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Key Findings

n Combining a training package to improve the
knowledge and skills of health care workers in
managing sick and preterm neonates with point-
of-care quality improvement skills successfully
reduced the unindicated use of oxygen, antibio-
tics, and phototherapy while increasing the use of
enteral feeds.

n Despite a significant reduction in the use of 2
lifesaving medical interventions—oxygen and
antibiotics—no increase in mortality or short-term
adverse outcome was observed, indicating an
overuse of these interventions in the preinter-
vention period.

Key Implication

n A strategy of combining professional training
activities and coaching in continuous quality
improvement methods can successfully improve the
health care of sick and preterm neonates. With the
rapid expansion of access to facility-based neonatal
care, it is important to monitor for both overuse and
underuse of evidence-based interventions.

ABSTRACT
Background: We evaluated the efficacy of training health care
workers (HCWs) in point-of-care quality improvement (POCQI)
and a preterm newborn health care package (PHCP), followed
by remote mentoring and supportive supervision in improving
health care practices, neonatal survival, and morbidities in spe-
cial neonatal care units (SNCUs).
Methods: This pre- and postintervention quality improvement
study was conducted at 3 SNCUs in Madhya Pradesh, India
from February 2017 to February 2019. Clinical care teams com-
prising doctors and nurses from the study sites were trained in
POCQI and the PHCP. The teams identified, prioritized, and an-
alyzed problems and designed quality improvement initiatives at
their respective health facilities. Change ideas were tested by the
local teams using sequential plan-do-study-act cycles. Facilitators
maintained contact with the teams through quarterly review meet-
ings, fortnightly videoconferencing, on-demand phone calls, and
group chat service. State SNCU coordinators made follow-up vis-
its to supplement coaching. Study research staff independently
collected data on admissions, health care practices, and out-
comes of neonates.
Findings: A total of 156 HCWs were trained in the POCQI meth-
odology and PHCP. Sixteen quality improvement projects were
formulated and implemented. Among 13,821 enrolled neonates
(birth weight 22756635 g; gestation: 35.862.8 weeks), im-
provement was seen in reduction of use of oxygen (36.1% vs.
48.0%; adjusted odds ratio [aOR]=0.60, 95% confidence interval
[CI]=0.55, 0.66), antibiotics (29.4% vs. 39.0%; aOR=0.76, 95%
CI=0.68, 0.85), and dairy milk (33.8% vs. 49.4%; aOR=
0.34, 95% CI=0.31 to 0.38). Enteral feeds were started within
24 hours of admission in a larger number of neonates, resulting
in fewer days to reach full feeds. There was no effect on survival
at discharge from the hospital (aOR=0.93; 95% CI=0.80, 1.09).
Conclusion: A collaborative cross-learning quality improvement
approach with remote mentoring, coaching, and supportive super-
vision was successful in improving the quality of care at SNCUs.

INTRODUCTION

Improved access to facility-based neonatal care (FBNC)
has enabled sick and preterm neonates to receive level-

2 clinical services in district hospitals in India. Special new-
born care units (SNCUs) at district hospitals provide FBNC
to about 0.9million neonates every year, on approximate-
ly 16,000 beds across India.1 Common reasons for admis-
sion include birth asphyxia, encephalopathy, low birth
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weight or preterm birth, sepsis, and hyperbilirubi-
nemia.2 Medical care available at the typical SNCU
includes resuscitation at birth, thermal care, oxygen
therapy, phototherapy, gavage feeding, kangaroo
mother care, intravenous fluid administration, anti-
biotic therapy, and detection and referral for con-
genital abnormalities. An increasing number of
SNCUsprovide continuous positive airway pressure
therapy to neonates with respiratory distress.
SNCUs also offer postdischarge follow-up services
to high-risk neonates and refer infants needing in-
tervention to District Early Intervention Centers or
medical colleges. Along with an increase in institu-
tional births, FBNC has contributed to a substantial
reduction in the neonatal mortality rate during the
last decade.3 However, unexplained variations in
survival to discharge, the incidence of morbidities,
and utilization of interventions among the SNCUs
indicate the scope for quality improvement (QI).4,5

Although the SNCUs have adequate infra-
structure and supplies, concerns have been raised
about suboptimal knowledge and poor skills of the
health care workers (HCWs) that staff them.6

