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Abstract- Cardiac abnormalities have been suspected and identified using transthoracic echocardiography in
patients with normal electrocardiographic results have been reported. It is, however, not clear whether these
abnormalities are clinically significant or can lead to a change in clinical management. The aim of this study
was to evaluate the prevalence and clinical significance of cardiac abnormalities found in patients with normal
electrocardiographic results. Transthoracic echocardiography was conducted on outpatients on referral despite
having normal electrocardiographic results. Clinical symptoms were identified, and parameters such as BMI,
smoking status, blood pressure, blood glucose levels, and hypercholesterolemia status were evaluated. The data
obtained from these parameters were compared with findings of cardiac abnormalities in the patients. Out of
552 patients analyzed with a mean age of 50.53+15.04 years, 412, representing 74%, had abnormalities in their
transthoracic echocardiographic reports. The significant majority of active smoking patients (82.2%) had
cardiac abnormalities. The major findings were valvular heart disease observed in 123 patients, grade | and Il
diastolic dysfunction in 85 patients, hypertensive heart disease in 76 patients, and non-significant valve disease
reported in 50 patients. The common symptoms included atypical chest pain, shortness of breath, and epigastric
pain. Hypertension, hypercholesterolemia, and diabetes mellitus were observed among patients with abnormal
transthoracic echocardiographic reports. There is a high prevalence of clinically significant cardiac
abnormalities evaluated using transthoracic echocardiography in patients with normal electrocardiographic
results. These cardiac abnormalities are associated with symptoms, and cardiometabolic disease hence might
warrant a change in clinical management.
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Introduction

The effective evaluation of possible structural heart
diseases surmised to be present in a patient can be
achieved through the non-invasive imaging tool of
transthoracic  echocardiography (TTE). The TTE
provides visual and numerical information on the overall
status of the heart, including its thickness and size,
evaluation of systolic and diastolic function, as well as
evidence of structural defects (1). In clinical practice, the
request, ordering, or referral for TTE to be performed by
cardiologists are mostly diagnostic tests on patients with

primary indications for conditions such as congestive
heart failure, arrhythmia, endocarditis (known or
suspected), pericardial disease, and presyncope or
syncope. Others include pulmonary hypertension,
dyspnea, valvular disease (nhative valves), murmur, chest
pain, pulmonary embolism, ischemia, hypotension,
cerebrovascular event, congenital heart disease,
hypertensive heart disease, and so on (2,3)
Electrocardiography (ECG), on the other hand, is an
economical, fitting, and widely used initial diagnostic
tool for the evaluation of the cardiovascular well-being of
patients. The ECG is useful in the exclusion of cardiac
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Evaluation of clinically significant cardiac abnormalities

arrhythmias from the causes of cardiac symptoms, and as
such, cases of abnormal results frequently serve as
suitable indications for echocardiography since they may
indicate a basal structural heart disease (4). However,
whether a normal ECG and the presence of structural
heart disease are mutually exclusive remains unclear.
Although studies have suggested that normal ECG results
rule out indications for TTE, clinical experience has
shown that the incidence of abnormal TTE in patients
with otherwise normal ECG is common (5,6).

Over the years, researchers have conducted many
studies on the diagnostic prowess of ECG in comparison
with echocardiography. In these studies, the superiority
of echocardiography over ECG has been widely reported
(7,8). Despite being specific, the ECG has been shown to
be insensitive in recognition of left ventricular
hypertrophy (LVH) as echocardiographic LV mass
evaluation showed superiority over ECG clinical criteria
for clinical diagnosis of LVH (9). In 2016, Baturova et
al., assessed predictors of paroxysmal atrial fibrillation
using non-invasive ECG as well as TTE in patients with
ischemic stroke but without documentation of atrial
fibrillation. They reported that although TTE
independently predicted atrial fibrillation in stroke
patients, ECG markers were not predictive of atrial
fibrillation in early after ischemic stroke (10). Another
study conducted in 2019 on a wide peri-pubertal male
athlete's population showed that ECG could only identify
cardiac disease that requires sport disqualification, while
TTE was able to identify abnormalities that predict the
occurrence of cardiomyopathies or major cardiovascular
events (11).

