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ABSTRACT

Since 1955, the only available H1 antihistami-
nes for intravenous administration have been
first-generation formulations and, of those,
only intravenously administered (IV) diphen-
hydramine is still approved in the USA. Orally
administered cetirizine hydrochloride, a sec-
ond-generation H1 antihistamine, has been
safely used over-the-counter for many years. In
2019, IV cetirizine was approved for the treat-
ment of acute urticaria. In light of this approval,
this narrative review discusses the changing

landscape of IV antihistamines for the treat-
ment of histamine-mediated conditions.
Specifically, IV antihistamines will be discussed
as a treatment option for acute urticaria and
angioedema, as premedication to prevent infu-
sion reactions related to anticancer agents and
other biologics, and as an adjunct treatment for
anaphylaxis and other allergic reactions. Before
the development of IV cetirizine, randomized
controlled trials of IV antihistamines for these
indications were lacking. Three randomized
controlled trials have been conducted with IV
cetirizine versus IV diphenhydramine in the
ambulatory care setting. A phase 3 trial of IV
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cetirizine 10 mg versus IV diphenhydramine
50 mg was conducted in 262 adults who pre-
sented to the urgent care/emergency depart-
ment with acute urticaria requiring
antihistamines. For the primary efficacy end-
point, defined as change from baseline in a 2-h
patient-rated pruritus score, non-inferiority of
IV cetirizine to IV diphenhydramine was
demonstrated (score - 1.6 vs - 1.5, respec-
tively; 95% CI - 0.1, 0.3). Compared with IV
diphenhydramine, IV cetirizine demonstrated
fewer adverse effects including less sedation, a
significantly shorter length of stay in the treat-
ment center, and fewer returns to the treatment
center at 24 and 48 h. Similar findings were
demonstrated in another phase 2 acute urticaria
trial and in a phase 2 trial assessing IV cetirizine
for pretreatment for infusion reactions in the
oncology/immunology setting. IV cetirizine is
associated with similar patient outcomes, fewer
adverse effects, and increased treatment center
efficiency than IV diphenhydramine.

Keywords: Anaphylaxis; Antihistamine;
Cetirizine; Chemotherapy; Diphenhydramine;
Infusion; Intravenous; Urticaria; Allergy;
Angioedema

Key Summary Points

Intravenously administered (IV)
antihistamines are a treatment option for
acute urticaria and angioedema, and an
adjunct therapy for anaphylaxis and other
allergic reactions in ambulatory care
settings.

Diphenhydramine is the only first-
generation H1 antihistamine still FDA
approved for intravenous use, and
cetirizine is the first second-generation H1

antihistamine approved for intravenous
use.

In randomized controlled trials with direct
comparison between IV antihistamines,
IV cetirizine prevented infusion reactions
in patients receiving anticancer
treatments and was non-inferior to IV
diphenhydramine for the treatment of
acute urticaria, with less sedation and
fewer adverse effects than IV
diphenhydramine.

INTRODUCTION

Histamine is found in mast cells and basophils
throughout the body and has a wide range of
effects [1]. The release of stored histamine
granules from these cells can be triggered by
various stimuli [2]. H1 antihistamines became
available for clinical use in the 1940s and their
anti-allergic effects have been well recognized
since the 1950s [3]. The effects of specific anti-
histamines depend on their target receptor
subtype. There are four histamine receptor
subtypes (H1, H2, H3, and H4), each of which has
a different expression pattern in cells through-
out the body [4]. H1 receptors are expressed on
central nervous system (CNS) neurons,
endothelial cells, white blood cells, and smooth
muscle cells [2]. Binding of histamine to H1

receptors leads to symptoms of an acute allergic
reaction such as itching, sneezing, and
increased vascular permeability [2]. Thus, H1

antihistamines are a standard treatment for
histamine-mediated allergic reactions (i.e.,
allergic rhinitis, urticaria) [5–7].

