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SUMMARY
SARS-CoV-2, the virus responsible for COVID-19, binds to 
the ACE2 receptors. ACE2 is thought to counterbalance 
ACE in the renin-angiotensin system. While presently 
it is advised that patients should continue to use ACE 
inhibitors or angiotensin receptor blockers, questions still 
remain as to whether adverse effects are potentiated by 
the virus. Here, we report a case of a 57-year-old man, 
unknowingly with COVID-19, who presented to the 
emergency department with tongue swelling, shortness 
of breath and difficulty in speaking following 4 months 
taking benazepril, an ACE inhibitor. Finally, we also 
describe possible pathways that exist for SARS-CoV-2 to 
interact with the mechanism behind angioedema.

BACKGROUND
The severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) is a novel lineage B betacoronavirus 
that emerged at the end of 2019.1 It was identified 
as the pathogen that caused acute severe respiratory 
illness colloquially known as COVID-19.2

SARS-CoV-2 binds with high affinity to human 
ACE2 receptors,3 possibly leading to its downregu-
lation.4 ACE2 is expressed broadly, including in the 
heart, kidneys and lungs.5 ACE2-expressing cells 
are also found in oral tissue, especially in the epithe-
lial cells of the tongue,6 and it has been reported 
that SARS-CoV-2 was detected in resected tissue of 
the tongue and submandibular gland.7

Animal and human studies have shown that ACE 
inhibitors and angiotensin receptor blockers (ARBs) 
may modulate ACE2 expression.8 Therefore, the 
implications of using these medications in a patient 
with COVID-19 may have previously unexpected 
consequences. Here, we report of a COVID-19-
positive patient who was prescribed an ACE inhib-
itor and presented to the emergency department 
with angioedema, a potentially life-threatening 
adverse drug reaction of ACE inhibitors.

CASE PRESENTATION
A 57-year-old man with a medical history of hyper-
tension and type 2 diabetes mellitus presented in 
the emergency department with worsening swelling 
of the tongue, difficulty in speaking and shortness 
of breath since the morning. He was given multiple 
doses of intramuscular epinephrine in the prehos-
pital setting with no change in symptoms. He had 
no associated pain, itchiness or rash, and he denied 
fever, nausea, vomiting, chest pain or cough. He 
reported not having any allergies or eating anything 
outside of his regular diet. The patient stated he 
began taking a new blood pressure medication, 

benazepril, approximately 4 months ago. He had 
no personal or family history of facial or tongue 
swelling.

INVESTIGATIONS
On examination, the patient was afebrile and 
normotensive, with an oxygen saturation of 96% on 
room air. There was pronounced oedema involving 
the lingual mucosa and subcutaneous tissues of the 
perioral area without pain or pruritus. Cardiac 
auscultation revealed tachycardia without any 
pathological murmurs. Auscultation of the lungs 
revealed decreased breath sounds bilaterally with 
inspiratory effort, but no wheezing or crepitations. 
No jugular venous distention or lower limb swelling 
was appreciated. No urticarial eruption was noted 
throughout.

Laboratory tests revealed mild leucocytosis 
(10.8×109/L) with lymphopenia (800×109/L) and 
elevated high-sensitivity C-reactive protein (7.80 
mg/dL), ferritin (866 ng/mL) and lactate dehydro-
genase (1295 IU/L). D-dimer, C3 and C4 levels 
were not measured. Chest X-ray showed bilat-
eral infiltrates in lung bases (figure  1), whereas 
CT impressions showed multifocal alveolitis in 
the periphery of the upper lobes bilaterally (not 
shown). CT imaging of the neck showed oedema 
along the prevertebral and submucosal tissues of 
the oropharynx and hypopharynx (figure  2), as 
well as in the submandibular area surrounding the 
submandibular glands. A nasopharyngeal swab was 

Figure 1  X-ray of the chest in the posterior–anterior 
view.
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taken for COVID-19 assay by real-time PCR (Abbott Real-time 
SARS-CoV-2 PCR, M2000 platform; FDA, 2020).

