabolism of DHE
is CYP3A4. The main DHE metabolite is 8hydroxy-
dihydroergotamine (8 OH-DHE), which also has vasodilatory
properties. Other active metabolites include 8,10-dihydroxy-
dihydroergotamine (8'10°0H-DHE) and dihydrolysergic acid
amide (DH-LSA) [4, 22].

DHE is eliminated by the liver in the bile and excreted in
faeces (clearance 1.5 L/min). Only 6-7% of DHE is excreted
unchanged in the urine. The T, , for the drugis 10-13 h [23].
In addition, the drug slowly dissociates from bonds with the
receptor which causes a longer pharmacological effect than
the concentration of the drug in blood plasma would suggest.
The prolonged effect on blood vessels is also related to active
metabolites, which have vasodilatory properties similar to
the original compound.

DIHYDROERGOTAMINE IN THE TREATMENRT OF
MIGRAINE. The use of DHE is sometimes recommended for
the treatment of acute migraine pain in the case of resistance
to other drugs. Studies have shown that DHE is effective in
the case of menstrual migraines, migraines with cutaneous
allodynia, migraine recurrence, status migrainosus, and
headaches caused by using other drugs. DHE should be
given to patients in emergency situations, preferably for a
short period of time. Currently, DHE preparations are not
recommended for use in the prophylaxis of migraine pain,
as prolonged use of the drug significantly increases the risk
of severe adverse events. The current recommended route of
DHE administration is intravenous, whereas subcutaneous,
intramuscular, and intranasal administration are less often
chosen (Tab. 2-5). Oral administration of the drug is not
currently advisable.

The effectiveness of DHE in alleviating migraine headache
was assessed in multiple clinical studies, but only some of
them concerned classical, oral administration of the drug
(Tab. 3). Studies indicate that, regarding such administration,
the therapeutic effect is negligible. In a double-blind, placebo-
controlled PROMISE study, which lasted for 5 months and
included 363 patients suffering from migraines, no significant
advantage was noted with the use of modified-release
DHE capsules over placebo in the prevention of migraine
headaches [24]. Himaildinen et al. [25] made observations
regarding children with migraine and concurred that the
effect of using DHE per os (20 or 40 pg/kg) is comparable
to using placebo.

Currently, due to low bioavailability, oral administration
of DHE is not justifiable, but intravenous administration can
have a potentially good effect [26]. The potential advantages
of intravenous administration of DHE to patients with
migraine headaches have been subject to multiple analyses
and clinical studies (Tab. 2). Studies suggest that both
continuous infusions and multiple DHE injections are
equally effective and have a similar safety profile for persons
with migraine [27]. Intravenous administration of DHE also
alleviates episodic cluster headache and is effective in the
case of recurrent headaches [28, 29, 30]. Becker et al. [31]
described the efficacy of DHE administered intravenously to
patients in a home environment over the course of 21 weeks
of observations. Among the 51 patients participating in the

study, 35% had a very good response and 18% a good response
to the treatment. However, 35% of the patients stopped using
DHE due to cumbersome adverse effects [31].

One possibility for migraine therapy is using orally inhaled
DHE, which is better tolerated by the patients. Good efficacy
was noted regarding both acute migraine symptoms (e.g.,
pain, phonophobia, and photophobia) and allodynia (Tab.
3). However, there is no scientific basis on which to claim
that orally inhaled DHE demonstrates the same efficacy as
intravenously administered DHE. Studies show that C_
is much lower with oral inhalation than with intravenous
administration. At the same time, the vasodilatory effect is
diminished and binding of 5-HT, receptors limited, which
minimizes fibrotic complications. Other adverse effects, such
as nausea, also occur less often. Yet, there are no discernible
effects on asthma and pulmonary arterial systemic pressure.
Taking into account all of these factors, one can maintain that
this route of administration is useful in specific situations,
such as morning migraine, migraine with quick time to onset,
prolonged migraine, status migrainous, and menstrually
related migraine [32].