Evidence on the effectiveness of various strategies
to improve neonatal care practices of HCWs in
low- and middle-income countries is limited, het-
erogeneous, and of low quality.7 While subopti-
mal knowledge and poor skills indicate a need
for augmentation, strategies like distribution of
printed educational material, training workshops,
technology-based interventions, and supervision
alone have no or minimal effect in improving
health care practices.7 Group problem-solving
strategies have shown moderate to large benefits,
but the HCWs in India do not receive preservice
training in QI methods.8 Earlier reports from
India about QI in neonatal care have focused on
isolated care processes and originate from tertiary
care medical colleges.9–13 There is a need to evalu-
ate whether combining knowledge and skills
augmentation activities with problem-solving
skills can improve the ability of HCWs to adapt
and adopt evidence-based practices and improve
health outcomes in SNCUs. Knowledge and skill
augmentation can improve health care by increas-
ing the know-how about a health condition (e.g.,
what are appropriate oxygen saturation targets in
preterm neonates and what are methods of oxy-
gen administration). Problem-solving skills can
improve health care by enabling HCWs to identify,
analyze, and address local health system con-
straints which preclude the application of updated
knowledge and skills (e.g., monitoring oxygen sat-
uration in preterm neonates using the available
human resources and pulse oximeters).

Our study evaluatedwhether the implementa-
tion of an intervention package to improve the
knowledge and skills of the HCWs in providing
clinical care as well as undertaking QI activities
would improve health care practices, neonatal
survival, and morbidities in the SNCUs. To test
this hypothesis, we developed a theory of change
that formed the basis of the package of interven-
tions (Figure 1).14 The theory of change focused
on reducing modifiable risk factors for retinopathy
of prematurity (ROP), a common cause of acquired
blindness in children, which is an excellent indica-
tor of the quality of care provided to preterm neo-
nates in a health care facility. Risk factors for ROP
include unmonitored and unnecessary oxygen ad-
ministration, sepsis, poor nutrition, and exposure
to blood products.15–17 Therefore, interventions
aimed at reducing ROP are likely to affect many
aspects of neonatal health care resulting in im-
proved health outcomes. This article focuses on
the main results of the intervention.

METHODS
This before-and-after study was conducted from
February 2017 to February 2019 in the SNCUs of
3 district hospitals and a medical college in the
state of Madhya Pradesh, India (Figure 2). All live-
born neonates admitted in the SNCUs for at least
24 hours, who died within 24 hours of admission
or who were referred to a tertiary care hospital
within 24 hours of admission were eligible to par-
ticipate in the study. Madhya Pradesh was 1 of the
4 states selected for the project supported by the
Queen Elizabeth Diamond Jubilee Trust (2013–
2019) following a situational analysis. Madhya
Pradesh, the second largest state in India, ranks
poorly in health indicators and is 1 of the high-
focus states for interventions by the federal gov-
ernment’s health programs. Madhya Pradesh was
one of the first states to establish SNCUs in district
hospitals with the support of UNICEF. SNCUs at
district hospitals have similar infrastructure and
human resources. A district SNCU has 12–20 beds
and provides 24-hour care with 1 doctor, 2 nurses,
and 1 support staff in each shift.18 Of the total
3–4 doctors stationed at SNCU, at least 1 is a pedi-
atrician and is the overall in-charge. SNCUs at the
medical colleges have more human resources, in-
cluding faculty and postgraduate students, and are
equipped to deliver a higher level of care including
assisted ventilation. A local medical college at
Indore was chosen to mentor the QI activities at
the included SNCUs. However, due to the high
workload and a lack of mentoring capacity in the
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QI field, this role had to be assumed by the coordi-
nating sites of the study. Midway during the study
(May 2018), the medical college at Bhopal was in-
stead engaged as the local mentor institution.

Ethical Approval
The study was coordinated by the All India
Institute of Medical Sciences, New Delhi, the
Postgraduate Institute of Medical Education

FIGURE 1. Theory of Change for a Special Neonatal Care Unit Point-of-Care Quality Improvement Intervention,
Madhya Pradesh, India

Abbreviations: CPAP, continuous positive airway pressure therapy; QI, quality improvement; ROP, retinopathy of prematurity; SNCU,
special newborn care unit.