DIFFERENTIAL DIAGNOSIS
Anaphylaxis was our initial diagnosis of exclusion. Without 
positive clinical response following epinephrine administration, 
delay in considering alternative diagnoses may have lead to a 
fatal outcome.9 Other differential diagnoses chiefly included 
deep space abscess and hereditary or acquired angioedema. 
We considered infectious processes such as a lingual abscess,10 
or Ludwig’s angina, a form of submandibular space infection 
arising from the odontogenic origin11; however, without fever, 
pain or specific fluctuant oedema, infectious processes were 
mostly ruled out. Trauma is a common cause of tongue swelling, 
particularly from epileptic tongue bites,12 although the absence 
of personal history meant this was unlikely. Neoplasm was also 
a possibility, most commonly caused by oral squamous cell carci-
noma of the tongue,13 as was lingual thyroid, an abnormal mass 
of ectopic thyroid tissue normally seen in the base of the tongue 
from defects in embryogenesis.14 The rapidity of symptom onset 
did not correspond to this picture. Rarer possibilities included 
submental haematoma, seen in anticoagulated patients,15 and 
Melkersson-Rosenthal syndrome, which is normally accompa-
nied by recurrent congenital facial nerve palsy.16 Alternatively, 
other rare causes are tuberculosis of the tongue, which mani-
fests in immunocompromised individuals,17 and tertiary syph-
ilis, which has been shown to invade the tongue in patients with 
chronic infection.18

Angioedema is the non-pruritic swelling of the deeper layers 
of the skin or mucosa, which can be fatal when it obstructs the 
airway.19 Ultimately, in the absence of family history or repeated 
occurrence of angioedema, hereditary angioedema20 was less 
likely. ACE inhibitor-associated angioedema was our primary 
diagnosis due to the recent use of ACE inhibitors in the last few 
months. However, during the height of the initial surge in New 
York City, we questioned whether SARS-CoV-2 could cause or 
at least potentiate angioedema. Other workup showed bilateral 
pulmonary infiltrates and elevated inflammatory markers with 
lymphopenia consistent with COVID-19 infection.

TREATMENT
The decision to administer tranexamic acid in our patient with 
ACE inhibitor-induced angioedema was based on the evidence 
shown by a retrospective study in France.21 Fresh frozen plasma, 
which has been shown to have success in treating ACE inhibitor-
induced angioedema,22 was prepared for the alternative measure.

In the emergency department, the patient’s clinical presen-
tation improved over 3 hours once tranexamic acid was given. 
Although the patient was able to talk, his voice was hoarse, and 
the decision was then made to admit the patient for airway 
monitoring. Intravenous diphenhydramine and famotidine were 
given, and benazepril was withheld.

OUTCOME AND FOLLOW-UP
The angioedema resolved within 24 hours without further 
oropharyngeal swelling. Oxygen saturation was above 95% on 
room air despite suspicion for COVID-19. The patient was given 
oral diphenhydramine and famotidine to continue at home, 
whereas amlodipine was prescribed for hypertension in place 
of ACE inhibitors. He was also advised to follow-up with his 
primary care provider to modify his blood pressure medication. 
Soon after discharge, the patient’s PCR result for COVID-19 
returned positive.

DISCUSSION
Currently, there is one other reported case of angioedema 
without urticaria in an ACE inhibitor user with COVID-19.23 
The presentation of this case report is similar to our own: non-
pitting oedema of the lower face in the absence of pruritus, 
leucocytosis with relative lymphopenia, elevated inflammatory 
markers and resolution of symptoms within 48 hours, although 
the marked difference is the chronic use of ACE inhibitor, 
whereas our patient began his medication 4 months prior to 
admission.

The rapid improvement following tranexamic acid treat-
ment in the emergency department validated our initial assess-
ment of ACE inhibitor-induced angioedema. The development 
of angioedema is initiated by kallikrein, cleaving the active 
nonapeptide bradykinin from kininogen. Bradykinin generates 
nitric oxide and prostaglandins, which leads to vasodilatation 
and increased vascular permeability, particularly the postcapil-
lary venules. Bradykinin is primarily degraded by ACE, neutral 
endopeptidase, aminopeptidase P, dipeptidyl peptidase IV 
and kininase I.24 However, approximately 11% is converted 
into des-Arg9-bradykinin, which is cleaved by ACE2. ACE2 
converts angiotensin II to its metabolite angiotensin-(1-7), 
which counterbalances ACE in the renin-angiotensin system,25 
opposing its effects of vasoconstriction, sodium retention and 
fibrosis.26 Therefore, the theoretical downregulation of ACE2 by 
SARS-CoV-2 would lead to the elevated angiotensin II, creating 
an environment for a heightened level of bradykinin leading to 
angioedema.

