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ABSTRACT

Objective: Our study was carried out to investigate the effects of focused ultrasound imaging which is
performed by emergency physicians in diagnosis and duration of treatment of abdominal aortic aneurysm.
Methods: The patients over 50 years; who applied to Uludag University Emergency Department with the
complaints of abdominal pain, side pain, chest pain, syncope, unexplained hypotension and under suspicion of
the abdominal aortic aneurysm, were included in the study. Bedside ultrasound for abdominal aorta was done
and diameter measurements of aorta recorded in order to determine the presence of an abdominal aortic
aneurysm or to exclude the diagnosis.

Results: A total of 133 patients were included in the study. Eight patients were excluded from the study because
of inadequate bedside US imaging. The aortic diameter was measured as > 3 c¢cm in the 54 (43.2%) patients.
The aortic diameter was found more than 5 cm in 8 (6.4%) patients. After ultrasonographic investigations,
aneurysm rupture (n = 5; 4%), aortic dissction (n = 13; 10.4%) and aortic aneurysm (n =36; 28.8%) were
detected. The diagnosis was confirmed with computed tomography in all patients who had aortic pathology.
Because of the continuance of clinic suspects in the patients whose aortic diameters were less than 3 cm, their
computed tomography images were obtained and their aortic diameters were found within normal limits. Further
imaging studies weren’t performed at the remaining 48 (38.4%) patients because different prediagnosis was
considered. Emergency ultrasound had a sensitivity of 100% (95% CI: 87-100), a specificity of 91% (95% CI:
90.8-99.8).

Conclusions: The diagnosis of abdominal aortic aneurysms is omitted 30% in emergency departments. It has
a high morbidity and mortality if the diagnosis is skipped. In the presence of aortic aneurysm suspicion,
evaluation of aortic diameter by bedside ultrasound is diagnostic. Bedside ultrasound evaluation by emergency
physicians should become routine for using time and investigation numbers properly.
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cute abdominal pain is a symptom which is gies of abdominal or non-abdominal organs. Acute ab-
Apresently less than a week, caused by non-trau- dominal pain is the most important symptom of surgi-
matic reasons, developed in the progress of patholo- cal or medical emergencies [1]. Abdominal pain
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constitutes 5-10% of all emergency care applications
[2]. Diagnosis and treatment of acute abdominal pain
at emergency departments; is still one of the important
clinical problems despite all the technological ad-
vancement. Especially at the situations when the pa-
tient is not stable, there are some problems at using
imaging methods which origin from transporting dif-
ficulties.

Aortic aneurysms are at the 13" rank of most
common death reasons in the USA [3]. Appraisal rate
is 10/100.000 per year and it’s estimated higher in
elder groups. The frequency of acute aortic dissection
is approximately 5.2 in a million [4] and detected as
1.5% at 60-80 age group in Turkey [5]. The frequency
of aortic dissection is 2 to 5 times more in men than
women. The diameter of an aneurysm is an important
factor at detecting the rupture risk [6]. At many stud-
ies, it is shown that smoking affects the enlargement
of an aneurysm [7-10]. It is detected that chronic ob-
structive lung disease increases the risk of aortic
aneurysm rupture approximately 3.6 times [11].
Most of the patients who applied with acute aortic dis-
section describe a chest pain in a tearing character. The
character of pain and radiating from chest to back and
sometimes to waist is a very important clinical sign
[10, 12]. If aortic dissections are left to their own nat-
ural course, they become substantially life threating.
So, it must be diagnosed quickly and life-saving inter-
ventions must be started urgently. At this point, usage
of diagnostic imaging methods at the emergency de-
partment has vital importance.

Ultrasound (US) is a conventional imaging
method at differentiating between aneurysmatic and
normal aorta. It has many important advantages like;
no exposure to ionising radiation during imaging or
any usage of contrast substances and it can be per-
formed at the bedside [14]. The aim of the our study
was investigate the effects of focused ultrasound im-
aging which is performed by emergency physicians in
diagnosis and duration of treatment of abdominal aor-
tic aneurysm (AAA) suspicion.

