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Abstract

Background: Cardiac morphogenesis is a dynamic and complex process that involves a complex interaction of
many genetic and environmental factors. Ventricular septal defects (VSDs) are the commonest congenital heart
defects (CHDs), accounting for ~ 40% of all cardiac malformations. In Pakistan, the prevalence of VSD is increasing
(4–6 in 1000 live births). In the current study, we aimed to determine the pattern of different hematological
parameters and various risk factors in VSDs in local pediatric patients. We recruited the clinically diagnosed VSD
children (n = 125) from various hospitals. The diagnosis was made based on echocardiography, size, number, and
exact location of the defect. Hematological parameters, chemical pathological assays, and liver function analysis
were performed. The blood group distribution and various risk factors were also assessed. The statistical analysis
was done using the SPSS (IBM statistics version 22) software.

Results: The results showed that for RBCs, 20% of patients in category of 0 to 3 months are above normal range;
for WBCs, 33.3% of patients are above normal range in category of 4–5 years and 12–14 years. For hemoglobin,
highest percentage of patients was observed below normal range; 30% of patients in category of 0 to 3 months,
40% of patients in category 4–9 months, 35.2% of patients in category of 10 months–3 years, and 33.3% of patients
in category of 12–14 years were below normal range. For platelet count, 5.66% patients were below normal range
and 16.9% were above normal range. For prothrombin time (PT) and activated partial thromboplastin time (APTT)
more than 90% patients were in normal range value. Elevated ALP level and significantly lower albumin levels were
observed. In age range of 13–14 years, 50% patients were below range for both calcium and serum creatinine. The
prevalence of cousin marriages was 62.3%, about 60% mothers used antibiotics during pregnancy, B + ve and O +
ve had the highest frequencies, and most of the patients were seen in age group of 2–35 months.

Conclusion: All tested parameters show divergence from normal values their predictive capabilities of VSDs. To the
best of our knowledge, the present study is the first to report data on hematological parameters and demographic
risk factor associated with VSDs, in the Pakistani children. This data may have implication on the characterization
and diagnosis of VSDs as well as on the assessment of related risk factors.
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Background
In vertebrates, heart develops during fetal life. Cardiac
morphogenesis is a complex process that requires a
complex interaction of different factors, including the
differentiation, proliferation, migration, commitment to
perform normal physiology, programmed cell death, and
coordination of cardiac cells. Genetic risk factors and
environment can disrupt the normal physiology of cardi-
ogenesis that may lead to a broad spectrum of heart
anomalies [1]. Contemporary classification of cardiovas-
cular abnormalities varies based on clinically specified
anatomic lesions. The most common type is ventricular
septal defect (VSD), accounting for up to 40% of all car-
diac malformations [2, 3]. VSD is the defect in the
septum of the heart which separates the right and left
ventricles. A common word for septum is “aperture or
hole” and septal malformations in ventricles are called
“hole in the heart” [4]. VSDs often present as complex
heart phonotypes including double outlet right ventricle,
tetralogy of fallot, atrial septal defects, and patent ductus
arteriosus (PDA) [5]. The complex genetic control of
heart development is a major factor for heterogeneous
VSDs. Numerous polymorphisms and mutations of
many genes (encoding for transcriptional factors, signal
transduction pathway components, and structural heart
proteins) involved in cardiac development are known to
increase the risk factor of VSDs [6].
Pakistan population constitutes a unique ethnic group

due to its religious, social, and cultural practices [7].
This region has quite high prevalence of genetic diseases
due to high proportion of consanguineous marriages.
According to a survey, more than 80% of spouses in
Pakistan are blood relatives [8, 9]. VSD cases are increas-
ing in frequency, accounting for 4–6 in 1000 live births
[10–12]. One study by Hassan et al. gave a preliminary
data on the risk factors in developmental heart defects
[13]. After this, from 2001 to 2017, there have only been
five reports which all were retrospective and collected
data from tertiary care hospitals [14–18].
Some studies have reported the common forms of

