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Are ACE Inhibitors and Beta-blockers Dangerous in
Patients at Risk for Anaphylaxis?
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The objective of this article is to review the available studies
regarding angiotensin converting enzyme (ACE) inhibitors and
beta-blockers and their effect on patients at risk for anaphylaxis.
A literature search was conducted in PUBMED to identify peer-
reviewed articles using the following keywords: anaphylaxis,
ACE inhibitor, beta-blocker, food allergy, radiocontrast media,
venom allergy, skin testing, and immunotherapy. Some studies
show an increased risk of anaphylaxis in patients who are taking
ACE inhibitors and beta-blockers, whereas others studies do not
show an increased risk. For venom immunotherapy, there are
more data supporting the concomitant use of beta-blockers and
ACE inhibitors in the build-up and maintenance phases. Most of
the medical literature is limited to case reports and retrospective
data. Prospective controlled trials are needed on this important
topic. For those patients at risk of anaphylaxis who lack
cardiovascular disease, it is recommended to avoid beta-blockers
and possibly ACE inhibitors. However, for those patients with
cardiovascular disease, beta-blockers and ACE inhibitors have
been shown to increase life expectancy. Consideration should be
given for the concomitant use of these medications while
patients are receiving venom immunotherapy. © 2017
American Academy of Allergy, Asthma & Immunology (J Allergy
Clin Immunol Pract 2017;5:1207-11)
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Anaphylaxis is a severe, life-threatening manifestation of a
systemic immediate hypersensitivity reaction that necessitates
prompt medical intervention." The most common causes of
anaphylaxis are food and medications; however, Hymenoptera
stings, radiocontrast media (RCM), and iatrogenic procedures
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such as skin testing, allergy challenges, and immunotherapy are
implicated among various other triggers.” Patients taking anti-
hypertensive medications, specifically angiotensin converting
enzyme (ACE) inhibitors or beta-blockers, represent a popula-
tion in whom a possibly increased risk for anaphylaxis has been
debated.”

Although the lifetime prevalence of anaphylaxis in the general
population is estimated to be approximately 7% and possibly up
to 10% to 12%, the prevalence of anaphylaxis in patients taking
ACE inhibitors and beta-blockers is unknown.” This presents a
clinical conundrum to the physician and can limit efficacious
diagnostic and management options for allergic disorders to
many patients. This article summarizes the mechanisms of action
of ACE inhibitors and beta-blockers in relation to the patho-
physiology of anaphylaxis. It presents key arguments with
available data regarding food allergy, RCM administration,
venom allergy, skin testing, and immunotherapy in patients
taking these select antihypertensive medications.

MECHANISM OF ACTION: ANAPHYLAXIS, ACE
INHIBITORS, AND BETA-BLOCKERS

Anaphylaxis is classically initiated by allergen cross-linking of
IgE on mast cells and basophils, leading to degranulation and
release of histamine, tryptase, chymase, platelet-activating factor,
prostaglandins, and leukotrienes.”® Release of these mediators
activates inflammatory pathways, including the complement and
kallikrein-kinin systems and the clotting cascade. Histamine
release, in particular, causes vasodilation leading to increased
vascular permeability and decreased peripheral vascular resis-
tance.” Decreased peripheral vascular resistance leads to activa-
tion of the renin-angiotensin system, a compensatory mechanism
blocked by ACE inhibitors, thus theoretically leading to inten-
sified anaphylaxis. Histamine release also increases cardiac rate,
cardiac contractility, and bronchoconstriction.”” Therefore, it is
suggested that beta-blockers mask cardiac signs of anaphylaxis
and lead to unopposed alpha-adrenergic activity, causing severe
bronchoconstriction. Furthermore, management of anaphylaxis
with concomitant beta-blocker use is complicated by the possi-
bility of a blunted response to epinephrine and/or inhaled
bronchodilators.” Also animal studies suggest that ACE in-
hibitors and beta-blockers together may enhance mast cell
priming.8

Nitric oxide also plays a role in anaphylaxis. Nitric oxide can
inhibit the release and effects of catecholamines. It causes vaso-
dilation by increasing the activation of guanylyl cyclase that can
result in smooth muscle relaxation via cyclic guanosine mono-
phosphate.” Methylene blue is an inhibitor of guanylyl cyclase
and has been used as a treatment for refractory anaphylaxis.'’
There is evidence that glucagon is also helpful in refractory
anaphylaxis especially for patients on beta-blockers. Glucagon

1207


mailto:TFree95900@aol.com
http://dx.doi.org/10.1016/j.jaip.2017.04.033
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jaip.2017.04.033&domain=pdf

1208 COOPETAL

Abbreviations used
ACE- Angiotensin converting enzyme
RCM- Radiocontrast media

activates adenylyl cyclase directly and can bypass the beta
blockade.'"'* Additionally, higher doses of epinephrine may be
needed to overcome the beta blockade for refractory anaphylaxis;
however, beta-blockers prevent vasodilation, leaving unopposed
alpha vasoconstriction that may result in a hypertensive

. 12,13
reaction.

