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High prevalence of abdominal aortic aneurysm in patients with inguinal hernia
Angelos Megalopoulosa, Orestis Ioannidisb, Ioannis Varnalidisc, Maria Ntoumparab, Lina Tsigrikib, Konstantinos Alexandrisb, 

Christiana Anastasiadoub, Parpoudi Stylianib, George Paraskevasd, Ioannis Mantzorosb

Aims. There is increased prevalence of inguinal hernia (ΙΗ) in patients with abdominal aortic aneurysm (AAA). As there 
is limited data on AAA in patients with ΙΗ our objective was to examine the prevalence of AAA in such patients.
Methods. We prospectively examined 185 consecutive patients for AAA who presented to our department for surgical 
repair of an ΙΗ. All patients were referred for ultrasound of the abdominal aorta. An AAA was considered to be present 
when the distal diameter of the abdominal aorta was over 3 cm. Patients with no AAA were followed annually with 
an abdominal ultrasound for 5 years.
Results. Out of the 185 patients (179 males, 6 females) aged from 35–81 (mean 58.6 years), AAA initially appeared in 
28 patients with a mean age 61.2 years old. The range of the aortic distal diameter was between 3.4 and 8.1 cm with 
a mean diameter of 4.8 cm in patients with AAA. The prevalence of the ΑΑΑ was increased in smokers, with hyperten-
sion and with bilateral and direct hernia. At the end of the 5 years follow-up, 16 more patients had developed an AAA 
of mean diameter 3.2 cm (3–4.1 cm), increasing the prevalence of AAA to 27.7%.
Conclusion. There is an increased prevalence of AAA in patients with ΙΗ, especially in smokers, with hypertension and 
with bilateral and/or direct hernia. Hence, periodic ultrasonound may play an important role in screening and early 
diagnosis of AAA in these patients.
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INTRODUCTION

Abdominal aortic aneurysm (AAA) is defined as a 
permanent focal dilation of the abdominal aorta with at 
least a 50% increase over normal arterial diameter1. Most 
cases of AAA are encountered in the infrarenal portion 
of the abdominal aorta and end above the iliac arter-
ies2. AAA has been increasing in the last years and large 
screening studies have suggested a prevalence of around 
5% in men over the age of 50 (ref.2-4). The vast majority of 
AAA remain asymptomatic unless they rupture; a lethal 
catastrophic event associated with an important mortal-
ity rate even when emergency surgical interventions are 
performed on time2,5,6. 

Early detection and elective surgery may decrease the 
high mortality and prevent death from ruptured aneu-
rysms of the abdominal aorta, as the mortality rate in 
emergency operations is extremely high2,6,7. Thus, it is of 
the utmost importance to establish a screening method 
in subjects who are at high risk8. Screening people at in-
creased risk may be cost effective if the number of people 
who require screening is lower and so acceptable. It has 
been demonstrated that ultrasound examination is a rela-
tively inexpensive, noninvasive and almost 100% accurate 

method in identifying and following patients with AAA 
and is considered to be the appropriate screening tool in 
high risk patients2,8,9. 

Many studies search for the etiology of AAA, analyz-
ing subpopulations or patients and several risk groups 
have been identified9. Age, male gender, smoking, hyper-
tension, relatives of patients with AAA, atherosclerosis 
and peripheral arterial obstructive disease, pulmonary em-
physema, diabetes mellitus, high cholesterol levels, have 
been associated with the development of aneurysms of 
the abdominal aorta in previous studies8-11. In addition, an 
increased prevalence of inguinal hernia (IH) in patients 
with confirmed AAA has been reported and men with a 
history of IH are considered at high risk of AAA, espe-
cially if they smoke10,12-17.

The association between IH and abdominal aortic 
aneurysm may be attributed to elastin and collagen fiber 
abnormalities and disorders8,18-22. Alterations in the levels 
of collagenase, elastase and antiproteases may be impor-
tant components in the pathophysiology of both diseases. 
Smoking interferes with the protease / antiprotease system 
and is thought to enhance pathophysiologic mechanisms.

The aim of the present study is to examine the preva-
lence of AAA in patients with IH and the relation between 
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these two diseases and to define a new high risk popula-
tion for AAA who could benefit from screening.

