JACC: ADVANCES VOL. 3, NO. 12, 2024
© 2024 THE AUTHORS. PUBLISHED BY ELSEVIER ON BEHALF OF THE AMERICAN

COLLEGE OF CARDIOLOGY FOUNDATION. THIS IS AN OPEN ACCESS ARTICLE UNDER

THE CC BY-NC-ND LICENSE (http://creativecommons.org/licenses/by-nc-nd/4.0/).

ORIGINAL RESEARCH

IMAGING

Prospective Pakistan Registry of )
Echocardiographic Screening in
Asymptomatic Preghant Women

Sabha Bhatti, MD, Shakeela Naz, MBBS,* Sumyia Gurmani, MBBS,? Haleema Yasmin, MBBS,” Uzma Atif, BSc,”
Musa Karim, MSc,” Shazia Ahmed, MBBS,? Kiran Zehra, MBBS,* Abdul Hakeem, MD,* Nadeem Qamar, MBBS?

ABSTRACT

BACKGROUND Cardiovascular diseases are the primary cause of nonobstetric morbidity and mortality in pregnant
women worldwide. Pakistan's high maternal and neonatal mortality rates underscore the need for effective screening
protocols to detect cardiovascular diseases during pregnancy.

OBJECTIVES The objective of this study was to assess the prevalence and factors associated with structural heart
disease among pregnant women without active cardiorespiratory symptoms (no symptoms or symptoms attributed to
pregnancy) attending routine antenatal appointments.

METHODS Obstetric patients without known heart disease attending routine antenatal visits were enrolled between
February 2023 and March 2024. All patients had a standardized limited transthoracic echocardiogram. Left ventricular
ejection fraction was quantified using biplane Simpson's method. Multivariable binary logistic regression analysis was
performed to identify determinants of left ventricular systolic dysfunction (LVSD).

RESULTS We enrolled 15,068 pregnant women (mean age 26.2 + 5.1 years) of which 32.4% were primiparous and
0.9% had multifetal gestations. Screening occurred in the first trimester in 1.6% of patients and in the third trimester in
69.4%. structural heart disease was observed in 569 patients (3.8%): 338 (2.2%) with LVSD, 188 (1.2%) with valvular
heart disease and 68 (0.5%) with congenital heart disease. Logistic regression analysis identified pregnancy-induced
hypertension, tachycardia, and valvular heart disease as factors associated with LVSD.

CONCLUSIONS In a large cohort of pregnant women in Pakistan undergoing routine antenatal echocardiographic
screening, almost 4% had structural heart disease. Notably, 2.2% of women had LVSD without active cardiorespiratory
symptoms. In select populations, screening can help facilitate early cardiac diagnosis and referral to cardio-

obstetrics care. (Prospective Pakistan Registry of Echocardiographic Screening in Asymptomatic Pregnant Women
[PRESAP]; NCTO6004544) (JACC Adv. 2024;3:101215) © 2024 The Authors. Published by Elsevier on behalf of
the American College of Cardiology Foundation. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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ABBREVIATIONS
AND ACRONYMS

EF = ejection fraction
LV = left ventricular

LVSD = left ventricular systolic
dysfunction

PPCM = peripartum
cardiomyopathy

SHD = structural heart disease

VHD = valvular heart disease

ardiovascular diseases are a major
contributor to maternofetal

morbidity and mortality and may
be due to structural heart disease (SHD).
SHD in pregnant patients can be due to
valvular heart disease (VHD), cardiomyopa-
thies, and congenital heart disease. Further-
more, SHD may be first detected during
pregnancy, especially in populations where
access to cardiovascular care is limited. In

Pakistan, the burden of poor maternal-fetal
outcomes ranks among the highest worldwide and re-
sults from multifactorial factors, including inade-
quate nutrition, low income, early and multiple
pregnancies, and limited access to medical care,
both obstetric and cardiac.'

