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Comparison of Echocardiography, Single Pho-
ton Emission Computed Tomography (SPECT), 
Positron Emission Tomography/Computed To-
mography (PET/CT) and Cardiac Magnetic Res-
onance Imaging (MRI) diagnostic value while 
choosing treatment strategies after acute myo-
cardial infarction (AMI)
Povilas Žudys, Eglė Kazakauskaitė, prof. habil. dr. Renaldas Jurkevičius

Lithuanian University of Health Sciences, Department of Cardiology

ABSTRACT
Background and aim. The adrenal tumors are a reasonably common pathology. Radiologic imaging detects an adrenal 
Aim. Evaluate myocardial viability, volumes of heart chambers and systolic function with different modalities: echocar-
diography, SPECT, PET/CT, and MRI.
Objectives. 1) Assess and compare myocardium movement, perfusion, and viability with echocardiography, SPECT, 
PET/CT, and MRI. 
2) Compare ejection fraction (EF), end-diastolic volume (EDV), and end-systolic volume (ESV) results between different modalities. 
3) Establish which diagnostic method is similar to PET/CT („gold standard“) the most. 
4) Compare MRI („gold standard“) EF, EST, EDT results with results of other modalities. 
Methods. Prospective trial. The statistical analysis was performed by SPSS software.
Study participants. Thirty patients who were treated in the Department of Cardiology, Hospital of Lithuanian Univer-
sity of Health Sciences Kaunas Clinics in 2012-2016. They have significantly lowered EF (EF ≤40%), severely damaged 
coronary arteries after acute myocardial infarction, that is why the benefit of revascularization for these patients is 
questionable because myocardium could have scars.
Results. Average patient age was 67,8 (interval 43–84 year), there was 25 (83,3%) men and 5 (16,6%) women. All pa-
tients had risk factors. Between echocardiography and PET/CT paired t test results of EF (OR 0,73 [95% CI -2,04-3,51], 
p=0,59), EDV (OR 13,36 [95% CI -10,18-36,92], p=0,25), ESV (OR 0,76[95% CI -16,93-18,46], p=0,93) were not signif-
icantly different (p>0,05). Although SPECT compared with PET/CT (paired t test) between EF (OR 2,76 [95% CI 0,88-
4,64], p<0,05), EDV (OR 37,7 [95% CI 20,08-55,39], p<0,05), ESV (OR 23,26 [95% CI 11,34-35,19], p<0,05) and paired 
t test results between CMR and PET/CT (OR 3,43 [95% CI -5,68-(-1,18)], p<0,05), GDT (OR -43,23 [95% CI -66,82 
(-19,64)], p<0,05) ir GST (OR -23,13 [95% CI -40,35-(-5,90)], p<0,05), it is clear that difference is significant. While 
evaluating miocard segment with Spearman corelation coeficient (r>0,05) and tested with McNemar test (p>0,05) it is 
clear, that in thirteen from sixteen miocardium segments there was found no significant difference between different 
modalities. Calculated Kappa coeficient shows agreement from fair to great. On the other hand, three of rest segments 
(lateral basal (18), lateral middle (12) and upper anterior(1)) statisticaly significantly were different (r<0.05, κ<0.20), 
McNemar test was negative with only few PET/CT with ultrasound and PET/CT with SPECT (p<0.05).
Conclusion. 1) Non-invasive cardiovascular imaging modalities (echocardiography, (99mTc)-MIBI SPECT, (18F)-FDG 
PET/CT and MRI) correlate well because 13 of 16 segment parameters match between types of examination. Spearman 
correlation coefficient (r>0,05) and Kappa value (κ>0,05) was counted, McNemar test was performed (p>0,05).
2) The agreement is seen between ultrasound and PET/CT when EF, ESV, and EDV is compared. Agreement between 
MRI and SPECT is seen too. Only EF (without EDV and ESV) agreement is seen between echocardiography and MRI. 
A paired t-test was performed (p>0,05).
3) PET/CT (“gold standard”) and CMR damage of segments (viability) correlate best of all because most of the segments 
(10 of 16) Spearman coefficients and 11 of 16 segments Kappa values are close to one. 
4) Comparing MRI (“gold standard”) EF, EDV, ESV with other modalities, significantly similar data could be obtained only 
with MRI and SPECT. EF (without EDT and ESV) agreement is seen between echocardiography and MRI alone (p>0,05).

Keywords: PET/CT, MRI, SPECT, myocardial infarction
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INTRODUCTION

The number of people who are prevalent to have 
ischemic heart disease (IHD), angina pecto-
ris (AP), or myocardium infarction (MI) is in-
creasing, and this trend is growing worldwide 
[33, 38]. Ischemic heart disease is a dysfunction 
of myocardium because of the decreased flow 
of oxygen to heart contractile cells. The cause 
of the disease is atherosclerotic coronary artery 
stenosis or spasms, which causes various length 
or localization myocardium ischemia [15]. IHD 
can expose as the sudden death of heart muscle, 
myocardium infarction, angina pectoris, heart 
rhythm, and conduction disorders or heart fail-
ure [33, 34]. According to the Lithuanian Insti-
tute of Hygiene, coronary artery disease-related 
deaths comprise more than half cases of death in 
Lithuania [33]. This is one of the biggest social, 
economic, and health issues not only in Lithua-
nia but in the world as well [34]. In Europe, 4,25 
million people die because of coronary artery 
disease annually [32]. More women die (55% 
of all deaths) than men (43%), the condition is 
more prevalent between the lower-income popu-
lation, because people and society health depend 
on finance and budget [32, 33].
Left ventricle (LV) ejection fraction (EF), end-di-
astolic volume (EDV), and end-systolic volume 
(ESV) are used to diagnose and evaluate heart 
and coronary artery disease [35]. Moreover, 
these parameters provide useful diagnostic infor-
mation during heart failure or when heart valves 
are damaged [36].
Various diagnostic modalities are used to eval-
uate EF, EDV, ESV, and condition of heart mus-
cle segments: echocardiography, Single Photon 
Emission Computed Tomography (SPECT), 
Positron Emission Tomography (PET/CT), heart 
Magnetic Resonance Imaging (MRI) [37]. Those 
modalities should give the same results with 
comparable errors [38, 39]. Diagnostic methods 
are convenient because all necessary information 
can be acquired in a single procedure.
SPECT shows LV function and myocardial per-
fusion [41], PET/CT – LV function, and viability 
(evaluation of functional parameters), although 
MRI with late gadolinium enhancement pre-
cisely shows EF, EDV, ESV and myocardial via-

bility (anatomical parameter (scar) evaluation) 
[42]. With echoscope LV function, volumes and 
movement could be easily evaluated [40]. Previ-
ous studies show that there is a good correlation 
of LV parameters between those four methods, 
although there are some problems while myo-
cardium perfusion defects, hibernating myocar-
dium, or scars are found [43]. Moreover, there are 
specific problems with patients who have a small 
heart or because of poor video resolution and de-
creased quality of LV endocardium view because 
of image fusion at the end of systole [44, 45 46].
Firstly, if doctors want to increase patient prog-
nosis, and outcomes of the disease, the precision 
of radiologic modalities should be evaluated. 
Looking at the world literature, only two modal-
ities are being analyzed. Moreover, this is the first 
time in Lithuania when all four modalities are 
compared together.
In this article, main LV parameters (EF, ESV, 
EDV) and function of damaged heart segments 
(contraction, perfusion, and viability) are com-
pared using echocardiography, SPECT, PET/
CT, and heart MRI. PET/CT is a “gold stand-
ard” evaluating myocardial viability [13] while 
MRI – LV volumes and function [3]. It is essen-
tial to compare the match level between all four 
modalities (echocardiography, SPECT, PET/CT, 
and MRI). Differences between results can occur 
because of the type of myocardial damage or the 
size of the heart [39]. The reason why big errors 
were seen while evaluating LV viability, function, 
and volumes was because of doctor’s subjectivity 
and time between examination (procedures took 
place not the same day). All different diagnostic 
modalities are used to evaluate anatomical heart 
structure, although PET/CT (being expensive) is 
partly harmful to the patient because of exposure 
to radiation, shows myocyte morphology what 
helps to determine myocardial viability more 
precisely. Four chosen modalities are discussed 
not only that it shows myocardial damage pre-
cisely but is increasingly being used in clinical 
practice (PET/CT and MRI first were introduced 
in LUHS KC in autumn of 2012).
It is expected that this article will help to an-
swer the question of which modality is the best 
to evaluate different parameters of the heart, but 
will help to choose which one to use (most pre-
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cise, fastest and cheapest, less harmful) to exam-
ine patient. According to all mentioned reasons, 
the aim of this article is clear – to evaluate my-
ocardium viability, heart volumes, systolic LV 
function using different modalities: echocardi-
ography, SPECT, PET/CT, and heart MRI.

POSITRON EMISSION TOMOGRAPHY

PET scanners were introduced in 1970 and were 
used only for scientific purposes. After 1990 all 
body PET scans were started to be used in clini-
cal practice. Firstly, it was used only for neoplas-
tic processes, later for cardiologic patients. There 
was a problem related to the lack and availabil-
ity of radionuclide material. Lack of computer 
software was an issue, too, so PET examinations 
were not performed daily.
PET is a radionuclide related examination meth-
od in which detectors are used to discern pos-
itron-emitting particles. This allows scientists 
and doctors to observe various biological events. 
There is no stable matter in nature which emits 
positrons, that is the reason why radionuclides 
must be produced in a particle accelerator – cy-
clotron (for example 18 F-fluor-2-deoxyglu-
cose, which has a half-life of 110 seconds). PET 
scanners just visualize radionuclide existence in 
tissue, and physiologic signal depends on radio-
active substance characteristics. The main disad-
vantage is that the half-life of a substance is low, 
which leads to high procedure costs [1, 2].
When positron leaves the atom’s nucleus, it trav-
els few millimeters and meets an electron, col-
lides with it, and emits two photons, who travel 
in two opposite directions and are seen in circu-
lar detectors. Trail of two photons draws a line 
between two detectors and is called response line 
(sinogram). With the help of a computer, all re-
sponse lines are combined, and a three-dimen-
sional image is made dependent on radioactive 
material presence in tissue [3, 4].
Radiotracers attenuation correction is produced 
using computed tomography, which leads to less-
er artifacts, and it leads to less negatively positive 
perfusion defects, which result in higher speci-
ficity. High PET resolution allows us to evaluate 
small perfusion defects and lowers false-negative 
results. Moreover, short radiotracer half-life re-

duces radiation dose and enables to produce ten-
sion and relaxation phases with the same scan. 
PET compared to SPECT has more advantages 
because it has higher spatial resolution and at-
tenuates correction more precisely, which leads 
to lesser numbers of tissue artifacts. Many stud-
ies proved that PET specificity and sensitivity is 
more than 90% [50, 51, 52].
Using outer detectors and PET radiotracking 
technique, it is possible to get in vivo radiotrac-
er dispersion views. Just as the same as in CT 
scans, cross-sectional views are produced. View 
quality and type depend on radiotracer. PET al-
lows evaluating blood flow, heart function, and 
metabolism using biological substrates not inva-
sively with radionuclides such as carbon, oxygen, 
nitrogen, or fluoride. These radionuclides have a 
shorter half-life than those used in SPECT. More-
over, fluoro-deoxy-glucose (FDG) metabolizes 
fast, which means that stress test with adenosine 
or dobutamine could be proceded quite fast [24]. 
PET radiotracers acquire a stable stance when 
they emit positron, which is electron antimatter. 
Positrons have the same resting mass as electrons 
but are charged positively. When positron col-
lides with an electron, they annihilate each other 
and emits 511-keV gamma radiation. Gamma 
radiation is colinear and flies in the opposite di-
rection, so PET scanner could be programmed to 
detect only that kind of rays. This method allows 
us to reach higher spatial resolution than SPECT. 
Also, PET is stationary, while SPECT rotates [5, 
7]. PET allows for correcting attenuation too [6].
Myocardium blood flow speed evaluation pro-
vides diagnostic and prognostic value sooner 
than it could be evaluated with SPECT, that is the 
main disadvantage of SPECT. Also,  perfusion, 
substrate metabolism, and heart innervation in 
vivo can be monitored with PET noninvasively. 
That allows scientists to examine heart physiolo-
gy and pathophysiology. FDG is the most com-
mon radiotracer used in examining myocardium 
viability [5].