FIGURE 2. Phases and Activities of a Special Neonatal Care Unit Point-of-Care Quality Improvement
Intervention, Madhya Pradesh, India

Abbreviations: PHCP, preterm newborn health care package; POCQI, point-of-care quality improvement; W, workshop.
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and Research, Chandigarh, and the Government
Medical College Hospital, Chandigarh. Institutional
ethics committees at the 3 coordinating sites and
the Indian Institute of Public Health, Hyderabad ap-
proved the study protocol. National Health Mission,
Madhya Pradesh also approved the study protocol.
Written informed consentwas obtained fromparents
of the enrolled neonates, HCWs at the study sites,
state SNCU coordinators, and state child health
consultants.

StudyWork Plan
The study intervention was guided by a theory of
change and the work plan was divided into prein-
tervention and intervention phases.

Preintervention Phase
The preintervention phase had 2 components—
formative assessment and baseline neonatal data
collection. The formative component started with
the development of a theory of change (Figure 1)
based on targeting the following risk factors for the
development of ROP in low- and middle-income
countries: unmonitored and unnecessary oxygen
administration, systemic infection, poor nutrition,
lack of developmentally supportive care, and ex-
posure to blood products.19–22 Starting with these
risk factors, we identified the primary drivers and
downstream health care activities that can lead to
improvement in survival without severe ROP
(Box).

In parallel, we assessed the baseline levels of
knowledge, skills, attitudes, and practices of
SNCU health care personnel, state SNCU coordi-
nators, and child health consultants. This preas-
sessment focused on the clinical care pathways
including the drivers of improvement identified
in the theory of change. We also assessed the
problem-solving and QI skills of the HCWs.
Results of this formative part of the study are being
reported separately. Based on this formative
phase, we designed, pilot-tested, and finalized a
collection of interventions with 2 components:
(1) improvement in knowledge and skills of the
HCWs in neonatal care and (2) improvement in
the ability of staff to practice the knowledge and
skills gained by conducting QI activities at their re-
spective SNCUs. The content for training HCWs on
best practices in preterm care was called the pre-
term newborn health care package (PHCP) and in-
cluded 10 modules composed of brief webinars,
videos, case studies, posters, job aids, and keymes-
sages. The content of each module was divided
into specific learning objectives, with a self-

assessment in the form of multiple-choice ques-
tions following each objective. The evidence-
based content and materials in the PHCP (www.
pretermcare-eliminatingrop.com) were devel-
oped and reviewed by 35 neonatologists and
nurses from across the country. The Point of
Care Quality Improvement (POCQI) tool, devel-
oped in collaboration with the World Health
Organization South-East Asia Regional Office
(WHO-SEARO), guided the training for conduct-
ing QI projects.23 These tools (PHCP and POCQI)
included reading material, practical exercises,
and knowledge and skill assessment instructions
for both the learners and facilitators. The use of
these tools ensured homogeneity and consistency
of the mentoring activities during the study.
During the preintervention phase, baseline neona-
tal health data were collected from the study
SNCUs over 7 months (February 2017 to August
2017) parallel to the formative phase of the study.

Intervention Phase
In-person training workshops: We rolled out
the intervention with a series of on-site small-
group training and QI project development

BOX. Strategies to Improve ROP-Free Survival
Outcomes
Optimize oxygen use:

� Improve oxygen administration methods
� Monitor and promote the use of continuous positive

airway pressure and surfactant

Reduce exposure to blood products:

� Minimize amount of blood sampling
� Restrict use of blood products
� Effective use of phototherapy

Improve nutritional status:

� Early initiation and rapid advancement of enteral
feeding with breast milk

Reduce sepsis:

� Improve aseptic techniques at birth and during hos-
pital admission

Improve developmental care:

� Hypothermia prevention
� Kangaroo mother care
� Pain control
� Reduce noise and light exposure
� Increase parental involvement in care

The evidence-
based content and
materials in the
PHCPwere
developed and
reviewed by 35
neonatologists
and nurses from
across the country.
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workshops. The HCWs participated in the training
workshops in small batches of 1–2 doctors and
2–3 nurses from each SNCU. Each workshop was
held over 2.5 days and was divided into 2 parts.
The first part consisted of knowledge and skill aug-
mentation in 2 of the available modules. These
modules were identified and developed for train-
ing based on the theory of change and formative
research. The available modules included thermo-
regulation, kangaroo mother care, optimal oxy-
gen administration, developmentally supportive
care and painmanagement, less exposure to blood
products and prevention of exchange transfusion,
delivery room management and stabilization of a
preterm infant, optimal use of continuous positive
airway pressure, less systemic infections, good nu-
trition, and follow-up care pertaining to ROP. The
modules were designed as self-learning activities
supplemented by skill training. Each workshop
only covered 2 modules in order to fit within
2.5 days (all the training materials, including the
remaining 8 modules, were also made available
on the website for ongoing training). Activities
for knowledge and skill augmentation included
small group discussions, skill practice, and simu-
lated clinical scenarios. The second part consisted
of clinical data presentation from each SNCU,
choosing target areas of improvement, forming QI
teams, analyzing the root causes of the problem,
and outlining the QI project activities. Each SNCU
team not only worked on the development of its
own QI project but also reviewed and gave feed-
back on the QI projects of other SNCUs. During
the study, selected HCWs from each SNCU under-
went a total of 5 in-person sessions that covered all
the modules developed under the PHCP.

