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Abstract

Objective: Transoesophageal echocardiography (TEE) is the gold standard for the detection of

cardiac emboli sources in ischaemic stroke patients, but new computed tomography (CT) scan-

ners are able to visualize the heart. This pilot study aimed to compare findings on TEE with

combined cardiovascular scan and cerebral CT angiography in cryptogenic ischaemic

stroke patients.

Methods: This pilot study enrolled patients with cryptogenic ischaemic stroke who underwent a

combined cardiovascular and cerebral CT angiography scan and a TEE examination, which were

interpreted in a blinded manner.

Results: Twelve patients with cryptogenic ischaemic stroke were included (mean age 56 years).

Of these, 10 patients underwent both a combined cardiovascular and cerebral CT angiography

and a TEE examination. All cardiovascular CT scans were readable at sinus rhythm. None of the
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simultaneous cerebral angiograms were compromised. Thrombi were not detected in any

patients. Patent foramen ovale was visualized in five patients by TEE, while cardiovascular CT

only identified three. Cardiovascular CTrevealed in addition an X-ray negative pulmonary metas-

tasis in one patient, aortic coarctation in another and significant coronary stenosis in

four patients.

Conclusion: The sensitivity for detecting patent foramen ovale was considerably lower for

cardiovascular CT than for TEE, however the cardiovascular CT revealed several other very

important clinical findings.
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Introduction

In 20–40% of all strokes, no cause can be

established and these strokes are often

referred to as cryptogenic.1 It is argued

that many of these strokes are embolic and

originate in the heart, aortic arch or the

proximal cerebral arteries,2 which underlines

the need for feasible diagnostic tools to visu-

alize these structures. Cardioembolic stroke

accounts for 14–30% of ischaemic strokes.3

Currently, European guidelines recommend

that selected stroke patients are examined

with echocardiography to look for cardiac

sources of embolism.4

Echocardiography can be undertaken as

a transthoracic examination (TTE) or as a

transoesophageal examination (TEE). TTE

is performed with an ultrasound transducer

placed on the chest and images are obtained

through the chest wall, while a TEE is

undertaken by introducing a small ultra-

sound probe through the oesophagus and

placing it behind the heart. TEE is consid-

ered the gold standard method and it is

superior to TTE for the detection of cardiac

emboli sources in stroke patients,5 although

TEE is semi-invasive and uncomfortable

for the patient. Cardiovascular magnetic

resonance imaging has been used for the
detection of cardiac emboli sources, but it
is relatively expensive and often unavail-
able.6 Compared with magnetic resonance
imaging, computed tomography (CT) is
better at visualizing the coronary arteries.7

CT techniques have evolved significantly
during the last decade. As the scanners
become faster, they improve the visualiza-
tion of dynamic structures such as the
heart, whilst exposing the patient to a
much lower radiation dose. The high-pitch
spiral technique used with the new dual
source scanners can freeze the whole heart
in diastole using a very low X-ray dose
(<1mSv) and it is feasible to extend the
cardiovascular scan to cover the thoracic
cavity, neck and cerebral vessels in the
same scan.8

A cardiovascular CT scan is noninvasive
and has until now been used for the detec-
tion of aortic plaques,9 measuring the left
atrial wall thickness and density, detection
of patent foramen ovale (PFO),10 detection
of coronary stenosis11 and detection of left
atrial appendage thrombus in patients with
atrial fibrillation.12,13 In 2010, investigators
assessed the CT technique for visualizing
the aorta, the four chambers of the heart
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and the coronary arteries and found it to be
consistently adequate.14 The aim of this
pilot study was to compare findings on a
cardiovascular CT angiogram with conven-
tional TEE in stroke patients, and to inves-
tigate the feasibility of a combined
cardiovascular and cerebral CT angiogram
in stroke patients in order to be able to do a
larger scale study on this subject.

