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Abstract
Over 90% of the world’s children with congenital heart disease (CHD) are born in the resources poor settings of low- to 
middle-income countries (LMICs). The shortfall in human and material resources and dysfunctional health systems leads to 
poor quality of care (QoC) which contributes substantially to suboptimal outcomes of patients with CHD in LMICs. Notwith-
standing these challenges, it is possible to develop a quality improvement (QI) framework that can have a significant impact 
on outcomes and prevent a number of deaths. In this review, we examine the common barriers to implementing effective 
QI processes in LMICs. Using examples of successful QI initiatives in LMIC, we propose a broad framework that focuses 
on simple, yet effective measures involving cohesive efforts of all key participants guided and nurtured by a leadership that 
strongly values QoC.
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Introduction

Congenital heart disease (CHD) remains the most com-
mon congenital malformation and accounts for the great-
est number of infant deaths related to birth defects [1]. The 
incidence of CHD is relatively constant according to the 
birth rate, with approximate prevalence of 8 per 1000 live 
births, estimating to 1.2 million children born globally with 
CHD each year [2, 3]. Ninety percent of children with CHD 
are born in low- to middle-income countries (LMICs) [4]. 

Data from 2017 showed that CHD resulted in approximately 
261,247 deaths and 589,479 years lived in disability across 
the globe. A systematic analysis on global burden of CHD 
revealed that the most CHD-related mortality among infants 
occurred in LMICs. Despite a 4.2% rise in the global preva-
lence of CHD, there has been a remarkable (60%) reduc-
tion in the estimated number of CHD-related deaths in 
high-income countries (HICs). This decline can be largely 
attributed to advancements in technology, skill development, 
and improvements in the quality of care (QoC) [5, 6]. QoC 
is the degree to which the healthcare services increase the 
likelihood of better outcomes [7]. Quality improvement (QI) 
refers to a systematic approach guided by data to improve 
the QoC [8].

A significant disparity in outcomes exists between HICs 
and LMICs, primarily stemming from differences in dis-
ease burden and inequity in available resources and QoC [5]. 
This also leads to preventable patient safety problems [9]. 
Because humans and poorly designed systems are vulner-
able to error, it is important to decrease the risk of unneces-
sary harm and level of error to an acceptable minimum [10]. 
Thus, it is critical that an effective culture promoting quality 
and patient safety is established in these systems. There are 
many published reports describing methods of designing and 
supporting pediatric cardiac surgery programs in LMICs but 
there is limited emphasis on the importance of QI and the 
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steps involved in QI initiatives [11]. It is imperative that 
individual or national pediatric and congenital heart dis-
ease (PCHD) care strategies adopt QI processes to improve 
QoC of a CHD patient at each level of facility which caters 
to patients with CHD, i.e., from community health centers 
to specialized CHD facilities (Fig. 1) [12]. Learning from 

successful QI initiatives in HIC and LMICs, we propose 
a comprehensive framework centered on impactful meas-
ures that are relatively easy to implement. This framework 
emphasizes the collaborative and coordinated efforts of all 
key stakeholders, guided and fostered by leadership that 
places a high priority on the QoC.

Fig. 1  Metrics for QI framework at each PCHD care level in LMIC
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Methodology

We conducted an extensive literature search to identify rele-
vant studies on QI initiatives in CHD from HIC and LMICs. 
Based on the insights gathered from the literature review, 
we formulated a framework that encompasses quality met-
rics (QMs) at various levels of CHD care. Our review paper 
includes three sections, each covering distinct aspects.

1. Illustrating the significance of QI in CHD with specific 
examples from LMIC.

2. Guiding principles for delivery of quality CHD care in 
low resource settings.

3. Proposed QI framework with implementation strategies.

Significance of QI in PCHD, Specific Examples From 
LMICs

The conventional view that surgical outcomes of a patients 
with CHD are related only to the surgeon’s technical skill 
has been replaced by an evolving and broader framework 
wherein it is acknowledged that healthcare outcomes are 
affected by multiple elements in a highly integrated and 
complex ecosystem [13]. Each element, including pre-
operative diagnosis, planning of surgery or catheter inter-
vention, post-operative/intervention management, and 
lifelong care, plays a pivotal role in the outcomes of CHD 
patients and encompasses the care continuum as shown 

in Fig. 2. QI initiatives along the entire CHD care contin-
uum are crucial for optimizing patient care and outcomes. 
Each element contributes to the power of marginal gain 
in improving the QoC. The scope of these QI activities 
can evolve over a period of time from basic patient safety 
measures and institutional/local internal audits to multi-
institutional QI collaborative. Through the collection of 
audited data from multiple institutions, these QI registries 
aid in the development of risk-stratified outcome metrics. 
These metrics can be employed to assess and compare the 
performance of individual programs with other centers, 
thereby facilitating collaborative learning and collective 
improvement efforts. Data visualization, benchmarking, 
and timely response to improvement opportunities enable 
QI culture [14] and have driven the paradigm shift in out-
comes of CHD seen in HICs [15, 16]. Table S1 summa-
rizes the network of registries from HIC around different 
elements of CHD care. Sustainable QI practices in HIC 
are encouraged by better governance, pay for performance 
(P4P), and requirements for compliance with best practice. 
Many of these factors are tied to reimbursement, national 
hospital rankings, and patient satisfaction [17], all of 
which further incentivize continuous improvements.

The significance of QI in CHD care in LMIC cannot be 
overstated [18]. Limited published literature exists regard-
ing QI initiatives in CHD care originating from LMICs 
and include the following.

