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Abstract

Objective: To investigate the relationship between a1-antitrypsin deficiency (AATD), a disorder resulting
in protease activity imbalances, and the risk of ascending aortic aneurysm.
Methods: In this single-center study, from August 1, 2018, to February 25, 2019, demographic data were
retrospectively collated for patients with AATD-associated emphysema (AATD group) or noneAATD-
associated emphysema (control group) with available high-resolution computed tomography scans. Mean
ascending aortic diameter was compared between the groups, and the correlation of diameter with age was
analyzed.
Results: Patients with AATD (n¼51; mean AAT level, 20.3 mg/dL [to convert to mmol/L, multiply by
0.184]) were approximately 10 years younger than those in the control group (n¼93; mean AAT level,
172.0 mg/dL), with a mean age of 55 vs 65 years. Overall and grouped by sex, the mean ascending aortic
diameter in patients with AATD was not different from that in the control group (overall, 3.34 vs 3.37 cm;
P¼.68); however, ascending aortic diameter was significantly associated with age for patients in the AATD
group (r¼0.43; P¼.0016), whereas no correlation was observed between age and aortic diameter in the
control group (r¼0.16; P¼.11).
Conclusion: Results of this study suggest that there is a pathologic association between AATD and aortic
distention and that AATD may increase the risk of ascending aortic aneurysm. These data provide a basis
for the regular assessment of aortic diameter in patients with AATD as well as for the testing of patients
with aortic distention or aneurysm for AATD.
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a1-antitrypsin deficiency (AATD), a
genetic disorder characterized by
low serum levels of the antiprotease

a1-antitrypsin (AAT), is caused by mutations
in the SERPINA1 gene that encodes AAT.1

The result is an imbalance between AAT anti-
protease activity and neutrophil elastase/prote-
ase activity in the lung, leading to the
irreversible degradation of lung tissue.2 It pre-
disposes individuals, particularly smokers, to
early-onset chronic obstructive pulmonary
disease (COPD)/emphysema.1 Recognized
extrapulmonary manifestations include liver
disease, panniculitis, and vasculitis.1 A less
common but fatal extrapulmonary manifesta-
tion associated with AATD is aneurysmal dis-
ease, particularly in the aorta and cerebral
arteries.3,4

Although the association between AATD and
abdominal aortic aneurysm has been historically
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studied, it is not fully understood.4,5 Further-
more, the increased risk of aortic aneurysm in
smokers may confound the data linking abdom-
inal aortic aneurysmwith AATD.6 Data regarding
the potential association of AATDwith ascending
aortic aneurysm are limited.

An arterial aneurysm is a permanent focal
distention of an arterial blood vessel to 1.5
times the usual diameter.7 The diameter of
the ascending aorta in healthy individuals
ranges from 3.5 to 3.8 cm in adults (<60 years
of age) and naturally increases with age.8 An
ascending aortic diameter of 4 cm or more is
considered dilated, and a diameter of 5 cm
or more is classed as an aneurysm.7 Known
risk factors associated with ascending aortic
aneurysm include age, male sex, general health
and familial history, and smoking.9 Of these
factors, age is the most strongly correlated
with aortic dilation.9
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FIGURE 1. Example of a nongated axial
computed tomography scan of the mid-
ascending aorta from a patient in the control
group of this study.

AATD AND AORTIC ANEURYSM
Aortic aneurysms are fundamentally
caused by a loss of elasticity in the vessel walls,
leading to vessel stiffness and an increased
propensity for dilation.10 With age, the natural
degradation of elastin and smooth muscle fi-
bers increases the risk of aortic aneurysms.10

Similarly, the risk of aneurysmal disease in pa-
tients with AATD may be increased because of
uninhibited enzymatic breakdown of struc-
tural elastin, leading to loss of elasticity and
weakening of the aortic wall.11

It has been observed that ascending aorta
diameter was greater, with the aortic wall
exhibiting abnormal elastic tissue properties,
in patients with AATD compared with
matched healthy controls.11 In addition, in
the case of a patient with a thoracic aortic
aneurysm, AATD was postulated to have
been a contributing factor.12

This study assessed the relationship be-
tween ascending aortic diameter and AATD
to investigate the risk that AATD confers for
aortic distention and potentially aortic
aneurysm.

METHODS
A retrospective cohort study was performed at
a single tertiary academic center. During 7
months, from August 1, 2018, to February
25, 2019, patients’ demographic data were
collated. Male and female patients of any age
with panlobular emphysema with available
high-resolution computed tomography (CT)
scans eligible for assessment were included
in the study. The study was Institutional Re-
view Board approved (Temple: 25217; West-
ern: 20181599), and the decision to include
patients was made by F.K.