VSD, but there is no data on the hematological parame-
ters, chemical pathological parameters, liver function,
prenatal risk factors (mother’s age, father’s age, family
history of VSDs), and blood group distribution analysis
among VSDs in the Pakistani pediatric patients. In the
current study, we aimed to determine the pattern of
these parameters with VSD in patients in the local popu-
lation. Hematological parameters included white blood
cell count (WBCs), red blood cell count (RBCs),
hemoglobin level (Hb), platelet count, prothrombin time
(PT), and activated partial thromboplastin time (APTT).
Chemical pathological assays include blood urea nitro-
gen (BUN), serum creatinine, calcium, sodium, and po-
tassium level. Liver function test (LFT) analysis include

total bilirubin, serum glutamic pyruvic transaminase
(SGPT), serum glutamic oxaloacetic transaminase
(SGOT), alkaline phosphatase (ALP), serum total pro-
tein, serum albumin, and gamma GT. In addition to
that, we have also compared the blood group distribu-
tion among VSDs patients. This study also examines the
significance of various common risk factors in VSDs
patients.

Methods
Participants, study protocols, and ethical requirements
For the current cross-sectional study, we recruited the
participants (n = 125) from various hospitals. The study
was done with partner collaborating hospitals. A written
informed consent was obtained from the parents of the
pediatric patient. The study protocol was approved by
the local Ethical Committee (approval No. SBS/390/17).
All participants less than 15 years of age with acyanotic
congenital heart disease referred to a tertiary referral
center were included in the study. The diagnosis was
made based on echocardiography. Size, number, and
exact location of the defect as well as the magnitude of
the shunt were identified by using two-dimensional and
Doppler echocardiography. Pulmonary artery pressure
was also estimated by using modified Bernoulli equation.
Aortic valve prolapse and aortic regurgitation were
noted. Severity of aortic regurgitation was assessed by
using parameters like left ventricular end diastolic and
systolic dimensions, Doppler flow velocity measurement
and assessment of length, width, and area of regurgitant
jet. All echocardiograms were performed by trained
pediatric cardiologists. Patients with syndromic and
seropositive isolated VSDs were excluded from the
study. Categorization of the study population into vari-
ous subgroups on basis of patient’s age was also done.
The age of the subjects ranged from new born baby to
168 months (Fig. 2). The proportion of males was 61.5%
while of females was 38.5%.

Determination of hematological parameters
Hematological parameters were measured in standard
units, white blood cell count (WBC, *103/μl), red blood
cell count (RBC, *106/μl), hemoglobin level (Hb) in (g/
dl), platelet count (*103/μl), PT, and APTT (Sec) by
using automated analyzer. For certain parameters, pa-
tient’s normal ranges are different according to their age
group and gender.

Assessment of chemical pathological assays
Similar to hematological parameters, chemical patho-
logical assays were also measured in classified standard
units, including blood urea nitrogen (BUN); serum cre-
atinine; and calcium (mg/dL), sodium, and potassium
levels (mmol/L). Chemical pathological assays have
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different normal range values in different age groups of
children; therefore, study population was categorized into
different categories.

Liver function tests (LFTs) analysis
Liver function analyses were done for all the children
including, total bilirubin (mg/dL), SGPT (U/L), SGOT
(U/L), alkaline phosphatase (AP) and gamma GT, serum
total protein (g/dL), and serum albumin (g/dL). For all
liver function assays, different groups were made on the
basis of their normal value ranges.

Blood group determination and distribution among VSDs
Blood group of patients was determined using standard
ABO blood group typing procedure. We also figured out
the distribution of various blood groups among VSDs
patients.

Conventional risk factors
Various risk factors were determined in the current
study including mother’s age, father’s age, socioeco-
nomic status, patient’s age, and SES. The data was col-
lected on the family history of VSDs in first degree
relative and in sibling and cousin marriage of parents. In
addition to that, we also investigated about the parent’s
cousin marriage. Maternal health factors, e.g., use of an-
tibiotics during pregnancy period was also investigated.