One of the challenges with detecting SHD during
pregnancy lies in its clinical presentation, which may
overlap with normal pregnancy symptoms or, in some
cases, remain entirely asymptomatic. This asymp-
tomatic state leaves unidentified SHD untreated that
may adversely impact maternal and fetal outcomes.*
A crucial opportunity for early detection and
improved outcomes lies in cardiac screening during
routine obstetric appointments. However, the lack of
current screening guidelines for SHD often leads to
referrals for an echocardiogram only when symptoms
raise concerns.” Therefore, establishing effective
screening protocols for SHD, early intervention,
appropriate management, and follow-up echocardio-
grams are essential in addressing maternal morbidity
and mortality.

The PRESAP (Pakistan Registry of Echocardio-
graphic Screening in Asymptomatic Pregnant Women)
registry is a prospective initiative that aims to address
these critical aspects. This registry focuses on echo-
cardiographic screening pregnant women attending
the largest antenatal program in the country. The
objective of our current study is to assess the preva-
lence and factors associated with SHD, especially
focusing on left ventricular systolic dysfunction
(LVSD), among pregnant women attending routine
antenatal appointments without any active cardiore-
spiratory symptoms (defined as no symptoms at all or
symptoms attributed to normal pregnancy). Addi-
tionally, we aim to investigate the maternofetal out-
comes associated with SHD and establish a registry for
long-term follow-up of patients diagnosed with SHD.

METHODS

STUDY DESIGN AND PARTICIPANT ENROLLMENT.
The present study is a prospective registry, known as
the Pakistan Registry of Echocardiographic Screening
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in Asymptomatic Pregnant Women registry. We
enrolled pregnant women without known heart dis-
ease attending routine antenatal visits at the largest
obstetrics hospital in the Sindh Province, Pakistan,
over a 14-month period from February 2023 to March
2024. Women were only screened once during the
pregnancy. We excluded women who were already
screened at prior antenatal visits.

CLINICAL ASSESSMENT. Patient clinical data were
obtained from medical records and the screening
interview. The clinical data collected included ob-
stetric history, comorbid conditions, and vitals. These
data were entered into the registry using REDCAP.

ECHOCARDIOGRAPHIC SCREENING PROTOCOL. A
standardized limited 2-dimensional transthoracic
echocardiogram protocol was performed in all
enrolled participants. The echocardiograms were
performed by trained sonographers using General
Electric ultrasound systems and a butterfly point-of-
care ultrasound device. Data from butterfly point-of-
care device was recorded on an online cloud-based
server and it was accessible to the dedicated faculty
through secured credentials. The following views
were obtained during the echocardiographic assess-
ment: parasternal long-axis view, parasternal short-
axis view, apical 4-chamber view, and apical 2-
chamber view. Additionally, color Doppler across
mitral and aortic valves as well as continuous wave
and pulse wave Doppler across the left ventricular
(LV) outflow tract were performed to assess
any gradients.

EVALUATION OF LEFT VENTRICULAR SYSTOLIC
FUNCTION. LV systolic function was evaluated using
visual estimation by 2 readers and LV ejection frac-
tion (EF) was calculated using Biplane Simpson’s
method. If there was a discrepancy between readers
or between methods, a third reader was asked to
adjudicate. In accordance with the recent ASE
guidelines, severe LVSD was categorized as EF =30%,
moderate LSVD as EF between 30% and 40%, mild
LVSD as EF between 41% and 55%, and EF >55% was
categorized as normal.® Patients with EF <55% were
categorized as significant LVSD.

PATIENTS WITH VALVE DISEASE OR CONGENITAL
HEART DISEASE. Patients identified with significant
(more than mild) valve disease or suspected congen-
ital heart disease during the initial screening under-
went a complete transthoracic echocardiogram to
provide a more comprehensive assessment.