Ongoing support: In addition to the training
in the remaining modules during successive in-
person workshops, all the training materials were
available online for ongoing training and review.
Skill training corners were also established in
each SNCU, and a skill lab was established in the
mentoring medical college.

QI projects and mentoring: The theory of
change guided the selection of QI projects.
Doctors and nurses working in each SNCU select-
ed specific problems to be addressed by a QI proj-
ect and decided the goal and outcome measures
for each project based on the 4 criteria outlined in
the POCQI guide—importance to patient out-
comes, affordability in terms of time and resources,
ease of measurement of outcome, and whether
the identified problem was under the control of
teammembers. Following the workshop, the SNCU
teams returned to their units and startedworking on

their respective QI projects. We held web meetings
every two weeks to review progress and provide
guidance for any bottlenecks encountered. Team
members presented their completed projects in
subsequent on-site workshops after which they
developed and conducted newQI projects. The in-
tervention period continued from September
2017 to February 2019 and over this period each
SNCU conducted 3–5 QI projects (Supplement,
Table S1).

Study Outcomes
A study research nurse at each of the 3 SNCUs col-
lected the health outcome data of the admitted
neonates. The primary outcome of the study was
the proportion of neonates who survived without
developing severe ROP. Secondary outcomes in-
cluded death before discharge, adverse outcomes
(death, referral to a higher center, or left against
medical advice), hypothermia at admission, neo-
natal hyperbilirubinemia needing phototherapy
or exchange transfusion, and duration of hospital
stay. Various care processes reported include en-
teral feeding practices, use of oxygen and antibio-
tics, and screening for ROP.

Statistical Analysis
We defined the composite primary outcome as
neonates discharged alive from SNCU and not
found to have severe ROP on screening examina-
tion before discharge or during follow-up. We de-
fined severe ROP as ROP needing laser ablation or
surgery to prevent loss of vision. Although esti-
mates of mortality among SNCU admissions are
available, no such information is available about
the incidence of severe ROP, the second component
of the composite primary outcome. Therefore, the
sample size was calculated for the incidence of mor-
tality among SNCU admissions. With an estimated
enrollment of 3,000 neonates in the preintervention
period and 10,000 neonates during the intervention
period, the study had 90% power to detect an abso-
lute reduction of 2% inmortality (from 10% to 8%)
with a 2-sided alpha of 0.05.

Study nurses prospectively collected data from
the bedside clinical records and entered it into a
custom-built Android application. We then ana-
lyzed the data using Stata 16.1. Categorical data are
presented as numbers and percentages. Normally
distributed numerical data are presented as mean
and standard deviation, and skewed numerical data
are presented as median with interquartile range.
We used a mixed-effects regression model to esti-
mate the effect of the intervention, with SNCU site

The primary
outcome of the
studywas the
proportion of
neonates who
survivedwithout
developing severe
ROP.
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as random effects and other covariates (gestation at
birth, gender, presence of congenital malformation,
antenatal care, outborn status, and need for positive
pressure ventilation at birth) as fixed effects. The
covariates included in the model were based on
biological plausibility and significant differences
between the preintervention and intervention peri-
ods. We conducted a post-hoc secondary analysis to
account for the possible effect of a secular trend in
the preintervention and intervention periods. For
this, we aggregated the data for each month and
then analyzed the data using the interrupted time-
series regression method which separates the effect
of intervention from the preintervention trend. A
P value of less than .05 was considered statistically
significant andnoadjustmentwasmade formultiple
comparisons.