Fig. 2  Elements that determine outcomes after cardiac surgery in children
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Individual/Single Institution‑Based QI Initiatives

o The impact of a QI initiative in an echocardiography 
(ECHO) laboratory in a low resource setting was studied 
by Mohsin et al. A key driver diagram (KDD)-based 
QI change strategy was used to drive improvement in 
all the processes, and the overall quality of the ECHO 
lab without any substantial increase in resources or cost 
[19].

o A reduction in radiation dose of cardiac computed 
tomography angiography (CCTA) and cardiac catheteri-
zation laboratory was demonstrated using a KDD-based 
change strategy [20, 21].

Multi‑institutional QI Collaboratives

Initiated in 2007, International Quality Improvement Col-
laborative (IQIC) is the best known multi-institutional QI 
effort for congenital heart care in LMICs. This collaborative 
collects data from LMIC CHD programs, provides detailed 
reports including risk-adjusted outcomes and using a KDD-
based change strategy actively promotes QI initiatives across 
the participating sites. At present, 74 sites from 27 coun-
tries have enrolled in IQIC. Clinical outcomes tracked in the 
database are risk-adjusted mortality (in-hospital and 30-day 
post-surgery) and major post-operative infections (surgical 
site and bloodstream) [22]. Recently, major post-operative 
morbidities such as tracheostomy, diaphragm paralysis, need 
for pacemaker placement, and reintubation are also being 
tracked. Over years, cumulative IQIC data, along with 
single-center experiences have demonstrated significant 
improvement in outcomes [23, 24].

Table 1 provides an overview of the challenges encoun-
tered by each QI initiative, along with the corresponding 
solutions. These challenges encompass issues such as the 
availability of tools and resources for collecting actionable 
data, a deficiency in knowledge regarding QI methods, the 
strain on healthcare systems, and the relatively low priority 
assigned to QI by hospital administration or health minis-
tries [25]. These examples have also demonstrated improved 
outcomes and underscored the importance of standardization 
and the development of systems that ensure consistent QoC.

Guiding Principles for Delivery of Quality PCHD Care

The guiding principles for providing high-quality PCHD 
care in resource-constrained setting have previously been 
documented [26]. The following salient features are worth 
reiterating:

• Advocating for the patient and family: All caregivers 
must have a strong commitment to serving every child 
in the region. A thorough understanding of each family’s 

economic situation in relation to the cost of care enables 
implementation of cost-effective management strategies, 
including QI initiatives.

• Focus on simple QI measures that significantly impact 
outcome: Highly effective QI measures that lead to 
improved outcomes are not necessarily costly. For exam-
ple, investing in infection control estimated to have a 
return on investment of up to $236 by preventing health-
care-associated infections (HAIs)) [27]. Another simple 
and highly effective QI intervention is the implementa-
tion of the surgical safety checklist.

• Reluctance to accept expensive new technology without 
proof of incremental benefits: New technology in health-
care can be expensive, and in a number of countries with 
limited public health funding, there is often insufficient 
consideration of cost versus benefits when acquiring 
advanced equipment, like, Hybrid Cath lab-operation 
theater suites and three dimensional mapping and print-
ing. While these technologies may be presumed to be 
superior, achieving excellent outcomes may not always 
depend on them. Maintenance costs are also a significant 
financial burden [28].

• Systematic documentation of practices, challenges, and 
outcomes through contextually relevant research: Docu-
mentation through peer-reviewed publications introduces 
considerable rigor and consistent reporting in multiple 
centers enables wider spread of change [29].

• Cultural changes in the work environments through 
introduction of collective data driven introspection: Tra-
ditional hierarchies may need to be dissolved through 
education and empowerment of all caregivers. This is 
especially true for nurses. It is also critical to develop and 
nurture leadership that resonates with the new paradigm 
of multidisciplinary care.

• Consistently communicating a comprehensive shared 
vision that encompasses all these elements is necessary 
to garner the necessary administrative, governmental, 
and funding support.

Metrics for QI Framework in LMIC

A comprehensive quality framework encompassing stand-
ard of care, patient safety and satisfaction, and outcomes 
for different levels of PCHD care is essential to ensure 
consistent and high-quality healthcare delivery. QMs and 
performance indicators are the fundamental components 
of this framework [30] and we suggest introducing QM at 
each level of PCHD care facility as described in detail in 
Table 2 and Fig. 1. Several of these QMs have been derived 
or adapted from sources, such as the Adult and Congenital 
Pediatric Cardiology Quality Network (ACPC QNET), the 
IQIC, and the Congenital Cardiac Catheterization Project 
Outcome (C3PO) [31]. These metrics can be implemented 