MATERIALS AND METHODS

From January 1999 until March 2001, 185 consec-
utive patients (179 men and 6 women) from 35 to 81 
years of age (mean 58.6 years), who visited our depart-
ment for IH repair, were analyzed in our study. Informed 
consent was obtained from all participants. The study 
was reviewed and approved by the institutional scientific 
board and study was performed according to the Helsinki 
Declaration. All patients were interviewed and examined 
both by an experienced general surgeon and vascular 
surgeon of our department and an ultrasonography of 
the abdominal aorta was performed by a radiologist with 
extensive experience in the field.

In the interview several risk factors for the devel-
opment of AAAs were assessed (age, smoking, hyper-
tension). A complete blood test was performed on all 
patients. The physical examination included bilateral up-
per extremity blood pressure measurement, carotid arter-
ies and abdominal auscultation, femoral, popliteal and 
pedal (dorsalis pedis and posterior tibial) palpation, and 
search for a pulsatile abdominal mass with the patient in 
the supine position with his knees slightly flexed. The IHs 
were reexamined and classified as unilateral or bilateral.

Patients were defined as smokers if they had been 
smoking at least 10 cigarettes per day, until admission or 
if there was a history of at least 20 years nicotine given up 
not more than 10 years ago. Hypertension was defined as 
SP>140mmHg or DP>90 mmHg or if the patient was re-
ceiving antihypertensive treatment. Hypercholesterolemia 
was defined as total cholesterol levels ≥200 mg/dL, LDL 
levels ≥100 mg/dL or the patient was under medical treat-
ment. The consensus criteria for diabetes mellitus were 
used (random blood glucose≥126 mg/dL) or if the patient 
was treated by a diabetologist. Arterial occlusive disease 
(AOD) was defined as a patient’s surgical history positive 
for a previous intervention or medical history positive for 
claudication, rest pain or gangrene.

Ultrasonography of the abdominal aorta was per-
formed using a SONOLINE ANTARES ultrasound 
(SIEMENS, Siemens Medical Solutions, Mountain View, 

USA) and a 3.5 MHz transducer in transverse and longi-
tudinal projections. All patients were in the supine posi-
tion. The suprarenal aortic diameter was measured ∼1 cm 
distal to the origin of the superior mesenteric artery, just 
above the level of the renal arteries. The infrarenal aortic 
diameter was measured at the level of the maximum diam-
eter of the abdominal aorta below the renal arteries. An 
AAA was diagnosed when the aortic diameter was 3cm or 
more. Patients with no AAA were followed annually with 
an ultrasound of the abdominal aorta for 5 years. Those 
with aneurysms between 3 and 4.9 cm were followed with 
a CT-scan every 6 months and AAAs larger than 5cm 
were electively repaired, taken into consideration other 
surgical or anesthetic contraindications.

In addition, the patients were divided in 3 groups ac-
cording to the time period they had the IH. The groups 
were as follows regarding the patients at the time they 
were first examined: Group I consisted of patients who 
had a hernia for more than 10 years, group II consisted 
of those who had a hernia more than 5 years but less 
than 10 and group III consisted of patients with a hernia 
for less than 5 years. After the five years follow up the 
groups were changed as follows: Group Ia consisted of 
patients who had been diagnosed with a hernia for more 
than 15 years, group IIa consisted of those who had a 
hernia more than 10 years but less than 15 and group IIIa 
consisted of patients with a hernia for more than 5 and 
less than 10 years.

The data was computerized for statistical analysis. 
The chi-square test (χ2 test) was used to compare nomi-
nal variables and Student’s t test for continues variables. 
Logistic regression was used in order to calculate the odds 
ratio. The confidence interval was 95%, and a difference 
was considered statistically significant at P<0.05. The 
statistical analysis was performed using SPSS (Statistical 
Package for Social Sciences, version 14.0). 

RESULTS 

The patients were predominantly male (n=160, 98%). 
Aneurysm of the abdominal aorta was diagnosed in 28 
patients, all males, with a history of IH (15.1%). The mean 
age at diagnosis was 61.2 ± 3.1 years. The mean diameter 
of AAA was 4.8cm (3.4-8.1). Nine patients had an aneu-

Table 1. Characteristics of patients with inguinal hernia regarding the presence of AAA.