While clinicians have an obligation to recommend or
utilize advanced and superior technology for diagnostic
tests, considerations should be made on the cost
implication of clinically insignificant tests to enable
patients to receive affordable health care. Therefore, it is
important to indicate that not all patients with normal
ECG require echocardiographic referral. Studies have
shown that unnecessary echocardiography can be
performed on patients with normal ECG. Out of 870
patients with normal ECG in a study conducted by
Gibbons et al., in 2018, 619 showed indications for
echocardiography. Interestingly, however, only 12
actually had abnormal echocardiography, of which only
4 required change in clinical management (12).

Although the American College of Cardiology
Foundation (ACCF) has developed the appropriate use
criteria (AUC) to guide practitioners in the use of
echocardiographic imaging procedures (13), there is a
need for additional investigations on clinical conditions
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where the use of echocardiography is justified in patients
with normal ECG. In line with this, our study aimed at
identifying the prevalence of clinically significant TTE
abnormalities among patients with normal ECG results.
We evaluated the TTE of 552 out-patients suspected to
have cardiac abnormalities undetected by ECG and were
referred to Al-Hussein Medical City in Kerbala, Irag. Our
findings were juxtaposed with the presence of associated
symptoms as well as cardiovascular/metabolic diseases to
discern whether the identified abnormalities warrant a
change in clinical management.

Materials and Methods

Study population

Our study collated TTE orders of adult outpatients
referred to Al-Hussein Medical City in Kerbala, Iraq,
following normal ECG but showing symptoms of cardiac
abnormalities or preparation for major surgery, from June
2018 to April 2019. During this period, only the first TTE
was considered in cases of repeated examination, and the
patients were recruited based on informed consent,
leading to a total of 552 TTEs data set. The protocol study
was reviewed, and ethical approval was granted by the
institutional ethical committee board.

Data collection

The TTE was performed on the patients using a 5.0
MHz Prob (S5) Philips Ultrasound Machine equipped
with live 3-dimensional, B-mode color tissue Doppler
software (Philips Sonos 7500, Andover, MA, USA). The
data obtained were stored digitally and examined by an
echocardiographer, and results were reported following
recommendations of the European Association
Cardiovascular Imaging (EACVI) Expert Consensus
document (14).

The patients were briefly interviewed to determine
their smoking status and identify clinical signs and
symptoms that are relevant to their cardiovascular health.

Blood pressure (BP) was measured using a Mercury
Sphygmomanometer (Riester Nova, Germany) at three
intervals, each separated by a rest period of 5 minutes.
The mean BP was calculated, and adult hypertension was
defined as having a mean BP >130/80 mmHg (15). The
patients’ height weight and were measured (in triplicates)
in light clothing with no shoes, and the body mass index
(BMI) was computed as weight in kilograms divided by
square of height in meters, from the mean values obtained
(16).

Veinous blood samples were collected from the
patients with minimal occlusion after a period of rest, and



serum lipid profile consisting of total cholesterol (TC),
triglycerides (TG), high-density lipoprotein cholesterol
(HDL-C) was determined using Hitachi 7020 automatic
chemistry analyzer (Hitachi, Japan). Low-density
lipoprotein cholesterol (LDL-C) was computed from the
lipid profile report using the Friedewald equation; LDL-
C=TC-(TG/5)-HDL-C (17). Hypercholesterolemia was
defined as LDL-C >190 mg/dL or LDL-C >160 mg/dL
with 1 major risk factor or LDL-C >130 mg/dL with 2
major risk factors. The risk factors include; Age (male
>45 vyears; female >55 years), family history of
atherosclerosis, presence of hypertension, diabetes,
smoking, and low HDL-C (male <40 mg/dL; female <55
mg/dL) (18). Fasting blood sugar (FBS) was measured
using a Hitachi 7020 automatic chemistry analyzer
(Hitachi, Japan), and diabetes mellitus was defined as
having FBS >126 mg/dL (19).

Data were presented as meanzstandard deviation, or
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as percentages where appropriate. Chi-square test was
used to determine statistical significance between
abnormal TTE findings and normal TTE results with
P<0.05.

Results

Over a study period of 11 months, we conducted TTE
examinations on 552 patients with normal ECGs
comprising 227 males and 325 females with a mean age
of 50.53+15.04 years. Four hundred and twelve
representing 74% of total patients, comprising of 171
males and 241 females, had abnormalities in their TTE
reports while 140 patients comprising of 56 males and 84
females showed normal TTE results. The distribution of
the patients with respect to TTE results across gender,
age, BMI, and smoking status are presented in Table 1.