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Pediatric Cardiology 

1 3

Ta
bl

e 
1 

 L
es

so
ns

 le
ar

nt
 fr

om
 q

ua
lit

y 
in

iti
at

iv
es

 in
 lo

w
- t

o 
m

id
dl

e-
in

co
m

e 
co

un
tri

es

C
H

D
 c

on
ge

ni
ta

l h
ea

rt 
di

se
as

e,
 C

TA
 c

om
pu

te
d 

to
m

og
ra

ph
y 

an
gi

og
ra

ph
y,

 E
H

R 
el

ec
tro

ni
c 

he
al

th
 re

co
rd

, I
Q

IC
 In

te
rn

at
io

na
l Q

ua
lit

y 
Im

pr
ov

em
en

t C
ol

la
bo

ra
tiv

e,
 Q

I q
ua

lit
y 

im
pr

ov
em

en
t

In
te

rv
en

tio
n

C
ha

lle
ng

es
/li

m
ita

tio
ns

So
lu

tio
n

O
ut

co
m

es
/p

ap
er

C
om

pr
eh

en
si

ve
 tr

an
st

ho
ra

ci
c 

ec
ho

es
, r

ep
or

te
d 

tim
el

y 
w

ith
 h

ig
h 

di
ag

no
sti

c 
ac

cu
ra

cy
- P

oo
rly

 d
ev

el
op

ed
 h

ea
lth

 sy
ste

m
s, 

no
 E

H
R

, 
re

po
rti

ng
 /a

rc
hi

vi
ng

 se
rv

er
- L

ac
k 

of
  i

nc
en

tiv
e 

to
 su

st
ai

n 
Q

I w
or

k
- H

ig
h 

vo
lu

m
e 

of
 p

at
ie

nt
 a

nd
 le

ss
 m

on
et

ar
y 

be
ne

fit
- S

ke
w

ed
 c

lin
ic

 v
ol

um
es

- S
ed

at
io

n 
w

as
 n

ot
 d

on
e 

w
ith

 sa
fe

ty

- E
m

pl
oy

ee
 e

ng
ag

em
en

t
- I

nc
en

tiv
e 

th
ro

ug
h 

en
do

w
m

en
t f

un
d

- S
ta

nd
ar

di
za

tio
n 

of
 p

ro
to

co
ls

 a
nd

 P
re

-s
ur

gi
ca

l 
m

ee
tin

g 
pa

tte
rn

- R
eg

ul
ar

 E
ch

o 
qu

al
ity

 a
ud

its
- S

ed
at

io
n 

ad
ve

rs
e 

ev
en

t r
ep

or
tin

g

D
ec

re
as

e 
in

 d
ia

gn
os

tic
 e

rr
or

s f
ro

m
 7

.5
%

 to
 

3.
5%

. S
ed

at
io

n 
ad

ve
rs

e 
ev

en
ts

 fr
om

 6
.8

%
 to

 
0%

M
oh

si
n 

et
 a

l. 
[1

9]

R
ad

ia
tio

n 
ha

za
rd

 in
 C

T 
an

gi
og

ra
ph

y 
A

 
ke

y 
dr

iv
er

-b
as

ed
 Q

I t
o 

re
du

ce
 ra

di
at

io
n 

do
se

 d
ur

in
g 

C
TA

 fo
r C

H
D

 u
si

ng
 p

ro
to

co
l 

op
tim

iz
at

io
n,

 c
om

m
un

ic
at

io
n,

 a
nd

 tr
ai

ni
ng

 
an

d 
im

pl
em

en
ta

tio
n 

of
 C

TA
 p

ro
to

co
ls

 a
s t

he
 

dr
iv

er
s f

or
 in

te
rv

en
tio

n

- N
o 

st
an

da
rd

 p
ro

to
co

ls
 fo

r p
ed

ia
tri

c 
ca

rd
ia

c 
C

T 
sc

an
ni

ng
- L

ac
k 

of
 tr

ai
ni

ng
 o

f s
ta

ff 
in

 p
er

fo
rm

in
g 

pe
di

-
at

ric
 c

ar
di

ac
 C

T
- I

ne
ffi

ci
en

cy
 in

 re
so

ur
ce

 u
til

iz
at

io
n

- C
re

at
in

g 
an

d 
te

ac
hi

ng
 p

ed
ia

tri
c 

ca
rd

ia
c 

C
T 

pr
ot

oc
ol

s
- C

le
ar

 c
om

m
un

ic
at

io
n 

re
ga

rd
in

g 
th

e 
in

di
ca

tio
n 

of
 th

e 
sc

an
 a

nd
 q

ue
sti

on
s t

o 
be

 
an

sw
er

ed
- B

uy
 in

 fr
om

 b
ot

h 
ra

di
ol

og
y 

an
d 

pe
di

at
ric

 
ca

rd
io

lo
gy

- A
pp

ro
pr

ia
te

 p
la

nn
in

g 
w

ith
 d

is
cu

ss
io

n

R
ad

ia
tio

n 
do

se
 d

ec
re

as
ed

 fr
om

 m
ed

ia
n 

of
 1

2 
m

SV
 to

 2
.0

 m
SV

. O
ve

r a
 p

er
io

d 
of

 5
 y

ea
rs

A
li 

et
 a

l. 
[2

1]

Re
du

ct
io

n 
of

 ra
di

at
io

n 
ha

za
rd

 in
 C

at
h 

la
b 

(C
3P

O
)

- L
ac

k 
of

 ra
di

at
io

n 
kn

ow
le

dg
e

- I
na

de
qu

at
e 

pr
oc

ed
ur

al
 d

oc
um

en
ta

tio
n

- N
o 

pr
ep

ro
ce

du
ra

l t
ea

m
 h

ud
dl

e
- N

o 
qu

al
ity

 a
ud

its

- P
ro

m
ot

io
n 

of
 sa

fe
 ra

di
at

io
n 

pr
ac

tic
es

- A
de

qu
at

e 
st

aff
 e

du
ca

tio
n

- D
oc

um
en

ta
tio

n 
op

tim
iz

at
io

n
- S

us
ta

in
ab

ili
ty

 o
f s

ta
nd

ar
d 

pr
ac

tic
es

Im
pr

ov
em

en
t i

n 
th

e 
pe

rc
en

ta
ge

 o
f c

as
es

 th
at

 
m

et
 th

e 
es

ta
bl

is
he

d 
be

nc
hm

ar
k 

of
 ‘I

de
al

 d
oc

u-
m

en
ta

tio
n’

 (3
5%

 v
s 9

5%
, p

 =
 0.

00
1)

A
li 

et
 a

l. 
[2

0]
IQ

IC
 In

fe
ct

io
n 

co
nt

ro
l

N
ur

se
 e

m
po

w
er

m
en

t
- L

ac
k 

of
 te

am
w

or
k

- I
ne

ffe
ct

iv
e 

ha
nd

 h
yg

ie
ne

- L
im

ite
d 

in
vo

lv
em

en
t o

f n
ur

se
 q

ua
lit

y 
im

pr
ov

em
en

t p
ra

ct
ic

es

-P
oi

nt
 p

er
so

n 
fo

r I
Q

IC
 w

as
 c

ho
se

n 
fro

m
 C

IC
U

 
nu

rs
es

- I
m

pr
ov

ed
 h

an
d 

hy
gi

en
e 

pr
ac

tic
es

Si
gn

ifi
ca

nt
 d

ec
re

as
e 

in
 su

rg
ic

al
 si

te
 in

fe
ct

io
ns

 
an

d 
ba

ct
er

ia
l s

ep
si

s i
n 

th
e 

po
st-

IQ
IC

 v
er

su
s 

pr
e-

IQ
IC

 p
er

io
d 

(1
%

 v
s 3

0%
, p

 =
 0.