The patient cohort included those with
AATD-associated emphysema (AATD group)
or noneAATD-associated emphysema (con-
trol group). The diagnosis of COPD/emphy-
sema was established by clinical criteria,
high-resolution CT scan of the thorax, and
pulmonary function tests. The diagnosis of
AATD was made in all participants by isoelec-
tric focusing, specific genotyping by polymer-
ase chain reaction, or next-generation
sequencing or a combination of the 3
methods. The quantitative determination of
AAT serum level was made by radial immuno-
diffusion or immunoturbidimetry (Roche
AAT2). Patients’ demographic characteristics
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for age, sex, serum AAT levels, and SERPINA1
genotype were collated. The patient’s history
of cigarette smoking was also recorded.

All high-resolution CT scans were per-
formed with the same equipment as part of
the clinical work-up for all patients and were
not performed specifically for this study. The
diameter of the mid-ascending aorta from
outer wall to outer wall was measured by non-
gated axial CT scans, with or without contrast
enhancement (Figure 1), by F.D., A.M., and
S.S. without knowledge of whether the patient
was part of the AATD or control group. The
mean diameter was calculated for the AATD
group and control group, with subgroup anal-
ysis by sex and age. Two-sample t-tests were
used to compare between the AATD and con-
trol groups. Pearson correlation coefficient was
used to analyze the association of ascending
aortic diameter and age.
RESULTS
A total of 144 patients were included in the
analysis; 51 patients (34%) had a confirmed
AATD diagnosis, with all but 1 patient
(PI*SZ) having the phenotype PI*ZZ (Table).
The percentage of male and female patients
was the same in the AATD group and the con-
trol group. There was a significant difference
(P<.0001) in the number of cigarettes smoked
between the groups as the mean total pack-
years for patients in the AATD group was
less than half that in the control group
oi.org/10.1016/j.mayocpiqo.2021.03.004 591
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TABLE. Patients’ Characteristicsa,b,c

AATD group (n¼51) Control group (n¼93)

Serum AAT level (mg/dL) 20.3�7.1d 172.0�33.0

Age (y) 55.0�9.5 65.0�7.2

Sex
Male 29.0 (56.9) 53 (57.0)
Female 22.0 (43.1) 40 (43.0)

SERPINA1 genotype/phenotype
PI*ZZ/Z null 50 e

PI*SZ 1 e

PI*MM e 93

Smoking history
Total pack-years 30.6�19.0 63.0�32.2

aAAT, a1-antitrypsin; AATD, a1-antitrypsin deficiency.
bTo convert a1-antitrypsin values to mmol/L, multiply by 0.184.
cCategorical variables are presented as number (percentage). Continuous variables are presented as mean � standard deviation.
dMean AAT levels calculated on the basis of 36/51 patients.
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(Table). In the AATD group, there were 15
never-smokers.

Mean serum AAT level was approximately
8.5 times lower for patients with AATD than
for those in the control group (Table). At the
time of assessment, patients with AATD were
approximately 10 years younger than those
in the control group, with a mean age of 55
vs 65 years (Table; Figure 2). In the AATD
group, the age range of most patients was 51
to 55 years; in the control group, most pa-
tients were aged 66 to 70 years (Figure 2).
These results are as expected, corroborating
the established data that AATD leads to
early-onset COPD/emphysema in individuals.

The overall mean aortic diameter observed
in patients with AATD was 3.34 cm, which
aligns with the reference value of 3.38 cm re-
ported in the American College of Radiology
Imaging Network arm of the National Lung
Screening Trial.13 No differences were
observed in aortic diameter between patients
with AATD (mean � SD, 3.34�0.43 cm)
and those in the control group (3.37�0.39
cm; P¼.68). Similarly, no differences were
observed in aortic diameter between the
AATD group and the control group when
analysis was performed for the study cohort
grouped by sex (male: 3.49�0.45 cm vs
3.50�0.39 cm, respectively [P¼.90]; female:
3.14�0.32 cm vs 3.18�0.31 cm, respectively
[P¼.68]).

For patients with AATD, a significant pos-
itive correlation was observed between aortic
Mayo Clin Proc Inn Qual Out n June 2021
diameter and age (r¼0.43; P¼.0016;
Figure 3). This relationship was not observed
in the control group (r¼0.16; P¼.11). These
data indicate that reduced serum AAT levels
can lead to arterial distention in patients
with AATD and that the risk of arterial disten-
tion is increased with increasing age of patients
with AATD.

DISCUSSION
We believe that this is the first controlled
study to assess the relationship between
AATD and ascending aortic diameter. Results
of this study provide evidence for the use of
aortic diameter measurement as a predictor
for development of aortic aneurysms in pa-
tients with AATD.