METHODS

Our study was performed prospectively for one
year period at the Emergency Department of Uludag
University School of Medicine. Institutional ethics

committee approval was taken for our study.

The patients over 50 years old; who admitted to
the emergency department with the complaints of
abdominal pain, side pain, chest pain, syncope,
unexplained hypotension and who are under suspicion
for an aortic aneurysm, were included to study.
Diameter measurement and abdominal aorta imaging
were performed by bedside ultrasound for detecting
or excluding the abdominal aortic aneurysm in these
patients.

Patients age, application clinics, vital signs,
smoking history, co-morbidities, the presence of the
abdominal aortic aneurysm in family history, known
abdominal aortic aneurysm history, undergone aortic
and other cardiac surgeries were recorded.

Informations like advanced age; hypertension
history; severe abdominal, back and side pain in
tearing character, syncope after abdominal pain,
unexplained hypotension and also some physical
examination signs like pulsatile mass at abdomen,
tension arterial difference between right and left arm,
difference at peripheral pulses, presence of focal
neurologic deficit were noted as a value in suspicion
of AAA.

Abdominal aortic diameter measurement was
performed by bedside ultrasound imaging after
stabilization of patients. Measurements were
performed by emergency physicians who finished
training course which is proper to US usage at
emergency department protocol of American College
of Emergency Physicians and that is arranged by
Emergency Medicine Physicians Association of
Turkey. US measurements were performed with
Siemens Digital Color Doppler Ultrasound SIUI
Apogee 3500 device, measurements were done at
mode B with 3.5 MHz convex probe.

Abdominal aorta measurement was performed at
the grey window, from diaphragmatic hiatus to aortic
bifurcation on the transverse and longitudinal planes.
Wall-to-wall diameter measurements from the widest
area of aorta were recorded as < 3 cm, 3-5 cm, and >
5 cm. Measurements which are > 3 cm were accepted
as aneurysmatic dilatation. Aneurysm area was
defined as suprarenal or infrarenal according to renal
artery exit point. When the aneurysmatic segment was
detected; its progress, presence of flap and intraaortic
thrombus were recorded. Hepatorenal, splenorenal and
pelvic regions were investigated ultrasonographically
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for abdominal free fluid after the aortic measurement.

Contrast-enhanced thoracic and abdominopelvic
computerized tomography (CT) imaging was
performed for all of the patients whose measurements
were > 3cm. Information about patients’ clinic was
also given synchronously to the cardiovascular surgery
clinic.

In the presence of ongoing clinical suspicion we
applied further imaging methods despite aortic
diameter has measured < 3 cm. For final diagnosis
computed tomography were accepted as the golden
standard for showing ultrasonography’s sensitivity.
CT was used at the situations where aortic diameter
measurements couldn’t be evaluated clearly or
completely at the suprarenal or infrarenal levels. These
patients were excluded from the study.

Statistical Analysis

All data belong to study were recorded via SPSS 13.0
for windows. Standard deviation (%) at continuous
variables and n and % values at categorical variables,
were used as descriptive statistics. Pearson chi-
squared test, Fisher's exact chi-square test, and
Mcnemar's test were used at comparing the categorical
variables. P < 0.05 was accepted as statistically
significant. Sensitivity and specificity values, positive
and negative predictive values were calculated for
evaluating the effectiveness of Computed Tomography
and US at diagnosing.

RESULTS

Our study included 133 patients over the age of
50. Eight patients were excluded from the study
because of inadequate bedside US imaging due to
dense abdominal gas (n = 3), diffuse defence (n = 2),
and obesity (n = 3). Computed tomography was used
for excluding AAA in these patients. As a result, 125
patients who had bedside US imaging for the suspect
of AAA at emergency room included to the study.

According to our study population 78 (62.4%)
were male and remaining 47 (37.6%) were female.
Mean age of patients was 67 yeras (min: 50 — max:90,
std deviation 9.857). The most common complaint
was an abdominal pain with 84 (67.2%) patients.
Patients who had more than one complaint, symptoms
were recorded separately. Most common complaints

are summarized in Table 1. Smoking history was
present in the 51.2% (n = 64) of the study population.
Physical examination findings which support AAA;
were evaluated as pulsatile mass at the abdomen,
difference at peripheral pulses, tension arterial
difference between right and left arm. There is a
pulsatile mass in 18 (14.4%) patients, tension arterial
difference between the arms in 24 (19.2%) patients,
the difference at peripheral pulses in 21 (16.8%)
patients.