00
01

, 
re

sp
ec

tiv
el

y
K

um
ar

 a
nd

 S
hr

iv
as

ta
va

 [2
5]

Th
e 

im
pa

ct
 o

f I
Q

IC
 o

n 
po

st-
op

er
at

iv
e 

ou
t-

co
m

es
 a

fte
r C

H
D

 su
rg

er
y

- L
ac

k 
of

 d
at

ab
as

e
- L

ac
k 

of
 le

ar
ni

ng
 a

nd
 Q

I o
pp

or
tu

ni
tie

s
- T

el
em

ed
ic

in
e 

pl
at

fo
rm

 to
 fa

ci
lit

at
e 

di
st

an
ce

 
le

ar
ni

ng
, d

ia
lo

gu
e,

 a
nd

 to
 d

is
se

m
in

at
e 

kn
ow

le
dg

e 
an

d 
sk

ill
s

- K
ey

 d
riv

er
 d

ia
gr

am
-b

as
ed

 c
ha

ng
e 

str
at

eg
ie

s 
fo

r Q
I

O
ve

r t
he

 th
re

e 
ye

ar
s, 

th
er

e 
w

as
 a

 si
gn

ifi
ca

nt
 

de
cl

in
e 

in
 b

ac
te

ria
l s

ep
si

s (
fro

m
 1

5.
1 

to
 9

.6
%

, 
p <

 0.
00

1)
,

Su
rg

ic
al

 si
te

 in
fe

ct
io

n 
(1

1.
1 

to
 2

.4
%

, p
 <

 0.
00

1)
D

ur
at

io
n 

of
 IC

U
 st

ay
 fr

om
 1

14
(8

–9
99

) h
ou

rs
 

to
 7

2 
(1

8–
99

9)
 h

ou
rs

 (p
 <

 0.
00

1)
. T

he
 d

ec
lin

e 
in

 m
or

ta
lit

y 
fro

m
 (4

.3
 to

 2
.2

%
) d

id
 n

ot
 re

ac
h 

st
at

ist
ic

al
 si

gn
ifi

ca
nc

e
Je

nk
in

s e
t a

l. 
[2

2]
; S

en
 e

t a
l. 

[2
3]

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



 Pediatric Cardiology

1 3

Ta
bl

e 
2 

 M
et

ric
s f

or
 Q

I f
ra

m
ew

or
k 

in
 L

M
IC

M
et

ric
D

efi
ni

tio
n

N
um

er
at

or
D

en
om

in
at

or
Ta

rg
et

*
A

ss
ig

ne
d 

pe
rs

on

Pe
di

at
ric

 a
nd

 c
on

ge
ni

ta
l c

ar
di

ac
 se

rv
ic

es
 le

ve
l (

PC
C

SL
) 2

/F
irs

t-l
ev

el
 H

os
pi

ta
l

 D
ia

gn
os

tic
 a

cc
ur

ac
y 

ra
te

 
(D

A
R

)
Th

e 
pr

op
or

tio
n 

of
 p

ot
en

tia
lly

 
pr

ev
en

ta
bl

e 
an

d 
cl

in
ic

al
ly

 
im

po
rta

nt
 in

ac
cu

ra
te

 d
ia

gn
o-

se
s a

m
on

g 
co

ng
en

ita
l h

ea
rt 

su
rg

ic
al

 p
at

ie
nt

s
M

in
or

: N
o 

ch
an

ge
 in

 p
at

ie
nt

 
pl

an
M

od
er

at
e:

 C
ha

ng
e 

in
 p

la
n 

bu
t 

no
 h

ar
m

Se
ve

re
: C

at
as

tro
ph

ic
 e

ve
nt

/
de

at
h

N
um

be
r o

f i
na

cc
ur

at
e 

di
ag

-
no

se
s

(T
he

se
 e

rr
or

s w
ill

 b
e 

id
en

ti-
fie

d 
by

 re
vi

ew
in

g 
ot

he
r 

im
ag

in
g 

m
od

al
ity

 o
r i

n 
th

e 
op

er
at

in
g 

ro
om

 b
y 

su
rg

eo
n)

N
um

be
r o

f C
on

ge
ni

ta
l h

ea
rt 

di
se

as
e 

C
H

D
 T

ra
ns

th
or

ac
ic

 
sc

an
s d

on
e

M
in

or
 =

  <
 5%

M
od

er
at

e =
  <

 2%
Se

ve
re

 =
 0%

Le
ad

 p
ed

ia
tri

c 
ca

rd
io

lo
gi

st 
w

ith
 te

ch
ni

ca
l l

ea
d 

so
no

gr
a-

ph
er

. T
he

y 
w

ill
 c

ol
la

bo
ra

te
 

w
ith

 le
ve

l 4
 a

nd
 5

 P
C

C
SL

 to
 

re
ce

iv
e 

fe
ed

ba
ck

 o
n 

D
ia

gn
os

-
tic

 e
rr

or
s

 S
ta

bi
liz

at
io

n 
ra

te
A

pp
ro

pr
ia

te
 p

re
su

rg
ic

al
 

m
an

ag
em

en
t l

ik
e 

tim
el

y 
pr

os
ta

gl
an

di
n 

(P
G

E1
) o

r 
ox

yg
en

 in
iti

at
io

n 
de

pe
nd

in
g 

on
 th

e 
le

si
on

N
um

be
r o

f n
eo

na
te

s w
ho

 
re

ce
iv

ed
 P

G
E1

 w
ith

in
 6

 h
 o

f 
pr

es
cr

ib
in

g 
(th

e 
tim

e 
pe

rio
d 

ca
n 

be
 a

cc
or

di
ng

 to
 e

ac
h 

pr
og

ra
m

s r
es

ou
rc

es
)