HYBRID PET/CT

Ability to evaluate CAD, myocardium perfusion, 
metabolic activity, and function of the ventricle 
with hybrid PET/CT makes it inextinguishable 
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in clinical practice [8]. Heart PET/CT is quite a 
new modality for patients with CAD. The my-
ocardium is evaluated coronary anatomy and 
function with a single scan; that is the reason 
why it has huge potential for cardiac patients. 
Hybrid PET/CT allows evaluating the location of 
the stenosis, level, and functional myocardium 
damage [10]. Moreover, the calcium index could 
be computed to patients with CAD and to pro-
ceed noninvasive angiography with contrast [9].
Production of PET/CT scanners starts with add-
ing a CT system (which can produce 64 or more 
sections) to the PET scanner. These integrated 
systems work together to help the patient. All 
software is combined into a mechanical part of 
the PET device. One universal gantry is used 
with integrated software with PET/CT interface. 
CT portal is used in front of the device or back of 
it. Originally CT component in PET/CT device 
was used to correct attenuation and to see the 
patient’s anatomy more precisely. Other more 
modern tomographs are able not only to correct 
attenuation but evaluate coronary calcium in-
dex and make CT angiography. All information 
about CT could be found in SNMMI/ASNC/
SCCT guidelines [11].
Multiple layer CT angiography improved fast and 
became the most promising noninvasive heart 
artery examination method. Because of PET/CT 
scanners and improved software, multidiscipli-
nary methods came to life with whom coronary 
arteries can be evaluated thoroughly using coro-
nary artery calcium index and coronary angiog-
raphy [12]. Moreover, PET/CT allows evaluating 
myocardium viability and metabolism [13].
Hybrid PET/CT helps to evaluate risk level and 
helps to make a decision about which CAD 
treatment strategy to choose. Compared stud-
ies showed that half of angiographically signif-
icant stenoses are not related to perfusion de-
fects and are not hemodynamically significant. 
In contrast, coronary anomalies are found to 
patients with normal perfusion; First clinical tri-
als were presented by Namdar et al., using PET 
with [13N]NH3 and four-layer CT angiography 
for 25 patients with CAD. Sensitivity, specifici-
ty, positive and negative, and predictive values 
foreseeing significant stenoses were 90%, 98%, 
82%, and 99% respectively compared to golden 

standard – PET and angiography. This research 
shows that hybrid heart examination is crucial 
non-invasive for CAD and choice of treatment 
strategy [14, 15, 16].
Previous studies show that if perfusion defects 
are not found with PET/CT, then the probability 
for a patient (who has a moderate or high risk for 
CAD) to die is very low (1%). Also, patients who 
have less recurrent ischemia are treated with 
medication more effectively than a revasculari-
zation procedure. Although patients with large 
ischemia regions treated with invasive proce-
dures receive better outcomes. Discussed meth-
ods allow specialists to decide which treatment 
strategy to use [2].
Diagnostic PET accuracy for CAD is high (sen-
sitivity and specificity are more top than 90%). 
It is unique that with the help of PET, scientists 
can measure blood flow mL/min/g in the active 
and resting phase. Studies show that blood flow 
analysis with PET significantly reveals CAD in-
cidence. Moreover, hybrid PET/CT is developing 
fast and can examine patients in the 45-minute 
interval in one session [2, 18].

GLUCOSE METABOLISM IN MYOCYTE

In specific surroundings, myocyte uses glucose 
for proper function for energy production and 
survival. In the aerobic environment, myocyte 
uses long-chain fatty acids, and this provides 
70% of all energy demand. About 20% is received 
from glucose. Postprandial glucose rise is used 
for energy production firstly; this fast adaptation 
is crucial for normal heart function and is inde-
pendent of lack of substrate, hormone imbalanc-
es, heart work, or other factors.
Chronic adaptation for substrate metabolism 
is seen after abnormal stimuli are observed. 
For example, if there is a chronic insufficien-
cy of myocardial blood flow when the myo-
cardium is hybernated leads to excessive de-
pendability from plasma glucose. That is the 
mechanism of protection against hypoxia. On 
the other hand, if diabetes mellitus is present, 
then fatty acids are used more, and glucose is 
becoming not that necessary. This way of re-
ceiving energy is harmful to heart cells, which 
lead to heart dysfunction [19].
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FDG is used for the detection of viable myocar-
dium because glucose metabolism is a sign of 
biological activity. Also, FDG is used to diag-
nose patients with heart sarcoidosis, moderate 
or intense vasculitis, and heart implant infec-
tion where inflammation is the primary patho-
genetic process.
Myocardial glucose intake depends on serum 
glucose and insulin level. Patient preparation 
also plays a crucial role in the need of getting 
an accurate view of myocardial viability. There 
are specific protocols that advises how to cope 
with a patient who has diabetes and those who 
do not [5, 20].
PET/CT is an essential procedure for diagnosing 
CAD because it allows detecting atherosclerotic 
damage (CT) and its‘ effect on blood flow (PET) 
in a single scan. It provides essential CAD diag-
nostic value and has a considerable advantage 
compared to CT or PET separately [18].

ECHOCARDIOGRAPHY

Echocardiography is cheap, convenient, and is 
easy to do. This diagnostic method can show 
heart function and hemodynamics. It is the most 
common diagnostic modality after cardiography 
and chest x-ray. For patients with acute heart 
pain, transthoracic echocardiography is made to 
evaluate myocardial movement and to diagnose 
acute coronary events. It is easy to find some 
dyspnea reasons such as dissection of the aorta 
or heart tamponade [47].

CARDIAC MAGNETIC RESONANCE IM-
AGING

Magnetic Resonance Imaging procedure in car-
diology is making progress significantly fast, es-
pecially when there is a possibility to combine 
and synchronize it with electrocardiography. 
Using intravenous contrast agents, it is possible 
to evaluate myocardial structure changes. MRI is 
a noninvasive diagnostic method that allows ex-
amining a patient while he is laying on his back. 
MRI has better soft tissue differentiation ability 
than CT even without contrast agent.
MRI similarities compared to other radiologic 
methods – there is no radiation, the procedure 

is noninvasive, and there is no known negative 
effect to the human body, only that tissue collects 
radio waves, and body temperature may increase 
to around 1 degree Celsius during the procedure.
To have quality images, 1,5 T MRI is required. 
3 T MRI machines are better only at evaluating 
myocardial perfusion. While diagnostics with 
MRI is evolving and progressing, ventricle gen-
eral and segmental functions could be evaluated 
easily (resolution is better than CT). Valve and 
vessel blood flow analysis could be performed 
because of great video resolution, and MRI is 
the easiest method to evaluate right ventricle 
function compared to other modalities. MRI 
disadvantages are excessive patient cooperation 
during the long phase of the examination, which 
takes 1,5 hours, is expensive, and requires a long 
time to proceed [21].
Heart muscle evaluation for patients with CAD 
and left ventricle insufficiency is crucial. Many 
methods are being used in clinical practice to 
evaluate heart morphology, function, and me-
tabolism. Every method and procedure has its‘ 
own diagnostic advantage for measuring my-
ocardial viability, although no one of each can 
show heart wall damage. MRI with contrast was 
presented as an alternative for evaluating heart 
damage. Few experimental studies show a com-
parison of histologic and contrast MRI views of 
muscle necrosis, moreover, contrast MRI allows 
to detect reversible and permanent myocardium 
defects with the help of contrast agent, which 
accumulates transmurally. Depending on the ra-
diotracer’s presence in heart muscle contractile 
function, prognosis can be predicted after re-
vascularization of infarcted myocardium in the 
presence of CAD [22, 23].
Late gadolinium enhancement (LGE) is a unique 
feature of MRI and is related to different gado-
linium contrast agent presence in normal and 
damaged myocardium. When a marked gadolin-
ium agent is introduced into the bloodstream, it 
moves to expanded intracellular space of infarct-
ed heart cells and shows scientists which parts 
are affected by necrosis. Maximal signal strength 
is received 10-20 minutes after contrast agent in-
troduction [23]. Late gadolinium enhancement 
test has a high sensitivity level and can detect 
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CAD caused scars. Using the late gadolinium en-
hancement technique, small scars that were not 
identified with cine MRI were found [24]. It is 
calculated that the scar area must cover more 
than 50% of muscle for wall movement anom-
aly to occur. Also, using late gadolinium en-
hancement technique, infarctions can be found, 
which were not seen with SPECT. Surprisingly, 
microinfarctions are found created with per-
cutaneous angiography and a slight increase of 
creatine kinase [25].
LGE MRI correlates well with PET/CT findings 
of myocardium blood flow and metabolism 
and is more sensitive to endocardial infarc-
tions. Studies also show importance in exam-
ining myocardium after revascularization [26]. 
Moreover, there is a vast amount of information 
showing MRI benefits, that is the reason why 
many think MRI with LGE is the golden stand-
ard in examining myocardial viability better 
than PET/CT [23, 27].
Using MRI high-resolution myocardium im-
ages is received, and the high contrast between 
tissue and blood allows doctors to evaluate 
heart chambers more precisely. CAD is usually 
diagnosed when abnormal heart movement is 
observed using an echoscope with dobutamine 
or myocardium perfusion method after injec-
tion of gadolinium radiotracer. Detecting scars 
or necrosis with the LGE technique is a unique 
MRI ability [14]. On the other hand, chronic 
ventricle insufficiency with altered blood flow 
and metabolism can be evaluated using PET/
CT, though tissue composition (a scar or nor-
mal tissue) with MRI [28]. MRI is much better 
for evaluating subendocardial or transmural 
damage because of its high image resolution. 
In addition, it is used to evaluate wall scaling 
during ventricular contraction. When a viable 
myocardium shows a distortion of the marked 
magnetic lines through the systole, the myocar-
dial scar will not show such differences [29]. 
In one study, scientists compared MRI and 
PET with FDG. He discovered that MRI with 
late gadolinium enhancement closely agrees 
with PET/CT data as a myocardial scar marker. 
However, MRI has more often identified a scar 
than PET/CT, with a higher resolution [29].