Many of the first-generation H1 antihis-
tamines (including chlorpheniramine, diphen-
hydramine, and hydroxyzine) are still in use.
However, the first-generation H1 antihistamines
cross the blood–brain barrier and bind to CNS
H1 receptors, which can lead to drowsiness,
sedation, fatigue, decreased cognition, and
other CNS functions [8]. There may also be a
small risk of dementia in patients with high
exposure to first-generation H1 antihistamines
[9]. In addition, the first-generation H1 antihis-
tamines bind non-selectively to muscarinic,
serotonin, and alpha-adrenergic receptors,
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which can cause adverse effects such as dry
mouth and dizziness [3]. The effects of first-
generation H1 antihistamine on the CNS and
non-H1 receptors have sometimes been lever-
aged to treat motion sickness, nausea, anxiety,
and parkinsonism [10, 11]. In the early 1980s,
second-generation H1 antihistamines became
available and in the USA include cetirizine,
fexofenadine, loratadine, desloratadine, and
levocetirizine. In contrast to the first-generation
formulations, the second-generation H1 anti-
histamines are relatively non-sedating or less
sedating because they have limited ability to
cross the blood–brain barrier [4]. Also unlike the
first-generation formulations, the second-gen-
eration H1 antihistamines have a low affinity for
non-H1 receptors [4].

H1 antihistamines have been available over-
the-counter in oral, topical, and ocular formu-
lations for many years. Intravenously adminis-
tered (IV) formulations are used in settings
where other IV drugs are already being admin-
istered (i.e., as premedication to prevent allergic
reactions to chemotherapy or biologics), when
oral formulations are not usable (i.e., patients
with nausea or who are unconscious), or when a
rapid onset of action is needed to treat serious
allergic reactions.

Since 1955, the only available IV H1 anti-
histamines have been first-generation formula-
tions. In the USA, diphenhydramine is currently
the only first-generation H1 antihistamine still
approved by the US Food and Drug Adminis-
tration (FDA) for intravenous use, although
other IV first-generation H1 antihistamines are
still used in other countries. IV diphenhy-
dramine has several labeled indications
(Table 1) [11]. In 2019, IV cetirizine
hydrochloride (Quzyttir�, TerSera Therapeutics
LLC, Deerfield, IL) was approved for acute urti-
caria and is the only second-generation H1

antihistamine approved by the FDA for intra-
venous use [12]. This narrative review discusses
the changing landscape of IV H1 antihistamines
for the treatment of histamine-related condi-
tions in light of the first approval of a second-
generation IV H1 antihistamine. The content of
this review article is based on previously con-
ducted studies and does not contain any new
studies with human participants or animals
performed by any of the authors.

Table 1 Indications of intravenously administered H1 antihistamines approved by the US Food and Drug Administration
in the USA [11, 12]

Drug (Brand name) Approved indication(s)

Diphenhydramine

(various)

Amelioration of allergic reactions to blood or plasma

In anaphylaxis as an adjunct to epinephrine and other standard measures after the acute symptoms

have been controlled

Other uncomplicated allergic conditions of the immediate type when oral therapy is impossible or

contraindicated

Active treatment of motion sickness

For use in parkinsonism, when oral therapy is impossible or contraindicated, as follows:

parkinsonism in the elderly who are unable to tolerate more potent agents; mild cases of

parkinsonism in other age groups, and in other cases of parkinsonism in combination with

centrally acting anticholinergic agents

Cetirizine

(Quzyttir�)

Treatment of acute urticaria in adults and children 6 months of age and older
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PHARMACOLOGY

Cetirizine hydrochloride is a metabolite of the
first-generation H1 antihistamine hydroxyzine
and exerts its effects by selectively inhibiting
peripheral H1 receptors [11, 12]. In healthy
volunteers, peak concentrations of cetirizine
injected over a period of 1.0 to 1.5 min [12]
were reached at 3.6 min with the 5 mg IV dose
and 1.8 min with the 10 mg IV dose [12]. The
half-life of cetirizine in healthy volunteers is
8.3 h [12].

There is variability in the literature regarding
the pharmacokinetics of IV diphenhydramine
in different age groups and little information is
available in the prescribing information
[13–15]. Time to peak concentration was not
reported in any of the studies [13–15], and onset
of action is simply described as ‘‘rapid’’ in the
prescribing information [11]. In healthy adults,
IV diphenhydramine 50 mg has an elimination
half-life of 8.5 h [14].