According to FDA recommendations, a contraindication
for triptans and DHE is basilar and haemiplegic migraine
due to the potential risk of ischemic vascular events. For
this reason, patients with this type of migraine were not
included in the clinical studies designed to assess the efficacy
of intravenously administered DHE. However, in 2016, the
results of a study evaluating the efficacy and safety of abortive
treatment was published concerning this group of patients
[33]. The study included 67 patients with basilar migraine and
13 patients with haemiplegic migraine. The risk of occurrence
of severe adverse effects, such as stroke and myocardial
infarction, did not increase with the use of DHE. However,
this study included only a small group of patients.

The effectiveness of classical migraine therapy in children
requires a separate analysis. This group of patients in general
reacts differently to commonly used anti-migraine therapy.
A meta-analysis published in 2013 showed that paediatric
patients’ reactions to conventional treatment are weaker.
With regard to children, migraine prophylaxis with classical
drugs, such as trazodone and topiramate, is rather ineffective,
whereas the effectiveness of other antimigraine medications
(e.g., clonidine, flunarizine, pizotifen, propranolol, valproate)
is comparable to placebo [34]. In a retrospective overview
of 31 randomized controlled clinical studies, the most
effective and safest medications for the acute treatment of
migraine and headaches of different origin in the paediatric
population were ibuprofen, prochlorperazine, and triptans.
Similar conclusions can be drawn from a meta-analysis of
139 clinical studies concerning acute treatment of paediatric
migraine that also included studies involving DHE. The
studies demonstrated that only ibuprofen and sumatriptan
showed efficacy higher than placebo [35].

Other results were obtained by Kabbouche et al. [29]. On
the basis of a retrospective study involving the analysis of data
from the hospital information sheets of 32 young patients
(average age 14.52+1.91 years), he showed that the efficacy of
DHE (0.5 or 1 mg, intravenous) is quite high when it comes
to status migrainosus in the pediatric population.

Similarly, a retrospective overview of hospital treatment in
a group of children in 2001-2010 showed that, despite high
effectiveness in stopping migraine attacks, intravenously
administered DHE provides only short-term improvement
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Table 1. Pharmacokinetics of DHE (1mg)'>"”

Drug administration Bioavailability (%) Mean AUC MeanT__ (min) Mean C__ (pg/mL) T,H)

Intravenous 100 610 6 45.29 11.8
(n=16) AUC (0-infinity, pg'h/mL)

Intramuscular 100 316 34 1.9 NR
(n=9) AUC (0-8 h, ngmin/mL

Intranasal (n=18) 40 53 56 1.02 8

AUC (0-infinity, ng-h/mL)

Orally inhaled NR 175 12 1,145 10.7
(n=6) AUC (0-infinity, pg'h/mL)

Oral 1 98 75 400 NR
(n=9) AUC (0-8 h, ng'min/mL)

AUC - Area Under the Curve; T, ~ time to reach maximum plasma concentration; C__ —maximum plasma drug concentration; NR - not reported

Table 2. Summary of clinical data on therapeutic efficacy of intravenous dihydroergotamine in the treatment of headaches

Author/ Study Dosage Patients Results
date of publication
Bell et al. 1990 [54] Randomized and DHE (1mg) or chlorpromazine 76 patients with acute Reduction of headache intensity significantly better
single-blinded (12.5-37.5mq) or lidocaine migraine after chlorpromazine
study 50mg i.v. Persistent headache relief experienced by

88.9% chlorpromazine-treated patients, 52.6%
dihydroergotamine-treated patients and 29.4% of
the lidocaine-treated group

