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Abstract Angiotensin-converting enzyme (ACE) inhibitors are amongst the commonest prescribed medications in
the United States and considered to be the leading causes of drug induced angioedema. High bradykinin levels
stimulate vasodilation and increased vascular permeability of the post-capillary venules and allow for plasma
extravasation into the submucosal tissue, leading to angioedema. Usually, the angioedema occurs within the first
week of exposure to therapy, but cases occurring after years of stable ACE inhibitor usage are not uncommon. Here,
we present a 43-year-old Caucasian female who developed acute respiratory failure requiring mechanical ventilation
secondary to ACEi–induced angioedema after five years of Lisinopril usage. This case will help to increase
physicians’ awareness that this potentially fatal complication can still occur after years of ACE inhibitor usage.
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1. Introduction
Angiotensin-converting enzyme (ACE) inhibitors are
commonly prescribed medications in the United States
and considered to be the leading cause of drug induced
angioedema.
Angioedema is an area of swelling of the lower layer of
skin and tissue just underneath the skin or mucous
membranes. The swelling may occur in the face,
tongue, larynx, abdomen, arms and legs. The onset is
typically over minutes to hours. In ACE inhibitor-induced
angioedema, there is usually an absence of itching or
urticaria. In fact, the presence of urticaria suggests a
different group of etiologies. ACE inhibitors block the
effects of the angiotensin-converting enzyme. ACE
(kininase II) is the primary peptidase in the degradation
of bradykinin. Bradykinin is a peptide that increases
capillary permeability and acts as a potent vasodilator.
ACE inhibitor therapy affects the patient by causing
vasodilation by inhibiting the production of angiotensin II
and increasing the bradykinin levels due to impaired
metabolism. As a result, high bradykinin levels
stimulate vasodilation and increased vascular permeability
of the post-capillary venules and allow for plasma
extravasation into the submucosal tissue, leading to
angioedema.

This case discusses a patient who developed acute
respiratory failure requiring intubation and mechanical
ventilation secondary to ACEi –induced angioedema after
5 years of being treated with Lisinopril for hypertension,
highlighting the fact that this fatal side effect can still
occur years after being on an ACE inhibitor.

2. Case Presentation
The patient is a 43-year-old Caucasian female with
medical history significant for diabetes mellitus type 2,
hypertension, generalized anxiety disorder and nonalcoholic steatohepatitis, who presented to the emergency
room (ER) with complaints of tongue swelling, difficulty
swallowing and shortness of breath shortly after taking her
regular daily medications on the morning of her
presentation. She denied any chest pain, nausea, vomiting,
abdominal pain, diarrhea, itching or skin rash. She denied
any sexual intercourse before the onset of her symptoms.
She denied any exposure to new food, new medications,
new chemical materials or noxious gases. She denied
any history of lung diseases. She denied any previous
episodes of angioedema or any family history of similar
incidents. She denied any recent changes in her
medications or taking over-the-counter medications or
herbal supplements. Her medications included Lisinopril
20 mg in am and 10 mg in pm orally, Liraglutide 1.8 mg
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subcutaneous injection daily and Citalopram 40 mg oral
tablet daily. She has been taking Lisinopril for
hypertension for the last 5 years and the last dose
adjustment was one year ago.
On arrival to the ER, her vital signs showed blood
pressure of 137/100 mmHg, heart rate of 109 beats per
minute, respiratory rate of 24 breaths per minute,
temperature of 98.9 F and oxygen saturation of 92% on
room air. Head and neck examination revealed a swollen
tongue and lips with uvular edema. Cardiovascular
examination revealed tachycardia with audible S1 and S2
with no murmurs. Respiratory examination revealed
scatted wheezes. Shortly after her arrival, her heart rate
increased to 129 beats per minute. She became more
tachypneic and more distressed. She was requiring 3 L of
oxygen via nasal cannula to keep her saturation around
90%. The patient was given epinephrine intramuscularly
twice in addition to intravenous methylprednisolone and
intravenous diphenhydramine. However, her shortness of
breath and angioedema worsened rapidly, so she was
intubated and mechanically ventilated. Laboratory and
imaging studies were sent. Her chest X-ray showed
perihilar congestive changes and right apical infiltrate.
Laboratory work up revealed a normal complete blood
count, normal complete metabolic profile, erythrocyte
sedimentation rate 44 mm/hr and lactic acid of 4 mg/dL.
Procalcitonin was 0.05 ng/mL. Her C4 Complement level
of 25.9 mg/dL (Within Normal Range). C1Q complement
of 73 U/mL. The Arterial blood gas on mechanical
ventilation showed (PH of 7.32 , CO2 : 50 mmHg , PO2 :
108 mmHg) on 40% FiO2. She was admitted to the
intensive care unit and started on ampicillin/sulbactam due
to the possibility of aspiration. We continued the
bronchodilators, intravenous steroids and intravenous H1
and H2 blockers to help decrease the swelling. She
subsequently improved and was successfully extubated
next day. Lisinopril was discontinued and ACE inhibitors
were added to her allergy profile. She was also counseled
on avoidance of ACE inhibitors in the future.