Single Photon Emission Radionuclide Comput-
ed Tomography (SPECT)
SPECT is a radionuclide test where gamma rays 
are used to obtain an object’s two-dimensional 
image. The SPECT machine consists of a gamma 
camera, a bed for the patient, a computer that 
produces tomographic reconstruction, software, 
and interface.
Various radiotracers (usually (99m Tc) -MIBI ) 
are used for examination. Unlike PET, gamma 
photons are released directly from the radioac-
tive material. PET radiotracers annihilate pos-
itrons to electrons a few millimeters away and 
emit two gamma photons that are thrown in the 
opposite direction.
Radiated photons are “captured” by the colli-
mators, which leave scintillation (glow) in scin-
tillation crystal. The photoelectric multiplier 
is sensitive to that glare, which is captured and 
processed by the computer. From 1 to 3, gamma 
chambers are used in SPECT. You need to scan at 
a 360° angle to get more accurate images.
SPECT is about three times cheaper than PET/
CT, and one of the most sensitive cardiac per-
fusion modality (83% accuracy - 85%, sensitiv-
ity, 72% specificity). Disadvantages of SPECT: 
inadequate image due to scattered gamma rays 
compared to PET/CT, last long, the image quali-
ty decreases if the patient moves and artifacts are 
possible due to the random distribution of radi-
otracer. The sensitivity of the SPECT to detect 
angiographically proven CAD is high (87-89%), 
and specificity is 89%. SPECT not only identifies 
a lesion but shows where and what size it is [48]. 
Also, patients with less reversible ischemia have 
been shown to have a greater chance of survival 
while receiving medication than a revasculari-
zation procedure, whereas, in patients with high 
ischemic zone, invasive revascularization pro-
cedures are more necessary [49]. These SPECT 
properties are useful for selecting patients for 
percutaneous coronary intervention and possi-
ble revascularization.
Myocardial perfusion reserve data obtained with 
MRI and PET/CT correlate well in the evalua-
tion of myocardial blood flow. Both methods 
show myocardial damage accurately and simi-
larly [30]. Volumes of the heart were measured 
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by PET/CT, left ventricle EF and wall movement 
corresponds well to the parameters determined 
by MRI [3]. In addition. Higher resolution im-
ages are obtained with MRI compared to PET/
CT. MRI should be an alternative method for 
the assessment of patients with CAD in centers 
where it is not possible to study myocardial vi-
ability with PET/CT, or it is just too expensive 
[31]. Similar results are observed when com-
paring PET/CT with SPECT and PET/CT with 
echocardiography [23, 45, 47, 48].

RESEARCH OBJECT

Patients who are examined and treated in Lithua-
nian University of Health Sciences Kaunas Clin-
ics Department of Cardiology after acute myo-
cardial infarction with significantly decreased 
left ventricular ejection fraction (LV EF ≤40%) 
and serious coronary artery damage which re-
vascularization is compromised because of my-
ocardial scarring.

SELECTION OF SUBJECTS

Participant selection was performed according 
to disease (CAD, MI), present heart insufficien-
cy, and examination technique (echocardiogra-
phy, SPECT, PET/CT, and MRI). There were 30 
participants who were examined in Lithuanian 
University of Health Sciences Kaunas Clinics 
from 2012 to 2016.

RESEARCH ORGANIZATION AND 
METHODS 

There is not a daily routine to perform all 
mentioned radiologic examination procedures 
to patients after acute myocardial infarction 
even in specialized Lithuanian hospitals. This 
was the reason for choosing a prospective tri-
al. Patient information was examined (case 
histories and records). Some patients decided 
not to participate in the trial or had contrain-
dications for MRI.

Left ventricle EF, EDV, ESV, and sixteen heart 
segment damage was evaluated with four differ-
ent modalities: 

1) Echocardiography
2) Single Photon Emission Computed Tomogra-
phy (SPECT) using (99mTc)-MIBI radiotracer.
3) Positron Emission Tomography/Computed 
Tomography (PET/CT) using (18F)-FDG radi-
otracer.
4) Heart Magnetic Resonance Imaging (MRI) 
using late gadolinium enhancement with Gd-
DO3A-butrol radiotracer.
Heart segments were numbered from heart apex 
to base. Sixteen segments are: basal anteroseptal 
(14) basal anterior (13), basal lateral (18), basal 
posterior (17), basal inferior (16), basal inferi-
oseptal (15), mid anteroseptal (8), mid anterior 
(7), mid lateral (12), mid posterior (11), mid in-
ferior (10), mid inferoseptal (9), apical anterior 
(1), apical lateral (5,6), apical inferior (4), apical 
septal (2,3).
Using echoscope, myocardium segments were 
marked by doctor and movement evaluated in 
scale by a number. If the segment value is three 
or more, that means that the segment is not 
functioning well and has akinetic zones. Exam-
ining with SPECT significant perfusion defect 
was considered if the index value is 3,5 or more. 
Segment examined using PET had little viability 
if glucose accumulation in heart muscle was low-
er than 50%, and segments that were examined 
with MRI and had transmural scar were consid-
ered to be not viable at all.

METHODS OF DATA ANALYSIS

Statistical data analysis was performed using 
SPSS (Statistical Package for the Social Scienc-
es) program („IBM,” Armonk, New York, USA). 
Data belonging to the normal distribution was 
checked by Kolmogorov-Smirnov and Shap-
iro-Wilk criteria. Distributed values are given as 
averages with standard deviation (SD) in brack-
ets. Data is given in absolute value.
While analyzing the relationship between dif-
ferent cardiac testing methods chi-square, (χ2) 
probability criterion was performed. Myocardial 
segment damage was checked by the McNemar 
test and a paired t-test was performed for EF, 
EDV, and EST. The results were considered sta-
tistically significant when p is lower than 0.05.
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GENERAL DATA OF THE SUBJECTS

The mean age of subjects (n=30) during the 
study was 67.8 years (range 43-84 years). Dis-
tribution by sex - 25 males (83.3 %) and five fe-
males (16.6 %). Patients had risk factors: six (20 
%) were obese (BMI ≥30 kg/m2), ten (33 %) had 

overweight (BMI 25-29,99 kg/m2), presence of 
dyslipidemia – twenty-five (83.3 %), twenty-one 
patient (70 %) had arterial hypertension, seven 
patients (23.3%) were smoking, two (6.6%) had 
diabetes, and fourteen had a family history of 
CAD (46.6%).

Risk factor N % Risk factor N %
BMI ≥30 kg/m2 6 20 Smoking 7 23,3
BMI 25–29,99 kg/m2 10 33.3 Diabetes 2 6,6
Dislipidemia 25 83.3 Family history 14 46,6
Arterial hypertension 21 70 Age >45 male, >55 female 29 96,6
Male 25 83,3

   

According to anamnesis, atrial fibrillation was 
diagnosed in five (16.6%) patients and atrial flut-
ter in one (3.3%). Ventricular extrasystoles were 
found in five (16.6%) and ventricular tachycar-
dia to four (13.3%) patients — the weakness of 
the sinoatrial node diagnosed to (3.3%) patient. 
According to NYHA (New York Heart Associ-
ation) heart failure criteria, two subjects (6.6%) 
had class II heart failure, nineteen (63.3%) had 
grade III, and nine (30%) had grade IV. Six pa-
tients (20%) had a stroke. The oncologic process 
has been previously recorded for one patient 
(3.3%). One (3.3%) patient had the chronic ob-
structive pulmonary disease (COPD), and two 
(6.6%) were diagnosed with anemia. The first 
stage of chronic kidney disease (CKD calculat-
ed by glomerular filtration rate) was diagnosed 
to one (3.3%), the second stage CKD to four 
(13.3%), the third stage - to three (10%). Coro-
nary artery bypass graft (CABG) operation was 
conducted on six (20%) subjects.
It was evaluated how many drugs were used. The 
most common drug was adrenal blockers, 28 pa-
tients used it (93.3%), no one used calcium chan-
nel blockers, ACE inhibitors was prevalent to 21 
(70%) patients, Aldosterone receptor blockers - 

5 (16.6%), ivabradine - 8 (26.6 %), digoxin - 3 
(10%), torazemide - 20 (66.6%), spironolactone 
- 20 (66.6%), aspirin - 27 (90%), clopidogrel - 10 
(30%), vitamin K antagonists - 9 (30 %), nitrates 
- 17 (56.6%), statins - 28 (93.3%), one patient 
(3.3%) treated with oral drugs and another one 
(3.3%) with insulin. Allopurinol was taken by 6 
(20%) patients.
Almost all patients were treated with the best 
possible treatment because they were treated 
with beta-adrenergic blockers (93.3%), ACE in-
hibitors, or aldosterone receptor inhibitors (70 
+ 16.6 = 86.6%). These three drugs are adequate 
treatment for patients with CAD and heart insuf-
ficiency. Statins (93.3%) are also used to achieve 
the optimum treatment result, while aspirin is 
always given after an acute myocardial infarc-
tion, although two patients (6.6%), aspirin was 
contraindicated because of a high risk of bleed-
ing from the gastrointestinal tract. Despite the 
best available treatment, symptoms continued, 
and patients still contacted doctors. After ad-
vanced radiological examinations, the treatment 
regimen for CAD and heart failure was chosen: 
to continue medication, to prescribe interven-
tional, or to treat surgically.

Table 1. Risk factors
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Table 2. Anamnesis

Anamnesis N % Anamnesis N %
Atrial fibrillation 5 16.6  

CKD
I 1 3.3

Atrial flutter 1 3.3 II 4 13.3
Ventricular extrasystoles 5 16.6 III 3 10
Ventricular tachycardia 4 13.3 Anemia 2 6.6
The weakness of the sinoatrial node 1 3.3 Stroke 6 20

HF, NYHA

I 0 0 Cancer 1 3.3
II 2 6.6 COPD 1 3.3
III 19 63.3 Heart bypass surgery 6 20
IV 9 30

Table 3. Drug use among patients

Medication N % Medication N %
Beta adreno blocker 28 93.3 Alopurinol 6 20
Calcium channel blocker 0 0 Aspirin 28 93.3
ACE inhibitor 21 70 Clopidogrel 10 30
Aldosterone receptor blocker 5 16.6 Vit. K antagonist 9 30
Ivabradine 8 26.6 Nitrates 17 56.6
Digoxin 3 10 Statins 28 93.3
Torazemide 20 66.6 Injections of insulin 1 3.3
Spironolactone              20 66.6 Metformin 1 3.3

While assessing the history of past or existing ar-
rhythmias, it was observed that the left bundle 
branch block occurred in most cases - 14 patients 
(46.6%), while other arrhythmia monitored less 
often: sinus rhythm - 4 (13.3%), atrioventricu-
lar block - 4 (13.3%), premature complexes - 1 
(3.3%), while the right bundle branch block have 
occurred to nobody (0%). Resynchronization 
therapy has not been applied to anyone. More-
over, patients with intracardiac defibrillators are 
not included in the study because MRI is con-
traindicated for them. Coronary angiography 
was performed to all 30 (100%) patients. Right 
coronary artery stenosis was found to (RCA> 
75%) 21 (70 %) patients, anterior interventricu-
lar branch (AIB> 75% ) to 28 (93.3 %), circum-
flex branch (Cx> 75%) to 23 (76.6 %).
Pair Differences Of Ejection Fractions (EF) Be-
tween Test Methods

Paired t-test checks whether test value t is close 
to zero. If so, the difference between results of 
the two modalities EF, EDV, and ESV values is 
negligible. It was found that only paired differ-
ence between echocardiography and PET/CT in 
EF, EDV and ESV was negligible. However, com-
paring the SPECT with PET/CT, and MRI with 
PET/CT differences between the EF, EDV, and 
ESV is significant. If 95% of normal distribution 
includes a zero value, the differences between the 
methods are considered to be statistically insig-
nificant. 
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The paired difference between echocardiography (EF1) 
and PET/CT (EF3).      