ANAPHYLAXIS IN GENERAL

There is some medical literature suggesting that patients tak-
ing beta-blockers or ACE inhibitors are at an increased risk of
anaphylaxis. Jacobs et al'* reported on 2 patients who developed
anaphylaxis while taking propranolol, a beta-blocker. Both of
these patients developed hypotension and were refractory to
epinephrine. The authors stated that propranolol can be impli-
cated as a potentiating factor in anaphylaxis because of its
antagonistic action on the beta-adrenergic sympathetic system.

A publication in 1983 documented 5 patients who had re-
fractory anaphylaxis while taking propranolol."” Another case
described a case of fatal bronchospasm and anaphylaxis in a
patient using beta-blocker (timolol) eye drops.'® Finally, Hayhoe
et al'” described a 42-year-old woman who had severe anaphy-
laxis from labetalol use. She had persistent bradycardia, elevated
tryptase levels, and hypotension that was refractory to epineph-
rine and norepinephrine. Eventually she responded to enox-
imone that is a nonadrenergic inotrope.

An article by Lee et al'® was published evaluating risk factors
for anaphylaxis severity, organ system involvement, and hospi-
talization in emergency department patients. Of the 302 patients
with anaphylaxis, 55 patients had syncope, hypoxia or hypo-
tension, 57 patients required hospitalization, and 139 patients
had 3 or more organ system involvement. Beta-blocker,
ACE inhibitor, and diuretic use were significant risk factors
of anaphylaxis for multiorgan systemic involvement and
hospitalization.

FOOD ALLERGY

A case of severe anaphylactic shock from walnuts and pine
nuts occurred in an 87-year-old woman who was taking ramipril,
an ACE inhibitor.'” The authors suggested from this case that
ACE inhibitors may exacerbate the severity of anaphylactic re-
actions in patients with food allergies. There was a publication in
2015 of 2 patients with food pollen allergy syndrome who
developed severe angioedema while taking lisinopril, another
ACE inhibitor.”” Tt was postulated that the ACE inhibitor
contributed to its reactions to apple, jackfruit, and cashew nuts.
Summers et al”' collected information on patients with peanut
and tree nut allergic reactions and found that patients with serum
ACE concentrations < 37.0 mmol/L had an increased risk of
severe pharyngeal edema. None of these patients were taking
ACE inhibitors.

Because of the potential risk of anaphylaxis with beta-blockers,
TenBrook et al”* published an article evaluating whether beta-
blockers should be given to patients with heart disease who
have peanut-induced anaphylaxis using a Markov model.
A meta-analysis and literature review were used to estimate the
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model parameters. The results showed that beta-blockers
increased the life expectancy of patients at risk for peanut-
induced anaphylaxis and cardiovascular disease. The patients
who had a myocardial infarction had an increased life expectancy
of 9.4 months, and the patients with congestive heart failure had
an increased life expectancy of 17.4 months. Thus, in patients
with cardiovascular disease, beta-blockers can increase life ex-
pectancy despite having food allergies.

RADIOCONTRAST MEDIA

Anaphylactoid reactions to RCM have been attributed to the
high osmolality of some early contrast media agents. Many of
these reactions have been prevented by using low osmolar or iso-
osmolar solutions.”” Lang et al**** published 2 articles showing
that beta-blockers caused increased anaphylactoid reactions in
patients receiving RCM. In the first study, of 49 patients having
anaphylactoid reactions, exposure to beta-blockers was 27%
among patients who had RCM reactions and 12% in matched
case controls. In the second study, there were 122 anaphylactoid
reactions to RCM and patients taking beta-blockers had an
increased odds ratio of 7.67 of having an RCM reaction
compared with case controls. A case report described a patient
taking a beta-blocker with refractory anaphylactoid shock during
coronary angiography.”® The patient was unresponsive to
aggressive standard treatment but had clinical improvement on
the administration of glucagon.

More recently, Aggarwal et al”’ reported that beta-blocker
premedication did not increase the frequency of allergic re-
actions to coronary computed tomography angiography even
among patients who had a past history of RCM reactions. The
incidence of an allergic reaction in patients who received beta-
blockers was 45 of 23,867 (0.19%) compared with those pa-
tients who did not receive beta-blockers, which was 9 of 5232
(0.17%). There was no statistical difference between the 2
groups.