Queiroz et al. 1996 Prospective study DHE i.v. starting with 0.2 mg, 72 patients with chronic  DHE causes frequent side effects but they are usually
[55] maximum dose of 1.25mg daily headache mild, transient and decreasing with subsequent
doses
Ford etal. 1997 [27] = Retrospective study DHE 45 in constant-rate 171 patients with recurrent Constant-rate infusion is as effective and safe as
intravenous infusion or multiple headaches repeating i.v. injections
i.v. administration
Magnoux and Zlotnik  Data from hospital DHE i.v. 97 patients with episodic ~ Good effect in particular with regard to the episodic
2004 [28] patient information or chronic cluster form
sheets headache
Kabbouche et al. Data from hospital DHE (0.5 or 1mg) i.v. 32 children or youngsters High efficacy regarding status migrainosus in
2009 [29] patient information aged 14.52+1.91 years old pediatric population
sheets
Charles and von Outpatient home- DHE administered via constant- 31 patients with chronic Pain relief by over 60%, decrease of headache
Dohln 2010 [30] based study rate intravenous infusion headache attacks frequency in 86% of the patients; well-
3mg 42 ml/h (day 1-2) and tolerated
1.5 mg 21ml/h (day 3)
Whyte et al. 2010 Retrospective study = DHE i.v. patients with basilar-type ~ DHE showed no serious adverse events in patients
[36] = migraine with 1 posterior fossa symptom and migraine
Nagy et al. 2011 [56] Cohort study DHE i.v. 163 patients with DHE is well-tolerated, and longer treatments
refractory primary (>5days) produce a better outcome. Nausea is the
headaches most common adverse effect
Raina et al. 2013 [57] Pilot study DHE i.v. started at 0.5mg dose 6 children (13-19 years DHE is a treatment option in children with
and on average 7 to 9mg old) with intractable intractable abdominal migraine. 5/6 patients
abdominal migraine who responded to the DHE without significant side
do not respond to classical effects.
treatment
Lambru etal. 2015  Observational study DHE i.v. 24 patients with SUNCT DHE is an ineffective treatment option for SUNCT
[58] and SUNA symptoms and SUNA, 5 patients reported dramatic worsening
of the SUNCT/SUNA, DHE can lead to a de novo
onset of SUNCT/SUNA
Elleretal. 2016 [59]  Retrospective study DHE (0.5, 0.75, Tmg) i.v. 274 patients with chronic 78% of patients experienced medium-term
after prior medication with migraine headache improvement. An important factor
antiemetic drugs or aspirin responsible for the treatment effectiveness as
considered to be nausea relief
Mathew et al. 2016 Retrospective, DHE or triptans i.v. 67 patients with basilar No serious adverse effects
[33] multicentre study and haemiplegic migraine
Nelson et al. 2017 Retrospective DHE i.v. 145 children (mean age Temporary improvement, large cost of treatment
[60] overview 14.9) out which 74% were
of pediatric female

hospitalizations

SUNCT - short-lasting unilateral neuralgiform headache attacks with conjunctival injection and tearing; SUNA - short-lasting unilateral neuralgiform headache attacks with cranial autonomic
symptoms
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Tabble 3. Summary of clinical data on therapeutic efficacy of dihydroergotamine in the treatment of headaches (oral route)

Author/
date of publication

Study Dosage

Patients Results

Aurora et al. 2009 Randomised, double-blind,

DHE (MAP0004) 0.5 or Tmg

86 aged 18-60-year-old  Pain relief 2 hours after administration; the drug

[61] placebo-controlled study patients with acute was well-tolerated
migraine
Auroraetal. 2011 Randomised, double-blind, E Rescue medication, DHE 903 men aged 18-65, Pain relief, freedom from phonophobia,
[62] placebo-controlled study l:c" (MAP0004) 1Tmg DHE or placebo  patients with episodic ~ photophobia, nausea and vomiting 2 hours after
= migraine administration of the drug
Tepper et al. 2012 Post hoc subanalysis of g DHE (MAP0004) or placebo 902 patients with Good efficacy of the drug in treating migraine
[63] randomized, double-blind, migraine with or with and without allodynia, good efficacy in relief
placebo-controlled, 2 arm, without allodynia of acute migraine symptoms, e.g. pain, phono-
phase 3 multicentre study and photophobia, nausea. The drug also prevents
the occurrence of allodynia in patients
Hamaldinenetal.  Controlled, double-blind, DHE (20 or 40ug/kg) p.o. 12 children with Slightly better pain relief effect than placebo
1997 [25] placebo-controlled, pilot migraine symptoms
study who did not react to
g conventional analgesics
Pradalier et al. Controlled, double-blind, E Seglor capsules, a unique 363 migraine patients Effectiveness of DHE in patients with migraine-