Fig. 2. Paired EF difference of SPECT (EF2) and PET/CT 
(EF3).

PAIRED END-DIASTOLIC VOLUME (EDV) DIFFERENCES BETWEEN TEST METHODS

4 Fig. The paired difference between echocardiography 
and PET/CT (EDV3).

Fig.5. Paired GDT difference of SPECT (EDV1) and PET/
CT (EDV3) 

EDV difference between echocardiography and 
PET/CT was not significant (OR 13.36 [95% CI 
-10,18-36,92], p=0.25), but paired GDT differ-
ence between SPECT and PET/CT study tech-

niques - significant (OR 37.7 [95% CI 20.08-
55.39 ], p <0.05), same result with MRI and 
PET/CT modalities (OR 43.23 [95% CI -66.82-
(-19.63)], p <0.05).

Fig. 6. Paired EDV difference between MRI (EDV2) and 
PET/CT (EDV3)
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PAIRED END-SYSTOLIC VOLUME (ESV) DIFFERENCES BETWEEN TEST METHODS

7. Paired ESV Difference of Echoscope (ESV1) and PET/
CT (ESV3)     

8. Paired ESV difference between SPECT (ESV2 ) and 
PET/CT (ESV3)

9 Fig . Paired ESV difference between MRI (ESV4) and 
PET/CT (ESV3).

Pair ESV difference between echocardiogra-
phy and PET/CT modalities was not significant 
(odds ratio 0.76 [95% CI -16,93-18,46], p=0.93), 
but paired ESV difference between SPECT and 
PET/CT was significant (odds ratio 23.267 [95% 
CI, 11.34-35.19], p<0.05) together with ESV dif-
ference between MRI and PET/CT (odds ratio 
- 23.13 [95% CI-4 0.35-(-5.90)], p<0.05).

STATISTICAL ANALYSIS OF DAMAGED 
SEGMENTS

Four hundred eighty myocardium segments 
were analyzed with four different methods in to-
tal. Hibernating myocardium areas larger than 
10% was found in a combination of SPECT and 
PET/CT for eight (26.6%) patients.
It was calculated after examination with each 
diagnostic method of how many damaged seg-
ments were detected. Independent data was ex-
amined, results were reported, and the Pearson 
Chi-square criterion checked their significance.
Most of the damaged myocardial segments 
showed the statistically insignificant difference 

(p> 0.05), a significant difference was observed 
only between lower apex (4), and lateral apex (5, 
6) segments (p<0.05). That is the reason why we 
can say that segment damage is detected similar-
ly with different methods.
While comparing the studies, the values of api-
cal lateral (5, 6) and apical septal (2,3) segment 
lesion detection difference was statistically signif-
icant between echocardiography, SPECT, PET/
CT and MRI (p <0.05). There is no complete 
correlation between echocardiography, SPECT, 
PET/CT, and MRI in evaluating myocardial 
damage.
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TABLE 4. NUMBER OF DAMAGED MYOCARDIAL SEGMENTS

Segment Number of damaged myocardial segments ( out of 30 patients 
)

P-value

Echoscopy GNP PET / CT IHR
14 12 10 9 10 0.88
13 10 6 5 7 0.46
18 4 1 2 2 0.52
17 4 6 5 7 0.78
16 9 7 4 7 0.48
15 3 4 6 9 0.2
8 22 16 15 18 0.26
7 19 17 15 16 0.76

12 4 3 2 3 0.86
11 7 8 4 5 0.56
10 11 11 7 9 0.64
9 9 6 5 7 0.64
1 20 22 17 17 0.43

5.6 20 16 9 13 <0.05
4 20 15 9 12 <0.05

2.3 20 13 14 18 0.22

STATISTICAL ANALYSIS OF DEPENDENT 
DATA

Dependent data analysis was performed, and 
Spearman correlation coefficients (r) and kappa 
value (κ) were determined, data were checked 
with the McNemar test.
The greater the Spearman correlation factor is, 
the greater the segment damage correlation is, 

using different diagnostic methods.
When Spearman correlation coefficients were 
identified (r> 0.05), and values of McNemar test 
checked (p <0.05), It was found that there is a 
correlation in the detection of thirteen (from six-
teen) myocardial segments damage with all four 
different modalities. Kappa (κ) value indicates a 
higher or lower coincidence level.

5 table. Interpretation of Kappa value

Kappa (κ) value Compliance
<0.20 Bad
0.21-0.40 Enough
0.41-0.60 Average
0.61-0.80 Good
0.81-1.00 Very good
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Table 6. Myocardial segments coincidence analysis

Segment of myocar-
dium

Modality Spearman 
correlation 

rate (r)

Kappa (κ) 
value

McNe-
mar test 

value
basal anteroseptal (14) PET/CT Echocardiography 0,65 0,64 0,38

PET/CT 0,72 0,77 1,00
MRI 0,93 0,92 1,00

basal anterior (13) PET/CT Echocardiography 0,44 0,40 0,13
SPECT 0,89 0,89 1,00
PET/CT 0,81 0,79 0,50

basal lateral (18) PET/CT Echocardiography -0,06 -0,05 0,63
SPECT -0,13 -0,13 1,00
MRI 0,80 0,78 1,00

basal posterior (17) PET/CT Echocardiography 0,38 0,38 1,00
SPECT 0,45 0,44 0,69
MRI 0,58 0,58 1,00

basal inferior (16) PET/CT Echocardiography 0,76 0,74 0,25
PET/CT 0,91 0,90 1,00
MRI 0,91 0,90 1,00

basal inferoseptal (15) PET/CT Echocardiography 0,44 0,40 0,13
SPECT 0,53 0,50 0,22
PET/CT 0,37 0,37 0,73

mid anteroseptal (8) PET/CT Echocardiography 0,34 0,31 0,11
SPECT 0,33 0,33 1,00
MRI 0,60 0,6 0,69

mid anterior (7) PET/CT Echocardiography 0,42 0,40 0,18
SPECT 0,94 0,93 1,00
MRI 0,94 0,93 1,00

mid-lateral (12) PET/CT Echocardiography - - 0,25
PET/CT - - 0,25
MRI - - 0,25

mid posterior (11) PET/CT Echocardiography 0,35 0,35 1,00
SPECT 0,71 0,67 0,25
MRI 0,88 0,87 1,00

mid inferior (10) PET/CT Echocardiography 0,68 0,63 0,06
SPECT 0,61 0,6 0,38
MRI 0,92 0,91 1,00

mid inferoseptal (9) PET/CT Echocardiography 0,38 0,38 1,00
SPECT 0,51 0,51 1,00
MRI 0,32 0,31 1,00

apical anterior (1) PET/CT Echocardiography - 0,35 <0,05
SPECT - 0,05 0,12
MRI - 0,54 0,13
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Segment of myocar-
dium

Modality Spearman 
correlation 

rate (r)

Kappa (κ) 
value

McNe-
mar test 

value
basal anteroseptal (14) PET/CT Echocardiography 0,65 0,64 0,38

PET/CT 0,72 0,77 1,00
MRI 0,93 0,92 1,00

basal anterior (13) PET/CT Echocardiography 0,44 0,40 0,13
SPECT 0,89 0,89 1,00
PET/CT 0,81 0,79 0,50

basal lateral (18) PET/CT Echocardiography -0,06 -0,05 0,63
SPECT -0,13 -0,13 1,00
MRI 0,80 0,78 1,00

basal posterior (17) PET/CT Echocardiography 0,38 0,38 1,00
SPECT 0,45 0,44 0,69
MRI 0,58 0,58 1,00

basal inferior (16) PET/CT Echocardiography 0,76 0,74 0,25
PET/CT 0,91 0,90 1,00
MRI 0,91 0,90 1,00

basal inferoseptal (15) PET/CT Echocardiography 0,44 0,40 0,13
SPECT 0,53 0,50 0,22
PET/CT 0,37 0,37 0,73

mid anteroseptal (8) PET/CT Echocardiography 0,34 0,31 0,11
SPECT 0,33 0,33 1,00
MRI 0,60 0,6 0,69

mid anterior (7) PET/CT Echocardiography 0,42 0,40 0,18
SPECT 0,94 0,93 1,00
MRI 0,94 0,93 1,00

mid-lateral (12) PET/CT Echocardiography - - 0,25
PET/CT - - 0,25
MRI - - 0,25

mid posterior (11) PET/CT Echocardiography 0,35 0,35 1,00
SPECT 0,71 0,67 0,25
MRI 0,88 0,87 1,00

mid inferior (10) PET/CT Echocardiography 0,68 0,63 0,06
SPECT 0,61 0,6 0,38
MRI 0,92 0,91 1,00

mid inferoseptal (9) PET/CT Echocardiography 0,38 0,38 1,00
SPECT 0,51 0,51 1,00
MRI 0,32 0,31 1,00

apical anterior (1) PET/CT Echocardiography - 0,35 <0,05
SPECT - 0,05 0,12
MRI - 0,54 0,13

apical lateral (5,6) PET/CT Echocardiography 0,34 0,21 <0,05
SPECT 0,48 0,38 <0,05
MRI 0,35 0,29 0,07

apical inferior (4) PET/CT Echocardiography 0,4 0,27 <0,05
SPECT 0,39 0,36 0,18
MRI 0,59 0,59 1,00

apical septal (2,3) PET/CT Echocardiography 0,76 0,74 0,13
SPECT 0,73 0,73 1,00
MRI 0,46 0,46 1,00

While comparing echocardiography with PET/
CT, and SPECT with PET/CT basal lateral (18) 
segment results completely divides, as Spearman 
coefficient, Kappa value is negative (ultrasono-
graphically observed only one lesion, with PET/
CT – 3 and with SPECT - 4). The coincidence lev-
el is very low. A similar trend has been observed, 
and with mid-lateral (12) segment, as with PET/
CT procedure, any mid-lateral (12) segment le-
sion was observed. Spearman correlation coeffi-
cient and Kappa value cannot be calculated be-
cause some PET/CT test result is constant (not 
any specific myocardial zone lesion was found). 
It is also impossible to count the Spearman cor-
relation coefficient of the apical frontal segment 
(1), as neither one patient examined with PET/
CT had myocardial damage. This data can be 
considered as completely unfamiliar.
It seems that the segments of PET/CT and MRI 
have the most significant similarities, as the ma-
jority (10 out of 16) segments Spearman ratio 
and 11 out of 16 segments Kappa values are clos-
est to one.
If the McNemar test value is > 0.05, then we can 
reject the hypothesis that the results of the dif-
ferent test methods are significantly different 
when evaluating segment damage. All damaged 
myocardium segments examined with PET/CT 
coincided with echocardiography, SPECT and 
MRI tests, except apical frontal segment (1) of 

the PET/CT and echocardiography (McNemar 
- <0.05) and PET/CT with echocardiography 
(McNemar - <0.05) and PET/CT with MRI (Mc-
Nemar <0.05) for apical lateral (5, 6) segment. 
Also, a value that not passed McNemar test was 
calculated by examining the apical inferior (4) 
segment with PET/CT and echocardiography.
In conclusion, it could be said that if we get Mc-
Nemar test value is <0.05, then there is no co-
incidence between the test methods. While in-
vestigating patients, only two segments lesion 
diagnosis mismatched between methods.
Analysis of heart EF, EDV, and ESV 
A comparison of PET/CT with echocardiog-
raphy, SPECT, and MRI revealed that there is 
no statistical reliability of significant errors in 
EF, EDV, and ESV between the same methods 
(p>0.05).
Using echocardiography, it was found the most 
damaged segments compared with PET/CT, 
SPECT, and MRI - the biggest mismatch result. 
The biggest viable myocardial area was calculat-
ed using PET/CT.
While examining EF, EDV, and ESV detect-
ed with MRI and comparing it with other mo-
dalities; it was clear that significantly similar 
data was received only using MRI and SPECT 
(p>0.05). The difference is insignificant if using 
a paired Student t-test for dependent samples 
change close to 0, and 95% CI includes 0.