After the bedside US evaluation, the aortic
diameter was measured >3 cm in 54 (43.2%) patients.
The aortic diameter was >5 cm in 8 (6.4%) patients.
False lumen, flap, intraaortic thrombus and abdominal
free fluid were investigated with US in all the patients
who had a 3 cm aortic diameter. Flap in 14 (11.2%)
patients, intraaortic thrombus in 27 (21,6%) patients,
abdominal free fluid in 5 (4%) patients were detected.
As a result of US investigations; AAA rupture in 5
(4%) patients, aortic dissection in 13 (10.4%) patients,
and aortic aneurysm signs in 36 (28.8%) patients were
detected. IV contrast-enhanced thoracic and
abdominopelvic tomography imaging was planned for
these patients. Clear results were acquired from 53
patients except for one patient, who was sent for
computed tomography imaging after emergency
evaluation and his situation was worsened during iv
contrast enhancement. Aneurysmatic dilatation and
flap presence with the false lumen at aorta was
reported but dissection typology couldn’t be
performed due to unfinished sequencing and the report
was interpreted inadequate evaluation.

Further imaging was performed due to the
presence of ongoing clinical suspect by their
physicians in 23 (18.4%) patients although their aortic

Table 1. The presenting symptoms of patients*

Symptom Frequency (n) Percent (%)
Abdominal pain 84 67.2
Back pain 61 48.8
Flank pain 34 27.2
Chest pain 15 12.0
Syncope 17 13.6
Hypotension 3 24
Neurological deficits 10 8
Cardiopulmonary arrest 1 0.8

*Some patients had more than one symptom.
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diameters were measured as < 3 cm at US
investigations. Aortic calibrations of these patients
detected between normal range at CT and there were
no signs of AAA or its complications. Thorax and
abdominopelvic CT imaging were performed in total
77 patients.

Dissection typology of patients who got aortic
dissection diagnosis by CT was performed by
DeBakey classification. Types were recorded except
one patient whose situation became worsen and CT
imaging couldn’t be finished. According to this, type
1 aortic dissection in 7 (53.8%) patients and type 3
aortic dissection in 5 (38.4%) patients were detected.
At the remaining 48 (38.4%) patients despite other
prediagnoses, aortic diameter measurement was
performed with US for excluding AAA. The aortic
diameter was measured as < 3 cm in these patients and
further imaging wasn’t performed. Additional imaging
methods were used which belong their prediagnoses.
Flowchart of diagnostic approaches of patients after
bedside aortic US imaging, are shown at Figure 1.

In our study 29 (23.2%) patients have aortic
aneurysm diagnosis whereas, fatal aortic pathologies
which include aortic dissection and aneurysm rupture
were detected in 18 (14.4%) patients. Nephrolithiasis
was detected as the most common secondary
diagnosis which clinically interferes with AAA at the
patients whose aortic diameters were measured with
US. Patients’ final diagnoses are defined in Table 2.

Distribution of sex, co-morbidities, smoking

Table 2. The distribution of final diagnoses

history, physical examination signs of 29 patients who
had AAA diagnosis and 18 patients who had aneurysm
rupture or dissection, were evaluated retrospectively.
Thirty-six (76.6%) of 47 patients were male and the
remaining 11 (23.4%) were female. Thirty-nine
(82.39%) patients were following for hypertension
and there was additional medication usage. Male sex
and hypertension effect at AAA diagnosis was
determined as statistically significant (p = 0.01).

When the relation is calculated between the final
diagnoses and smoking history, 70.2% (n = 33) of
them has smoking history and smoking history was
determined as an independent risk factor at AAA
diagnosis (p < 0.03).