Patients and methods

Patient population

This pilot study enrolled consecutive patients
in the Stroke Unit, Herlev Hospital,
University Hospital of Copenhagen, Herlev,
Denmark between 1 January 2014 and
1 December 2014. The patients were above
the age of 18 years and suffered from a non-
disabling ischaemic stroke within 14 days
prior to enrolment. The stroke was visual-
ized with a magnetic resonance imaging
scan. No obvious cause of the stroke was
detected after a routine work-up (2-day
electrocardiogram event recording, ultra-
sound of carotid arteries or CT angiogram
and blood tests). Exclusion criteria were as
follows: atrial fibrillation, patients on anti-
coagulant treatment, patients who received
intravenous thrombolysis, patients unable
to cooperate during the TEE (e.g. not
being able to swallow the probe) and
patients with contraindications to either
use of CT contrast or to TEE. Since the
aim of the study was to compare the two
methods (cardiovascular CT and TEE), it
needed to detect the possible load and inci-
dence of thrombus material in nonanticoa-
gulated patients. Patients who were treated
with intravenous thrombolysis or anticoa-
gulation medication were likely to have a
lower incidence of vascular occlusive mate-
rial and were thus excluded.

Patients were invited to participate in the
study. The scanning techniques were not
part of an institutional work-up of stroke.

The trial was approved by The Danish
Ethical Committee (H-4-2013-120) and
the Data Monitoring Committee (HEH-
2014-005, I-Suite nr: 02602). All patients
provided written informed consent.

Stroke site classification

The site of the stroke was recorded accord-
ing to the Bamford classification15 and
symptoms were rated by the National
Institutes of Health Stroke Scale
(NIHSS).16 After study inclusion, all
patients were examined as soon as possible
by both TEE and a combined cardiovascu-
lar and cerebral CT angiogram.

Transoesophageal echocardiography
examination

The TEE was performed according to stan-
dard European guidelines with injection of
agitated salt water and Valsalva manoeuvre
to visualize a potential PFO.17 Patients
fasted for 6 h before the examination and
for 2 h after the local anaesthesia in the
pharynx to avoid aspiration. The TEE was
performed under conscious sedation. The
equipment used for TEE was a Philips
iE33 ultrasound system (Philips
Healthcare, Best, the Netherlands).

Combined cardiovascular and cerebral
CT angiogram

The combined electrocardiogram (ECG)-
gated cardiovascular and carotid CT was
done without beta blocker agents on a scan-
ner with a second generation dual-source
CT system (SOMATOM Definition Flash;
Siemens Healthcare, Erlangen, Germany),
using the fast double-spiral FLASH tech-
nique with a high pitch of 3.2. Iomeron
350mg iodine/ml was used as contrast
media with an injection speed of 5ml/sec.
The first 90ml of pure contrast media was
injected intravenously and this was fol-
lowed by 40ml of 50% saline and 50ml of
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pure saline tracer. A region of interest

(ROI) was set in the left atrium. The scan

started with a delay of 8 s when the bolus

tracker registered a Hounsfield Unit-value

of 100. ECG-triggering allowed initializa-

tion of the scan at the bottom of the heart

in early diastole and the primary scan ended

at the vertex. To avoid possible ‘pseudo

clot’ configuration in the left atrium due

to insufficient blood/contrast mix, a late

scan in the venous phase over the heart

was performed. The kV-setting and mAs

were set according to Siemens care-kV soft-

ware protocol. Safire iterative reconstruc-

tion level two was used.

Interpretation of the TEE and CT scans

When interpreting both the cardiovascular

CT scans and the TEEs, investigators noted

whether there were signs of PFO or other

atrial septal defects, thrombus mass, aortic

plaques �4mm, pulmonary vein abnormal-

ities, or aortic, mitral or pulmonal valve dis-

ease. For the cardiovascular CT scans, the

investigators also noted if the scanned

segment showed signs of coronary artery

disease or other obvious pathologies.
Both the cardiovascular and cerebral CT

and the TEE were interpreted by investiga-

tors who were blind to the result of the

other investigation. The cardiovascular CT

was interpreted blind by two senior radiol-

ogists (P.S.U. & Hanne Heebøl) and the

cerebral parts of the scans were interpreted

blind by two senior neuroradiologists (M.

O.K. & Emil Andonov Smilkov). All

scans were rated for their quality. In nine

of the cases, one senior cardiologist (B.N.)

performed and interpreted the TEE scans.