Table 10. MRI EF , EDV and ESV P values for comparison

Couple of modalities (EF) P value (EF) P value (EDV) P value (ESV)
MRI Echocardiography 0.77 <0.05 <0.05

SPECT 0.57 0.69 0.99
PET/CT <0.05 <0.05 <0.05
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MRI is a 'golden standard' for cardiac volume 
and function. This study found that using MRI 
and SPECT EF, EDV, and ESV coincide well 
(p>0.05). EF also coincides with echocardiog-
raphy (p=0.77). MRI and PET/CT EF, EDV, and 
ESV were compared, and results do not match 
(p<0.05).
Patients who have more than 10% of hibernated 
myocardium found with SPECT perfusion and 
PET/CT metabolism tests coronary artery by-
pass grafting (CABG) would be useful because 
revascularized hibernated myocardium recov-
ers to the previous stage. However, if the scar 
is already formed and the hibernating myocar-
dial area is less than 5%, the CABG would not 
be beneficial to the patient. While comparing 
SPECT and PET/CT images, the hibernating left 
ventricular zone was found to be more than 10% 
in 8 (26.6%) patients, CABG is recommended 
for them.

DISCUSSION

In this study, heart muscle motility, perfusion, 
and metabolism were evaluated by various mo-
dalities in patients after acute myocardial in-
farction (MI). The most important results were 
found by comparing the levels of segment dam-
age. It has been observed that segmental dam-
age is well seen by methods of echocardiography, 
SPECT, PET/CT, and MRI.
In one study, after PET/CT and MRI evaluation 
of left ventricle EF, EDV and ESV were found 
a good correlation between function parame-
ters, but some variation was seen, so these two 
studies cannot be used as a replacement for 
each other [59]. Although after the assessment 
of echocardiography and MRI results, there was 
found proper matching in EF [57]. Other stud-
ies showed similarities between methods for 
evaluating EF, cardiac volumes, and vitality [53, 
54, 55, 56, 57, 58].
In another study, 289 segments were evaluated 
with PET/CT, and 82% of the segments were 
identified as damaged while with MRI, only 
72.6%. Both methods correlated with 75% preci-
sion [60]. Similar situations observed with echo-
cardiography and MRI modalities [61]. Another 

study showed that PET/CT and MRI correlate 
carefully evaluating left ventricular volumes and 
EF [58], although this article shows discrepan-
cies in EDV and ESV between the two methods 
of examination.
Transmural heart defects closely correlate be-
tween MRI and PET/CT. Due to the high image 
resolution, MRI identifies even subendocardial 
scars. However, more research is required to find 
out whether MRI is more useful than PET/CT 
in assessing myocardial recovery after revascu-
larization because there is still not enough data 
if MRI could replace PET/CT as a starting point 
in the investigation of myocardial viability [62].
PET/CT research is getting more available, and 
its accuracy is higher than SPECT. PET/CT sen-
sitivity and specificity for CAD diagnosis are 89 
% and 90%, respectively [4, 63]. PET/CT accu-
racy is achieved through improved video resolu-
tion, overlay matching, and attenuation correc-
tion. This gives an advantage to studying obese 
patients, who are particularly prone to increas-
ing the chance of artifacts. Echocardiography is 
also not the best study for patients who have a 
BMI of more than 30. Scientists have researched 
and found that PET/CT is very similar but slight-
ly more accurate than SPECT (89% and 79%) 
in myocardial injury determination, including 
obese patients. Also, researchers have shown that 
the quality of the images was better with PET/
CT (78%) than with SPECT (62%) [51]. Accu-
rate diagnosis and prognosis for the patient are 
important, and various heart examination tech-
niques accurately detect cardiac lesions. That 
helps to determine the appropriate treatment for 
the patient. Moreover, the probability of anoth-
er cardiovascular event must be evaluated for 
each patient [66]. The PET/CT study is not an 
extremely frequent study, as it is costly for the 
healthcare system [64].
The accuracy of echocardiography is heavily 
dependent on investigating physicians because 
it is difficult to assess wall movements without 
a large margin of error objectively. Besides this, 
the patient's physique and the acoustic window 
have influence [65]. Due to examined reasons, 
echocardiography correlates not so well with 
PET/CT while assessing myocardial segments, 
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but EF, EDV, and ESV results correlate well with 
those from PET/CT study. As echocardiography 
develops, it is assumed that in the future, the 
echocardiographic examination will be used to 
evaluate myocardial movements more precisely.
To asses ideally, echocardiography, SPECT, PET/
CT, and MRI should be proceeded in a period of 
a few days, because over time, myocardial struc-
ture changes, which may change cardiac param-
eters. The data compared in this study may also 
have been different because echocardiography, 
SPECT, PET/CT, and MRI were not performed 
on the same day.
Coronary artery bypass graft may be needed 
for those with more than 10% of hibernating 
myocardium in the left ventricle, believing that 
post-operative heart muscle viability, move-
ment, and function will be restored. Although 
further research is needed to optimize this pro-
cedure [67].

CONCLUSIONS

1) Non-invasive cardiovascular imaging modal-
ities (echocardiography, (99mTc)-MIBI SPECT, 
(18F)-FDG PET/CT and MRI) correlate well 
because 13 of 16 segment parameters match 
between types of examination. Spearman cor-
relation coefficient (r>0,05) and Kappa value 
(κ>0,05) was counted, McNemar test was per-
formed (p>0,05).
2) The agreement is seen between ultrasound and 
PET/CT when compared to EF, ESV, and EDV. 
Agreement between MRI and SPECT is seen too. 
Only EF (without EDV and ESV) agreement is 
seen between echocardiography and MRI. The 
paired t-test was performed (p>0,05).
3) PET/CT (“gold standard”) and CMR damage 
of segments (viability) correlate best of all be-
cause most of the segments (10 of 16) Spearman 
coefficients and 11 of 16 segments Kappa values 
are close to one. 
4) Comparing MRI (“gold standard”) EF, EDV, 
ESV with other modalities, significantly simi-
lar data could be obtained only with MRI and 
SPECT. EF (without EDT and ESV) agreement is 
seen between echocardiography and MRI alone 
(p>0,05).
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Diagnostics and treatment of ruptured cere-
bral aneurysms at the HLUHS Kauno klinikos 
in 2015 – 2018 year 

ABSTRACT
The aim: To analyze diagnostic and treatment data of ruptured cerebral aneurysms to evaluate the advantages, disad-
vantages, and effects of the treatment methods on the patient’s life expectancy.

Methods: The data of 80 patients, who had a rupture of a cerebral aneurysm, underwent a radiological examination at 
the HLUHS KK department of Radiology and treatment at the departments of Neurology and Neurosurgery in 2015-
2018 were analyzed. 

Results: The average age of the patients was 58,36 ± 13,89 of women and 53,83 ± 16,05 of men. Totally 174 radiological 
examinations were performed: CT – 41,38%, CT angiography – 41,95%, digital subtraction angiogram – 16,67%. Rup-
tured aneurysms were most commonly treated using surgical clipping – 65,91%, endovascular embolization – 31,82%, 
and just a few times conservative treatment was used – 2,27%.

Conclusions: 1. 40-60 years old patients were most commonly diagnosed with a rupture of the anterior communi-
cating artery aneurysm, with no significant difference between genders (p = 0.256). 2. The most common short-term 
symptoms of a ruptured aneurysm were severe headache, nausea, vomiting, unconsciousness, vasospasm, long-term 
symptoms - biosocial dysfunction, hemiparesis, hemiplegia, disorientation. 3. The primary diagnostic method was CT 
angiography; if the origin of symptoms was unclear, digital subtraction angiogram was required. 

4. The surgical clipping is a dominant method of treatment with a higher risk of postoperative complications, while 
endovascular treatment has a higher probability of reoperations.

Keywords: cerebral aneurysm, digital subtraction angiogram, CT angiography, endovascular coiling, surgical clipping, 
subarachnoid hemorrhage.
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INTRODUCTION

A cerebral aneurysm is one of the most haz-
ardous pathologies of the brain arteries, which 
is caused by localized dilatation of the blood 
vessel. An unruptured aneurysm is clinically 
silent, sometimes causing headaches, visual 
changes, double vision, eyelid collapse, an en-
larged pupil of one eye. Usually, an intracranial 
aneurysm is determined by rupture of the sack 
leading (which leads) to the formation of sub-
arachnoid hemorrhage (SAH). SAH can cause 
severe symptoms and consequences: sudden 
headache, nausea, vomiting, neck rigidity, loss 
of consciousness, seizures, fear of the light, 
paralysis, and other brain damages, or even 
death. The incidence of SAH is about 10 to 11 

per 100,000 persons per year, with 1,24 times 
higher risk for females [1]. The typical age of 
the patient when aneurysm ruptures are more 
than 50 years. Most of the ruptured aneurysms 
are more significant than 7mm [2].
CT angiography is the gold standard to diag-
nose an aneurysm. However, it can be success-
fully detected using CT, MRT angiography, or 
digital subtraction angiogram [3]. There are 
several treatment options:  endovascular coil-
ing, surgical clipping, or conservative when the 
condition of the patient is severe. The standard 
diagnostic method before surgical treatment is 
CT angiography, while endovascular treatment 
requires a digital subtraction angiogram. End-
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ovascular treatment is characterized by a less 
invasive and shorter duration of the proce-
dure, but it is riskier because of the increased 
chance of repeated bleeding [4-5].

AIM

To analyze diagnostic and treatment data of rup-
tured cerebral aneurysms to evaluate the advan-
tages, disadvantages, and effects of the treatment 
methods on the patient’s life expectancy.

METHODS 

We performed the retrospective observational 
study at the largest healthcare institution in Lith-
uania, HLUHS KK, in 2015-2018. Data of 80 pa-
tients diagnosed with a ruptured subarachnoid 
aneurysm based on brain CT, CT angiography, 
or digital subtraction angiogram. Data about the 
age and gender of the patients, quantity, size, lo-
calization of aneurysms, duration of treatment, 
and dynamics of symptoms were collected from 
patients’ charts. Patients were grouped by the 
method of treatment: conservative, endovascu-
lar coiling, surgical clipping. Patients’ medical 
histories were chosen randomly. Significance 
level p<0,05 was chosen. 