Table 1. Distribution of the patients with Abnormal TTE and Normal TTE across Gender, Age, BMI,
and Smoking status

Total Abnormal TTE Normal TTE [
Number of patients (n (%)) 552 (100) 412 (74.6) 140 (25.4) 0.001*
Male (n (%)) 227 (41.1) 171 (41.5) 56 (40.0) 0.001*
Gender
Female (n (%)) 325 (58.9) 241 (58.5) 84 (60.0) 0.001*
Mean Age (years) 50.53+15.04 53.91+14.25 38.98+12.37 0.03*
Mean BMI (Kg/m?) 27.02+3.82 27.18+3.71 24.79+4.24 0.16
Smokers (n (%)) 258 (46.7) 212 (51.5) 46 (32.9) 0.001*
Passive smokers
. 73 (13.2 4 (15. 4 .001*
Smoking Status  (n (%)) 3(132) 64 (15.5) 9(64) 0.00
Non-smokers (n 221 (40.1) 136 (33.0) 85 (60.7) 0.001*
(%))

*signifies the statistically significant difference between Abnormal TTE and Normal TTE at P<0.05

The mean age of patients with abnormal TTE was
53.91+14.25 vyears, which was significantly higher
compared to that of patients with normal TTE reports,
which was 38.98+12.37 years (P<0.05). The mean BMI
of the total patients in the study was 27.02+3.82 Kg/m?
which remained nearly unchanged in the patients with
abnormal TTE, i.e., 27.18+3.71 Kg/m? but slightly lower
in those with normal TTE results, i.e., 24.79+4.24 Kg/m?.
Analysis of data on the smoking status of the patients
showed that 258 patients representing 46.7%, were active
smokers, while 73 persons were passive smokers and 221
were non-smokers. Out of the 258 smokers, 212,
representing 82.2%, had abnormalities in the TTE
reports. From another angle, 51.5% of the patients with
abnormal TTE reports were active smokers, which was
significantly higher (P<0.05) compared to smokers with

normal TTE, i.e., 32.9%. Also, 65 out of the 73 passive
smokers, as well as 136 out of the 221 non-smokers, had
abnormal TTE.

The echocardiographic reports of the 412 patients
with abnormal TTE revealed findings of major cardiac
abnormalities. The relative frequencies of these findings
are presented in Table 2. The major TTE abnormalities
findings were valvular heart disease (VHD), which had
the highest frequency as it was observed in 123 patients
representing 29.85% of the total abnormal TTE patients,
followed by grade | and Il diastolic dysfunctions (DD
Grade | & 1) in 85 patients with a prevalence of 20.63%,
hypertensive heart disease (HHD) in 76 patients with a
prevalence of 18.45% and non-significant valve disease
(NSVD) reported in 50 patients representing 12.14%.
Other findings include ischemic heart disease (IHD) in 31
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Evaluation of clinically significant cardiac abnormalities

patients (7.52%), dilated chamber with preserved ejection
fraction (DC pEF) in 13 patients (3.16%), congenital
defect (CD) in 9 patients (2.20%), duel contraction of the
septal wall (DC septal wall) in 8 patients (1.94%),
cardiomyopathy (CMP) in 7 patients (1.70%) while

pericardial effusion (PE) and right ventricle overload in
pulmonary hypertension (RVO in PHT) was reported in
5 patients (1.21%) each.

Table 2. Frequency of TTE findings of cardiac abnormalities in patients with normal ECG

SN Findings Frequercy  Percentage
1 Congenital defect 9 2.20%
2 Hypertensive heart disease 76 18.45%
3 Ischemic heart disease 31 7.52%
4 Valvular heart disease 123 29.85%
5 Non-significant valve disease 50 12.14%
6 Right ventricle overload in pulmonary arterial hypertension 5 1.21%
7 Dilated chamber with a preserved ejection fraction 13 3.16%
8 Grade | and Il Diastolic dysfunction 85 20.63%
9 Cardiomyopathy 7 1.70%
10 Pericardial effusion 1.21%
11 Deul contraction of septal wall 1.94%

Figure 1 shows the summary and graphical
presentation of TTE findings of cardiac abnormalities in
patients with normal ECG.

121%  2.20%

1.70% | 1.92%
\ |
20.63% \

1.21%",

29.85%

Symptoms recorded from the clinical examination of
the patients with abnormalities in TTE were cross-
referenced with each TTE findings.