The clinical presentation of patients with COVID-19 and 
ACE2 modulation are strikingly similar. For example, endotoxin 
inhalation in a mouse model causes a drastic reduction in pulmo-
nary ACE2 activity, and the extended longevity of des-Arg9-
bradykinin exacerbates lung inflammation,27 with a presentation 
similar to acute respiratory distress syndrome (ARDS) as seen in 
patients with COVID-19. An impairment of cytokine degrada-
tion, evident by an increase in the level of C-reactive protein, has 
been implicated as being the primary mechanism of angioedema 
under the use of ACE inhibitor drugs,28 which greatly resem-
bles the dramatic release of proinflammatory cytokines caused 

Figure 2  CT of the head and neck in the sagittal view.
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by SARS-CoV-2 infection.29 C-reactive protein also stimulates 
interleukin-6.30 Both C-reactive protein and interleukin-6 have 
been shown to be above the normal range in most patients with 
COVID-1931 and C-reactive protein was shown to be elevated in 
both cases of angioedema in patients with COVID-19. Patients 
with COVID-19 also have markedly elevated plasma angiotensin 
II level that is linearly associated with viral load and lung injury.32 
Interestingly enough, the characteristic side effect of ACE inhib-
itor therapy, a dry cough, closely resembles the coughing in 
patients with COVID-19 as well.

It is difficult to elucidate whether the SARS-CoV-2 caused 
angioedema in both patients. It is possible that SARS-CoV-2 
may be the trigger for angioedema when combined with the 
use of ACE inhibitors under a ‘two-hit’ mechanism. It has been 
documented that the addition of another medication can cause 
angioedema in individuals previously stable under ACE inhibi-
tors. A common trigger is non-steroidalanti-inflammatory drugs, 
which may account for close to 50% of all ACE inhibitor-related 
angioedema.33 Other medications, such as dipeptidyl peptidase 
IV inhibitors and mTOR inhibitors, are also associated with an 
increased incidence of angioedema with chronic use of ACE 
inhibitors.34 35 With the use of omapatrilat, which concomitantly 
inhibits ACE as well as neutral endopeptidase, angioedema was 
observed at a rate threefold higher in comparison with enalapril 
during the OCTAVE trial.36 Neutral endopeptidase is the inac-
tivating enzyme for apelin.37 Apelin, meanwhile, interacts with 
ACE2. Apelin is also normally cleaved and rendered inactivated 
by kallikrein.38 Thus, these are examples of multiple pathways 
that may be prone to modification by SARS-CoV-2.

The existence of potential interactions creates more questions 
than answers. Future research should focus on acquiring levels 
of bradykinin and des-Arg9-bradykinin in order to determine if 
either of these compounds are influenced by SARS-CoV-2 infec-
tion. Icatibant, a competitive bradykinin B2 receptor antagonist, 
has been used for therapeutic management of ACE inhibitor-
related angioedema with early use considered in severe cases.39 
C1-esterase inhibitor concentration (C1-INH) should also be 
investigated for its potential mechanism that may be vulnerable 
to SARS-CoV-2 infection, as its deficiency is known to cause the 
hereditary form of angioedema, where increasing its concentra-
tion may prove therapeutic.40 Due to the emergent nature of 
ACE inhibitor-induced angioedema, we recommend a broader 
laboratory investigation as well as an exploration of treatment 
utilising icatibant or C1-INH concentrates.

Although it is unknown whether SARS-CoV-2 may cause 
angioedema, many avenues exist for possible interaction. In 

accordance with current consensus,40–42 we support the contin-
uation of ACE inhibitor and ARB therapy during the pandemic 
and if infected with SARS-CoV-2. However, increased vigilance 
should be taken in patients who have sustained use of ACE inhib-
itors with elevated risk factors for contracting COVID-19, and 
we urge more research on the matter.
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