The potency of a drug can be measured by its
Ki value, which is reflective of the binding
affinity of the compound to its target receptor
or enzyme. The smaller the Ki value, the less of
the compound is needed to produce the desired
clinical result. The Ki value is 6 nM for cetirizine
and 9.6–16 nM for diphenhydramine, indicat-
ing that cetirizine is pharmacodynamically
more potent than diphenhydramine [16–18].

TREATMENT OF ACUTE URTICARIA

H1 antihistamines are a recommended treat-
ment for acute urticaria, which can manifest as
wheals, angioedema, or both [7]. In the emer-
gency department (ED) or urgent care (UC)
setting, an IV H1 antihistamine may be used to
provide faster relief of acute urticaria symptoms
than an orally administered H1 antihistamine,
for patients unable to take oral formulations,
and/or for patients with more serious or gener-
alized urticaria. Two trials have been conducted
to date evaluating the role of IV cetirizine in the
treatment of acute urticaria. A phase 2 multi-
center, randomized, double-blind trial of IV
cetirizine 10 mg versus IV diphenhydramine
50 mg was conducted in 33 adults who

presented with acute urticaria (with or without
angioedema) that required H1 antihistamines in
EDs or UC centers [19]. The trial had two pri-
mary efficacy endpoints, the first being the
extent of physician-assessed urticaria/erythema
score reduction (percentage of body area affec-
ted and the intensity of redness on a scale of
0 = none to 3 = severe) and the second being
pruritus severity score (physician-assessed and
patient-rated on a scale of 0 = no pruritus to
3 = severe pruritus). The change from baseline
for a composite score that combined the two
primary endpoints was not significantly differ-
ent between cetirizine and diphenhydramine at
either 1 h or 2 h post treatment or at discharge
(p C 0.68). Patients receiving cetirizine had a
shorter amount of time at the treatment center
compared with those receiving diphenhy-
dramine (1.7 h vs 2.3 h, respectively) and fewer
returned to the treatment center within 24 h
(n = 0 and n = 2, respectively; Table 2). A simi-
lar, phase 3 trial evaluated the non-inferiority of
IV cetirizine 10 mg versus IV diphenhydramine
50 mg in 262 adults who presented with acute
urticaria (with or without angioedema) that
required H1 antihistamines in EDs or UC centers
[20]. For the primary efficacy endpoint of
change in patient-rated pruritus score at base-
line to 2 h after treatment administration, the
mean change with IV cetirizine was - 1.6 and
with IV diphenhydramine it was - 1.5, with the
treatment difference of 0.1 (95% CI - 0.1, 0.3)
between the two groups meeting the non-infe-
riority criteria (Table 2). The key secondary
endpoints of time spent in the treating facility
and percentage of patients needing to return to
a treatment center were significantly different
between the two groups, indicating better clin-
ical outcomes with IV cetirizine (Table 2).
Patients receiving IV cetirizine spent a mean of
1.7 h at the center compared with 2.1 h for
patients receiving IV diphenhydramine
(p = 0.005). Of patients receiving IV cetirizine,
3.9% and 5.5% needed to return to a treatment
center within 24 and 48 h, respectively, com-
pared with 11.1% and 14.1% of patients
receiving IV diphenhydramine (p B 0.04). A
significantly lower percentage of patients
receiving IV cetirizine needed additional rescue
medications (i.e., epinephrine, corticosteroids,
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etc.) than patients receiving IV diphenhy-
dramine (15.0% vs 27.4%, respectively;
p = 0.02).

No other phase 3 trials of IV diphenhy-
dramine for acute urticaria have been
conducted.

Table 2 Results from three randomized, double-blind trials of patients intravenously receiving cetirizine or diphenhy-
dramine [19, 20, 41]

Endpoint Phase 2 acute urticaria trial* Phase 3 acute urticaria trial Phase 2 infusion reaction
pretreatment trial*

IV
diphenhydramine
50 mg/mL
(n = 17)

IV
cetirizine
10 mg/
mL
(n = 16)

IV
diphenhydramine
50 mg/mL
(n = 135)

IV
cetirizine
10 mg/
mL
(n = 127)

IV
diphenhydramine
50 mg/mL
(n = 17)

IV
cetirizine
10 mg/
mL
(n = 17)

Primary endpoint

Pruritus score

(0–3 scale), mean

change from

baseline at 2 h

(SD)