B Congenital defect

O Hypertensive heart disease

Eischemic heart disease

B Vavular heart disease

B Non-significant valve disease

ORight ventricle overload in pulmonary arterial hypertension
B Dilated chamber with preserved ejection fraction

EGrade | and Il Diastolic dysfunction

O Cardiomyopathy

B Pericardial effusion

DO Deul contraction of septal wall

Figure 1. Summary and graphical presentation of TTE findings of cardiac abnormalities in patients with normal ECG.
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The major TTE abnormalities findings were valvular
heart disease, which had the highest prevalence of
29.85%, followed by grade I and 11 diastolic dysfunctions
with 20.63%, then hypertensive heart disease with a
prevalence of 18.45%, and non-significant valve disease
with 12.14%. Other findings include ischemic heart
disease (7.52%), the dilated chamber with preserved
ejection fraction (3.16%), congenital defect (2.20%), duel
contraction of the septal wall (1.94%), cardiomyopathy
(1.70%) while pericardial effusion (1.21%) and right
ventricle overload in pulmonary hypertension (1.21%).

Figure 2 presents the distribution of these symptoms
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among the different TTE findings. The common
symptoms include atypical chest pain, shortness of breath
(SOB), and epigastric pain. Others are typical chest pain,
syncopal attack, palpitation, fatigue, and pregnancy. Out
of 123 patients with VHD, 40 had atypical chest pain, 24
experienced SOB while palpitation was recorded in 14
patients. For DD Grade | & II, 21 patients experienced
SOB, 14 had atypical chest pain. Twelve out of 76
patients with HHD had SOB, while atypical chest pain
was recorded in 9 patients. Epigastric pain was most
prevalent in 17 patients with NSVD, followed by atypical
chest pain in 14 patients.
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Figure 2. Distribution of clinical signs and symptoms among the different TTE findings

The relative frequencies of clinical signs and
symptoms among the different TTE abnormalities
findings in patients with normal ECG test results.

VHD (valvular heart disease); DD Grade | & 11 (grade
I and 1l diastolic dysfunction); HHD (hypertensive heart
disease); (HHD); NSVD (non-significant valve disease);
IHD (ischemic heart disease); DC pEF (dilated chamber
with preserved ejection fraction); (CD) congenital defect;
DC septal wall (duel contraction of septal wall); CMP

(cardiomyopathy); PE (pericardial effusion) and RVO in
PHT (right wventricle overload in pulmonary
hypertension).

The associated cardiovascular/ metabolic disease
evaluated among patients with abnormal TTE includes
hypertension (HTN), hypercholesterolemia (H. CHOL),
diabetes mellitus (DM), and previously corrected atrial
septal defect (PC. ASD). Out of 123 patients with VHD,
65 had DM, 61 had HTN, while H. CHOL was recorded
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in 21 patients. For DD Grade | & 1, 34 patients were
diabetic, 32 had HTN, and 11 had H. CHOL. Fifty-four
out of 76 patients with HHD were hypertensive, 8 were
diabetic while H. CHOL was recorded in 9 patients. The
prevalence of HTN and DM among the patients with
NSVD was 19 patients for each, while 2 had H. CHOL.

The PC. ASD was only recorded in 1 patient whose TTE
report indicated RVO in PTH. The distribution of these
associated diseases among the different TTE findings is
shown in Figure 3.
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Figure 3. Distribution of associated cardiovascular/ metabolic diseases among the different TTE findings

The relative frequencies of associated cardiovascular/
metabolic disease evaluated among patients with
abnormal TTE.

HTN (hypertension); H. CHOL (hypercholesterolemia);
DM (diabetes mellitus) and PC. ASD (previously
corrected atrial septal defect).

Discussion

The present study evaluated the supportive
association between ECG and TTE, which are the two
most commonly used assessment of cardiovascular
health. In an ideal clinical setting, ECG is expected to be
an office-based and cost-effective test that can be
performed by clinicians for initial cardiovascular
evaluations and based on its sensitivity, abnormalities
detected by ECG strongly suggest the presence of
structural heart defect that usually warrant confirmation
by the usually expensive and not office based TTE.