Age is the most significant risk factor for
the development of aortic aneurysms in
healthy individuals, and it is established that
AATD causes the onset of emphysema and
related comorbidities in patients at an earlier
age than in noneAATD-associated emphy-
sema.1,9 Data that ascending aortic distention
is significantly correlated with age of patients
with AATD suggest that there is a pathologic
association between AATD and aortic
distention.

Although the incidence of sequelae of
aortic aneurysms in PI*ZZ and PI*MZ AATD
patients is unclear because data are limited,
case reports have identified an association be-
tween AATD and ascending aortic dissection
as a clinical consequence of aortic wall
;5(3):590-595 n https://doi.org/10.1016/j.mayocpiqo.2021.03.004
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FIGURE 2. Age of patients in the a1-antitrypsin deficiency (AATD) and
control groups at the time of assessment.
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FIGURE 3. Correlations between age and aortic diameter in the a1-anti-
trypsin deficiency (AATD) and control groups.

AATD AND AORTIC ANEURYSM
degeneration and distention.14-17 A previous
study reported that abdominal aortic disten-
tion in male patients with the PI*ZZ genotype
was due to significantly reduced elasticity of
arterial walls.18 In addition, a study that exam-
ined proteomic properties of ascending aortic
wall samples of aneurysms, acute dissections,
and control samples found that the most sig-
nificant differentially expressed protein be-
tween the pathologic and control samples
was AAT (P<.05).19 Hence, in patients with
AATD, the lack of AAT antiprotease activity
can result in the overactivity of proteases that
degrade elastin and connective tissues, result-
ing in a weakening of the wall of the ascending
aorta and leading to aortic distention. There-
fore, patients with AATD may have an
increased risk for development of ascending
aortic aneurysms and potentially fatal condi-
tions such as aortic dissection.

These data echo the findings that AATD
may be associated with abdominal aortic aneu-
rysms and cerebral aneurysms, conferred from
studies concluding that correlations have been
observed but causality has not been
confirmed.5 A study of patients with abdom-
inal aortic aneurysms found that the propor-
tion of patients with AATD was 14%,
whereas in a study of patients with cerebral
aneurysms, the proportion of patients with
AATD was 11%.20,21 Furthermore, in an
observational study of patients with intracra-
nial aneurysms, the incidence of individuals
with AATD with heterozygous genotype
(PI*MS and PI*MZ) was 16% compared
with 7% in the general population, and 1%
(1 patient) were AATD homozygous genotype
(PI*ZZ) compared with an expected 1.5%.22

These observations indicate that the incidence
of AATD is higher than expected in patients
with aneurysms than in the general popula-
tion, suggesting that AATD is a genetically
associated risk factor for the development of
aneurysmal disease. Thus, it is recommended
that patients with aortic aneurysms be tested
for AATD.

In this study, almost all patients in the AATD
group were homozygous PI*ZZ genotype (1 pa-
tient was PI*SZ), a genotype that has previously
been associated with ascending aortic aneu-
rysms.11,23,24 In contrast, a number of studies
have not found an association between AATD
and the PI*ZZ genotype for abdominal aortic
Mayo Clin Proc Inn Qual Out n June 2021;5(3):590-595 n https://d
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aneurysm but have observed an association
with heterozygous genotypes, including PI*MS
and PI*MZ.21,25,26 In addition, it has been re-
ported that both heterozygous and homozygous
AATD genotypes may be risk factors for the
development of cerebral aneurysms.3,20,22

Therefore, further investigation of AATD geno-
types and the relationship with aortic distention
is warranted.
oi.org/10.1016/j.mayocpiqo.2021.03.004 593
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Building on evidence from previous re-
ports, the findings of this study suggest that
routine assessment and follow-up of patients
with AATD should be amended to include
reporting of the aortic diameter and the evalu-
ation of aortic diameter changes followed
longitudinally in individuals. Because patients
with AATD often have regular CT scans for
assessment of respiratory disease progression,
it would not be a great burden to the patient
or the physician for these data to be collected
and analyzed. Implementing these suggested
changes in clinical practice may provide signif-
icant benefit by identifying patients with
AATD at risk of aneurysmal disease.
CONCLUSION
a1-antitrypsin deficiency is commonly associ-
ated with lung and liver diseases; however,
some patients can present with vascular disor-
ders. In a cohort of patients with COPD/
emphysema, significant age-related accelera-
tion of ascending aortic distention was
observed in only those with AATD-associated
disease, suggesting that AATD has a patholog-
ically relevant role in aortic wall degradation.
More frequent assessment of aortic diameter
may be warranted in patients with AATD to
analyze the risk for development of aortic
aneurysm. Moreover, individuals with known
aortic distention or aortic aneurysm who pre-
sent with a history of or current respiratory
complications should be tested for AATD to
confirm or to rule out AATD diagnosis.
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