VENOM ALLERGY

Awai and Mekori™® in 1984 reported a systemic reaction that
was refractory to treatment in a 31-year-old male bee venom
allergic patient who was taking propranolol. The authors sug-
gested that beta-blockers should not be used in venom allergic
patients. Another case report described a 52-year-old man who
had relapsing anaphylaxis after being stung by a bee while taking
a beta-blocker (propranolol) and a calcium channel blocker
(nifedipine) 2

Ruéff et al’” conducted a retrospective study of 206 Hyme-
noptera venom allergic patients and found that the patients
taking ACE inhibitors had an increased risk of severe anaphylaxis
to field stings. In contrast to these first 2 reports, Stoevesandt
et al’" analyzed 657 patients with Hymenoptera venom allergy
and found that there was no statistical difference in the severity
of venom allergy in patients taking cardiovascular medications
versus those patients not taking cardiovascular medications. In
this study, 59 patients were taking beta-blockers and 32 patients
were taking ACE inhibitors at the time of their field sting.
Overall, there is not enough data in the medical literature
regarding venom allergy and anaphylaxis. However, unless there
is a good medical indication to use these cardiovascular drugs, it
may be prudent to avoid beta-blockers and ACE inhibitors in
those patients who are venom allergic.
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SKIN TESTING

In the anaphylaxis practice parameter, the use of beta-blockers
and ACE inhibitors is cited as a relative contraindication to skin
testing.3 2 Unfortunately, there is little evidence evaluating skin
testing of patients on ACE inhibitors and beta-blockers. Fung
and Kim™ completed a retrospective study of 191 patients who
were taking beta-blockers (190 patients on oral beta-blockers and
1 patient with beta-blocker eye drops) while being skin tested to
various allergens. Of the patients being skin tested, 54 had
positive percutaneous tests, 14 patients had positive intradermal
tests, and 4 patients had percutaneous and intradermal positive
skin tests. None of the skin tests resulted in any adverse events.
The authors concluded that their data demonstrated the relative
safety of skin prick tests to patients on beta-blockers. Nonethe-
less, this was a small study and the authors recommended larger
prospective multicenter studies.

IMMUNOTHERAPY

There is more evidence in the medical literature regarding
patients receiving allergen immunotherapy while taking beta-
blockers and ACE inhibitors. A case report in 1981 docu-
mented anaphylaxis refractory to epinephrine in a patient taking
propranolol and receiving a maintenance immunotherapy in-
jection to grass pollen.”” There have been some reports of death
of patients receiving immunotherapy while taking beta-blockers
or ACE inhibitors. In a study published in 1987, Lockey
et al”” reported 2 fatalities of immunotherapy patients who were
taking beta-blockers. Reid et al’® published a study with 1 death
of a patient taking a beta-blocker while receiving immunotherapy
in a survey of allergists from 1985 to 1989. There were 17 re-
ported immunotherapy fatalities during this survey period.

Another study over a 12-year period collected data on fatal
reactions to immunotherapy and skin testing.”” There were 41
immunotherapy fatal reactions and only 1 patient was found to
be taking an ACE inhibitor. None of the patients were taking
beta-blockers. Lockey et al’® again published a review article in
2001 reporting that patients on beta-blockers were at risk for
systemic reactions and fatalities from allergen immunotherapy.

A study in 2006 by Amin et al”” described a near fatal reaction
in a patient taking a beta-blocker and receiving allergen immu-
notherapy. Interestingly, there were also 2 patients with near fatal
reactions who were taking angiotensin receptor blockers while
receiving immunotherapy. Bernkopf et al*’ concluded that ACE
inhibitors were independent predictors of the development of
systemic reactions during the build-up phase of Hymenoptera
venom immunotherapy in 175 patients. Other anecdotal reports
of severe anaphylaxis with Hymenoptera venom immunotherapy
have been reported in patients taking ACE inhibitors.*'** These
patients had anaphylaxis with severe hypotension after adminis-
tration of a subcutaneous injection of Hymenoptera venom.
They were resuscitated and were able to successfully continue
venom immunotherapy by either stopping their ACE inhibitor
altogether or holding it 24 hours before their venom immuno-
therapy injection.

In contrast to the prior studies, there have been a number of
publications demonstrating that the concomitant use of ACE
inhibitors or beta-blockers did not seem to increase the overall
incidence of systemic reactions to immunotherapy. Hepner
et al™ assessed systemic reactions to immunotherapy over a 1-
year prospective study. There were a total of 166 systemic
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reactions in 144 patients. Only 1 patient who had a systemic
reaction was taking a beta-blocker. White and England®*
analyzed 79 patients on venom immunotherapy. Seventeen of
these patients were also taking an ACE inhibitor during venom
immunotherapy for a mean time of 17 months. None of patients
taking an ACE inhibitor experienced systemic reactions versus 13
systemic reactions in patients receiving immunotherapy while
not taking an ACE inhibitor.