MANAGEMENT AND FOLLOW-UP. Patients diag-
nosed with SHD during the echocardiographic
screening were referred to a cardio-obstetrics clinic,
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TABLE 1 Baseline Demographic and Clinical Characteristics of the Study Cohort Stratified by Left Ventricular Systolic Dysfunction Status

LV Dysfunction

Total No Yes
(N =15,068) (n = 14,730, 97.8%) (n = 338, 2.2%) P Value
Mean age (y) 26.2 +£5.1 26.1 £5.1 26.6 +5.3 0.082
Parity
Primiparous 4,888 (32.4%) 4,795 (32.6%) 93 (27.5%) 0.050
Multiparous 10,180 (67.6%) 9,935 (67.4%) 245 (72.5%)
History of neonatal death 886 (5.9%) 866 (5.9%) 20 (5.9%) 0.977
Number of gestation
1 14,933 (99.1%) 14,601 (99.1%) 332 (98.2%) 0.218
2 115 (0.8%) 110 (0.7%) 5 (1.5%)
3 20 (0.1%) 19 (0.1%) 1(0.3%)
Trimester
st trimester 247 (1.6%) 234 (1.6%) 13 (3.8%) <0.001
2nd trimester 4,360 (28.9%) 4,293 (29.1%) 67 (19.8%)
3rd trimester 10,461 (69.4%) 10,203 (69.3%) 258 (76.3%)
Mean systolic blood pressure (mm Hg) 109.6 = 11 109.6 £ 11 109.8 +12.1 0.781
Mean diastolic blood pressure (mm Hg) 71.4 £ 93 71.4 £ 93 72.4 £ 9.7 0.062
Mean pulse rate (bpm) 89.2 + 84 89.1 £ 8.2 93.5 £12.2 <0.001
Diabetes mellitus
Nondiabetic 14,893 (98.8%) 14,562 (98.9%) 331 (97.9%) 0.114
Diabetic 175 (1.2%) 168 (1.1%) 7 (21%)
Hypertension
Nonhypertensive 14,813 (98.3%) 14,489 (98.4%) 324 (95.9%) <0.001
Hypertensive 255 (1.7%) 241 (1.6%) 14 (4.1%)
History of spontaneous abortion 3,037 (20.2%) 2,965 (20.1%) 72 (21.3%) 0.595
Pregnancy induced hypertension
No 14,897 (98.9%) 14,571 (98.9%) 326 (96.4%) <0.001
Yes 171 (1.1%) 159 (1.1%) 12 3.6%)
Anemia
Normal 5,238 (34.8%) 5,110 (34.7%) 128 (37.9%) <0.001
Anemia 7,914 (52.5%) 7,706 (52.3%) 208 (61.5%)
NA 1,916 (12.7%) 1,914 (13%) 2 (0.6%)
Mean hemoglobin (g/dL) 101 +15 101 +15 99 +17 0.006

Values are mean + SD or n (%).

located adjacent to the screening facility, for further
management and treatment. The management
approach followed standard-of-care guidelines.
These patients were then longitudinally followed up
in the cardio-obstetrics registry.

ETHICAL CONSIDERATIONS. This study was approved
by the institution review board of the National Insti-
tute of Cardiovascular Diseases (NICVD), Karachi,
Pakistan (approval number: IRB-32/2023). Verbal
informed consent was obtained from all the patients
regarding their participation in the study and publi-
cation of data while maintaining confidentiality and
anonymity. Due to observational nature of the study,
IRB waived the written consent and verbal consent
were approved by the IRB.

STATISTICAL ANALYSIS. Study data were entered
and analyzed using IBM SPSS, version 21. Categorical
response variables are summarized as frequency and

percentages, while continuous variables with non-
skewed distribution were presented as mean =+ SD.
Skewed distribution variables are summarized as
median (IQR). Patients were categorized into 2
groups based on the presence of LVSD, and chi-
squared tests or independent sample t-tests/Mann-
Whitney U tests were applied to assess the associa-
tion of various clinical and demographic factors with
LVSD. Uni/multivariable binary logistic regression
analyses were performed to identify clinical and
demographic factors associated with LVSD. All the
statistically significant variables in bivariate analysis
and those with plausible clinical association with
LVSD based on the literature were considered for
the logistic regression analysis and variables with
P value <0.20 in the univariable logistic regression
analysis were considered for the multivariable lo-
gistic regression analysis. Statistical significance was
determined at a 5% level.
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TABLE 2 Echocardiographic Findings of the Study Cohort Stratified by Left Ventricular
Systolic Dysfunction Status
LV Dysfunction
Total No Yes
(N = 15,068) (n = 14,730, 97.8%) (n = 338, 2.2%) P Value