- 1.6 (1.4) - 1.7

(0.7)

- 1.5 (1.0) - 1.6

(0.9)�
– –

IRs, no. (%) – – – – 3 (17.6) 2 (11.8)

Secondary endpoints

Patients returning

to a treatment

center within

24 h of discharge,

no. (%)

2 (11.8) 0 15 (11.1) 5 (3.9)� 0 0

Time at treatment

center, mean

(SD) h

2.3 (1.2) 1.7 (0.5) 2.1 (1.1) 1.7 (0.9)� 4.7 (1.2) 4.3 (1.5)

Patient sedation

score at discharge

(0–3 scale in

phase 3 trials,

0–4 scale in

phase 2 trials),

mean

0.7 0.3 0.9 0.5§ 0.4 0.1

Treatment-related

AEs, no. (%)

4 (23.5) 0 9 (6.7) 1 (0.8) 4 (23.5) 2 (11.8)

AE adverse events, IR infusion reaction
*p values for outcomes between groups were not calculated in the phase 2 trials
�Non-inferiority demonstrated between IV cetirizine and IV diphenhydramine
�p B 0.04 vs IV diphenhydramine
§p = 0.04 for change in mean sedation score from baseline vs IV diphenhydramine
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TREATMENT OF ANGIOEDEMA

Histamine-mediated angioedema is caused by
the same underlying pathologic mechanism as
wheals but occurs deeper in the skin. Angioe-
dema is a common reason for ED visits [21] and
can be life-threatening if the airway is involved
[22, 23]. H1 antihistamines, along with corti-
costeroids, are first-line treatment for his-
tamine-mediated angioedema without
anaphylaxis [23]. However, emergency medi-
cine workgroups recommend IV H1 antihis-
tamines when time-critical therapy is needed
[23]. H1 antihistamines are also recommended
as adjunct therapy to epinephrine when the
angioedema manifests with other signs/symp-
toms consistent with anaphylaxis [23–25].
However, H1 antihistamines are not effective for
bradykinin-related angioedema (i.e., hereditary
angioedema or angiotensin-converting enzyme
inhibitor-induced angioedema) [26, 27].

There are no phase 3 trials of IV diphenhy-
dramine specifically for the treatment of
angioedema. In the phase 3 non-inferiority trial
of IV cetirizine versus IV diphenhydramine,
12% of the patients in each treatment group
had urticaria and angioedema [20]. In a post
hoc subgroup analysis of patients with urticaria
and angioedema, for the primary endpoint of
the change in patient-rated pruritus score from
baseline to 2 h after treatment administration,
the mean (SD) change with IV cetirizine was
- 1.5 (1.1) and with IV diphenhydramine was
- 1.4 (0.9) [28].

TREATMENT AND PRETREATMENT
OF INFUSION REACTIONS

Anticancer Agents

Infusion reactions (IR) to anticancer agents,
which include chemotherapy drugs and mono-
clonal antibodies (mAbs), can be immune-me-
diated or non-immune-mediated [29]. Non-
immune-mediated reactions can still be pseudo-
allergic, meaning the reaction resembles a true
allergic reaction with direct mast cell histamine
degranulation [30]. For acute onset IRs that

have respiratory symptoms and/or hypoten-
sion, the IR should be treated as either ana-
phylaxis, in which case epinephrine should be
administered (see ‘‘IV Antihistamine as Adjunct
Therapy for Anaphylaxis’’ section), or cytokine
release syndrome [29]. In these cases, clinical
practice guidelines recommend a combination
of IV H1 (diphenhydramine 50 mg) and H2

(ranitidine 50 mg) antihistamines as part of the
management algorithm [29, 31].

Pretreatment with H1 antihistamines, usu-
ally in combination with glucocorticoids and/or
antipyretics, is recommended to prevent IR
related to some anticancer drugs (Table 3)
[32–37]. Chemotherapy drugs of the taxane
class (e.g., paclitaxel, docetaxel) in particular
should always be premedicated with a combi-
nation of an H1 antihistamine, H2 antihis-
tamine, and dexamethasone [32]. Use of
premedication (in conjunction with a slowed
infusion rate) drops the incidence of hypersen-
sitivity reactions with paclitaxel from 30%
down to a severe hypersensitivity reaction rate
of approximately 2–4% [32, 38].