2004 [24] placebo-controlled,

parallel-group study

modified-release formulation of
dihydroergotamine mesilate

related quality-of-life impairment, effect
comparable to placebo

p.o. or placebo for 5 months after
a 1-month placebo run-in phase

Table 4. Summary of clinical data on therapeutic efficacy of dihydroergotamine in the treatment of headaches (s.c or i.m. route)

Author/
date of publication

Study Dosage

Patients Results

Becker et al. 1996
[2]

Clinical data and
telephone interview

DHE s.c. (1mg or less if
there are adverse effects)
21 weeks

51 patients with

Very good (35%) or good response to treatment (18%).
However, 35% of the patients stopped using DHE due to
cumbersome adverse effects.

headache

g
w
Winner et al. 1996 Double-blind, DHE (1mg) or sumatriptan 295 patients total with DHE poorer headache relief in 2 hours compared to
[64] randomized trial with (6mg) s.c. headache sumatriptan; no difference after 4 hours
parallel treatment
arms
Saadah Observational study DHE (1mg) i.m. after prior 43 patients with Headaches were successfully aborted in 71%; side-effects in
1992 [65] ineffective p.o. treatment headache after oral 61% but not serious; sedation, nausea, transient worsening of
. medications failed to  headaches. i.m. administration is cost effective, can reduce the
£ abort their headaches

need for narcotic analgesics and emergency room visits

Silberstein et al.
2007 [66]

Open-label pilot DHE (1mg) i.m. (2

occasions)

9 patients with
episodic migraine with

Improvement in terms of headache relief and cutaneous
allodynia

cutaneous allodynia

in this group of patients. At the same time, hospitalization
costs were high in this group of patients, and long-term
results in patients with chronic migraine or patients suffering
from chronic headaches have been moderately successful
[36]. Furthermore, a meta-analysis that took into account 8
randomized controlled trials showed that the main advantage
of therapy involving DHE compared to triptans is a relatively
slow and long-lasting antimigraine effect [37].

Combined therapy for migraine. During intravenous
administration of DHE, the most frequent adverse effect
is nausea which affected 33-67% of patients; therefore,
antiemetic medication is recommended to be used with
DHE. The administration of DHE together with antiemetic
medication has good results in both adult patients and the
paediatric population (Tab. 6), and are recommended for
selected patients with refractory migraine as the second
or third-line therapy [38]. Colman et al. [39] performed
a meta-analysis and evaluated 11 randomized controlled
trials in which adults with migraine headaches were

administered 1 mg of DHE intravenously, intramuscularly,
or subcutaneously. Giving DHE together with an antiemetic
drug allows for better pain management and decreases
nausea.

Data prepared by Kelley and Tepper [11] suggest
that the best combination is administering DHE with
metoclopramide to patients with patients DHE. DHE used
individually at a dose of 1 mg (intravenous or subcutaneous)
is not as effective as prochlorperazine (intravenous), but at
the same time, DHE can enhance the analgesic effect of
prochlorperazine. According to the presented data, DHE
takes longer to provide pain relief than sumatriptan when
administered subcutaneously, but the improvement is longer
lasting. Studies also show that combining DHE with triptans
is beneficial and can reduce the cost of therapy.

Restrictions on the medical use of DHE. Preparations
with DHE should be used with caution in patients who
are hypersensitive to ergot alkaloids or have renal or liver
insufficiency, ischemic heart disease, cardiac arrhythmias,
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Table 5. Summary of clinical data on therapeutic efficacy of dihydroergotamine in the treatment of headaches (nasal spray)

Author/
date of publication

Study Dosage

Patients

Results

Double-blind, randomised,
controlled study

Andersson &
Jespersen 1986 [67]

DHE nasal spray (1mg)

25 patients with
cluster headache

No effect on the attack frequency or the duration of the single
attack, significant effect on the intensity of the single attacks