Statistical analysis
The results were analyzed using the Statistical Package
for Social Sciences (SPSS, IBM statistics version 22) soft-
ware. All assay value scale down in different groups ac-
cording to respective normal range, and their
percentages were measured. The descriptive data of
quantitative variables, including mean, SD, and range,
was determined. The subjects were grouped based on
age, and appropriate analyses were then executed among
these group.

Results
We compared hematological parameters in different
subgroups of study population classified according to
the range of hematological parameters (For the compari-
son of results with normal range, we first collected data
from various hospitals then categorized the data accord-
ing to age group of patients, shown in tables. Every cat-
egory of age group has its own normal range, which we
used for the comparison. Normal ranges for the all pa-
rameters vary among different population, ethnic groups,
and geographic regions, so reference values of our local
population were used).
It was observed that the values of white blood cell

count (WBCs), red blood cell count (RBCs), hemoglobin
level (Hb), platelets, PT, and APTT vary among study

subjects. For RBCs, 20% of patients in category 0 to 3
months and 4–12months are above normal range.
While for WBCs, 33.3% of patients in category of 4–5
years and 12–14 years are above normal range. For
hemoglobin, maximum patients had Hb below normal
range, 30% of patients in category of 0 to 3months, 40%
of patients in category 4–9 months, 35.2% of patients in
category of 10 months–3 years, and 33.3% of patients in
category of 12–14 years were below normal range. For
platelet count, 77.3% patients were in normal range,
5.66% were below normal range, and 16.9% were above
normal range. For PT and APTT, more than 90% pa-
tients were in normal range value (All normal ranges are
mentioned in Table 1).
Variations in blood urea nitrogen (BUN), serum creatin-

ine, calcium, sodium, and potassium were analyzed in sub-
groups of VSDs. For calcium, in category 0 to 12months,
5.55% patients were below normal range; in category of
1–12 years for both calcium and serum creatinine, 16.6%
patients were below normal range. In the same category
for sodium, 16.6% patients were above normal range.
While in category of 13–14 years for both calcium and
serum creatinine, 50% patients were below normal range.
For BUN (mg/dL), more than 14% patients were above
normal range in study population (Table 2).
LFTs analyses revealed that for SGOT more than 50%

of patients were above normal range in category 0 to 12
months. For SGOT, 40% of patients were above normal
range in category of females 1–14 years. For alkaline
phosphatase, 40% of patients were above normal range
in category of 1–14 years. For serum total protein,
13.33% patients were below normal range. While for
gamma GT, most patients were in normal range value
(Table 3). It was observed that the B + ve and O + ve
had the equal highest frequencies among the study
population of VSD patients. Blood group A + ve also
had comparable higher frequency than other blood
groups. Lowest frequency that was seen in our study
population was O-ve (Fig. 1).
Various reported risk factors of VSD were analyzed.

For the study population of current study, the minimum
age of mother that was observed was 18 years old and
for father it was 25 years. Maximum age observed in our
population for mother was 36 years and for father 45
years (Table 4). Categorization of the study population
into various subgroups on basis of patient’s age was also
done. We had range of age from new born baby to 168
months (Fig. 2). The highest frequency of patients was
seen in age group of 2–35months. Other risk factors
were also assessed in the study group including use of
antibiotics during pregnancy period, parent’s cousin
marriage, and disease among first degree relative and
siblings. The results of these analyses are shown in Fig.
3.
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Table 1 Hematological parameters in study population

Age Parameters normal range % below range % within range % above range

RBCs*(10^6/μl)

0 to 3 months 2.8–4.8 0 80 20

4–12 months 3.2–5.2 0 80 20

1–3 years 3.6–5.2 0 100 0

4–11 years 3.7–5.8 0 88 12

12–14 years 4.0–5.8 0 100 0

WBCs*(10^3/μl)