IV diphenhydramine has been part of the
premedication regimen for anticancer agents
for decades [39, 40]. However, there have been
no randomized controlled trials (RCTs) specifi-
cally evaluating the impact of IV diphenhy-
dramine on IRs related to anticancer agents.
One recently completed phase 2, randomized,
double-blind, multicenter trial in 34 adults with
cancer or immune disorders compared the
incidence of IRs related to treatment with an
anti-CD20 (rituximab, its biosimilar, or obinu-
tuzumab) or paclitaxel (first-cycle infusion, re-
treatment after 6 months, or in patients with
persistent reactions while on maintenance or
retreatment) after premedication with either IV
cetirizine 10 mg or IV diphenhydramine 50 mg
[41]. Overall, 2/17 (11.8%) patients pretreated
with IV cetirizine and 3/17 (17.6%) patients
pretreated with IV diphenhydramine experi-
enced an infusion reaction (Table 2). Patients
receiving IV cetirizine had a shorter mean time
of 24 min spent at the treatment center than
those receiving IV diphenhydramine (4.3 h vs
4.7 h, respectively) and had a lower sedation
score at all time points, including discharge (0.1
vs 0.4; Table 2).
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Other Biologics

Many biologics have been developed that are
designed to neutralize cytokines or other targets
and it can be assumed that all of them have the
potential to cause hypersensitivity reactions.
The Joint Task Force on Practice Parameters of
the American College of Allergy, Asthma, and
Immunology and the American Academy of
Allergy, Asthma, and Immunology on Drug
Allergy suggests that readministration strategies
of a biologic after an immediate-type hyper-
sensitivity reaction may include premedication
upon next infusion [30]. Currently, all biologics
are delivered either intravenously or subcuta-
neously. Thus, there is a potential role for IV H1

antihistamines as pretreatment for any IV bio-
logics if pretreatment is warranted and there are
no contraindications. Commonly used biolog-
ics that currently require pretreatment with an
H1 antihistamine include infliximab, cetux-
imab, and rituximab (Table 3).

Iodinated Contrast Media

Use of nonionic low-osmolarity iodinated con-
trast media has replaced ionic contrast media to
reduce the number and severity of associated

adverse drug reactions. Nevertheless, nonionic
low-osmolarity contrast media can directly
cause histamine release and allergic-like reac-
tions can still occur [42–44]. Routine premedi-
cation is not recommended, but a 12-h to 13-h
oral premedication may be considered for
patients with previous allergic-like or unknown-
type reactions to contrast media of the same
class [45]. For those patients, an IV premedica-
tion regimen may be considered if they have
not already been premedicated with oral for-
mulations and cannot easily reschedule, or if
the patient is being treated in an emergency or
inpatient setting and a 12-h to 13-h oral
premedication could adversely impact their care
[45]. To date, there has been no RCT evaluating
the impact of IV H1 antihistamines on infusion
reactions to contrast media. However, the
American College of Radiology (ACR) manual
on contrast media indicates that supplemental
administration of a non-selective antihis-
tamine, administered either orally or intra-
venously 1 h before administration of contrast
medium, may reduce the frequency of urticaria,
angioedema, and respiratory symptoms [45].
The ACR manual notes that second-generation
H1 antihistamines cause less drowsiness and
may be beneficial for patients who need to drive
themselves home [45].

Table 3 Recommended use of antihistamines as pretreatment for some anticancer agents and biologics

Drug (class) Pretreatment recommended in prescribing information*

Paclitaxel (taxane) All patients should be pretreated with corticosteroids, diphenhydramine, and H2 antagonists

Brentuximab vedotin

(mAb)

Patients who have experienced a prior infusion-related reaction should be premedicated for

subsequent infusions. Premedication may include acetaminophen, an antihistamine, and a

corticosteroid

Cetuximab (mAb) Premedicate with an H1 receptor antagonist

Daratumumab (mAb) Premedicate with corticosteroids, antipyretics, and antihistamines

Ofatumumab (mAb) Premedicate with acetaminophen, antihistamine, and corticosteroid