In two cases, the TEE examination was

done by another senior cardiologist (A.M.

B.S.). All the TEE scans were examined

blind by another experienced cardiologist.

Results

During the inclusion period, this pilot study
screened 216 patients and 12 patients were
included. All patients underwent the
planned cardiovascular and cerebral CT
angiography. Only 10 of the 12 included
patients had both TEE and CT angiogram
data. Eleven patients had the planned TEE,
but one patient did not have the TEE exam-
ination done because the cardiovascular CT
revealed a pulmonary metastasis that
required immediate transfer to another hos-
pital. The TEE of one patient was not done
with agitated salt water. These two patients
were excluded from the comparison
between the TEE and the cardiovascu-
lar CT.

Demographic and clinical information
on the 12 patients is presented in Table 1.
According to the Bamford classification,15

five had cortical strokes in the anterior

Table 1. Demographic and clinical characteristics
of patients (n¼ 12) with cryptogenic stroke who
were enrolled in this pilot study to compare
findings on a cardiovascular and cerebral
computed tomography angiogram with those of a
transoesophageal echocardiography examination.

Characteristic

Study cohort

n¼ 12

Sex, male/female 10/2

Age, years 56

Blood pressure, mmHg 140/87

Smoker 6

Non-smoker/previous smoker 6

Alcohol use beyond

recommendations

1

NIHSS 1

Time from stroke to

transoesophageal

echocardiography, days

6.5

Time from stroke to

cardiovascular computed

tomography angiogram, days

5.3

Data presented as mean or n of patients.

NIHSS, National Institutes of Health Stroke Scale.
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circulation and six had cortical strokes in
the posterior circulation. One patient had
new strokes in both the anterior and the
posterior circulations. Seven patients had
more than one new ischaemic lesion. The
mean time from stroke to TEE was 6.5
days, while the mean time from stroke to
cardiovascular CT was 5.3 days. The
mean interval between TEE and CT scan
was 1.2 days (i.e. 6.5–5.3 days).

The results of the TEE compared with the
cardiovascular CT in the 10 patients who
received both examinations are presented in
Table 2. No thrombi were detected with any
of the scans. PFO was found in five patients,
two of these were only found with TEE.
Figure 1a shows CT findings in a
patient with PFO. Figure 1b (close-up of
Figure 1a) shows a distinct left atrial flap
in the expected location of the septum
primum (black arrow) and a definite jet of
contrast material into the unopacified right
atrium (white arrow). Significant coronary

stenosis (>50%) was found in four patients
on the cardiovascular CT. In one patient,
coarctation of the aorta was documented
on the cardiovascular CT but not on the
TEE. None of the patients had significant
aortic plaques (�4mm). No significant
aorta, mitral or pulmonal valve diseases or
lung vein malformations were found.

The results of the cardiovascular and
cerebral CT scans showed that in nine
(75%) of the scans, the coronary arteries
were visualized with sufficient resolution
to determine the presence of coronary pla-
ques. Three patients (25%) had too high
heart rate for such an evaluation. All
other cardiac structures were well defined
in all 12 examinations. All of the neck and
cerebral arteries were readable. Five out of
12 scans were acceptable and seven out of
12 scans were very well defined. The two
neuroradiologists agreed in 10 of the 12
cases. In two cases, they disagreed on the
grade of the stenosis detected. The mean

Table 2. Findings from the 10 patients who underwent both a transoesophageal echocardiography (TEE)
examination and a cardiovascular and cerebral computed tomography (CT) angiograma.

Findings

Transoesophageal

echocardiography

Cardiovascular CT angiography

First read Second read

Patent foramen ovale 5 3 3

Aorta valve thickened 1 3 1

Aorta valve insufficiency 1 0 0

Mitral valve thickened 2 3 2

Mitral valve insufficiency 3 0 0

Aorta ascendens plaque 1 0 0

Aorta descendens plaque or calcification 1 1 1

Aorta thoracalis calcification 0 1

LAD artery stenosis 2 4

RCA stenosis 1 1

Coarctation of the aorta 1 1

Annuloaortic ectasia 2 1

Chronic obstructive pulmonary disease 1 1

Data presented as n of patients.
aOne patient did not have a TEE and one patient’s TEE examination was excluded for technical reasons. Their data are not

included in the table. Cardiovascular CT on these patients revealed a pulmonary metastasis in one patient and a patent

foramen ovale together with a right coronary artery stenosis in the other patient.