Patients  
with AAA

Patients  
without AAA

P

n 28 157
Age 61.2 ± 3.1 57.4 ± 2.6 <0.001
Bilateral Inguinal Hernia 11 20 0.001
Direct Inguinal Hernia 15 30 <0.001
Smoking 23 70 <0.001
Hypertension 18 51 0.002
Hypercholesterolemia 16 66 0.197
Diabetes Mellitus 5 14 0.151
Peripheral Arterial Disease 5 33 0.703
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rysm ranging from 3 – 4 cm, 8 patients had an aneurysm 
with diameter 4 – 5 cm and 11 patients had an aneurysm 
larger than 5 cm. The mean age of patients without an 
AAA was 57.4 ± 2.6 years. The mean age of patients with 
AAA was significantly higher than those without AAA 
(P<0.001). The prevalence of AAA clearly increases with 
age.

Regarding the time period the patients had the IH, 102 
patients (55.1%) belonged in group I of whom 19 had an 
AAA (18.6%), 51 patients (27.5%) belonged to group II of 
whom 7 had an AAA (13.7%), and 32 (17.4%) belonged to 
group III of whom 2 had an AAA (6.3%). No statistically 
significant difference was found (P=0.222). All patients 
with an AAA greater than 4 cm belonged to group I.

Out of the 185 patients, 31 patients presented bilateral 
IH (16.7%), while the 11 patients from the 28 with AAA 
had a bilateral IH (39.2%). In the group of the patients 
with bilateral IHs the prevalence of AAA was 35.5%. Out 
of the 31 patients with a bilateral IH, 23 patients (74.2%) 
belonged to group I from which 9 patients presented with 
AAA (39.1%) and 8 patients (25.8%) belonged to group 
II from which 2 patients presented with AAA (25%). 
There was a statistically significant correlation between 
bilateral IH and AAA (P=0.001) and patients with bi-
lateral IH are in increased risk of developing an AAA. 
Specifically, patients with bilateral IH have a 4.4 times 
increased probability of developing an AAA (odds ratio 
4,432, 95% C.I.:1,817-10,813, P=0.001).

Out of the 185 patients, 140 had an indirect hernia 
(75.7%) and 45 had a direct hernia (24.3%). Of the 28 
patients with AAA 13 had indirect hernia (46.4%) and 
15 had a direct hernia (53.6%). There was a statistical-
ly significant correlation between direct IH and AAA 
(P<0.001) and patients with direct IH are in increased risk 
of developing an AAA. Specifically, patients with direct 
IH had a 4.9 times increased probability of developing an 
AAA (odds ratio 4,885, 95% C.I.:2,103-11,343, P<0.001) 
compared to patients with indirect IH.

Smokers composed 93 patients of all patients (50.2%), 
while 23 patients were smokers in the AAA group 
(82.1%). In the group of smokers the prevalence of AAA 
was 24.7%. There was a statistically significant correlation 
between smoking and AAA (P<0.001) and smokers are in 
increased risk of developing an AAA. Specifically, smok-
ers have a 5.7 times increased probability of developing an 
AAA (odds ratio 5,717, 95% C.I.:2,068-15,808, P<0.001).

Hypertension was diagnosed in 69 of all patients 
(37.3%), while of the patients with AAA 18 patients had 
hypertension (64.3%). In the group of patients with hy-
pertension the prevalence of AAA was 26%. There was 
a statistically significant correlation between hyperten-
sion and AAA (P=0.001) and patients with hypertension 
are in increased risk of developing an AAA. Specifically, 
patients with hypertension have a 3.7 times increased 
possibility of developing an AAA (odds ratio 3,741, 95% 
C.I.:1612-8,684, P=0.002).

Hypercholesterolemia was diagnosed in 82 of all pa-
tients (44.3%) while of the patients with AAA 16 had 
hypercholesterolemia (57.1%) and in patients without 
AAA, hypercholesterolemia was found in 42%. In the 

group of patients with hypercholesterolemia the preva-
lence of AAA was 19.5%. There was no statistically signifi-
cant correlation between hypercholesterolemia and AAA 
(P=0.197) and patients with hypercholesterolemia are not 
in increased risk of developing an AAA.