Rituximab (mAb) Premedicate with acetaminophen and an antihistamine

Infliximab (mAb) May premedicate with H1 receptor antagonists, H2 receptor antagonists, acetaminophen, and/or

corticosteroids

mAb monoclonal antibody
*Specific wording as used in each drug’s respective prescribing information
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IV ANTIHISTAMINE AS ADJUNCT
THERAPY FOR ANAPHYLAXIS

Anaphylaxis is a severe hypersensitivity reac-
tion that can be life-threatening [46]. Given
that many of the manifestations of anaphylaxis
are mediated by histamine, logic dictates that
H1 antihistamines would be a therapeutic
option [47]. However, H1 antihistamines do not
prevent the serious complications of anaphy-
laxis (e.g., airway obstruction, hypotension, and
shock), do not prevent biphasic reactions, nor
do they target other mediators of anaphylaxis,
such as platelet-activating factor and tryptase
[48, 49]. Thus, epinephrine should always be
the primary treatment [49, 50]. IV H1 antihis-
tamine still has potential benefits for the treat-
ment of anaphylaxis-associated urticaria or
itching but should not be administered until
after epinephrine is given [11, 50]. The Centers
for Disease Control (CDC) suggests IV diphen-
hydramine and IV cetirizine as adjunct therapy
for vaccine-related anaphylaxis, including for
COVID-19 vaccinations [51, 52]. It should be
noted that IV diphenhydramine can cause or
exacerbate hypotension, which could be detri-
mental in anaphylactic patients who may
already have unstable blood pressure [53, 54].
Hypotension has not been observed with IV
cetirizine to date. Despite their decades-long use
as an adjunct to anaphylaxis, there have been
no RCTs evaluating the effect of H1 antihis-
tamines on anaphylaxis.

SAFETY

Adverse Events

The most common adverse events (AEs) with IV
cetirizine (all incidence no greater than 1%) are
dysgeusia, headache, paresthesia, presyncope,
dyspepsia, feeling hot, and hyperhidrosis [12].
The most common AEs with IV diphenhy-
dramine are sedation, sleepiness, dizziness, dis-
turbed coordination, epigastric distress, and
thickening of bronchial secretions [11]. In the
phase 3 RCT of IV cetirizine versus IV diphen-
hydramine for acute urticaria, 1 (0.8%) patient

receiving IV cetirizine experienced treatment-
related AEs (dysgeusia, paresthesia, and sensa-
tion of warmth) and 9 (6.7%) patients receiving
IV diphenhydramine experienced treatment-
related AEs, the most common of which were
dizziness (n = 5) and nausea (n = 3) (Table 2)
[20].

Because the first-generation H1 antihistami-
nes bind to H1 receptors in the CNS, they can
cause sedation, drowsiness, and impairment of
cognitive function. Sedation can also occur
with IV cetirizine, but typically to a lesser
extent. In the phase 3 RCT of IV cetirizine ver-
sus IV diphenhydramine for acute urticaria, the
change in mean patient-rated sedation scores
from baseline were significantly less with IV
cetirizine than with IV diphenhydramine at the
1-h, 2-h, and discharge assessments (Fig. 1; p
B 0.04 for all time points) [20].

The CNS effects of H1 antihistamines, par-
ticularly sedation, have several implications in
the infusion or ED setting. In patients with
layrngeal edema, sedation can further compli-
cate airway protection. Furthermore, the seda-
tive effects can be indirectly dangerous to the
patient. Many patients drive themselves to their
appointments, a task that requires mental
alertness. Under the sedative and impaired
cognitive function effects of the H1 antihis-
tamines, patients driving home from the
appointments may be at increased risk of an
accident. A review conducted by the US
Department of Transportation determined that
there was ‘‘overwhelming’’ evidence that the
first-generation H1 antihistamines impaired
some performance skills (e.g., ‘‘divided atten-
tion’’, ‘‘vigilance’’, and ‘‘tracking’’) but that
while the second-generation H1 antihistamines
show a low incidence of performance skill
impairment, they may cause sedation and skill
impairment for some individuals [55]. Use of
antihistamines has also been shown to place
individuals at a higher risk of work-related
injuries [56]. In a driving simulator study con-
ducted by the University of Iowa, driver test
results were worse in patients who had received
a 50 mg dose of diphenhydramine than drivers
who had a blood alcohol level of 0.1% [57]. As
such, the prescribing information for IV
diphenhydramine states that ‘‘patients should
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be warned about engaging in activities requir-
ing mental alertness such as driving a car or
operating appliances, machinery, etc.’’ [11]. The
prescribing information for IV cetirizine states
that patients should ‘‘exercise due caution when
driving a car or operating potentially dangerous
machinery’’ [12]. Thus, patients experiencing
sedation, dizziness, or drowsiness may need to
stay longer in the infusion center or ED for their
own safety. This can have a secondary effect on
the treatment center in that fewer patients may
be treated if patients are in infusion chairs for
longer in order to monitor these potential
adverse effects.