RESULTS
Study Flow and Input
Over the study period, a total of 5 in-person ses-
sions were held and 156 HCWswere trained. A to-
tal of 16 QI projects were completed at the 3 study
SNCUs of the district hospitals and 1 SNCU of a
medical college (Supplement, Table S1 and Table
S3). All the doctors and >90% of nurses in the
study SNCUs received training over the period of
intervention. All the learning modules were cov-
ered over the 5 in-person sessions and the contin-
uous online training and mentoring. The flow of
online modules on the web portal ensured that
the participants were able to proceed to the subse-
quent module only after successfully completing
the knowledge assessment of the current module.
The skill check activities were directly observed.
Due to themidway change in thementoring med-
ical college, preintervention data were not avail-
able from the SNCU in Bhopal and so data from
this site were not included in our primary analysis.
Throughout the study, the 3 SNCUs were men-
tored by investigators from outside the state of
Madhya Pradesh.

Baseline Characteristics
A total of 13,821 neonates were enrolled in the
study. The mean birth weight of the study cohort
was 22756635 g and the mean gestation was
35.86 2.8weeks. Amajority of neonateswere out-
born (8,450, 61.2%). Antenatal care was almost
universal, with 87%of mothers having had at least
3 antenatal check-ups and 11.2% having had ce-
sarean delivery. A high proportion (43.6%) of neo-
nates were preterm (<37weeks of gestation). Over

the study period, the profile of enrolled neonates
remained similar (Table 1), although the propor-
tion of preterm births increased.

Study Outcomes
A total of 343 (10.2%) neonates died during the
preintervention period and 1,106 (10.6%) during
the intervention period (adjusted odds ratio
[aOR]=0.93; 95% confidence interval [CI]=0.80,
1.09). As gravely sick neonates may be referred
for tertiary care or taken home by parents for com-
passionate care, we also calculated the rate of
adverse outcomes including death, referral to a
higher center, or left the hospital against medical
advice. No difference was observed in the inci-
dence of adverse outcomes (aOR=1.01; 95%
CI=0.90, 1.15).

Several health care practices improved during
the intervention period (Table 2). These included
an increase in the proportion of neonates in
whom temperature was measured at admission
and enteral feeds were started within 24 hours of
admission. The use of many interventions de-
clined, indicating overuse in the preintervention
period, including a significant decrease in the use
of oxygen, dairy milk, phototherapy, and antibio-
tics. A significantly lesser proportion (36.1% vs.
48%) of neonates received oxygen therapy at ad-
mission in the intervention period (Table 2). This
reduction was observed in neonates born at term
(>36 weeks, 33.7% vs. 43.9%), late preterm
(34–36 weeks, 37% vs. 51.1%, P<.01), and very
preterm (<34 weeks, 42.6% vs. 57.8%, P<.01)
gestation. The duration of oxygen therapy also de-
creased (Table 2). A significant reduction was also
noted in the use of systemic antibiotics (29.4% vs.
39%). In the domain of nutrition, a significantly
higher proportion of neonates were started on en-
teral feed within 24 of birth or admission, use of
dairy milk was reduced, and neonates reached
full enteral feeding at an earlier age in the inter-
vention period (Table 2). The proportion of neo-
nates who received phototherapy decreased
significantly without an increase in the proportion
of neonates who developed serum bilirubin of
more than 20 mg/dL. The proportion of eligible
neonates who underwent ROP screening at the
SNCU was reduced. The most common reason for
not being screened for ROP included the unavail-
ability of an ophthalmologist and parents not
being aware of the need for screening after dis-
charge from the SNCU (Supplement, Table S2).

The interrupted time-series analysis adjusting
for the preintervention trend showed a significant

The use of many
interventions,
including oxygen
and antibiotics,
declined,
indicating overuse
in the
preintervention
period.
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reduction of 2.2% (95% CI=�3.4,�1.1) per inter-
vention month in the proportion of neonates who
were started on oxygen at admission and a signifi-
cant reduction of 5.1% (95% CI=�9.6, �0.6) per
intervention month in the proportion of neonates
who received antibiotics (Table 3; Supplement,
Figures S1 and S3). The trend-adjusted analysis
showed no significant change in other health care
practices, death, or adverse outcomes (Supplement,
Figure S4).