Diabetes mellitus was diagnosed in 19 of all patients 
(10.2%) while of the patients with AAA 5 patients had 
diabetes (17.8%) and in patients without AAA, diabetes 
was present in 8.9%. In the patients with diabetes, the 
prevalence of AAA was 26.3%. There was no statisti-
cally significant correlation between diabetes and AAA 
(P=0.151) and patients with diabetes were not in increased 
risk of developing an AAA.

Regarding the presence of peripheral arterial occlusive 
disease, in patients with AAA, 5 had AOD (17.8%) while 
in patients without AAA, 33 had AOD (21%). In the pa-
tients with AOD the prevalence of AAA was 13.1%. There 
was no statistically significant correlation between AOD 
and AAA (P=0.703) and patients with AOD were not in 
increased risk of developing an AAA.

A detailed presentation of patients with and without 
AAAs at the time of presentation according to studied 
parameters is shown in Table 1.

The 157 patients who had no AAA were scheduled 
for annual ultrasound of the abdominal aorta for 5 years. 
Twenty six patients were lost on follow up and 16 of the 
remaining 131 (12.2%) presented an AAA at the end of 
the 5 years follow up with a mean diameter 3.4cm (3.1-4.2 
cm). Regarding the time period the patients had the IH, 
68 patients (51.9%) belonged to group Ia where 8 devel-
oped an AAA (11.7%), 39 patients (29.8%) belonged to 
group IIa in which 5 developed an AAA (12.8%), and 24 
(18.3%) belonged to group IIIa in which 3 developed an 
AAA (12.5%). No statistically significant difference was 
found (P=0.986)

At the end of the five year follow-up period, the overall 
prevalence of AAA in patients with IH was at least 27.7% 
(n=44). Aneurysms were much more prevalent in men 
(n=44) than in women (n=0). Eleven patients (5.9%) had 
an aneurysm greater than 5cm. No significant differences 
were observed regarding the years the patients had the IH 
and the presence of AAA either in the initial presentation 
or at the end of the 5 years follow up. 

DISCUSSION

In the 80s a new theory for the development of AAA 
was developed12,18-22. It suggested that AAA is a special 
condition that is not caused by arteriosclerosis, although 
AAA can co-exist with arteriosclerosis. Comparing pa-
tients suffering from AAA with others suffering from pe-
ripheral AOD, the authors found remarkable differences, 
which helped to distinguish the two diseases and support 
the theory that the occurrence of AAA and its rupture is 
the result of systematic elastin and collagen fiber degen-
eration12,18-22. The important observations of this study on 
patients with AAA can be summarized as following: they 
have first degree relatives with AAA, negative rhesus fac-
tor, and 0 blood type at an increased percentage; patients 
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with AAA are about 10 years younger compared to those 
with peripheral AOD, they are predominately males and 
they do not suffer from peripheral AOD or present with 
ischemia of the lower extremities. They present “arterio-
megaly”, meaning aneurysmatic dilation of other blood 
vessels too except for the abdominal aorta, and they 
present with an increased prevalence of emphysema and 
increased prevalence of IH or any hernia12,18-22. The last 
observation of increased incidence of IH in patients with 
AAA compared to those with AOD is also supported by 
multiple studies13-16. 

The reported incidence of IHs ranges from 19% to 
41% in patients with AAA, whereas in patients with AOD 
disease the incidence varies between 5% and 19% (ref.13-

16,23-25). Also, the frequency of the development of post-
operative hernia is much higher in patients with AAA. 
Raffeto et al.26 reported an incidence of 28.2% of postop-
erative hernia in patients with AAA and 11% in patients 
with AOD, and according to Tagaki et al.27, patients with 
AAA have approximately 3 times greater incidence of IHs 
and incisional hernias compared to patients with AOD.

The studies presented above are based on the compari-
son between patients with AAA and patients with AOD. 
However, there is little data in the literature regarding the 
reverse correlation, whether in patients with diagnosed 
IH, AAA is more common, if it occurs before the diag-
nosis and the surgical treatment of hernia or during its 
natural course. Likewise, there is no indication of whether 
AAA is more common in patients with bilateral IH.