LAD, left anterior descending artery; RCA, right coronary artery.
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agreement between the two senior radiolog-

ists regarding the cardiovascular CT was

77% in 13 different evaluated features (in

eight of the 13 features there was a 100%

agreement, in the remaining five features

there was between 0% and 66.7% agree-

ment, thus in total a mean agreement of

77% in the 13 features; Table 2).
The image quality of both the cerebral

parts and the cardiovascular parts of the

CT scan was evaluated systematically by

two senior radiologists. The image quality

was not graded, but was evaluated by

answering ‘yes’ or ‘no’ to whether the qual-

ity was satisfactory or not. All the cerebral

scans were rated by the two neuroradiolo-

gists to be of good quality. Three of the 12

cardiovascular parts of the CT scans were

rated suboptimal for evaluation of the cor-

onary arteries by both radiologists, the

main reason being an increased heart rate.

Discussion

This present pilot study demonstrated that

it was possible to perform the combined

cardiovascular and cerebral CT scan on

all included patients. The present study

did not find any thrombi or emboli origi-

nating in the heart or in the arteries supply-

ing the brain. Occurrences of such thrombi

or emboli are relatively rare, and it would

not be possible to visualize emboli already

propagated to small arteries in the brain

thereby causing the index stroke. More

PFOs were detected with TEE than with

cardiovascular CT. Considering TEE is

the gold standard, in this present study

the sensitivity of the cardiovascular CT

for detection of PFO was 60% while the

specificity was 100%. Previously, other

investigators compared cardiovascular CT

with TEE and found a sensitivity of

73.1% and a specificity of 98.4%.10

Combined cardiovascular and cerebral

angiograms may perform comparably with

TEE regarding some aspects of the search

for a cardiac source of embolus. However,

considering TEE as the gold standard for

PFO detection, the cardiovascular CT had

a substantially lower sensitivity for PFO

than TEE, which indicates that the

Figure 1. Cardiovascular computed tomography angiogram findings in a patient with patent foramen ovale
(black arrow) (a). A close-up image of A shows a distinct left atrial flap in the expected location of the
septum primum (LA, black arrow) and a definite jet of contrast material into the unopacified right atrium
(RA, white arrow) (b).
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currently applied cardiovascular CT should

not be used alone in the stroke work-up.
A meta-analysis from 2015 did not sup-

port PFO closure for prevention of

stroke.18 However, in the light of the results

of the REDUCE study,19 patients with

PFO closure combined with antiplatelet

therapy had a reduced risk of subsequent

ischaemic stroke compared with patients

assigned to antiplatelet therapy alone. But

PFO closure was associated with higher

rates of device complications and atrial

fibrillation.19 The RESPECT study

showed that PFO closure was associated

with a lower rate of recurrent ischaemic

strokes than medical therapy alone during

an extended follow-up period.20 Currently,

European guidelines do not yet recommend

any specific treatment when detecting a

PFO in stroke patients.4 If this practice is

changed in the future, it may influence the

choice of method for the investigation of

cardiac emboli sources.
Significant coronary stenoses were found

in four patients (40%) corresponding to

previous studies in stroke patients with fre-

quencies of 18–48%.11,21–23 The detection

of these stenoses led to further investiga-

tions and in two cases followed by specific

treatment. The patients with a detected cor-

onary stenosis had not complained of chest

pain before, but when questioned thor-

oughly, they did have corresponding symp-

toms. These observations may extend to the

general stroke population. If cardiovascular

CT scans become more widely used to

improve current treatments, a better under-

standing of the most optimal treatment of

incidentally found coronary stenoses

is required.
One patient was diagnosed with coarcta-

tion of the aorta and it is possible that this

finding was significant for the aetiology of

the index stroke, since stroke is one of the

long-term complications of coarctation of

the aorta.24

The TEE requires 6 hours of fasting
before the examination. It is a semi-
invasive procedure that is uncomfortable
and distressing for the patient and severe
complications have been reported.25