DISCUSSION
We evaluated the efficacy of a novel package of
interventions in improving the health care prac-
tices and outcomes in district level-2 neonatal
care units. We observed significant improvement
in the health care provided to sick or preterm neo-
nates at admission and during the hospital stay.
However, we did not observe any improvement in
neonatal survival. Our study interventionwas based
on the assumption that unexplained variation in the

TABLE 1. Baseline Variables of a Special Neonatal Care Unit Point-of-Care Quality Improvement Intervention,
Madhya Pradesh, India

Preintervention Period Intervention Period

Admission/center, No./Total (%)

Dhar 875/3352 (26.1) 3089/10469 (29.5)

Ujjain 1294/3352 (38.6) 3770/10469 (36.0)

Sehore 1183/3352 (35.3) 3610/10469 (34.5)

Birth weight, mean6SD, g 22746628 22766638

Birth weight category, No./Total (%)

≥2500 g 1366/3346 (40.8) 4208/10462 (40.2)

1500–2499 g 1585/3346 (47.4) 5043/10462 (48.2)

1000–1499 g 325/3346 (9.7) 1025/10462 (9.8)

<1000 g 70/3346 (2.1) 186/10462 (1.8)

Gestation, mean6SD, weeks 35.962.9 35.762.8

Preterm birth, No./Total (%) 1401/3343 (41.9) 4624/10460 (44.2)

Gestation age category, No./Total (%)

>37 weeks 1942/3343 (58.1) 5836/10460 (55.8)

34–36 weeks 849/3343 (25.4) 2851/10460 (27.3)

<34 weeks 552/3343 (16.5) 1773/10460 (17.0)

Male gender, No./Total (%) 1478/2843 (52.0) 5920/10412 (56.9)

Outborn, No./Total (%) 2086/3348 (62.3) 6364/10457 (60.9)

Antenatal care, No./Total (%) 3266/3349 (97.5) 10370/10445 (99.3)

At least three antenatal visits, No./Total (%) 2838/3144 (90.3) 8787/10271 (85.6)

Maternal hypertension, No./Total (%) 25/3250 (0.8) 31/10408 (0.3)

Oligohydramnios, No./Total (%) 21/3103 (0.7) 21/10097 (0.2)

Antenatal steroids if gestation <35 weeks, No./Total (%) 157/811 (19.4) 359/2177 (16.5)

Cesarean delivery, No./Total (%) 358/3352 (10.7) 1203/10469 (11.5)

Multiple pregnancy, No./Total (%) 88/3352 (2.6) 264/10469 (2.5)

Positive pressure ventilation at birth, No./Total (%) 123/3352 (3.7) 463/10469 (4.4)

Intubation at birth, No./Total (%) 3/3352 (0.1) 19/10469 (0.2)

Abbreviations: SD, standard deviation.
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care provided to neonates admitted to the SNCUs is
related to the quality of care. During the baseline pe-
riod of observations, we found that many health
care interventions were often being used without
clear indications. These included administration of
oxygen, intravenous fluids, antibiotics, and photo-
therapy. The root causes of injudicious use of these
interventionswere lack of standard operating proce-
dures and fear of adverse outcomes in absence of use
(Supplement, Table S3). An additional challenge
was the state government practice ofmeasuring per-
formance evaluation of the SNCUs by the number of
admissions and use of various medical interven-
tions. In our formative evaluation, this was associat-
ed with unnecessary admissions, delayed discharge,
and overuse ofmedical interventions.During the in-
tervention period, the SNCU teams identified and
ran QI cycles to address these issues. Combined
with the PHCP to improve the knowledge and skills
of HCWs in managing sick and preterm neonates,
theQI cycles successfully reduced the use of oxygen,
antibiotics, and phototherapy while enteral feeds
were initiated earlier resulting in a shorter time to

reach full enteral feeds. Significant reduction in the
use of 2 lifesaving but double-edged interventions
like oxygen and antibiotics without a concomitant
increase in the incidence of death or referral to a
higher center supports our preintervention assess-
ment of overuse. Alternatively, the profile of admit-
ted infantsmayhave changed over time, resulting in
a lower use of oxygen and antibiotics. However, this
alternate explanation is refuted by the similarity of
baseline variables and significant effect size obtained
even after adjusting for biologically plausible prog-
nostic factors. Rather, the case mix in the interven-
tion period had a higher proportion of preterm and
male neonates and lower use of antenatal steroids,
all of which are risk factors for increased sickness
and mortality.24 The study did not demonstrate any
reduction in mortality despite improvement in the
care practices. Staffing levels or nurse-to-patient ra-
tio did not change during the project. Lack of effect
onmortality can be explained by 3 factors. First, the
QI projects focused on the care provided in the
SNCU. Intrapartum care and resuscitation practices
have a large influence on early neonatal survival.