Abnormal echocardiographic 569 (3.8%) 231 (1.6%) 338 (100%) <0.001

findings

Valvular lesions 188 (1.2%) 156 (1.1%) 32 (9.5%) <0.001
Nonrheumatic 63 (33.5%) 48 (30.8%) 15 (46.9%) <0.001
Rheumatic 125 108 (69.2%) 17 (53.1%)

(66.5%)

Mitral 103 92 (85.2%) 11(64.7%) <0.001
(82.4%)

Aortic 1(0.8%) 1(0.9%) 0 (0%)

Multivalve 21 (16.8%) 15 (13.9%) 6 (35.3%)

Congenital heart disease 68 (0.5%) 63 (0.4%) 5 (1.5%) 0.004
Atrial septal defect 29 (42.6%) 28 (44.4%) 1(20%) 0.287
Ventricular septal defect 16 (23.5%) 15 (23.8%) 1 (20%) 0.847
Patent ductus arteriosus 6 (8.8%) 5 (7.9%) 1(20%) 0.360
Tetralogy of Fallot 10 (14.7%) 9 (14.3%) 1 (20%) 0.728
Pulmonary valve stenosis 5 (7.4%) 5 (7.9%) 0 (0%) 0.513
Coarctation of aorta 4 (5.9%) 3 (4.8%) 1 (20%) 0.163

Values are n (%).

RESULTS

Approximately 22,295 new patients were enrolled in
the antenatal clinics during the study period of
14 months. Of these, 15,608 (70%) were screened.
There was a very small number of refusals to partic-
ipate (<0.5%). Due to the large number of patients
seen daily in the obstetrics clinics, not all the patients
could be screened. Patients were screened while
waiting to see their obstetricians.

A total of 15,068 pregnant women underwent
echocardiographic screening, with a mean age of
26.2 + 5.1 years. During the screening, 30.6% of the

TABLE 3 Univariable and Multivariable Binary Logistic Regression: Factors Associated
With Left Ventricular Systolic Dysfunction
Univariable Multivariable

OR [95% CI] P Value OR [95% CI] P Value
Age (y) 1.02 (1.00-1.04) 0.082 1.00(0.98-1.02) 0.950
Multiparous 1.27 (1.00-1.62) 0.051 1.20 (0.92-1.56) 0.172
History of neonatal death 1.01 (0.64-1.59) 0.977 - -
Number of gestations 1.75(0.91-3.36)  0.095 1.63 (0.82-3.23) 0.160
Systolic blood pressure (mm Hg)  1.00 (0.99-1.01)  0.781 - -
Diastolic blood pressure (mm Hg)  1.01 (1.00-1.02)  0.051  1.00 (0.99-1.02)  0.450
Pulse rate (beats/min) 1.05 (1.04-1.06) <0.001 1.05(1.04-1.06) <0.001
Diabetes 1.83 (0.85-3.93) 0.120 1.22 (0.52-2.84)  0.650
Hypertension 2.60 (1.50-4.50) <0.001 1.85(0.99-3.48) 0.055
History of spontaneous abortion 1.07 (0.83-1.40) 0.595 - -
Pregnancy-induced hypertension 3.37 (1.86-6.13) <0.001 2.79 (1.47-5.30) 0.002
Anemia 1.08 (0.86-1.35) 0.5M1 - -
Valvular lesions 9.77 (6.57-14.53) <0.001 8.47 (5.59-12.83) <0.001
Congenital heart disease 3.50 (1.40-8.75) 0.007 2.57(0.98-6.72) 0.054
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women were in the first 2 trimesters and 69.4% were
in the third trimester of pregnancy. Among the par-
ticipants, 32.4% were primiparous and 135 (0.9%) had
a multifetal pregnancy. A total percentage of 20.2%
patients had a history of spontaneous abortion.
The echocardiographic screening revealed abnormal
findings in 569 patients (3.8%) (Table 1).

LEFT VENTRICULAR SYSTOLIC DYSFUNCTION.
LVSD was detected in 338 (2.2%) of the women.
Among these patients, 191 (56%) had mildly reduced
LV systolic function (LVEF 41%-55%), 107 (32%) had
moderately reduced function (LVEF 31%-40%), and
40 (12%) had severely reduced function with an
LVEF =30%. Anemia was more common in patients
with LVSD (61.5%) compared to patients without
LVSD (52.3%) P < 0.001.