Rank et al® evaluated 29 immunotherapy systemic reactions
in a study of 338 immunotherapy patients over a 2-year period.
ACE inhibitors and beta-blockers did not increase the odds of
having a systemic reaction to subcutaneous allergen immuno-
therapy. Additional studies of Hymenoptera venom allergic pa-
tients while taking beta-blockers and ACE inhibitors were
conducted. These studies found that the patients taking cardio-
vascular medications did not have an increased risk of systemic
reactions to build-up venom immunotherapy.*

Stoevesandt et al’ assessed patients receiving Hymenoptera
venom during the build-up phase. There were 90 patients taking
ACE inhibitors and 23 patients taking beta-blockers. ACE in-
hibitors or beta-blockers were not significantly related to the
incidence of systemic reactions. Another study of patients on
maintenance Hymenoptera venom immunotherapy was pub-
lished.”® Of the 225 patients, 71 were taking an ACE inhibitor
and 40 were taking a beta-blocker. Surprisingly, systemic reac-
tion rates were lower in these patients taking an ACE inhibitor or
beta-blocker.

Finally, Miiller and Haeberli*” undertook a prospective study
of patients with cardiovascular disease who were taking beta-
blockers and receiving venom immunotherapy.”’ Of the 25
patients on beta-blockers during immunotherapy, 3 (12%)
developed systemic reactions, compared with 23 (16.7%) of 117
patients not taking beta-blockers. No severe reactions were re-
ported in the patients taking beta-blockers and receiving venom
immunotherapy. The authors concluded that beta-blockers may
be indicated in patients with cardiovascular disease who are
receiving venom immunotherapy.

Based on the available evidence, the anaphylaxis practice
parameter states that physicians should consider stopping ACE
inhibitors for at least 24 hours before administering build-up and
maintenance venom immunotherapy injections to prevent severe
systemic reactions.”” Also the anaphylaxis practice parameter
recommends that beta-blockers should be used with caution in
patients receiving immunotherapy.3 > However with venom
immunotherapy that can be lifesaving, the benefits of immu-
notherapy outweigh the possible anaphylaxis risk associated with
taking a beta-blocker or ACE inhibitor. Therefore, for patients
who require a beta-blocker or ACE inhibitor for cardiovascular
disease, venom immunotherapy can be prescribed while they are
taking their cardioprotective medication.’

In regard to acroallergen immunotherapy that is an elective
procedure, a judgment call must be made by the allergist.
Conclusive data regarding the use of beta-blockers and/or ACE
inhibitors for patients starting or maintaining immunotherapy do
not exist. In our practice, typically we allow aeroallergen
immunotherapy for patients on ACE inhibitors but not beta-
blockers. We do allow patients on beta-blockers with cardio-
vascular disease to start and maintain venom immunotherapy. In
selective cases, aeroallergen immunotherapy may be warranted
for patients on beta-blockers. It is recommended that patients on
beta-blockers and ACE inhibitors be made aware of their risks of
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receiving aeroallergen immunotherapy and appropriate consent

should be accomplished.

CONCLUSIONS

Overall, there is not a lot of medical literature evaluating
whether patients on ACE inhibitors or beta-blockers are at an
increased risk of anaphylaxis. Most of the medical literature is
limited to case reports and retrospective data. Initial reports
suggested that beta-blockers were dangerous for patients at risk
for anaphylaxis and ACE inhibitors were acceptable. More recent
data seem to indicate that beta-blockers may be safe for patients
at risk for anaphylaxis and perhaps ACE inhibitors are worri-
some. Some of this evidence is conflicting and there have not
been definitive studies. Ultimately, prospective controlled trials
are needed on this important topic. There are data that beta-
blockers may mask cardiac signs of anaphylaxis and blunt the
response to epinephrine in cases of anaphylaxis. It is recom-
mended to avoid beta-blockers and possibly even ACE inhibitors
for those patients at risk of anaphylaxis who lack cardiovascular
disease. However, for those patients with cardiovascular disease,
beta-blockers and ACE inhibitors have been shown to decrease
mortality and increase life expectancy. Consideration should be
given for patients with cardiovascular disease and venom
immunotherapy to remain on their beta-blockers and ACE in-
hibitors.”” We recommend that these medications be continued
for patients who need them on venom immunotherapy.
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