0 to 2 months 5.5–18 0 80 20

3–12 months 6–17.5 0 91 9

1–3 years 6–17 0 75 25

4–5 years 5–15.5 33.3 33.3 33.3

6–11 years 4.5–13.5 0 100 0

12–14 years 4–11 0 66.6 33.3

Hemoglobin (g/dl)

0 to 3 months 9.6–13.6 30 60 10

4–9 months 10.1–12.9 40 53.3 6.6

10months–3 years 10.7–13.1 35.2 64.7 0

4–7 years 10.7–14.7 0 83.3 16.6

8–11 years 10.8–15.6 0 100 0

12–14 years 11.5–16 33.3 66.6 0

Others

Platelets*(10^3/μl) 200–550 5.66 77.3 16.9

Prothrombin time PT (SEC) 9–14 5.66 92.4 1.88

Activated partial thromboplastin time APTT (SEC) 22–31 1.88 90.5 7.54

Table 2 Chemical pathological assays in study population

Age Parameters Normal range % below range % within range % above range

0 to 12 months Serum creatinine 0.2–0.9 0 100 0

Calcium 9–11 5.55 91.6 2.77

Sodium 129–143 2.63 97.3 0

Potassium 3.6–5.8 2.63 92.1 5.26

1–12 years Serum creatinine 0.3–0.9 16.6 83.3 0

Calcium 8.8–10.8 16.6 83.3 0

Sodium 132–145 0 83.3 16.6

Potassium l 3.1–5.1 0 100 0

13–14 years Serum creatinine 0.5–0.9 50 50 0

Calcium 8.6–10.2 50 50 0

Sodium 135–145 0 100 0

Potassium 3.3–5.1 0 100 0

0 to 14 years Blood urea nitrogen (BUN) (mg/dL) 8–22 25 60.41 14.58
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Discussion
The increasing prevalence of genetic diseases in the
Pakistani population, including developmental heart de-
fects, has become alarming and poses a great burden on
healthcare. The bulk of population belongs to lower
middle class socioeconomic status, and for the parents
of a patient’s child with a heart defect, the cost of expen-
sive treatment is too high to bear. This situation,
coupled with a lack of understanding of how these de-
fects form during fetal heart development and the lack
of knowledge regarding how the genetic makeup of par-
ents can contribute to such an anomaly, makes the con-
dition even worse. In Pakistani population, there have
been few studies presenting the epidemiological data of
the types of such heart defects; however, no reports are
available on different parameters and various risk factors

in patients with these defects. The goal of the present
study was to analyze the distribution of various parame-
ters and risk factors, in children with VSDs in our
population.
Red blood cell count, white blood cell count, platelet

volume, hemoglobin level, PT, and APTT all are clinical
profile biomarkers (used for the initial screening) for the
heart anomalies. Deviation from the normal range is evi-
dent in various disorders, including heart defects [19].
Anemia affects more than one billion people worldwide,
with a considerably high prevalence in pregnant women
and children. Decreased hemoglobin levels and red
blood cell count are the hallmarks of anemic condition
[20]. In our study population, it was observed that ma-
jority of patients had Hb below normal range. More than
30% population of all categories of different age group

Table 3 Liver function analysis in study population

Age Parameters Normal range % below range % within range % above range

0 to 12 months (both gender) (SGPT) U/L 5–54 0 89.47 10.52

(SGOT) U/L 5–82 0 47.22 52.77

Female (SGPT) U/L 5–31 0 100 0

(SGOT) U/L 5–32 0 60 40

Male (SGPT) U/L 5–41 0 88.8 11.11

(SGOT) U/L 5–38 0 77.77 22.22

0 to 12 months Alkaline phosphatase U/L 35–449 2.63 92.10 5.71

Serum total protein g/dL 4.8–5.4 0 94.72 5.26

1–14 years Alkaline phosphatase U/L 35–290 0 60 40

Serum total protein g/dL 6–8 13.33 86.66 0

Male Gamma GT U/L 10–50 0 93.75 6.25

Female Gamma GT U/L 7–32 0 100 0

Fig. 1 Blood group distribution among VSD patients
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had low Hb. White blood cell count above or below the
normal range indicate altered immune function [21].
In pathological thrombosis, platelets are the active im-