According to the current study there seems to be an 
increased prevalence of AAA in patients with diagnosed 
IH. Few studies have investigated the prevalence of AAA 
in patients with a history of IH. Pleumeekers et al.10 exam-
ined whether men aged 55 years or older with a history of 
IH were at increased risk of having an AAA. The preva-
lence of AAA was 12.2%, so there is an increased risk, 
notably if the patients are cigarette smokers10. Antoniou et 
al.17 also reported an increased prevalence of AAA in over 
55-year-old men undergoing IH repair that could justify 
screening. In addition, patients with IH had an increased 
aortic diameter, indicating that IHs make the development 
of an AAA more likely in the future17. In the present study 
an increased prevalence of AAA in patients with IH was 
observed. Compared to the suggested prevalence of AAA 
of 5% in men over 50 years old we observed a prevalence 
of 15.1% in patients with IH at the time of presentation 
for surgery which increased to at least 27.7% at the end 
of the 5 years follow up, as 12.2% of the patients submit-
ted to follow up presented with an AAA. No significant 
differences were observed regarding the years the patients 
had the IH and the presence of AAA both in the initial 
presentation and at the end of the 5 years follow up. So 
the patients with IH are both in an increased risk of an 
AAA at the time of a doctor visit and developing an AAA 
during follow up. Patients who smoke, have hypertension 
and bilateral or direct IH are at more increased risk for an 
AAA compared to patients with a one side indirect IH, 
who are not smokers and have normal blood pressure. In 
contrast, Anderson et al.27 demonstrated that AAA is no 

more common in over 65-year-old men with IH, compared 
to the incidence of AAA in UK screening programmes 
which select patients with only age and sex criteria. As a 
result, they concluded preoperatively selective screening 
is of no great value27. However, AAA occur in average 13 
years after the presentation of IH and therefore, a single 
ultrasonographical examination at the time of hernia re-
pair would be inadequate28. 

Abdominal aortic aneurysms are an important and 
preventable cause of death. Early detection attempted by 
screening programs may prevent death from rupture29. 

Several high risk factors are smoking, hypertension, AOD, 
relatives with AAA (ref.15,16,23,30-33), but currently, age and 
sex are the only risk factors that justify screening34. In 
the current study a significant correlation between the 
presence of AAA and smoking, hypertension and bilat-
eral or direct IH was observed. Other studies have also 
demonstrated an increased prevalence of AAA in patients 
with IH (ref.10,17). From the current data there seems to 
be a correlation between AAA and IH. Ultrasonographic 
screening is important as far as the early diagnosis of 
AAA is concerned35. 

The development of AAA and its rupture is a result of 
the disruption of the normal levels and ratio of elastin/
elastase and collagen/collagenase12. Elastase and collage-
nase are proteolytic enzymes. The decrease of elastin in 
the aortic wall is responsible for the occurrence of AAA 
and the decrease of collagen is responsible for its rupture. 
The role of these enzymes has been confirmed in several 
studies13,15,36-42. The abdominal wall presents loss of col-
lagen fibril assembly32; a systemic or constitutive increase 
in collagen synthesis might have such a result, while a 
twofold increase in the concentrations of type III colla-
gen in skin fibroblasts in patients with IHs, predisposing 
them to the development of recurrent or incidental ingui-
nal herniation23. Furthermore, the increased proteolytic 
activity may contribute to the higher frequency of IHs in 
patients with AAA (ref.13). It has also been demonstrated 
that there is a correlation with AAA and increased rates 
of elastin and homocysteine in blood serum43,44. 

CONCLUSION

According to this study there is an increased preva-
lence of AAA in patients with diagnosed IH, especially 
in smokers, with hypertension and with bilateral and di-
rect IH. Hence, periodic ultrasonography may play an 
important role in screening and early diagnosis of AAA 
in patients with IH. However, the sample in this study can 
be considered small and we need more patients, especially 
patients with bilateral or direct IH, as large cohort studies 
have failed to show an association between AAA and IH 
(ref.45), while others have shown an increased incidence 
of IH in patients with thoracic aortic aneurysm46. To con-
clude, the prevalence of AAA in patients with IH must 
be further examined47, as the need of selective screening 
programs for those patients is disputable23,32. 
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