Drug–Drug Interactions

No clinically significant drug interactions have
been found with orally administered cetirizine,
although a 400 mg dose of theophylline caused
a 16% decrease in the clearance of orally
administered cetirizine [12]. Diphenhydramine
is metabolized by the CYP2D6 enzyme in the

cytochrome P450 pathway [58]; multiple drug
interactions exist with diphenhydramine,
including a significant interaction with meto-
prolol [59]. Diphenhydramine has additive
effects with alcohol or other CNS depressants,
which can increase drowsiness [11]. Concomi-
tant use of monoamine oxidase inhibitors can
prolong and intensify the anticholinergic
effects of antihistamines [11].

Contraindications, Warnings,
and Precautions

The only contraindication for IV cetirizine is
hypersensitivity to the cetirizine hydrochloride
or its ingredients, levocetirizine, or hydroxyzine
(Table 4) [12, 60]. IV diphenhydramine is con-
traindicated for use in neonates or premature
infants, in nursing mothers, for use as a local
anesthetic, and when the patient has hyper-
sensitivity to diphenhydramine hydrochloride
and other antihistamines of similar chemical
structure (Table 4) [11, 60].

Fig. 1 Patient-rated sedation score and change by visit.
Intention-to-treat population. Reprinted from Ann Emerg
Med, Abella et al., Intravenous cetirizine versus intra-
venous diphenhydramine for the treatment of acute

urticaria: a phase III randomized controlled noninferiority
trial, pages 489–500, 2020, with permission from Elsevier
[20]
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Both IV cetirizine and IV diphenhydramine
have warnings about the occurrence of seda-
tion, driving or operating potentially dangerous
equipment, and concurrent use with alcohol or
CNS depressants (Table 4) [11, 12, 60]. IV
diphenhydramine has several additional warn-
ings and precautions (Table 4) [11, 60].

IV Antihistamines in Special Patient
Populations

Older Adults
In the phase 3 RCT of IV cetirizine versus IV
diphenhydramine for acute urticaria, post hoc

sub-analyses indicated that IV cetirizine was as
efficacious in the primary efficacy outcome in
patients at least 65 years of age (n = 18) versus
those less than 65 years of age (n = 244) [20].
The increases in mean sedation scores in
patients at least 65 years of age were smaller in
those receiving IV cetirizine than in those
receiving IV diphenhydramine at 1 h, 2 h, and
discharge [20]. The mean (SD) time in the
treatment center for patients at least 65 years of
age was 1.4 h (0.5) for IV cetirizine versus 3.0 h
(1.6) for patients receiving IV diphenhydramine
(p = 0.03 between groups), and the number of
patients returning to the treatment center

Table 4 Comparison of the contraindications, warnings, and precautions associated with the injectable H1 antihistamines
cetirizine and diphenhydramine. Adapted and reproduced with permission from Baker et al. 2020 [11, 12, 60]

Cetirizine Diphenhydramine

Contraindications

Hypersensitivity to drug or product ingredients X X

Hypersensitivity to levocetirizine or hydroxyzine X

Neonates or premature infants X

Breastfeeding X

Use as a local anesthetic X

Warnings and precautions

Somnolence/sedation X X

Driving or operating potentially dangerous equipment X X

Concurrent use with CNS depressants or alcohol X X

Narrow-angle glaucoma X

Stenosing peptic ulcer X

Pyloroduodenal obstruction X

Symptomatic prostatic hypertrophy or bladder-neck obstruction X

Local necrosis with use of subcutaneous or intradermal injections X

Overdose in children (hallucinations, convulsions, or death) X

Diminished mental alertness in pediatric patients X

Atropine-like effects; use caution in patients with a history of asthma, increased

intraocular pressure, hyperthyroidism, cardiovascular disease, or hypertension

X

Concomitant use of monoamine oxidase inhibitors X

CNS central nervous system
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within 24 h was 0/9 in the IV cetirizine arm
versus 3/9 in the IV diphenhydramine arm.