Tulunay et al. 1987 Double-blind crossover DHE nasal spray (total

17 patients with

DHE is not an effective

[68] study with placebo mean of 1.36mg/attack) migraine treatment for the acute migraine attack
Jenzer & Open multicentre study DHE nasal spray 904 patients with  Good efficacy in 76.8% of all the patients when used already
Bremgartner 1990 common and in the prodromal phase, good efficacy in 63% of patients, 3.9%
[69] classical migraine  of the patients stopped using the medication due to adverse

effects

Ziegleretal. 1994  Multicentre, double-blind, DHE nasal spray (2mg)

112 patients with

DHE nasal spray is a safe and effective treatment for the pain

[70] parallel-group study migraine and nausea of migraine attacks
Touchon etal. 1996  Multicentre, double-blind, DHE nasal spray (1-2mg) 266 adult Sumatriptan has a faster onset of action than DHE and
[711 double-dummy, cross-over or sumatriptan (6mg) s.c. migraineurs provides greater relief of acute migraine symptoms, both
study g treatments were well tolerated
w
Treves etal. 1998  Randomised, double-blind, E DHE nasal spray (1.5-2mg) 52 patients with No effect on the course of migraine, but lesser demand for
[72] parallel-group study S or placebo during 4 migraine rescue medication, well-tolerated

consecutive migraine
attacks

Boureau et al. 2000
[73]

Controlled, randomised
study

DHE nasal spray (1mg
plus optional Tmg) or
sumatriptan (20mg) also
nasal spray

368 patients with
acute migreine

Sumatriptan is superior to DHE nasal spray in the relief of
pain and nausea associated with acute migraine headache

Weintraub 2006
[74]

DHE nasal spray (2mg) as
prophylaxis every 8h for
3days

Prospective open trial
Pilot study

24 patients
refractory
headache

Effective and safe in the treatment of refractory headache

Fisher et al. 2007
[75]

Retrospective study DHE nasal spray (2mg)

97 patients who
do not respond
to treatment with
triptans

In 34% of the patients the symptoms were relieved, and in
39.2% there was no response to the treatment (pain measured
according to VAS scale). In 7.2% of the patients there were
adverse drug reactions (nose irritation, dysphoria)

uncontrolled arterial hypertension, thrombotic peripheral
vascular diseases, or sepsis [23].

The Committee for Medicinal Products for Human Use
(CHMP) of the European Medicines Agency recommends
introducing restrictions on the use of drugs that contain
ergotamine derivatives due to the risk of fibrosis and ergotism.
Drugs from this group should not be used for the treatment
of cognitive disorders, sensory disorders, cardiovascular
disorders, or prevention of migraine headaches, because
the risk of adverse events (e.g., ergotamine poisoning, organ
fibrosis) outweighs the potential benefits [40].

DHE is classified under the X pregnancy category and
cannot be used during pregnancy or breastfeeding. The drug
causes uterine contractions in pregnant women and neonatal
asphyxia. It also inhibits prolactin secretion, a hormone
produced mainly by the anterior pituitary lobe cells, as well as
by extrapituitary sources, such as the ovaries, endometrium,
breast glands, and peripheral blood lymphocytes. According
to some authors, DHE can increase the risk of congenital
anomalies and spontaneous abortions and cause low birth
weight [41]. Pre-clinical trials confirmed that ergotamine
alkaloids and their derivatives (e.g., DHE) can negatively
influence reproductive functions by direct or indirect
reactions with spermatozoa that limit their motility [42].
Ergot alkaloids are not recommended for children due to
the risk of cardiac valvular fibrosis [43].