N
um

be
r o

f n
eo

na
te

s w
ho

 
re

ce
iv

ed
 p

ro
st

ag
la

nd
in

 
in

fu
si

on

 >
 80

%
Ph

ar
m

ac
y 

in
 c

ha
rg

e 
w

ill
 b

e 
re

sp
on

si
bl

e 
an

d 
pr

og
ra

m
 

co
or

di
na

to
r w

ill
 c

ol
le

ct
 d

at
a 

an
d 

up
da

te
 th

e 
sy

ste
m

PC
C

SL
 3

/ R
ef

er
ra

l H
os

pi
ta

l (
se

co
nd

 le
ve

l) 
(in

 a
dd

iti
on

 to
 a

bo
ve

 m
et

ric
s)

 S
ed

at
io

n 
ad

ve
rs

e 
ev

en
t r

at
e

Th
is

 m
et

ric
 w

ill
 tr

ac
k 

an
y 

ad
ve

rs
e 

ev
en

ts
 w

hi
ch

 w
ill

 b
e 

ca
te

go
riz

ed
 a

s m
in

or
, m

od
-

er
at

e,
 a

nd
 se

ve
re

 a
cc

or
di

ng
 

to
 A

C
PC

 Q
N

ET
 d

efi
ni

tio
n

N
um

be
r o

f s
ed

at
io

n 
ad

ve
rs

e 
ev

en
ts

To
ta

l n
um

be
r o

f s
ed

at
ed

 st
ud

-
ie

s f
or

 e
ch

o
M

od
er

at
e 

ad
ve

rs
e 

ev
en

ts
 <

 2%
Se

ve
re

 a
dv

er
se

 e
ve

nt
s s

ho
ul

d 
be

 0
%

Se
da

tio
n 

nu
rs

e 
w

ill
 b

e 
re

sp
on

si
-

bl
e 

to
 c

ol
le

ct
 th

e 
da

ta
Th

e 
Ec

ho
 te

ch
ni

ca
l l

ea
d 

so
no

g-
ra

ph
er

 w
ill

 c
ol

le
ct

 d
at

a 
an

d 
up

lo
ad

 M
ea

n 
co

m
pr

eh
en

si
ve

 sc
or

e 
(M

C
S)

A
ve

ra
ge

 c
om

pl
et

en
es

s s
co

re
 

as
 m

ea
su

re
d 

by
 th

e 
co

m
pr

e-
he

ns
iv

en
es

s e
xa

m
 a

ss
es

s-
m

en
t w

or
ks

he
et

 o
f i

ni
tia

l 
tra

ns
th

or
ac

ic
 e

ch
o 

(T
TE

s)
 

de
si

gn
at

ed
 a

s c
om

pl
et

e 
stu

di
es

 (e
ith

er
 in

pa
tie

nt
 o

r 
ou

tp
at

ie
nt

)

Su
m

 o
f t

he
 c

om
pr

eh
en

si
ve

-
ne

ss
 e

xa
m

 a
ss

es
sm

en
t w

or
k-

sh
ee

t s
co

re
s f

or
 a

ll 
TT

Es

To
ta

l n
um

be
r o

f i
ni

tia
l T

TE
s 

de
si

gn
at

ed
 a

s c
om

pl
et

e 
stu

di
es

 d
ur

in
g 

th
e 

m
ea

su
re

-
m

en
t p

er
io

d 
fo

r p
at

ie
nt

s 
w

ith
 st

ru
ct

ur
al

ly
 n

or
m

al
 

he
ar

ts

28
 (S

um
 o

f M
C

S)
20

 st
ud

ie
s p

er
 q

ua
rte

r w
ill

 
be

 ra
nd

om
ly

 se
le

ct
ed

 a
nd

 
as

se
ss

ed
 b

y 
so

no
gr

ap
he

rs
 

an
d 

re
ad

in
g 

ph
ys

ic
ia

ns

Le
ad

 p
ed

ia
tri

c 
ca

rd
io

lo
gi

st 
w

ith
 

te
ch

ni
ca

l l
ea

d 
so

no
gr

ap
he

r 

 T
ra

ns
po

rt 
ra

te
A

bi
lit

y 
to

 tr
an

sp
or

t i
n 

tim
el

y 
an

d 
effi

ci
en

t m
an

ne
r

N
um

be
r o

f p
at

ie
nt

s a
cc

ep
te

d 
as

 u
rg

en
t w

ho
 a

re
 tr

an
s-

po
rte

d 
w

ith
in

 2
4 

h 
of

 
re

qu
es

t

To
ta

l n
um

be
r o

f p
at

ie
nt

s 
ac

ce
pt

ed
 a

s u
rg

en
t w

ho
 a

re
 

tra
ns

po
rte

d

 >
 80

%
Pe

di
at

ric
 c

ar
di

ol
og

y 
pr

og
ra

m
 

co
or

di
na

to
r w

ill
 b

e 
re

sp
on

-
si

bl
e

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Pediatric Cardiology 

1 3

Ta
bl

e 
2 

 (c
on

tin
ue

d)

M
et

ric
D

efi
ni

tio
n

N
um

er
at

or
D

en
om

in
at

or
Ta

rg
et

*
A

ss
ig

ne
d 

pe
rs

on

PC
C

SL
 4

/ R
ef

er
ra

l H
os

pi
ta

l (
th

ird
 le

ve
l) 