VALVULAR AND CONGENITAL HEART DISEASE. Out
of the participants, 188 patients (1.2%) were diag-
nosed with valvular heart disease, predominantly of
rheumatic origin (66.5%). Among these, 73 patients
had moderate to severe valvular lesions, with the
majority being rheumatic mitral stenosis. Addition-
ally, 68 patients (0.5%) had congenital heart disease
(Table 2). An additional 2% of the patients had
abnormal transthoracic echocardiogram findings such
as pericardial effusion.

FACTORS ASSOCIATED WITH LVSD. Logistic regres-
sion analysis revealed several factors associated with
significant LV dysfunction, including pregnancy-
induced hypertension, elevated pulse (>100 bpm),
and valvular heart disease as factors associated with
LVSD (Table 3).

DISCUSSION

Cardiovascular diseases and in particular SHD such as
peripartum cardiomyopathy (PPCM) and valvular
heart disease remain a significant concern worldwide,
contributing to maternal morbidity and mortality.”-®
In this study, we screened over 15000 pregnant
women using a standardized echocardiographic pro-
tocol. Our study aimed to assess the prevalence of SHD
in pregnant women and evaluate associated factors
for LVSD. To our knowledge, this is the largest study of
echocardiographic screening of pregnant women.
Overall, the prevalence of SHD was found to be 3.8%
with LVSD in 2.2% of the patients. Furthermore, we
identified VHD in 1.2% and congenital heart disease in
0.5% of the patients (Central Illustration). Pregnancy-
induced hypertension (PIH), elevated pulse, and VHD
were found to be the factors associated with LVSD. An
association between multiparity and one form of car-
diomyopathy, PPCM, has been reported in prior
studies.” Anemia was more common in the LVSD
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CENTRAL ILLUSTRATION Burden of Structural Heart Disease Among Pregnant Women Without
Active Cardio-Respiratory Symptoms Screened by Transthoracic Echocardiogram in Pakistan

\ Echocardiographic screening in
15,068 pregnant women

42% CHD +LVSD, 1%

n=5

23% VHD +LVSD, 6%
15% n=32

7% 8%

ASD VSD TOF PS

66%

VHD, 27%
n=156

Rheumatic Nonrheumatic

Bhatti S, et al. JACC Adv. 2024;3(12):101215.

Abnormal
n =569 (3.8%)

Others, 2%
n=12

Normal
n = 14,499 (96.2%)

12%

LVSD, 53%
n=301

Severe Moderate Mild
(EF £30%) (EF 31%-40%) (EF 41%-55%)

VSD = ventricular septal defect.

ASD = atrial septal defect; CHD = congenital heart disease; CoA = coarctation of aorta; EF = ejection fraction; LVSD = left ventricular systolic
dysfunction; PDA = patent ductus arteriosus; PS = pulmonary valve stenosis; TOF = Tetralogy of Fallot; VHD = valvular heart disease;

group compared to the overall group. Previous studies
have shown anemia to be a risk factor for asymptom-
atic LVSD.? Our findings highlight the value of echo-
cardiographic screening during pregnancy to identify
high-risk individuals who may benefit from cardiac
evaluation and referral to cardio-obstetric care.

The detection of valvular heart disease, predomi-
nantly of rheumatic origin, in 1.2% of our study
population emphasizes the importance of evaluating
for valvular abnormalities during routine antenatal
care. Rheumatic heart disease remains a significant
health burden in certain regions, and early identifi-
cation allows for timely referral and appropriate
management including starting penicillin for sec-
ondary prophylaxis, medical therapy to control heart
rate and symptoms if any and referral for intervention
if needed.