102 Acta Medica Iranica, Vol. 59, No. 2 (2021)

Conversely, normal ECG results clear the suspicion of
structural heart defects and doesn’t require further
evaluation by TTE (19,20). Realistically, however,
experiences in clinical practice, as well as studies
conducted, indicates that there are scenarios where
patients with normal ECGs exhibit signs and symptoms
of cardiac abnormalities and hence providing the
rationale of ordering TTE examinations (21,22). Other
studies, on the other hand, have clarified that ECG and
TTE are not competing for diagnostic tests, and as such,
the cardiac abnormalities observed in TTE of patients
with normal ECG might be ineffectual and not direct
change in the clinical management of the patient (20,23).
Therefore, there is a need to evaluate the frequency of
cardiac abnormalities in patients with normal ECG using
TTE and analyzing the clinical significance of these
abnormalities.

Our study observed a high prevalence (74%) of TTE
abnormalities in patients with normal ECG results,



indicating the presence of an underlying structural heart
defect. Our findings are in accordance with those of
previous studies where the notable frequency of TTE
abnormalities in patients despite having normal ECG test
results have been reported. These studies have correlated
normal ECG results with the existence of underlying
structural heart disease diagnosed using
echocardiography, suggesting that normal ECG does not
rule-out heart defects (12,24,25).

We also identified that factors such as age, BMI, and
smoking status might increase susceptibility to cardiac
abnormalities detected by TTE. The effect of age on
cardiac structure and function (25), cardiac dysautonomia
(26) as well as cardiac excitation-contraction coupling
(27) have been previously reported. Rodicio et al., in
2018, associated deterioration of cardiac health with the
onset of overweight and obesity (28). Similarly, increased
BMI and waist circumference have been shown to cause
organ damage in patients on cardiac rehabilitation after
acute coronary syndrome (29). Smoking, however,
exhibits a major threat to cardiovascular health. Studies
have implicated active or passive smoking with the
peripheral arterial disease (30), circulating cardiac
troponin | concentrations (31), cardiac hypertrophy and
vascular inflammation (in an animal model) (32), and
sudden cardiac death (33). Put-together, age, BMI, and
smoking are factors that can promote the development of
asymptomatic cardiac abnormalities that can be covert to
ECG but detectable by TTE.

The findings of major TTE abnormalities recorded in
this study were basically valve diseases. This includes
VHD, which was the most common, with a prevalence of
approximately 30%. The high prevalence of VHD in our
study makes results from the consideration of any
valvular stenosis as well as mild to moderate valvular
regurgitation as abnormal. In other studies, however, a
lower VHD prevalence was reported as VHD was graded
as severe in order to be regarded as an abnormal finding
(34-36). Traditional evaluation of VHDs using ECG P-
waves has shown high sensitivity (37); however, the
superiority of echocardiography over ECG in the
diagnosis of VHDs has been reported in previous studies
with emphasis laid on the ability of echocardiography to
provide details of ejection fraction and heart volume (38).
Magnetic resonance imaging is also a reproducible non-
invasive method for the diagnosis of VHDs (39,40).
These reports strongly suggest that normal ECG results
do not preclude the presence VHDs, especially for
asymptomatic diagnosis. In asymptomatic cases of
suspected VHDs, caution should be taken during
diagnosis as it has been reported that physical
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examinations are extremely important even when
echocardiography is conducted (41). Another major
abnormal TTE finding is the DD Grade | & 11, which was
diagnosed in 85 patients having normal ECG results. It
was suggested in a previous study that the ECG criteria
for diastolic dysfunctions are highly specific, which a
very high left ventricular or atrial pressure threshold for
diagnosis. The study indicated that intermediary values
could be detected by echocardiography, thereby
recommending the complementary use of ECG and TTE
for the diagnosis of diastolic disorders (42). Although
Khan et al., in 2016 have shown that prolonged ECG is a
useful tool in predicting left ventricular diastolic
dysfunction in patients with suspected heart failure,
Buksinka-Lisink et al., in 2019 found TTE to show more
details of subclinical changes in diastolic function
compared to ECG (8,43). In line with our findings, it can
be suggested that ECG might be useful in the diagnosis
of severe cases of diastolic dysfunction but may not be
significant in mild or subclinical cases. The HHD also
exhibited a high prevalence (18%) among the abnormal
TTE findings we recorded. The HHD encompasses
abnormalities associated with protracted or sustained
pressure overload, which could be from left ventricular
hypertrophy (LVH), systolic or diastolic stiffness, left
ventricular mass (LVM), or arrhythmias (44). Studies
have shown that ECG can satisfactorily detect LVH and
LVM (45,46), but with the advent of echocardiography,
the relative insensitivity of ECG in detecting a prognostic
increase in LVM has been identified; consequently,
milder LVM can only be detected using
echocardiography (46). Analysis of our findings in
relation to available literature supports the suggestion that
TTE could be a useful tool for early detection and
predictive diagnosis of valve diseases (which could be
asymptomatic or otherwise) that could go unnoticed in
ECG reports.