mune components and inflammation mediators. Plate-
lets are the pivotal homeostatic elements at vascular
injury site. Normal range of platelets is crucial for main-
taining health and to avoid bleeding disorders [22].
Among our study population, variations could be seen
for white blood cell count. More than 20% of study
population was observed with low range of WBCs as
compared to normal.
The serum anticoagulant activity can be measured by

the standard plasma clotting time assays. The deviation
from the normal ranges for APTT and PT suggest coagu-
lation aberrations that may lead to bleeding disorders [23,
24]. The analyses of chemical pathological parameters
turned out variations in these parameters as well. We also
evaluated the elevated levels of potassium and sodium and
decreased level of calcium. Our study population had high
range of BUN in the blood. BUN is a strong risk factor for
defective cardiovascular function. Constantly high level of
urea, nitrogen, protein, and creatinine in the blood in-
creases the risk of heart failure [25, 26]. Elevated sodium
level has been reported to be associated with the abnormal
blood pressure [27]. A previous study reported that de-
creased calcium level is associated with the increased risk
of sudden cardiac arrest [28].

Circulatory anomalies occur when more than one
organ fail to perform normally. Normal liver function is
crucial for the circulatory system. Liver failure and circu-
latory dysfunction are strongly related to one another
[29, 30]. Alkaline phosphatase (ALP) has been reported
to be a biomarker for liver congestion in patients with
heart failure [31]. The current cohort showed elevated
ALP levels when compared to reference range. A previ-
ous study reported that elevated level for SGPT and
SGOT and lower levels of albumin are associated with
high mortality in the cardiovascular patients [32]. We
also determined blood group distribution; it was ob-
served that the blood group B + ve and O + ve had high-
est frequencies in the study population. Past several
studies conducted in Pakistan showed that B + ve and O
+ ve blood group are the most frequent in this region
[33–35]. Parameters including RBCs, WBCs, Platelets,
Hb, ALP, SGPT, SGOT, and all others mentioned previ-
ously are not the risk factors for the congenital heart dis-
ease like VSDs, rather these parameters are deviated
from normal range in individuals suffering from the de-
velopmental anomalies of the heart.
In Pakistan, consanguineous marriages are strong pre-

disposing risk factor resulting in a high proportion of gen-
etic diseases [9]. It is noteworthy that in current study the
population of cousin marriages of parents was 62.3%.
Mother’s age at pregnancy, educational background, bad
obstetric history, intake of multivitamins containing folic
acid during pregnancy, gestational diabetes, febrile illness
during the first trimester, father’s age, fetal birth weight,
family history of VSD, cardiac anomalies in siblings, and
socioeconomic status of the family have also been shown
to be strong predictors of the risk of a neonate with a de-
velopmental heart defect [36, 37].

Table 4 Parents’ age

Parents’ age Minimum Maximum Mean Std. error Std. deviation

Mothers’ age 18 36 28.67 1.222 4.731

Fathers’ age 26 45 34.71 1.450 5.427

Fig. 2 Age wise categorization of VSDs
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Conclusion
The present work investigated the pattern of different pa-
rameters in Pakistani children with isolated VSDs. We ob-
served that all attested parameters were altered in VSD
patients. To the best of our knowledge, the present study
is the first to report data on these parameters and risk fac-
tors associated with VSDs in Pakistani population. The
current results emphasize the need of further investigation
of these parameters in larger cohorts in the future. This
data may have implication on the characterization and
diagnosis of VSDs as well as on the assessment of related
various factors. Parameters mentioned previously are not
the risk factors for the congenital heart disease like VSDs,
rather these parameters are deviated from normal range
in individuals suffering from the developmental anomalies
of the heart.
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