Dysphagia, a common symptom in stroke
patients, can pose problems in performing
the TEE procedure. When a stroke patient
is admitted to our hospital, a brain CT
scan, a chest X-ray and an ultrasound
examination of the carotid arteries are rou-
tinely performed. If a brain CT scan could
be extended to a combined cardiovascular
and cerebral CT with angiogram it would
save the chest X-ray and ultrasound of the
carotid arteries and at the same time save
the need for a later TEE. For the patient,
this could save time, money and reduce dis-
comfort. A cerebral angiography exposes a
patient to radiation of 5mSv, adding a
cardiovascular scan would increase the esti-
mated X-ray dose to 6–7mSV in total.
Addition of a cardiovascular CT would
provide less than 0.1% life attributable
risk of cancer.26

Standard cardiac CT is limited to identi-
fying large pato-anatomic features of a
PFO and only occasionally a reverse con-
trast leak from the left to right atrium is
visualized (white arrow, Figure 1b).
However, it is possible that significant
anterograde shunting of blood from the
right to left side of the heart can be visual-
ized indirectly with an early dynamic CT
scan. If near simultaneous contrast arrival
in the two atria is detected it will confirm an
interatrial communication. This technique
has been applied in a non-ionising magnetic
resonance imaging protocol.27 To the best
of our knowledge, a similar radiation dose-
neutral approach in cardiac CT has not
been published, but by simple alternative
placing of the standard dynamic bolus
tracking in, or at the level of the atria,
simultaneous atrial signal intensity curves
could be performed (Figure 2). No ante-
grade contrast shunting to the left atrium
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Figure 2. Cardiovascular computed tomography images showing alternative placement of pre-scan
contrast intensity measurement region of interest (ROI) in the left atrium and simultaneous measurement
of the potential right to left contrast shunt. (a) Bolus track ROI in the left atrium. (b) Left atrial contrast
intensity curve. (c) Patent foramen ovale indicated by discrete septum primum prominence into the left
atrium. The black arrow shows a discrete flap, but no retrograde contrast shunt.
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was observed in any of the patients in the
current study, but this could have been the
case if the right atrial pressure had been
raised during this pre-scan by voluntary
Valsalva manoeuvre.28

This present study had a number of lim-
itations. First, the study population was
small and highly selected, consisting of
cryptogenic stroke patients that were rela-
tively young, who had few comorbidities
and low NIHSS scores, so the actual find-
ings cannot be applied to the general stroke
population. Future studies must explore
whether cardiovascular CT is feasible in
the general stroke population. The low
number of included patients was due to
practical issues, since both protocols for
the TEE and cardiac CT examinations
could only be performed during office
hours. There was limited access to the
TEE equipment and manpower to under-
take the examinations. Secondly, as this
was a pilot study, only a small standardized
assessment of inter-observer agreement was
undertaken. An inter-observer variability
analysis should be done as part of a large-
scale study. Thirdly, the study did not mea-
sure serum D-dimer levels or undertake
lower extremity ultrasonography. These
measures could have suggested an embolic
source for the stroke, especially in
PFO patients.

An advantage of this study was the close
timing of the TEE and cardiovascular CT
examinations, thereby providing a solid
basis for comparing the two methods. The
mean time from the stroke to the cardiovas-
cular CT was almost 1 day less than the
mean time from stroke to TEE. As a
6-hour fast was required prior to TEE,
time delays in the work-up only applied to
TEE rather than to the cardiac CT scan.

In conclusion, this pilot study demon-
strated that the sensitivity for detecting
PFOs was considerably lower for cardiovas-
cular CT than for TEE. However, these data
suggest that a combined cardiovascular and

cerebral CT examination might be feasible
and could provide supplementary informa-
tion with assumed positive implications for
stroke patients. It is possible that new CT
scanning techniques will be better at detect-
ing PFO, thus making CT useful in the diag-
nostic work-up of stroke aetiology.
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