(in
 a

dd
iti

on
 to

 a
bo

ve
 m

et
ric

s)
 P

re
na

ta
l d

et
ec

tio
n 

of
 c

rit
ic

al
 

C
H

D
Th

is
 m

et
ric

 w
ill

 se
rv

e 
as

 a
 

m
ea

ns
 fo

r c
en

te
rs

 to
 tr

ac
k 

an
d 

re
po

rt 
ra

te
s o

f p
re

na
ta

l 
de

te
ct

io
n 

of
 c

rit
ic

al
 C

H
D

, 
de

fin
ed

 a
s l

es
io

ns
 re

qu
iri

ng
 

su
rg

ic
al

 o
r c

at
he

te
r i

nt
er

ve
n-

tio
n 

w
ith

in
 fi

rs
t 2

8 
da

ys
 o

f 
lif

e

N
um

be
r o

f p
at

ie
nt

s w
ho

 h
ad

 
a 

pr
en

at
al

 d
ia

gn
os

is
 o

f 
str

uc
tu

ra
l C

H
D

 in
 w

hi
ch

 
in

te
rv

en
tio

n 
w

as
 e

xp
ec

te
d 

or
 

po
ss

ib
le

Fe
tu

se
s b

or
n 

du
rin

g 
th

e 
qu

ar
te

r w
ith

 p
re

na
ta

l C
H

D
 

di
ag

no
si

s n
ee

di
ng

 in
te

rv
en

-
tio

n 
w

ith
in

 fi
rs

t y
ea

r o
f l

ife

 >
 80

%
Pe

di
at

ric
 c

ar
di

ol
og

y 
pr

og
ra

m
 

co
or

di
na

to
r w

ill
 e

ns
ur

e 
th

e 
da

ta
 is

 c
ol

le
ct

ed
 q

ua
rte

rly

 F
et

al
 d

ia
gn

os
tic

 e
rr

or
 ra

te
Th

is
 m

ea
su

re
 p

ro
vi

de
s a

 
m

ec
ha

ni
sm

 fo
r f

et
al

 e
ch

oc
ar

-
di

og
ra

ph
y 

la
bo

ra
to

rie
s t

o 
re

co
rd

 a
nd

 a
na

ly
ze

 d
ia

gn
os

-
tic

 d
is

cr
ep

an
ci

es
 b

et
w

ee
n 

fe
ta

l a
nd

 p
os

tn
at

al
 fi

nd
in

gs

N
um

be
r o

f f
et

al
 p

at
ie

nt
s w

ith
 

a 
m

od
er

at
e 

or
 se

ve
re

 d
is

-
cr

ep
an

cy
 b

et
w

ee
n 

pr
en

at
al

 
&

 p
os

tn
at

al
 d

ia
gn

os
is

Fe
tu

se
s b

or
n 

du
rin

g 
th

e 
qu

ar
te

r w
ith

 p
re

na
ta

l C
H

D
 

di
ag

no
si

s n
ee

di
ng

 in
te

rv
en

-
tio

n 
w

ith
in

 fi
rs

t y
ea

r o
f l

ife

 <
 5%

C
om

pa
ris

on
 o

f p
re

na
ta

l i
m

ag
-

in
g 

fin
di

ng
s a

nd
 re

po
rts

 
w

ith
 p

os
tn

at
al

 in
ve

sti
ga

tio
ns

 
an

d 
re

po
rts

 o
r r

ep
ea

t f
et

al
 

ec
ho

ca
rd

io
gr

am
M

at
er

no
fe

ta
l a

nd
 p

ed
ia

tri
c 

ca
rd

io
lo

gy
 n

ur
se

 c
oo

rd
in

at
or

s 
w

ill
 c

ol
le

ct
 th

e 
da

ta
 R

es
id

ua
l l

es
io

n 
sc

or
e 

(R
LS

) 
[5

0]
To

 k
ee

p 
a 

re
co

rd
 o

f r
es

id
ua

l 
le

si
on

 b
as

ed
 o

n 
pr

e-
di

s-
ch

ar
ge

 e
ch

oc
ar

di
og

ra
m

N
um

be
r o

f p
ro

ce
du

re
s w

ith
 

R
LS

 c
at

eg
or

y 
3 

or
 m

or
e

To
ta

l n
um

be
r o

f s
ur

ge
rie

s 
pe

rfo
rm

ed
 <

 10
%

Le
ad

 p
ed

ia
tri

c 
ca

rd
io

lo
gi

st 
w

ith
 

te
ch

ni
ca

l l
ea

d 
so

no
gr

ap
he

r

 M
ul

tid
is

ci
pl

in
ar

y 
te

am
 

(M
D

T)
 m

ee
tin

gs
Sh

ar
ed

 u
nd

er
st

an
di

ng
 a

nd
 

si
tu

at
io

na
l a

w
ar

en
es

s o
f 

su
rg

ic
al

 p
ro

ce
du

re
s

C
as

es
 d

is
cu

ss
ed

 in
 M

D
T 

m
ee

tin
gs

To
ta

l n
um

be
r o

f s
ur

ge
rie

s
10

0%
Le

ad
 p

ed
ia

tri
c 

ca
rd

io
lo

gi
st 

w
ith

 
te

ch
ni

ca
l l

ea
d 

so
no

gr
ap

he
r

 In
te

ns
iv

e 
ca

re
 u

ni
t (

IC
U

) &
 

in
pa

tie
nt

 c
om

pl
ic

at
io

ns
 

ra
te

CA
U

TI
, C

LA
B

SI
, V

A
P,

 so
ft 

tis
su

e 
in

fe
ct

io
ns

N
um

be
r o

f p
at

ie
nt

s w
ho

 
de

ve
lo

pe
d 

co
m

pl
ic

at
io

n
A

ll 
pa

tie
nt

s d
is

ch
ar

ge
d 

fro
m

 
ho

sp
ita

l o
r I

C
U

10
%

Pr
og

ra
m

s c
an

 re
po

rt 
pe

r 1
00

0 
pa

tie
nt

 d
ay

s o
r c

an
 u

se
 IQ

IC
 

re
po

rts
 to

 tr
ac

k 
th

es
e 

m
et

ric
s

C
ru

de
 m

or
ta

lit
y 

ra
te

N
um

be
r o

f m