Aneurysm presence was considered in 54 patients
after abdominal aortic evaluation with US at the
emergency room but the aneurysmatic segment wasn’t
seen after CT imaging. In the light of these false
positive ratios, the sensitivity of US at the diagnosis
of AAA was calculated as 100% (95% CI: 87-100) and
specificity of it calculated as 91%. Diagnosis is
propounded by all the patients whose aortic diameters
were measured >3 cm with US. At the patients, whose
US investigations didn’t show any an aneurysm but
still got under CT imaging (7/125), any additional
benefit of undergone imaging wasn’t detected for
aortic pathology. Positive predictive value of US is
determined as 87%, and negative predictive value is
detected as 100%. Sixty-one (48.8%) patients were
hospitalized because of their diagnoses. Twenty-six

Final diagnoses Frequency (n) Percent (%)
AAA 29 23.2
Aortic dissection 13 10.4
Aneurysm rupture 5 4.0
Other
Nephrolithiasis 23 18.4
Acute coronary syndrome 14 11.2
Cholelithiasis 12 9.6
Acute pancreatitis 10 8.0
Activation of peptic ulcus 9 7.2
Arterial occlusion 4 32
Pulmonary embolism 2 1.6
Cerebrovascular event 2 1.6
Mesenteric iscemia 1 0.8
Renal infarction 1 0.8
Total 125 100

AAA = Abdominal aortic aneurysm
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Total 133 patients

8 patients that can not
be measured by US.

e
Total 125 patients
Aortic diameter > 3cm
(n=54,43.2%)
Toracict+abdominal CT
AAA Aneursym Aortic Inadequate Other
ruptue dissection | imaging dignosis
n=29,
23.2%) m=5,4%) | (n=12, =7,
9.6% 5.6%)

(n=71, 56.8%)

Aortic diameter < 3cm

/N

Ongoing
clinical

suspicion

(n=23, 18.4%)

Other diagnosis
forefront

(n =148, 38.4%)

¢

'

Toracic+ Abdominal CT

v

Other diagnosis

(n =23, 18.4%)

Abd US (n=18)
Renal US (n =13)
Art. doppler (n =2)
Toracic CT (n =2)
Cranial CT (n=2)

No additional
imaging (n=11)

Figure 1: The distribution of additional imaging after emergency US. AAA =Abdominal Aortic Aneurysm, US = Ultrasound, CT =
Computerized tomography, Abd = Abdominal.
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(20.8%) patients were admitted to cardiovascular
surgery intensive care unit and 14 (11.2%) patiens
were admitted to coronary intensive care unit. One
patient who got mesenteric ischemia diagnosis and
total 7 (5.6%) patients who had acute cholecystitis and
acute pancreatitis diagnoses were admitted to general
surgery service.

One patient who admitted to emergency room
with hypotension and abdominal pain, and bedside US
aortic diameter measurement was >3 cm, also flap and
intraaortic thrombus in US imaging detected were
taken to CT imaging with the prediagnosis of aortic
dissection but during imaging, arrest developed. There
was another patient, who applied with the complaints
of syncope and right leg pain and right leg femoral
artery and distal couldn’t be palpated; aortic diameter
was measured as <3 cm but the clinical exclusion of
diagnosis couldn’t be done so CT imaging was
performed. Thrombus was detected in the iliac artery.
Both of these patients were resuscitated at the
emergency room but they didn’t respond and they’re
accepted as exitus.

Five (4%) patients left the emergency room during
their follow up despite all of the risks and life threating
character of their situation were told them. First of
these patients were applied with back pain and
syncope, the aortic diameter was measured between
normal range and was followed by electrocardiogram
and prediagnosis was the acute coronary syndrome.
Three of the remaining 4 patients aortic dissection
were detected by imaging (2 of them were DeBakey
type 3, one of them was DeBakey type 1). The last
patient had AAA diagnosis with intraaortic thrombus.

DISCUSSION

AAA is a true surgical emergency which is needed
to diagnose urgently and has high mortality when it’s
missed, its morbidity and mortality can be reduced
with early intervention [15]. In a cohort study, which
includes 73,450 patients and evaluates prevalence and
risk factors of AAA, smoking incidence was found as
75%. In our study smoking incidence was found as
70.2% at AAA patients and it is determined as an
important factor. Hypertension is also evaluated as the
independent risk factor for the rupture and dissection
of AAAs [16]. Hypertension accompanied in the

82.9% of 47 AAA patients in our study. This ratio is
similar with other studies. In Edinburg study which
investigates peripheral artery diseases, hypertension
accompanied to AAA in the 34 patients of 1,592 [17].
In our study, known peripheral artery disease was
recorded at two patients and after investigations, AAA
was detected at these patients. Another risk factor is
positive family history for AAA [18]. There was no
family history in patients who included our study.