RESULTS

The study population consisted of 80 patients: 50 
(62,5%) were women and 30 (37,5%) men. Age of 
patients in this group ranged from 24 to 87 years 
with an average age - 58,36 ± 13,89 of women 
and 53,83 ± 16,05 of man. There was no signifi-
cant age difference between genders (P=0,206). 
Totally 174 radiological examinations were per-
formed: CT – 41,38% (Fig. 1), CT angiography – 
41,95% (Fig. 2, Fig. 3, Fig. 4), digital subtraction 
angiogram – 16,67% (Fig. 5). 

Fig. 1. Simple, non-contrasting brain CT. SAH foundation 
tanks (white arrow), complicated intraventricular hemor-
rhage (blue arrow).

Fig. 2. Cerebral CT angiography, axial projection, unedit-
ed (raw) image. Contrast media in arteries (thin black 
arrow), contrast media in the aneurysm (blue arrow). 
Bleeding into the brain near the aneurysm sac (thick 
black arrow).
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Fig. 3. Brain CT angiography 3D reconstruction with 
MIP (maximum intensity pixels). Aneurysm of the ante-
rior communicating artery (grey arrow).

Fig. 4. Brain CT angiography 3D reconstruction in SSD 
(surface shaded display). Aneurysm of the anterior com-
municating artery (blue arrow).

Fig. 5. Brain digital subtraction angiogram. 
Aneurysm of the anterior communicating artery  
(blue arrow). 

The diagnosis was based on CT and CT angi-
ography for 63,75% patients, digital subtraction 
angiogram – 7,5%, CT angiography, and digital 
subtraction angiogram – 28,75%. Patients were 
diagnosed with 94 intracranial aneurysms, of 
which 85 were ruptured. In a total of 80 patients, 
13 cases (16,25%) had multiple aneurysms: 12 
patients had two aneurysms, for three patients 

both were ruptured, one patient had three an-
eurysms (1 ruptured). The most frequent local-
izations of ruptured aneurysms were: anterior 
communicating artery – 32,96%, right and left 
middle cerebral artery distributed into 26,38 % 
and 20,89 %, right and left internal carotid artery 
– 11 % and 3,33 % (Table 1), there was no signifi-
cant difference between the genders (P = 0.068). 
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Localization of aneurysms Distribution among male (%) Distribution among female (%)
ACoA 15,38 17,58
MCA (right) 14,29 12,09
MCA (left) 3,31 17,58
ICA (right) 1,11 9,89
ICA (left) 1,11 2,22
Ach (left) - 1,11
BA - 2,22
VA (left) 1,11 -
PICA - 1,11
Total 36,2 63,8

Here: - ACoA – anterior communicating artery, MCA - middle cerebral artery, ICA - internal carotid 
artery, Ach – anterior choroidal artery, BA - basilar artery, VA – vertebral artery, PICA – posterior 
inferior cerebellar artery.

Table 1. Distribution of aneurysms’ localization

During the study, the mean cerebral aneurysm 
size was detected 8,6x7,52mm (minimum – 
0,6x0,7mm, maximum - 35x45mm). Accord-
ing to our research, ruptured aneurysms were 
most commonly treated using surgical clipping 
– 65,91%, endovascular embolization – 31,82%, 
and just a few times conservative treatments 
were used – 2,27% (Fig. 6). 

Fig. 6. Distribution of performed treatment methods
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Repeated endovascular coiling was performed 
for 3,41% of patients, coiling after surgical clip-
ping for 2,27% patients, and 4,55% of patients 
underwent surgical clipping after coiling. The 
average duration of endovascular coiling was 
65,23 min, and the surgical clipping - 220,45 
min. Postoperative complications occurred for 
10,13% of patients and were 1,67 times more fre-
quent after surgical clipping. Analyzing dynamic 
of symptoms after treatment, positive condition 

occurred to 56,25% of patients (for 71,1% clip-
ping was performed), negative – 37,5% (of which 
26,67% died), and there was no significant change 
of condition to 6,25% patients. According to our 
study, in many cases short-term symptoms were 
(Fig. 7): headache (72,5%), nausea (45%), vom-
iting (30%), unconscious (32,5%), vasospasm 
(8,75%); long-term symptoms (Fig. 8): biosocial 
dysfunction (7,5%), hemiparesis (7,5%), hemi-
plegia (6,25%), disorientation (7,5%). 

Fig. 7. Distribution of short-term symptoms by frequency

Fig. 8. Distribution of long-term symptoms by frequency
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DISCUSSION

The study group consisted of 80 patients, who 
had a rupture of a cerebral aneurysm, underwent 
a radiological examination at the HLUHS CK 
Radiology Clinic and treatment at Neurology 
and Neurosurgery Clinic in 2015-2018. The age 
of patients in this population ranged from 24 to 
84 years, with an average age of 58,36 ± 13,89 in 
women and 53,83 ± 16,05 in man. Relatively, the 
similar average age of patients (50-59 years) is 
also indicated in literature sources [6-8]. In our 
study, the average size of the ruptured aneurysm 
was 8,6x7,52mm. Similar results were obtained 
during the studies of other studies, whose aver-
age size was 5-10mm [4,5]. To our knowledge, 
the most common localizations of aneurysms 
were: ACoA – 34,04%, right and left  MCA dis-
tributed into 25,53% and 20,21 %, right and left 
ICA – 11,70% and 3,19%, comparable results 
were recorded in other studies [6-8]. According 
to our findings, it became evident that multi-
ple aneurysms were spotted in 16,25% of cases. 
The similar results were found in other research 
(multiple aneurysms were detected for 14.57% 
patients) [6]. Our study shows that CT angiogra-
phy is the gold standard for ruptured aneurysms 
examination before choosing treatment, al-
though the meta-analysis of E. Thomas Chappell 
and co-authors suggests, that digital subtraction 
angiogram is the standard method, but special-
ists who use CTA says that this method is good 
or even better than digital subtraction angio-
gram in the diagnosis and treatment of cerebral 
aneurysms [9]. During the study, we found that 
the most common short-term symptoms were 
headache, nausea, vomiting, unconscious, vasos-
pasm. Most frequent long-term symptoms were 
biosocial dysfunction, hemiparesis, hemiplegia, 
disorientation, similar results were obtained in a 
study, conducted in the Philadelphia, where was 
found that SAH survivors had increased prob-
lems in the quality of life: mobility, self-care, usu-
al activities, and anxiety/depression [10]. In our 
study, we found that endovascular coiling results 
in fewer poor clinical outcomes comparing with 
surgical clipping. Relatively, Cameron G. Mc-
Dougall and co-authors in a study, conducted in 
California, estimated that coiling results in few-

er complications, thus not all aneurysms should 
be treated by coil embolization [11]. Having re-
viewed the results of our and previous studies, 
as well as the literature data, we can observe that 
diagnostic, treatment, and outcomes of ruptured 
cerebral aneurysms, which cause SAH, are quite 
similar.

CONCLUSIONS 

1. 40-60 years old patients were most commonly 
diagnosed with a rupture of anterior communi-
cating artery aneurysm, with no significant dif-
ference between genders (p = 0.256).

2. The most common short-term symptoms 
of a ruptured aneurysm were severe headache, 
nausea, vomiting, unconsciousness, vasospasm, 
long-term symptoms - biosocial dysfunction, 
hemiparesis, hemiplegia, disorientation.

3. The primary diagnostic method was CT angi-
ography; if the origin of symptoms was unclear, 
digital subtraction angiogram was required.

4. The surgical clipping is a dominant method 
of treatment with a higher risk of postoperative 
complications, while endovascular treatment has 
a higher probability of reoperations.
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Aortoenteric fistula: clinical case presentation

ABSTRACT
Aortoenteric fistula (AEF) is a rare but life-threatening condition characterized by abnormal communication between 
the aorta and any part of the intestinal tract. It has been suggested that primary AEF arises from an abdominal aortic 
aneurysm, and secondary is caused by an infection, usually consistent with aortic graft. We present a case report of 
secondary AEF presented with severe bleeding from the gastrointestinal (GI) tract followed by aortic graft infection.

Keywords: Aortoenteric fistula, gastrointestinal bleeding, abdominal aortic aneurysm, aortic graft
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INTRODUCTION 

There are many reasons for bleeding from the GI 
tract, and it is essential not to miss an uncom-
mon cause such as AEF. It is a pathological com-
munication between the aorta and any part of 
an intestinal tract (1). AEF is an uncommon but 
life-threatening condition with an incidence rate 
of 1.6 – 4% (2). This pathology was described for 
the first time by Sir Ashley Cooper in 1818 (3). 
AEF is associated with diagnostic challenges - it 
requires careful attention to a patient’s history 
and relies on clinical acumen (4). 
There are two different types of AEF – prima-
ry and secondary, depending on their etiology. 
Primary AEFs commonly arise from an abdom-
inal aortic aneurysm (AAA), and secondary is 
a complication of reconstructive surgery of an 
AAA (2 - 6). 
The immediate diagnosis and urgent surgery is 
the only way to save a patient. Otherwise, the 
mortality of untreated pathology reaches almost 
100% (1). 
We report a rare case of a secondary AEF fol-
lowed by abdominal aortic graft infection, pre-
sented with GI bleeding. Our purpose is to raise 
awareness of this catastrophic condition. 

CASE REPORT

A 72–year-old man presented to our hospital to 
the emergency department with general weak-
ness, vomiting of blood, and black tarry stools 

for the last 24 hours. On the day of admission, 
his vitals were normal. His past medical histo-
ry included primary arterial hypertension and 
heart failure. Six years earlier, the patient was 
diagnosed with an AAA and undergone treat-
ment with an aortic graft. The initial examina-
tion was unremarkable. The digital rectal exam-
ination revealed melena. Initial laboratory tests 
showed haemoglobin level 117 g/l, white blood 
cells (WBC) count 7,5 x 109/l, platelet count 217 
x 109/l, prothrombin time 33,4 seconds, interna-
tional normalized ratio (INR) 1,14, C – reactive 
protein (CRB) 5 mg/l , creatinine 85 μmol/l and 
urea 14,91 mmol/l. Electrolytes were normal. 
In the emergency room, esophagogastroduo-
denoscopy (EGDS) was performed immediately 
due to melena. EGDS showed bleeding from the 
lower part of the duodenum. However, there was 
no possibility to stop the bleeding during the ex-
amination. 
Later the patient became hemodynamically un-
stable (blood pressure 70/30 mmHg)
. Repeated laboratory investigation showed a he-
moglobin level decrease  97 g/l, INR 1,28, CRB 
5 mg/l. In the department of intensive care, two 
units of packed red blood cells, and two units of 
fresh frozen plasma were transfused. 
Due to the history of AAA repair, computer to-
mography aortography (CTA) was performed 
urgently for a potential life-threatening second-
ary AEF. CTA revealed adhesion between the 
aortic graft distal part, near the anastomosis, and 
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Figure 1. CTA coronal view- contrast media extravasation 
in the duodenum