DHE and other drug interactions. Due to possible
interactions at the level of biotransformation, caution should
be exercised when using other drugs that have an influence
on liver enzymes. Due to the considerable participation of
CYP3A4 in DHE metabolism, it is also necessary to exercise

caution when using other medications metabolized by the
same enzyme. Serious adverse reactions have been noted,
such as vasospasm, cerebral ischemia, and/or ischemia of
the extremities, when ergot alkaloids are used together with
potential CYP3A4 inhibitors, such as protease inhibitors (e.g.,
delavirdine, indinavir, ritonavir, nelfinavir), antifungal drugs
(e.g., ketoconazole, itraconazole), and macrolide antibiotics
(e.g., clarithromycin, roxithromycin, erythromycin,
troleandomycin) [23]. Such a combination of drugs decreases
the effectiveness of the processes involving this enzyme,
disturbs ergotamine metabolism, and can strengthen
the drug’s toxicity. It can also lead to serious or even life-
threatening peripheral ischemia. Furthermore, when DHE
is used together with dopamine or dobutamine, the risk of
peripheral ischemia increases, as well as the risk of tissue
hypoxia, which can lead to necrosis of the fingers and toes.
An interval of interval of at least 24 hours is recommended
between DHE administration and the administration of
other ergot alkaloids (e.g., ergotamine, methysergide) and
sumatriptan [44]. During treatment with bromocriptine,
cabergoline, a-adrenolytics (tolazoline, prazosin), and
B-adrenolytics (i.e., atenolol, nadolol, oxprenolol, propranolol,
timolol), the use of DHE is contraindicated due to the
possibility of hypertension, angina disease, and myocardial
infraction. When used together with fluoxetine, fluvoxamine,
paroxetine, or sertraline, serotonin syndrome symptoms
can occur, such as general weakness, movement disorders,
rigidity, and hyperthermia.

Possible adverse drug reactions. The data gathered thus far
indicate that DHE preparations cause fewer adverse effects



154

Journal of Pre-Clinical and Clinical Research, 2018, Vol 12, No 4

Agnieszka Piechal, Kamilla Blecharz-Klin, Dagmara Mirowska-Guzel. Dihydroergotamine (DHE) - Is there a place for its use?

Table 6. Evaluation of combination therapy in patients with migraine

Author/ Study Dosage Patients Results
date of publication
Saadah etal. 1992  Comparative study ~ DHE (1mg) i.v. or DHE (0.5 lub Tmg) 38 patients with The best efficacy and safety was observed when DHE Tmg was

[76] combined with prochlorperazine

(3.5,50r 10 mg)

migraine headaches

administered with 3.5mg of prochlorperazine; in all patients
treated only with DHE there were adverse effects — mainly
sedation (30%) and nausea (67%)

Belgrade et al. Comparative study ~ DHE (1Tmg) i.v. and metoclopramide

64 patients with

Most effective is a combination of DHE with metoclopramide

1989 [77] (10mg) i.v. compared to meperidine  primary vascular - lessening of pain, (adverse effects: nausea in 33% of patients,
(75mg) i.m., hydroxyzine (50 mg) headache dysphoria in 43% of patients, and flushing in 29% of patients)
i.m., butorphanol (2mg) i.m.
Klapper & Stanton ~ Comparative study ~ DHE (0.75-1mg) i.v. combined with 19 patients with Similar efficacy of both combinations compared to placebo
1991 [78] metoclopramide (5-10mg) i.v. migraine headaches
Parallel group - examethasone
(6mg) i.v. and metoclopramide
(5-10mg) i.v. and placebo group
Klapper & Stanton ~ Comparative study ~ DHE (1 mg) i.v. and metoclopramide 18 patients suffering Greater headache relief in 1 hour after administration of
1991 [79] (5mg) i.v. compared to meperidine  from moderate to combined drugs including DHE

(75mg) i.m., hydroxyzine (50mg)
i.m., butorphanol (60mg) i.m.

severe migraine
headaches, after

failure of their usual

abortive
medication.