US is an imaging method which is commonly
preferred at AAA diagnosis. It is a non-invasive, low-
cost and accessible method so it has application area
for diagnosis at emergency departments. US’s primary
benefit is abdominal aortic aneurysm can be
investigated correctly, quickly and sensitively at the
bedside [13].

US sensitivity for detecting AAA is found as
100% in many studies [15, 18, 19]. In obese people
and at the presence of severe abdominal gas,
inadequate imaging can be performed and US is
dependent to the person who performs it.

In the study of Kuhn et al. [15]; AAA detecting
sensitivity and specificity of US at patients who had
abdominal pain and are more than 50 years old were
found as 100%, which is performed by emergency
physicians who finished 3 days education program. In
another study which was performed by Tayal et al.
[20], US’s positive predictive value was detected as
95% and the negative predictive value was detected as
100%. In our study, ultrasound was performed by three
years emergency medicine residents and they finished
one-day US education program. US sensitivity was
detected as 100% and specificity was detected as 91%
at AAA detecting in the emergency department in our
study.

In suspected cases, the aneurysm can be excluded
if aortic diameter is evaluated as normal with US [21,
22]. In our study, patients who had aneurysmatic
dilatation diagnosis with bedside ultrasound could be
followed up by cardiovascular surgery service.
Detecting operation needs according to annual growth
rate provided a base for viewing mortality rates at
follow-ups.

Nephrolithiasis took the first place at
misdiagnoses [23]. In our study after the clinical
suspect, we performed CT imaging to some patients
and 10% of them had nephrolithiasis. The similarity
of pain characteristic and not the occurrence of co-
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symptoms at the presence of risk factors cause the
need of additional imaging methods for confirming the
diagnosis. Co-diagnoses which were achieved by CT
imaging which was performed for the suspect of AAA,
was nephrolithiasis (13%), cholelithiasis (2.6%) and
renal infarct (1.3%) respectively.

Usage of US as a screen test for AAA diagnosis
was considering in a close future [13]. Early surgical
consultation and intervention can be possible in the
presence of rupture or dissection with abdominal
aortic evaluation by US. At the presence of
uncomplicated aneurysms, US can be used for follow
up and detecting the time of elective surgery.
Bedside US can be done simultaneously with
resuscitation or after the proper treatment because it
is non-invasive and easily applicable.

As a result, the most important role of the
emergency physician is detecting if there is a need for
emergent surgical intervention or medical treatment.
Etiology can be detected in many of the patients with
detailed anamnesis which includes all of the pain’s
characteristics, proper physical examination,
laboratory and radiologic investigations which are
requested with correct indications. At this stage,
patient’s present clinical situation must be taught for
deciding usage of imaging methods and if the patient
is unstable could not be taken from the emergency
room.

Limitations

This study has some limitations which have to be
pointed out. First the small patient population do not
allow us to draw any conclusion about the
effectiveness of this technique. Furthermore, the
follow-up was limited. Larger series are needed to
confirm the effectiveness of the bedside ultrasound
imaging in detecting aortic aneurysms. Second we
have high aortic aneurysm and dissection rates
according to the literatiire this may be due to narrow
range of age and symptomatology of selected patients.

CONCLUSION

If there is AAA in the suspected diagnosis list,
evaluation of an aortic aneurysm with bedside US is
necessary and diagnostic. Aortic imaging in patients
enables detecting of AAA, dissection diagnoses and

rupture presence. Evaluating aorta as normal indicates
the necessity of considering additional pathologies in
the differential diagnosis. Thus, investigation and time
can be used properly and adequate treatment steps can
be chosen for patients. Bedside ultrasonographic
imaging must be routinized by emergency medicine
physicians for using time and investigation numbers

properly.
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