LVSD in this study may have been due to a number
of conditions. LVSD can be due to PPCM, hyperten-
sive heart disease, gestational diabetes, myocarditis,
VHD, congenital heart disease or previous cardiomy-
opathy of any cause. Anemia and nutritional de-
ficiencies are also predisposing factors for LVSD in
pregnancy. PPCM, in particular, is a significant
contributor to maternal morbidity and mortality on a
global scale.* While epidemiologic studies from Af-
rica, Haiti, European nations, and the United States of
America have shed some light on PPCM, data on this
condition remain relatively scarce in Pakistan.*'%
Notably, the incidence of PPCM varies considerably
based on ethnic and regional backgrounds, with Af-
rican and African-American individuals displaying a
higher susceptibility. Incidence rates of 1:100 in
Nigeria and 1:299 in Haiti have been reported.*>'%"
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Early detection of cardiomyopathies, including
PPCM, and other cardiovascular conditions provides
an opportunity for timely initiation of guideline-
directed medical therapy, with potential benefits for
both maternal and fetal health.”" In the In-
vestigators of Pregnancy-Associated Cardiomyopathy
cohort,” 13% of women with PPCM experienced a
major event (death, transplantation, or LVAD place-
ment) or had persistent severe cardiomyopathy with
an LVEF<35%. According to a position statement
from the Heart Failure Association of the European
Society of Cardiology Working Group on peripartum
cardiomyopathy, screening for peripartum cardio-
myopathy should be considered in women with a
history of peripartum cardiomyopathy, those with a
family history of cardiomyopathy or sudden cardiac
death, and those with multiple gestations.”

The findings from this registry align with the re-
sults reported in a large screening study conducted in
India, reinforcing the significance of echocardio-
graphic screening in asymptomatic pregnant women
for early detection of structural heart abnormalities.'*
Of 14,275 consecutive women screened in India, 353
(2.5%) were found to have a structural abnormality on
a screening echocardiogram. A total of 93 women had
mitral valve disease (two-thirds rheumatic). Of those
with mitral stenosis, 90% had mild to moderate dis-
ease, and 67% had a Wilkins score <8. The prevalence
of LVSD was 0.46% (66 women). These results un-
derscore the substantial burden of structural heart
abnormalities in pregnant women, regardless of
symptoms potentially warranting the implementa-
tion of routine echocardiographic screening during
antenatal visits. Our findings, along with the evi-
dence from other studies, advocate for the incorpo-
ration of echocardiographic screening as a vital
component of antenatal care, contributing to
enhanced maternal cardiovascular health and overall
perinatal well-being.">""”

While our study provides valuable insights into the
prevalence of SHD and factors associated with LVSD
in pregnant women without active cardiac symptoms,
it is essential to acknowledge some limitations. The
study was conducted at a single center in a specific
region, which may limit the generalizability of the
results. The definition of “asymptomatic” for the
purposes of this registry was patient denial of any
active cardiorespiratory symptoms; however, some
patients could have denied having complaints
because they thought that those were normal symp-
toms of pregnancy. Future multicenter studies with
larger cohorts and diverse populations are warranted
to validate these findings on a broader scale. While
this is a screening registry, we do have a prospective
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follow-up arm to look at outcomes. More complete
follow-up data will be informative in underscoring
the importance of such screening and will be pub-
lished in a follow-up paper.

CONCLUSIONS

Our prospective registry of echocardiographic
screening in pregnant women revealed a substantial
burden of SHD including LVSD and VHD. Early
detection of cardiac abnormalities during routine
antenatal visits provides an opportunity for early
referral to the cardio-obstetrics team and timely
management of cardiac abnormalities. The follow up
data that is being collected postpartum will provide
valuable insights into maternofetal outcomes. These
findings support the need for further research and the
development of screening guidelines specific to local
populations. Implementing such protocols may
contribute to reducing maternal morbidity and mor-
tality in regions with a high burden of poor maternal-
fetal outcomes.
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PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: The
prospective registry of echocardiographic screening in
pregnant women demonstrated a significant preva-
lence of structural cardiac abnormalities. Identifying
cardiac abnormalities during routine antenatal visits
allows for early identification and management, which
may improve maternal and fetal outcomes.

TRANSLATIONAL OUTLOOK: These findings un-
derscore the importance of additional research and
the establishment of tailored screening guidelines for
the local population. By implementing such protocols,
regions with high rates of poor maternal-fetal out-
comes may reduce maternal morbidity and mortality.
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