Haugh etal. 1992  Comparative study DHE (1mg) i.v. individually or

16 patients with

Similar effectives of both therapies

[80] combined with metoclopramide  migraine headaches
(10mg) i.v.
Klapper & Stanton Randomised, DHE (1mg) i.v.and metoclopramide 28 patients with Most effective is a combination of DHE with metoclopramide —
1993 [81] double-blind, (10mg) i.v. compared to meperidine migraine headache lessening of pain
double-dummy (75mg) i.m. and hydroxyzine (75mg) or chronic daily
study im. headache
Linder 1994 [82] Open-label, DHE (0.1, 0.15,0.2mg) i.v. and 30 children and Satisfactory effect in 80% of patients
retrospective review metoclopramide (0.2mg) p.o. young adults
of treatment (aged 8-22) with

refractory migraines

Winner etal. 1994  Comparative study ~ DHE i.m. individually or combined

311 migraine

50% of patients who received DHE alone experienced nausea

[83] with antiemetic drug patients compared with 77% of those who received an antiemetic
Scherl & Wilson Prospective, DHE (0.5mg) i.v. and 27 patients with Dihydroergotamine with metoclopramide regimen is effective,
1995 [84] randomised, double- metoclopramide (10mg) i.v. migraine and has minimal side effects
blind study compared to meperidine (75mg)
i.m. and promethazine (25mg) i.m.
Edwards et al. 2001 Open label DHE (1mg) i.im. and 40 patients Similar analgesic effectiveness of both therapies, but valproate
[85] randomisation, metoclopramide (10mg) i.v. aged 14-74 with causes fewer adverse effects
controlled study compared to valproate (500mg) i.v. migraine
Callaham & Raskin  Prospective, double- DHE (0.75mg) prochlorperazine 47 patients with Treatment with prochlorperazine and DHE is a safe and

1986 [86] blind, crossover (5mg) i.v. acute migraine effective treatment and an alternative to narcotics
study
Gonzalez-Espinosa Randomised, DHE (1mg) i.m., sumatriptan (6mg) 52 patients with Both drugs relieved the migrainous pain

etal. 1997 [87] double-blind study s.C.

painful migraine
crises with or

without prodromes

Hoffman et al. 2003 Retrospective DHE (nasal spray) combined with

600,000 patients

Lowering of treatment costs and fewer medications required

[88] observational study triptans for 1 month with migraine
Carleton et al. 1998 Prospective, DHE (1mg) i.v. and hydroxyzine 171 patients with Similar effectives of both therapies
[89] multicentre, double-  (0.7mg) compared with meperidine acute migraine
blind trial (1.5mg), hydroxyzine (0.7mg)
Charles & Jotkowitz Pilot study DHE (0.5-1mg) i.v., dexamethasone 10 patients (3 adults  Only young patients responded well to the therapy; for adults

2005 [90] (8-12mg), hydroxyzine (50mg) i.m.
once per week over the course of

3 weeks

and 7 adolescents)

with chronic
migraine

the therapy was ineffective

Hoernecke &
Doenicke 1993 [91]

Multi-centre, double-
blind, placebo-
controlled crossover
study

DHE p.o. (2mg), paracetamol
(1000mg)

288 patients with

migraine attack

Combined therapy safe and effective in the treatment of acute
migraine attacks and should be first choice in patients who do
not respond to mild analgesics alone
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than the parent compound ergotamine. DHE is often given
to patients together with antiemetic medication, such as
metoclopramide or hydroxyzine, to relieve nausea and
vomiting, as they are the most frequent adverse effects of
DHE. The other most frequently reported adverse effects
experienced by 1-70% of patients are diarrhea (2-30%),
constipation, abdominal pain, dryness in the mouth, and
muscle pain and weakness (5-20%) [23]. Other adverse
reactions include abnormal speech, coma, drowsiness,
confusion, convulsions (in the case of long-term use of
large doses), hallucinations, numbness, tingling, and slowed
breathing. Other side-effects that can occur include reversible
vasospasm and peripheral ischemia symptoms (paraesthesia,
pallor or cyanosis of the fingers and toes, feeling of coldness),
especially if DHE is used in combination with heparin [45].

A case has been described of a 4-year-old patient with
bowel ischemia after DHE administration, and the case of
a 34-year-old patient who suffered from Balint syndrome
after DHE [46, 47]. After combined administration of DHE
(nasal) and sumatriptan (per os), transient global amnesia
occurred [44]. Paradoxically, 10-40% of patients treated with
DHE experience headaches and dizziness after excessive
or prolonged use. DHE can also cause medication-overuse
headache (MOH); therefore, the use of this drug should be
limited in the case of migraines to twice a week or 9 days in
a month [48]. Long-term use of the drug may also produce
symptoms that indicate liver or kidney damage.