 Figure 2. CTA sagittal view- communication between 
aorta and duodenum 

Figure 3. CTA axial view- contrast media extravasation in 
the duodenum

Figure 4. CT with contrast media after AEF closing sur-
gery - air in the aortic graft, perigraft infiltration

duodenum. There was enhanced blood in the 
duodenum, indicating communication between 
the aorta and the intestinal tract (Figure – 1, 2, 
3). CTA undoubtedly helped facilitate the diag-
nosis of AEF. 
The patient was shifted to another hospital for 
further treatment of the vascular surgery unit. 
During the surgery, a suppurative aortic graft and 
1 cm defect in the duodenum were found. The 

graft was resected, and axillobifemoral bypass 
surgery was performed, the AEF was occluded. 
Unfortunately, after some days, the patient had 
the following complication – sepsis caused by 
E.coli occurred, which was correctly treated, and 
the patient remained alive. 
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DISCUSSION

AEFs are divided into two types - primary and 
secondary. According to statistics, the incidence 
rate of secondary AEF is approximately 2,5 times 
more common than primary (3, 4, 6).
Primary AEFs commonly arise from an AAA 
of which 85% are atherosclerotic (3, 5, 6), and 
it occurs when an erosive aortic segment opens 
into the adjacent gastrointestinal lumen (4). 
Rare known conditions related to primary AEF 
are tuberculosis, syphilis, infection, cancer,  for-
eign bodies, and collagen vascular disease (2, 3, 
6). Even the case of vertebral osteophyte has also 
been shown to influence the development of an 
AEF (7).  
Secondary AEF is a complication of reconstruc-
tive surgery of an AAA, involving open repair 
surgery and endovascular treatment, as well as 
vascular grafts (2, 4). It is more common in pa-
tients with a history of open aortic repair com-
paring with patients after endovascular stent 
placement.  An abnormal communication can 
develop between the aorta and any part of the 
intestinal tract. An estimated 80% of secondary 
AEFs affect the duodenum, mostly the third and 
fourth parts (the horizontal and ascending duo-
denum) and the proximal suture line of the aorta 
(3), just as in our case. The involvement of the 
other gastrointestinal segments are less frequent; 
for instance, aortocolonic fistulae occur only 5 to 
6% of all cases (4). 
MacDougall L. et al., in the article 'Aorto-enteric 
fistulas: a cause of gastrointestinal bleeding not 
to be missed,' says that the pathogenesis of this 
disease has not yet been fully understood (3), 
but there are two theories. The first theory sug-
gests that fistula formation is caused by repeated 
mechanical trauma between the pulsating aor-
ta and duodenum, and the second asserts low-
grade infection as the primary event with abscess 
formation and subsequent erosion through the 
bowel wall. The second theory is the most likely 
because the majority of grafts show signs of in-
fection at the time of bleeding, and approximate-
ly 85% of cases have blood cultures positive for 
enteric organisms (5). In our case, there was the 
graft infection caused by E. coli positive culture, 
which also applies the second theory.

AEF is characterized by the classical triad: ab-
dominal pain, gastrointestinal blood loss, which 
can be acute or chronic, and pulsating abdominal 
mass (1, 8, 9).  However, this triad is only found 
in 11 – 38,5% patients, which makes diagnosis 
even more challenging (1). Abdominal pain can 
occur only in 35% of patients, pulsating mass in 
25% patients, and the most frequent gastrointes-
tinal bleeding presents in 94% cases, as in our 
case. In addition to severe bleeding, significant 
hemodynamic instability often occurs (10). Oth-
er symptoms consistent with this pathology may 
be intermittent back pain, fever, sepsis, weight 
loss, and syncope (1). Our patient presented with 
melena, haematemesis, and general weakness.
Commonly used diagnostic methods for AEFs 
are abdominal CT with intravenous contrast, 
interventional angiography, and EGDS (3). The 
detection rates for each of these modalities are 
61%, 26%, and 25%, respectively (6). According 
to Chick JFB et al. in the article 'Aortoenteric 
fistulae temporization and treatment: lessons 
learned from a multidisciplinary approach to 3 
patients’, CT angiography is the first-line imag-
ing modality for the detection of aortoenteric 
fistula and has a reported sensitivity of 94% and 
specificity of 85% (8). 
Concerning CTA findings, active extravasation 
of contrast media in the GI tract is reported the 
most often, any part of intestines are seen in close 
contact with an AAA or an aortic graft, there is 
often fat infiltration around the aortic graft, con-
sistent with infection. Just after secondary AEF 
closing, CT findings such as fluid, ectopic gas, 
and per graft soft tissue edema can be normal-
ly seen (Figure 4). However, 3 – 4 weeks later, 
any ectopic gas is abnormal means perigraft in-
fection and possibly fistulization to a GI tract. 
In 2 – 3 months after surgery, the perigraft soft 
tissue thickening, hematoma, or fluid should be 
resolved (3).  
The main goals of treatment are control of bleed-
ing and revascularization, repair of intestinal 
defects, and eradication of related infection. In 
this case, surgical intervention is performed, and 
antibiotics are supplied (1, 3). The treatment has 
been improved for many years. Despite numer-
ous surgical techniques, many patients do not 
survive or may remain weak after surgery. 
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Survival depends on the onset of bleeding sever-
ity and how quickly the operation is performed. 
Mortality rates range from 24 to 45,8% (2), and 
up to 100% if untreated (3). That is why it is so 
vital to suspect and diagnose the rare pathology 
as fast as it is possible.

CONCLUSION

Our case report is a reminder for doctors that 
secondary AEF should be strongly suspected in 
all patients with a prior history of aorta repair 
presenting with GI bleeding. Urgent diagnosis of 
AEF is vital and may save a patient from the cat-
astrophic outcomes.
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Non-Surgical Pneumoperitoneum: Causes and 
Imaging Findings

ABSTRACT
Background: Typically, the presence of air or fluid in the thoracic and abdominal cavities is considered to be of separate 
origin. However, it is essential to take into consideration that a non-surgical pneumoperitoneum (NSP) may develop 
without a perforated viscus, and due to thoracic causes, such as mechanical ventilation, cardiopulmonary resuscitation, 
and pneumothorax. This is important in clinical practice, because exclusion of intestinal perforation alters patient man-
agement, and prevents unnecessary surgical interventions.
Aim: This article aims to review the causes and imaging findings of an NSP and present a patient with unilateral tension 
pneumothorax, pneumomediastinum, pneumoretroperitoneum, subcutaneous emphysema, and pneumoperitoneum, 
which were not associated with a perforated viscus.
Case report: A 65-year-old male was admitted to the Emergency Department (ED) due to seizures and impaired con-
sciousness. Prior to arrival, the ambulance personnel had intubated the patient. A chest x-ray and chest-abdomen-pel-
vis CT scan showed a massive left pneumothorax with mediastinal shift to the right, lung collapse, and pronounced 
bilateral subcutaneous emphysema, a small pleural effusion on the right, an eighth rib fracture on the left, pneumome-
diastinum, ectopic air in the abdominal cavity, between the muscle/fascia layers, and in the retroperitoneum. A lapa-
rotomy and esophagogastroduodenoscopy excluded duodenal and other intestinal perforation. The patient was treated 
conservatively, and within fifteen days, was discharged home.
Conclusion: In conclusion, attention, critical thinking, and knowledge of atypical causes are crucial when evaluating 
a patient with pneumoperitoneum, as it may develop without the perforation of a hollow viscus, and may not require 
surgical treatment. 

Keywords: pneumothorax, pneumomediastinum, pneumoperitoneum, pneumoretroperitoneum, subcutaneous em-
physema.
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INTRODUCTION

Typically, the presence of air or fluid in the tho-
racic and abdominal cavities is considered to be 
of separate origin. Trauma, such as rib fracture 
or a penetrating injury, is a common cause of 
intra-pleural air, better known as pneumotho-
rax (1). Meanwhile, the presence of pneumop-
eritoneum is most frequently associated with a 
perforated hollow viscus (2). Abdominal injury 
may also be the cause of free air in the perito-
neal cavity due to a damaged intestinal wall (3). 
Non-surgical pneumoperitoneum is defined as 
free intra-peritoneal air observed during a radi-
ological examination, yet not related to neither a 
viscus perforation nor to surgical intervention. 
In clinical practice, however, it is essential to take 
into consideration that non-surgical pneumop-

eritoneum (NSP) may develop due to thoracic 
causes, such as mechanical ventilation, cardi-
opulmonary resuscitation, and pneumothorax 
(2). Other typical and atypical causes are listed in 
Table. The significance of this knowledge relies 
on the fact that, in the setting of pneumoperito-
neum, clinical exclusion of intestinal perforation 
alters patient management, and prevents unnec-
essary surgical interventions.
Radiology plays a crucial role in the diagnosis 
of free intra-abdominal air. Although it is not 
the most informative imaging modality, a plain 
X-ray is portable, easily accessible, inexpensive, 
and, therefore, is usually the first radiological 
study to evaluate the patient when there is sus-
picion of pneumoperitoneum (4,5). A left decu-
bitus or upright abdominal X-rays are typically 
performed, however, even supine, and chest 
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X-rays are useful and should not be discarded 
as screening tests (5). Ultrasound and CT have 
been observed to be far more sensitive and in-
formative when diagnosing the origin of free 
intraperitoneal air. Nonetheless, CT is current-
ly considered to be the diagnostic gold standard 
(6,7). All in all, X-ray, sonography, and CT are 
perhaps not equal yet still essential diagnostic 
methods that aid in the detection and assess-
ment of pneumoperitoneum and its causes. 
This article aims to review the causes and im-
aging findings of an NSP and present a patient 
with unilateral tension pneumothorax, pneu-
momediastinum, pneumoretroperitoneum, 
subcutaneous emphysema, and pneumoperito-
neum, which were not associated with a perfo-
rated viscus.

CASE REPORT

A 65-year-old male was admitted to the Emer-
gency Department (ED) due to seizures and im-
paired consciousness. Prior to arrival, the ambu-
lance personnel had administered medication to 
stop the seizures and had intubated the patient. 
During the initial inspection at the ED, the pa-
tient was being sedated and ventilated, his blood 
pressure was 200/120 mmHg, heart rate 120 beats 
per second, while auscultation and percussion 
findings suggested pneumothorax on the left. 
The patient’s family members denied trauma, 
and previous interventions, however, the patient 
was a known alcohol user, had been diagnosed 
with epilepsy in the past, and had spent a week 
prior to hospitalization consuming alcohol. 
The patient underwent multiple imaging stud-
ies. The findings of a chest x-ray included the 
following: air in the left pleural cavity, mediasti-
nal displacement to the right, left lung collapse, 
and bilateral subcutaneous emphysema of the 
thorax and neck. The end of the endotrache-
al tube was located in the right main bronchus 
and, therefore, required correction (Figure 1). A 
head computed tomography (CT) scan revealed 
no anomalies. Laboratory tests showed hyper-
glycemia, hyponatremia, leukocytosis, slightly 
elevated C-reactive protein (11.6 mg/l), elevated 
erythrocyte, leukocyte, protein, glucose levels in 
the urine. The abdominal ultrasound was incon-

clusive, possibly due to the pneumoperitoneum 
and/or subcutaneous emphysema. A chest-abdo-
men-pelvis (CAP) CT scan without intravenous 
contrast material was performed and confirmed 
a massive left pneumothorax with mediastinal 
shift to the right, lung collapse, and pronounced 
bilateral subcutaneous emphysema, as well as 
diagnosing a small pleural effusion on the right, 
pneumomediastinum, ectopic air in the abdom-
inal cavity, between the muscle/fascia layers, the 
retroperitoneum, and an eighth rib fracture on 
the left without dislocation (Figure 2, 3). 
Because clinical and imaging findings were in-
dicative of a tension pneumothorax, a thoracic 
surgeon was consulted, and chest drains were in-
serted into the left pleural cavity. 
Later on, a bronchoscopy through the intubation 
tube was performed. However, the findings were 
unremarkable. 
The patient was moved to the Intensive Care 
Unit (ICU) for further care, where laparotomy 
and revision were performed. The surgery con-
firmed to air in the peritoneal cavity. However, 
excluded intestinal perforation, which led to 
the belief that the origin of pneumoperitoneum 
might have been the tension pneumothorax and 
massive subcutaneous emphysema. The patient’s 
condition improved following drainage tube 
insertion, chest X-ray showed a decreased left 
pneumothorax, and he was extubated the very 
same day (Figure 1). Due to suspicion of retrop-
eritoneal duodenal perforation, an esophagogas-
troduodenoscopy was performed. Nonetheless, 
only a diaphragmatic hernia was diagnosed. Al-
though the abdominal X-ray was not repeated, 
the patient’s clinical condition continued to im-
prove, the drainage tubes were removed on the 
fourteenth day of hospitalization, the subcutane-
ous emphysema had disappeared, and no signs 
of pneumoperitoneum or pneumothorax were 
observed in the last chest X-ray (Figure 1). After 
fifteen days, the patient was discharged home. 
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cystoides intestinalis