or

ta
lit

ie
s

N
um

be
r o

f p
at

ie
nt

s a
dm

itt
ed

 <
 10

%
Ta

rg
et

s c
an

 b
e 

se
t i

nt
er

na
lly

 
w

ith
 a

 fo
cu

s o
n 

co
ns

ist
en

t 
im

pr
ov

em
en

t
IC

U
 le

ng
th

 o
f s

ta
y 

(L
O

S)
M

ea
n 

LO
S 

in
 IC

U
Ex

pe
ct

ed
 L

O
S 

in
 IC

U
 a

cc
or

d-
in

g 
to

 le
si

on
–

 E
m

er
ge

nt
 c

ar
di

ac
 c

at
he

te
ri-

za
tio

n 
pr

oc
ed

ur
e 

ou
tc

om
es

C
ru

de
 m

or
ta

lit
y 

ra
te

 in
 h

os
-

pi
ta

l a
fte

r e
m

er
ge

nt
 c

ar
di

ac
 

ca
th

et
er

iz
at

io
n

N
um

be
r o

f m
or

ta
lit

ie
s d

ur
in

g 
th

e 
pr

oc
ed

ur
e

N
um

be
r o

f e
m

er
ge

nt
 p

ro
ce

-
du

re
s p

er
fo

rm
ed

 in
 a

 y
ea

r
 <

 10
%

In
di

vi
du

al
 d

at
a 

co
lle

ct
io

n 
or

 IQ
IC

 re
gi

str
y 

by
 n

ur
se

 
co

or
di

na
to

r
 R

eg
ul

ar
 m

or
bi

di
ty

 &
 m

or
ta

l-
ity

 (M
&

M
) m

ee
tin

gs
N

um
be

r o
f M

&
M

 m
ee

tin
gs

 
co

nd
uc

te
d 

pe
r y

ea
r

–
 >

 2
C

ar
di

ot
ho

ra
ci

c 
su

rg
er

y 
w

ith
 

in
te

ns
iv

e 
ca

re
PC

C
SL

 5
/ N

at
io

na
l C

hi
ld

re
n’

s H
os

pi
ta

l (
in

 a
dd

iti
on

 to
 a

bo
ve

 m
et

ric
s)

 T
ra

ns
-e

so
ph

ag
ea

l e
ch

oc
ar

-
di

og
ra

m
 (T

EE
) a

cc
ur

ac
y 

ra
te

A
cc

ur
ac

y 
of

 p
re

-o
pe

ra
tiv

e 
di

ag
no

si
s b

as
ed

 o
n 

TE
E

To
ta

l n
um

be
r o

f p
re

-o
pe

ra
tiv

e 
TE

Es
 w

ith
 o

ne
 o

r m
or

e 
m

aj
or

 d
is

cr
ep

an
ci

es
 id

en
ti-

fie
d 

w
ith

in
 2

4 
h 

of
 su

rg
er

y

To
ta

l n
um

be
r o

f p
re

-o
pe

ra
tiv

e 
TE

Es
 p

er
fo

rm
ed

0%
Pe

di
at

ric
 c

ar
di

ol
og

y,
 n

on
in

va
-

si
ve

 im
ag

in
g 

re
am

 T
EE

 a
dv

er
se

 e
ve

nt
s r

at
e

R
at

e 
of

 a
dv

er
se

 e
ve

nt
s a

ss
oc

i-
at

ed
 w

ith
 T

EE
N

um
be

r o
f T

EE
s w

ith
 a

dv
er

se
 

ev
en

ts
, i

de
nt

ifi
ed

 d
ur

in
g 

a 
TE

E 
as

se
ss

m
en

t

To
ta

l n
um

be
r o

f T
EE

s p
er

-
fo

rm
ed

 <
 2%

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



 Pediatric Cardiology

1 3

in resource-limited settings without the requirement for 
additional resources, as demonstrated by examples from 
LMIC in  Table 1.

While this might appear ambitious, with strong leader-
ship, thorough planning, and efficient resource allocation, 
achieving high-quality healthcare, especially in LMIC 
through contextually relevant, cost-effective, and innovative 
change strategies is attainable. Low cost, by no means should 
be equivalent to low quality.

Strategies for Ensuring the Implementation 
of the QI Framework in LMIC

QI is a systematic approach to improve healthcare delivery 
requiring continuous efforts to reduce variation and sus-
tain the improved outcomes. Despite the relatively modest 
impact of healthcare improvement initiatives, it remains cru-
cial to customize QI to identify particular gaps and incorpo-
rate them into facility-level processes [13, 32]. The main gap 
is lack of planning the implementation change [33]. Imple-
mentation strategies can enhance patient care and outcome 
by clear goal setting, stakeholder engagement, resource 
allocation, and continuous monitoring. A well-designed 
implementation plan is essential for seamlessly and sustain-
ably integrating a QI framework and QMs into the health-
care system. It should also address potential obstacles and 
challenges.