In the phase 2 infusion reaction pretreat-
ment RCT of IV cetirizine versus IV diphenhy-
dramine, of the 21 patients at least 65 years of
age, 1/9 (11.1%) patient pretreated with IV
cetirizine and 2/12 (16.7%) patients pretreated
with IV diphenhydramine experienced an
infusion reaction [41]. The mean (SD) sedation
score at discharge was 0.1 (0.3) in patients
receiving IV cetirizine and 0.4 (0.7) in patients
receiving IV diphenhydramine. Patients receiv-
ing IV cetirizine had a shorter mean time of
30 min spent at the treatment center than those
receiving IV diphenhydramine (4.4 h vs 4.9 h,
respectively).

In a study of orally administered diphenhy-
dramine, the half-life was approximately 70%
longer in older adults (13.5 h) than young
adults (9.2 h) and clearance rates were more
than twice as slow in older adults (11.7 mL/
min/kg) than young adults (23.3 mL/min/kg)
[15].

The American Geriatrics Society discourages
the use of diphenhydramine in older adults
because of its anticholinergic (e.g., confusion,
dry mouth) effects [61].

Children
IV cetirizine is approved in children as young as
6 months of age, on the basis of extrapolation of
efficacy and safety data from the phase 3 trial
for acute urticaria and orally administered ceti-
rizine data [12].

In a study of orally administered diphenhy-
dramine, the half-life was approximately 70%
shorter in children (5.4 h) than young adults
(9.2 h) and clearance rates were almost twice as
fast in children (49.2 mL/min/kg) than young
adults (23.3 mL/min/kg) [15].

COST

IV cetirizine is a brand name drug, whereas IV
diphenhydramine is available as a generic drug,
which will affect the direct cost and drug char-
ges. However, there are significant total overall
cost implications and patient outcome impli-
cations when choosing to use a first-generation

H1 antihistamine when a second-generation H1

antihistamine exists. Indirect costs of first-gen-
eration H1 antihistamines such as time spent in
the treatment center, need to return to treat-
ment center within 1–2 days after initial visit,
need for additional rescue medication,
increased staff resources related to longer stays,
lack of health system payment for revisits, and
the effect on health system throughput will
significantly impact the overall costs. The
phase 3 RCT of IV cetirizine versus IV diphen-
hydramine for acute urticaria showed signifi-
cantly less time in the treatment center, a
smaller percentage of patients returning for
treatment within 24 or 48 h, and less rescue
medication use with IV cetirizine (Table 2) [20].
A budget impact model taking into account
direct costs, indirect costs, and revenues asso-
ciated with IV cetirizine versus IV diphenhy-
dramine for the treatment of acute urticaria in
the ED in the USA concluded that adoption of
IV cetirizine has a positive budget impact for an
estimated 50,000 or 100,000 ED visits per year
[62]. The drivers of the positive budget impact
for IV cetirizine were shorter duration of visit,
lower 24-h return visits, and higher drug rev-
enue. Another indirect cost consideration,
albeit not simply financial in nature, is the lia-
bility of accidents from the CNS and sedating
effects of IV diphenhydramine.

CONCLUSIONS

IV diphenhydramine has been in use for many
years. Cetirizine is the only second-generation
H1 antihistamine approved for intravenous use.
Compared with IV diphenhydramine, IV ceti-
rizine has an improved safety profile including
less sedation, fewer contraindications, fewer
warnings and precautions, and less risk in the
elderly population. This improved safety profile,
along with IV cetirizine’s longer duration of
action, resulted in comparable patient out-
comes to IV diphenhydramine with a positive
impact on health care systems in RCTs.
Although IV cetirizine is currently only
approved for acute urticaria, H1 antihistamines
are first-line or adjunct treatments for other
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conditions, and it may be an option when
intravenous administration is preferred.
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