3. Discussion
Angiotensin converting enzyme inhibitors (ACEi)
are widely prescribed in the USA. ACEi – induced
angioedema occurs in 0.1% to 0.7% of ACEi users [1,2].
ACE inhibitors are among the leading causes of druginduced angioedema in the United States in addition to
Non-Steroidal Anti-Inflammatory Drugs.
Angioedema is a non-pitting swelling of the subcutaneous
or submucosal tissues commonly affects nondependent
areas mainly lips, tongue, face, pharynx, larynx, and
subglottic area [3]. Throat swelling, tongue swelling and
inspiratory stridor may progress to life threatening upper
airway obstruction [4,5]. Other systemic manifestations of
ACEi-induced angioedema include diffuse abdominal pain,
diarrhea, vomiting, anorexia and ascites secondary to
visceral involvement. The jejunum is most often involved,
followed by the ileum and duodenum [6,7,8,9], though
involvement of the stomach has been reported as well [10].
ACE inhibitor-induced angioedema usually develops
over minutes to hours and then resolves over 24 to
72 hours, however, complete resolution may take days in
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some cases. Usually, the angioedema occurs within the
first week of exposure to therapy [2,11,12]. However,
there have been multiple reports of cases occurring after
years of stable ACEi usage as in our patient [13,14,15]. In
most cases, the episode of angioedema is mild and
resolves without complications. However, endotracheal
intubation or emergency tracheostomy may be necessary
for angioedema that obstructs the upper airways.
The hypothesized mechanism of ACEi induced
angioedema involves the blockade of the enzyme ACE
which impacts both the renin-angiotensin-aldosterone
(RAA) pathway and the degradation of bradykinin. The
RAA cascade is important in regulating renal blood flow
and blood pressure. Angiotensinogen is produced in the
liver and is converted by renin in the kidneys to produce
angiotensin I. Angiotensin I is then metabolized to
angiotensin II in the lungs by the enzyme ACE.
Angiotensin II acts as a vasoconstrictor through stimulation
of angiotensin I and II receptors. ACE is the primary
enzyme involved in the degradation of bradykinin in
addition to Angiotensin II which also plays a role in
inactivating bradykinin. Bradykinin levels become
elevated due to impaired metabolism, which leads to
release of nitric oxide and prostaglandins and results in
vasodilatation and hypotension [16]. In addition, the
inhibition of the production of angiotensin II also causes
vasodilation. The high levels of bradykinin cause
vasodilation and increase vascular permeability of the
post-capillary venules thereby allowing for plasma
extravasation into the submucosal tissue, leading to
angioedema [17,18]. Other metabolites playing roles in
ACEi-induced angioedema include des-Arg9-BK, and
substance P [19,20]. Substance P is a potent vasodilator
that can cause vasodilatation via nitric oxide release.
Abnormality of the endogenous des-Arg(9)-BK degradation
exists in the plasma of patients with ACEi-associated
angioedema, suggesting that its pathogenetic mechanism
lies in the catabolic site of kinin metabolism.
The diagnosis of ACE inhibitor-induced angioedema is
usually clinical, based on the presence of angioedema,
without itching or urticaria in a patient who takes ACE
inhibitors. No laboratory tests to diagnose ACE inhibitorinduced angioedema is needed. However, complement
protein 4 (C4) can be sent if there is a suspicion for other
rare angioedema disorders in the setting of positive family
history of angioedema or underlying lymphoproliferative
disorder. A low C4 should prompt a more complete
laboratory evaluation, including C1 inhibitor function and
protein levels, C4 level, and C1q levels. When visceral
involvement is suspected, ultrasonography and computed
tomography of the abdomen can be obtained. Usually the
typical findings will include dilated bowel loops, a "stacked
coin" or "doughnut" appearance, mesenteric edema,
thickened mucosal folds, and possible ascites [22,23].
Multiple risk factors have shown to increase the risk of
ACE inhibitor-induced angioedema including previous
episodes of angioedema, seasonal allergies, previous
NSAIDs related angioedema, smoking and female sex
[24,25].
The treatments of ACE inhibitor-induced angioedema
are acute airway management if the mouth or throat is
involved and discontinuation of the offending drug.
Glucocorticoids have been shown to induce the expression
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of ACE [26] and could theoretically accelerate bradykinin
metabolism and thus alleviate angioedema that is mediated
by bradykinin. Because ACEI‐induced angioedema is not
a histamine‐mediated process, the role of antihistamines is
unclear, and they usually have minimal response. Steroids
and antihistamines can be used empirically at first
presentation when the angioedema is severe and the
etiology is not yet clear. After an episode of ACE
inhibitor-induced angioedema, it is imperative that ACE
inhibitors be never used again.

[6]
[7]
[8]

[9]
[10]

4. Conclusion
[11]

ACE inhibitor-induced angioedema is the leading cause
of angioedema in the USA. The reaction usually occurs
within the first week of initiating therapy. However, it can
still occur after years of stable ACE inhibitor usage. Upper
airway compromise is the most feared complication, but
visceral involvement is not uncommon and can be evaluated
with ultrasonography and computed tomography. Clinicians
are advised to be wary of ACE inhibitor induced
angioedema even after several years of ACEi usage.
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