• Leadership commitment: Stable leadership, with vision 
and commitment, is the most important piece in sustain-
ability of QI efforts [34]. Effective institutional leader-
ship plays a crucial role in promoting teamwork and 
improving QI practices within a multidisciplinary health-
care team [35]. Leaders can facilitate training of support 
staff to acquire and maintain QI skills, create organiza-
tion support structures, and align systems/workflows to 
support improvement. Importantly, leadership is vital in 
creating a culture that promotes and values innovation 
and improvement. It is imperative that healthcare lead-
ers understand how to develop, drive, and sustain change 
strategy. Communicating a clear roadmap for change will 
help these leaders develop QI-focused teams, keep track 
of progress, and improvise to ensure effective and effi-
cient QI initiatives [36]. Essential considerations that 
healthcare leaders should make to drive continuous QI 
include

o Developing a cohesive team. A cohesive multidis-
ciplinary healthcare team is essential for improv-
ing patient outcomes. Effective teamwork involves 
collaboration and acknowledging the contributions 
of all team members, including those in less obvi-
ous roles, such as housekeeping staff [37]. Training Ta

bl
e 
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programs can enhance team cohesion and shared 
responsibility among medical staff, particularly in 
surgical programs where structured and effective 
communication is crucial. This has been illustrated 
by examples from collaborations between Uzbeki-
stan and Seoul National University College of 
Medicine in Korea, as well as Mongolian CHD pro-
grams [38, 39]. Within the proposed QI framework 
(Table 2), various healthcare professionals, ranging 
from primary healthcare workers to cardiologists, 
nurses, and support staff, collaborate to enhance 
patient care.

o Specific role assignment and effective communica-
tion: Clear roles and responsibilities, firm guard rails 
for scope of work, well-defined escalation pathways, 
and communication standards help QI teams to func-
tion optimally. Early and frequent conversations for 
conflict resolution between team members through 
formal or informal meetings is essential. Previous 
research has shown that nurses can play the roles of 
effective communicators in multidisciplinary team 
(MDT) meetings in addition to communicating with 
patients and families [40]. Regular MDT meetings 
where patient details are shared between the team 
members can improve shared situational awareness, 
which is key to QoC. With increasing patient com-
plexity in maturing surgical programs, these meet-
ings acquire even greater significance.

o Culture: Leaders that create an institutional culture 
that values all team members taking responsibility 
“to do their jobs and improve upon them,” promote 
internal drive for improvement [41]. The leadership 
should endeavor to always promote team harmony 
and proactively address potential threats that could 
disrupt the team’s integrity. A social media-based 
encouragement strategy from LMIC has success-
fully shown employee engagement in a productive 
manner [42].

o Empowerment of team members: Empowerment in 
the workplace occurs when employees are enabled 
to perform effectively and recognize their contribu-
tions. This involves providing learning opportuni-
ties to enhance knowledge and skills, boosting con-
fidence and competence [43]. Achieving this entails 
offering educational material, training for complex 
scenarios, adequate resources, staffing, feedback, 
and mentorship [44]. Such an environment is essen-
tial for staff mental well-being, promoting self-
improvement and a sense of psychological safety 
[45]. Empowered workplaces enhance motivation, 
productivity, and organizational commitment among 
employees [46].

• Developing shared accountability: Promoting account-
ability among healthcare team members is a crucial ele-
ment for sustainable QI [47]. To develop accountability 
within a healthcare system, four parameters can be used: 
competence, information accessibility, awareness, and 
gratification.

o Competence involves enhancement of the individ-
ual’s knowledge, clinical reasoning, skill set, and 
communication.

o Information accessibility emphasizes patient-cen-
tered care and transparency and requires informa-
tion to be shared within all domains of healthcare, 
including primary care centers and ancillary staff. 
Using QM as described in Table 2 to share patient 
outcomes is an illustration of promoting information 
accessibility.

o Awareness highlights the need for prudent decision-
making and understanding the implications of medi-
cal action.

o Gratification: As physicians improve their skills 
and achieve better patient outcomes, they earn the 
trust of both patients and the healthcare system. This 
trust brings about professional satisfaction, inculcate 
gratification, and drives intrinsic motivation.

• Data-driven approach:

o Timely collection of accurate data, frequent vali-
dation, and auditing of data used for QI purposes 
can help with a transparent and objective approach 
to continuous QI. This instills trust among the 
team members which in turn leads to a collective 
improvement effort.

o QM data collection can play a crucial role in pro-
curement of funds to support clinical services and 
health research. Reliable and accurate QM enables 
funders or regulatory agencies to see how their 
funds are being utilized and empowers them to make 
informed decisions based on evidence. Resources 
can be allocated according to the outcomes shown 
by the QM comparison analysis [28].

• Adaptation of implementation science principles to 
drive sustainable QI initiatives: There is a significant 
gap between knowledge of interventions and their dis-
semination and implementation [48]. Implementation 
science is the scientific study of methods to stimulate 
the incorporation of evidence-based contextual research 
findings into routine clinical practice [49]. High-quality 
implementation science is needed to improve effective-
ness of research and guidelines and to improve healthcare 
outcomes.
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Conclusion and Future Directions

PCHD care in resource poor health environments of LMICs 
are likely to respond well to systematic efforts to improve 
QoC. In this review, we have sought to present a framework 
for implementation for QI in LMICs across the different 
level of PCHD care keeping in mind the care continuum for 
children with heart defects. These interventions are prob-
ably cost-effective and essentially require a cultural trans-
formation through systematic and collective efforts from 
all stakeholders. The cost-effective interventions leading to 
improved outcomes can also be deployed globally irrespec-
tive of geographical location. The realities of each environ-
ment are unique, and interventions need to be tailored to 
each situation. It is essential for the efforts to be overseen 
by leadership that constantly seeks to develop and nurture a 
culture of unflinching commitment to QoC that is embraced 
by all the team members. Given their unique challenges, 
quality networks or collaborative like IQIC are valuable to 
LMICs. These networks can greatly facilitate shared learn-
ing and enable substantial improvements in care across mul-
tiple institutions in the region and potentially dramatically 
improve outcomes over time. Regulatory agencies also need 
to mandate that institutions share their QM in the public 
domain. This is especially needed when government or other 
funding agencies provide financing for congenital heart care.
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