It is important to ascertain whether these cardiac
abnormalities were associated with clinically noteworthy
signs and symptoms. Clinical examination of the patients
with abnormal TTE results revealed symptoms that
include typical and atypical chest pain, which has been
implicated in numerous cardiovascular disorders. Studies
have recorded experiencing atypical heart pain in patients
with valve diseases. Specifically, symptoms of typical or
atypical heart pain have been observed in patients with
aortic regurgitation resulting from aberrant mitral chord
transcending the aortic valve, as well as those with the
anomalous left coronary artery (47,48). We also observed
symptoms of SOB, epigastric pain, and palpitations in
nearly all patients, irrespective of the type of TTE
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abnormality. These symptoms have been previously
reported in patients with the double-chambered left
ventricle, mitral valve prolapse, and aortic valve stenosis
(48-50). Symptoms of SOB have been reported in patients
that have been echocardiographically diagnosed with
chronic dyspnea and primary mitral valve disease (50).

We also evaluated the hypertensive, diabetic,
hypercholesterolemia status as well as evidence of
previous corrected atrial septal disease in the patients
across the various abnormal TTE findings. Nearly all
patients with cardiac abnormalities had hypertension or
diabetes mellitus or both, while the majority of patients
with hypercholesteremic were among those with VHD
and DD Grade | & II. This was an expected outcome as
the association between cardiometabolic diseases and
cardiac abnormalities are well established both in
literature and practice. As a pulmonary and cardiac
disease that affects the pulmonary vasculature,
hypertension is a cardiovascular condition that can be
diagnosed using both ECG and TTE (51). The presence
of cardiac abnormalities, like RVH in the form of an
enlarged right ventricle and right atrium, as well as central
pulmonary artery dilation, have been strongly associated
with hypertension (52). Similarly, there is a body of
evidence associating DM with cardiac abnormalities.
Cardiac remodeling and adverse target organ damage
have been reported in children/ adolescents with obesity
and DM (53). In another study, echocardiographic
screening has identified structural and functional cardiac
abnormalities in type 2 DM patients without prior
cardiovascular disease history (54,55). In 2018, Jia et al.,
identified the role of insulin resistance and
hyperinsulinemia in diabetic cardiomyopathy, which is
characterized by stress, fibrosis, hypertrophy, cardiac
systolic and diastolic dysfunction, as well as systolic heart
failure  (56). Apart from familial forms of
hypercholesterolemia, which are commonly associated
with cardiac abnormalities (57,58), hypercholesterolemia
in circadian abnormalities has to should to affect the
progression of cardiovascular diseases (59). Also, a high
risk of cardiac arrhythmias has been reported in
hypercholesterolemia patients with liver cirrhosis (60).
The correspondence between our abnormal TTE findings
with clinical signs and symptoms as well as associated
cardiovascular/ metabolic diseases buttresses the
credibility of the clinical significance of the findings and
their applicability in deciding whether a change in clinical
management should be considered.

Therefore, we suggest that although there are
concerns over the futile ordering of TTE for patients with
normal ECG results, clinically significant cardiac
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abnormalities can be unraveled after TTE examinations,
especially when clinical symptoms are manifested.

It is important to highlight some limitations of our
study. The study does not suggest that TTE should
replace ECG as a clinical diagnostic tool.

The categorization of our TTE findings as clinically
significant might be rather subjective as it was based on
prevalence, associated signs, and symptoms as well as the
presence of cardio-metabolic diseases, rather than the
severity of the cardiac abnormalities.

Also, we only analyzed the TTE findings of patients
with normal ECG that were outpatients, i.e., referred to
Al-Hussein Medical City in Kerbala, Iraq. Therefore, the
prevalence of our findings does not represent that of all
patients with the local population.

Our study reports a high prevalence of clinically
significant TTE cardiac abnormalities in patients with
normal ECG, thereby suggesting that patients with
normal ECG should not be routinely exempted from
undergoing further echocardiographic examination,
especially when symptoms of the cardiac abnormality or
structural heart defects are evident. We also propose that
these cardiac abnormalities found in patients with normal
ECG results might warrant a change in clinical
management.
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