Respiratory resuscitation

N
on

-s
ur

gi
ca

l p
ne

um
op

er
ito

ne
um

 (5
 - 

15
%

)

Pseudoperitoneum Abdominal Thoracic
Chilaiditi's syndrome Surgery: open or laparoscopic Mechanical ventilation

Hollow viscera overdistention Peritoneal dialysis Pneumothorax
The air between soft tissue wrin-
kles

Endoscopic procedures Cardiopulmonary resus-
citation

Gas within lesions Enteromesenteric emphyse-
ma causes

Subphrenic fat pad 
Linear lung atelectasis
Gynaecologic Miscellaneous
Coitus, orogenital sex, vaginal 
douching

Drug use (cocaine)

Exercises following labour Scleroderma
Pelvic inflammation Diving with decompression
Gynaecologic manipulations Tooth extraction

Table. Most common causes of pneumoperitoneum (2,3,21). 
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Figure 1. A, B, C - supine, C - erect chest X-rays. A - upon arrival: the patient is rotated to the right, left pneumotho-
rax, collapsed left lung, pronounced subcutaneous emphysema, and endobronchial intubation; B - following drainage: 
drainage tubes have been inserted into the left pleural cavity, the amount of air has decreased, the left lung has expanded, 
the endotracheal tube's placement has been corrected; C - after extubation: the left pneumothorax and subcutaneous em-
physema have decreased; D - fifteen days after hospitalization: the drainage tube has been removed from the left pleural 
cavity, a discoid atelectasis and minimal pleural effusion can be seen on the left.
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Figure 2. Chest-abdomen-pelvis CT scan findings. A, B - sagittal reconstructions; C - coronal reconstruction, D - G axial 
view: massive left pneumothorax with left lung collapse and mediastinal dislocation to the right, pleural effusion on the 
right, pneumomediastinum, pneumoretroperitoneum, pneumoperitoneum, subcutaneous emphysema.
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Figure 3. CT scan, axial. Fracture of the left eight rib 
without dislocation.

DISCUSSION

In the presented case, one of the more probably 
pneumothorax causes is the fracture of the left 
eight rib. However, multiple factors may cause 
doubt. First of all, the patient was a known al-
coholic diagnosed with epilepsy. Therefore, we 
cannot exclude the possibility that the fracture 
may have occurred before the pneumothorax. 
Secondly, there was no dislocation and very little 
air within the soft tissues surrounding the frac-
tured rib (Figure 3), while the amount of air in 
the pleural, abdominal, and other bodily cavities, 
as well as the soft tissues, was considerable (Fig-
ure 2). Finally, the patient's clinical condition 
and the chest X-rays greatly improved following 
the drainage and cessation of mechanical ven-
tilation, which leads to the conclusion that the 
pneumothorax and the NSP could have devel-
oped due to barotrauma. 
As mentioned previously, the patient had been 
intubated by the ambulance personnel. There-
fore, the subsequent mechanical ventilation 
could have been complicated by the following 
conditions: a tension pneumothorax, pneumome-
diastinum, and later on - pneumoretroperitone-
um and pneumoperitoneum. It has been reported 
that mechanical ventilation is the most common 
cause of iatrogenic pneumothorax in the ICU (8). 
Moreover, there are documented cases of intuba-
tion and mechanical ventilation related to thora-
coabdominal ectopic air conditions (9–14). 
In the presented case, although the patient was 

hemodynamically stable upon admission, the 
free air in the peritoneum may have developed 
consequently to the left tension pneumothorax. 
The increased intrathoracic pressure was a po-
tentially life-threatening condition and could 
have progressed to a quick and severe cardiopul-
monary collapse, mainly due to the patient's ven-
tilatory status (15–17). However, the presence of 
intra-abdominal air without any abnormal sur-
gical and imaging findings was suggestive of a 
potentially lifesaving air dissection from the tho-
rax. Pneumoperitoneum associated with pneu-
mothorax is rare, however, not unheard of. There 
are two mechanisms of intra-pleural air drainage 
into the abdominal cavity: the first is via medi-
astinal perivascular connective tissues or dia-
phragmatic connections to the retroperitoneum 
and peritoneum; while the second is directly 
through pleuro-diaphragmatic defects (2). Such 
etiopathogenesis of intra-abdominal air should 
be considered whenever clinical, and laboratory 
findings are not suggestive of peritonitis.
Free air in the peritoneum is not always indicative 
of visceral perforation, as is clearly illustrated by 
the reviewed case. Clinical and imaging data that 
should provoke suspicion of NSP are as follows: 
the lack of peritoneal irritation, the presence of 
a pneumothorax, and the absence of intra-peri-
toneal effusion (18–20). X-ray and CT findings 
cannot be evaluated separately from clinical and 
laboratory data when determining the best treat-
ment approach (3,18–20). Nonetheless, con-
servative treatment should be accompanied by 
careful observation, as a deteriorating condition 
and signs of tension pneumoperitoneum would 
determine the need for emergency surgery, even 
in the setting of an NSP (14). 
In conclusion, attention, critical thinking, and 
knowledge of atypical causes are crucial when 
evaluating a patient with pneumoperitoneum, as 
it may develop without the perforation of a hol-
low viscus, and may not require surgical treat-
ment. The presence of pneumothorax and the 
absence of clinical/objective data indicative of 
peritoneal irritation should arouse suspicion of 
an NSP. The responsibility to consider an unu-
sual origin of pneumoperitoneum falls on clini-
cians, radiologists, and surgeons alike. Therefore, 
a multidisciplinary approach is essential when 
optimizing patient management.
 



42

JOURNAL AVAILABLE AT RADIOLOGYUPDATE.ORG 

REFERENCES
1. Imran JB, Eastman AL. A pneumothorax (col-
lapsed lung, dropped lung) is the entry of air into 
the pleural space (the space between the lungs 
and chest wall). JAMA - J. Am. Med. Assoc. 
2017: 318:974.
2. Mularski RA, Sippel JM, Osborne ML. Pneu-
moperitoneum: A review of nonsurgical causes. 
Crit. Care Med. 2000: 28:2638–2644.
3. Pinto A, Miele V, Laura Schillirò M et al. Spec-
trum of Signs of Pneumoperitoneum. Semin Ul-
trasound, CT MRI 2016: 37:3–9.
4. Levin& MS. Diagnosis of Pneumoperitoneum 
on Supine Abdominal Radiographs. 1991www.
ajronline.org (accessed 26 Nov2019).
5. Baker SR. Pneumoperitoneum-the radio-
graphic and clinical virtues of the supine abdom-
inal film. Emerg. Radiol. 2012: 19:547–548.
6. Chen CH, Yang CC, Yeh YH. Role of up-
right chest radiography and ultrasonography 
in demonstrating free air of perforated peptic 
ulcers. Hepatogastroenterology 2002: 48:1082–
1084.
7. Hefny AF, Abu-Zidan FM. Sonographic di-
agnosis of intraperitoneal free air. In: Journal of 
Emergencies, Trauma and Shock. 2011: 511–513.
8. De Lassence A, Timsit JF, Tafflet M et al. Pneu-
mothorax in the intensive care unit: Incidence, 
risk factors, and outcome. Anesthesiology 2006: 
104:5–13.
9. Ono Y, Okubo Y, Hashimoto K et al. Massive 
subcutaneous emphysema, bilateral pneumotho-
rax, pneumomediastinum, pneumoperitoneum, 
pneumoretroperitoneum, and pneumoscrotum 
after multiple direct laryngoscopies: an autopsy 
case report. J Anesth 2015: 29:622–626.
10. Den Os MM, Vermeulen M, Naafs Di et al. 
Tension pneumothorax and pneumoperitone-
um after double-lumen endotracheal intubation. 
BMJ Case Rep. 2017: 2017. doi:10.1136/bcr-
2017-223275
11. Strauss CE, De Munter C. Life-saving 
pneumoperitoneum. BMJ Case Rep 2018: 11. 
doi:10.1136/bcr-2018-227397
12. Okamoto A, Nakao A, Matsuda K et al. 
Non-surgical pneumoperitoneum associated 
with mechanical ventilation. Acute Med Surg 
2014: 1:254–255.
13. Stringfield JT, Graham JP, Watts CM et al. 

Pneumoperitoneum: A Complication of Me-
chanical Ventilation. JAMA J Am Med Assoc 
1976: 235:744–746.
14. Ahmed K, Amine EGM, Abdelbaki A et al. 
Airway management: induced tension pneu-
moperitoneum. Pan Afr Med J 2016: 25:125.
15. Roberts DJ, Leigh-Smith S, Faris PD et al. 
Clinical presentation of patients with tension 
pneumothorax: A systematic review. Ann. Surg. 
2015: 261:1068–1078.
16. Yoon JS, Choi SY, Suh JH et al. Tension pneu-
mothorax, is it a really life-threatening condition? 
J Cardiothorac Surg 2013: 8. doi:10.1186/1749-
8090-8-197
17. Hsu C-W. Iatrogenic pneumothorax relat-
ed to mechanical ventilation. World J Crit Care 
Med 2014: 3:8.
18. Di Saverio S, Filicori F, Kawamukai K et al. 
Combined pneumothorax and pneumoperito-
neum following blunt trauma: an insidious diag-
nostic and therapeutic dilemma. Postgrad Med J 
2011: 87:75–78.
19. Karaman A, Demirbilek S, Akin M et al. Does 
pneumoperitoneum always require laparotomy? 
Report of six cases and review of the literature. 
Pediatr. Surg. Int. 2005: 21:819–824.
20. Kane NM, Francis IR, Burney RE et al. Trau-
matic pneumoperitoneum. Implications of com-
puted tomography diagnosis. Invest Radiol 1991: 
26:574–578.
21. Dähnert W. Radiology Review Manual, 7th 
ed. 2011



43

RADIOLOGY UPDATE  VOL. 3 (6) ISSN 2424-5755