Randomized, crossover, double-blind studies with
placebo have not shown the influence of orally inhaled DHE
(MAPO004) at a dose lower than the therapeutic dose (3 mg) on
the QT interval in healthy volunteers. After using the drug,
patients may experience decreased or increased arterial blood
pressure, tachycardia or bradycardia, coronary vasospasm,
and myocardial ischemia or infarction [49]. Complications
that rarely occur during short-term treatment include
cutaneous lesions, such as erythema, petechiae, swelling,
epidermal necrolysis, and acne.

Characteristic symptoms of DHE overdose are aggravated
adverse effects affecting the central nervous system (e.g.,
convulsions, delirium, disturbance of consciousness, coma),
cardiovascular system (e.g., peripheral vasospasm, cyanosis
of extremities, decreased/imperceptible peripheral pulse,
increased or decreased arterial blood pressure), and the
digestive system. As there is no antidote, overdose symptoms
can be subject only to symptomatic treatment. A considerable
risk of ergotamine poisoning also exists, which can be
lethal [40].

Another considerable problem with long-term use is the risk
of tissue fibrosis as a result of serotonin receptor activation,
including retroperitoneal fibrosis, pulmonary and pleural
fibrosis, and heart valve fibrosis. Fibrotic changes occur in
patients who use the drug over a long period of time. Some
individual cases of renal artery spasm, peripheral ischemia,
intermittent claudication, Raynaud’s phenomenon, and
gangrene have also been reported. Additionally, ergotamine
derivatives can lead to addiction [50].

CURRENT RECOMMENDATIONS FOR THE USE OF
DHE. In 2013, the CHMP of the European Medicines Agency
recommended restricting the use of ergotamine derivatives,
declaring that treating diseases connected with circulatory
disorders, orthostatic hypotonia, cognitive disorders, and
sensory disorders (with the exception of Alzheimer’s disease

and other types of dementia), as well as using ergotamine
derivatives in migraine prevention, is unjustified because
the risk of serious adverse events (poisoning, tissues fibrosis)
outweighs the potential benefits of such therapy [40]. Reviews
regarding clinical studies describing the way the drug works,
its efficacy and safety, show that it is also possible to use DHE
preparations in modern migraine therapy. Although the
efficacy of DHE is comparable to sumatriptans according to
some authors, in acute migraine therapy the recommended
medications include non-steroidal anti-inflammatory drugs
and triptans [43, 51, 52]. Opinions on the antimigraine
efficacy of DHE are incnsistant, but DHE in combination with
antiemetic drugs seems to be as effective as using opiates,
ketorolac, or valproate, and this combination can be applied
successfully in some slinical cases [40]. According to new
clinical recommendation (evidence rating B) parenteral DHE
should be reserved for the treatment of status migrainosus and
refractory migraine [38]. The availability of new formulations
and adminstration of DHE with breath-synchronized inhaler
creates wider and more safe possibilities for therapeutic use
of the drug [3].

A retrospective analysis of 11 clinical studies comparing
the efficacy and economic aspects of migraine therapy
using subcutaneous DHE and sumatriptans did not lead to
consistent conclusions. In 3 of the studies, similar efficacy
was recorded for both drugs, which led to the application of
theless costly DHE therapy. Four studies showed that DHE is
more effective and results in lower treatment costs. However,
in the remaining 4 studies, sumatriptans were found to be
better in terms of both efficacy and incremental cost-efficacy
ratios [53]. There is a need for a more individualized therapy
based on the pattern and severity of migraine attack. This
indicates a need for further analysis and additional evaluation.

The standpoint on using DHE in migraine headaches should
be reviewed because of the availability of new formulations
that can be characterized by fewer adverse effects. DHE may
be an alternative to other widely recommended drugs in the
acute treatment of refractory migraine and cluster headache
episodes.
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