TABLE 2. Outcome Variables of a Special Neonatal Care Unit Point-of-Care Quality Improvement Intervention, Madhya Pradesh,
India

Preintervention Period,
No./Total (%)

Intervention Period,
No./Total (%)

Adjusteda Odds Ratio or Mean
Difference (95% CI)

Death before discharge 343/3352 (10.2) 1106/10469 (10.6) 0.93 (0.80, 1.09)

Adverse outcomeb 519/3352 (15.5) 1761/10469 (16.8) 1.01 (0.90, 1.15)

Oxygen started at admission 1608/3352 (48.0) 3778/10469 (36.1) 0.60 (0.55, 0.66)

CPAP started at admission 69/3352 (2.1) 186/10469 (1.8) 0.80 (0.58, 1.10)

Temperature at admission 2958/3352 (88.2) 9648/10469 (92.2) 1.54 (1.33, 1.79)

Enteral feeds started within 24 hours of admission 1254/3217 (39.0) 4250/10360 (41.0) 1.17 (1.07, 1.29)

Breast milk as first feed 922/3352 (27.5) 2961/10469 (28.3) 1.10 (0.99, 1.22)

Use of dairy milk for feeding 1655/3352 (49.4) 3535/10469 (33.8) 0.34 (0.31, 0.38)c

Use of phototherapy 684/3115 (22.0) 1838/10095 (18.2) 0.82 (0.74, 0.92)

Peak serum bilirubin >20 mg/dL 14/3352 (1.9) 36/10469 (1.8) 1.02 (0.50, 2.10)

Use of any systemic antibiotic 845/2166 (39.0) 2982/10315 (29.4) 0.76 (0.68, 0.85)

Reach full enteral feeds, No. (95% CI), days 8.0 (5.0, 12.0) 6.0 (3.0, 11.0) �2.2 (�4.00, �0.40)

Oxygen therapy, No. (95% CI), days 2.0 (1.0, 2.0) 1.0 (1.0, 2.0) �0.3 (�0.50, �0.20)

ROP screeningd 320/2052 (15.6) 483/6410 (7.5) 0.44 (0.37, 0.52)

Abbreviations: CI, confidence interval; CPAP, continuous positive airway pressure; ROP, retinopathy of prematurity.
aAdjusted for center, gestation at birth, gender, presence of congenital malformation, antenatal care, outborn status, and need of positive pressure ventilation at
birth.
bDeath, left against medical advice, or referred.
cSimple logistic regression as mixed effects model did not fit.
dAmong neonates with birth gestation less than 37 weeks or weight less than 2000 g.

The study did not
demonstrate any
reduction in
mortality despite
improvement in
the care practices.
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The QI projects in this study did not target obstetric
health care providers or intrapartum and resuscita-
tive care.25 Second, about 60% of neonates were
outborn, and the care received before admission to
the hospital was not in the purview of our QI inter-
ventions. Third, neonatal mortality is influenced by
many proximal and distal socioeconomic, biolog-
ical, and health system–related factors. Previous
efforts to reduce neonatal mortality by QI at indi-
vidual units have met with mixed success.5,7 In a
similar study, Gilbert et al. reported improve-
ment in knowledge and practices of neonatal
nurses but no change in survival, severe ROP, or
other outcomes.26 The fragile health systems in
low- and middle-income countries may need
novel interventions or additional QI efforts at
the macro and meso levels to improve the surviv-
al of preterm neonates.24

Irrational use of oxygen, intravenous fluids,
and antibiotics can not only cause harm to the
neonates by increasing the risk of ROP and
hospital-acquired sepsis but can also lead to in-
creased length of stay, overcrowding, and cost of
care, as well as unnecessary work for health care
providers.27,28 We planned to evaluate the effect
of the interventions on the incidence of severe
ROP but this was not possible as screening services
were not available at 1 study site (Sehore) formost
of the study period, and at 2 other sites for part of

it. As a result, a large proportion of neonates were
not screened for ROP. A lack of trained ophthal-
mologists at peripheral hospitals has been reported
previously and there is a need to evaluate alternate
models of ROP screening at district hospitals such as
retinal imaging with remote analysis using tele-
medicine and training newborn care providers in
indirect ophthalmoscopy.29,30

The type of training materials and their mode
of delivery was decided in consultation with
HCWs. The local QI teams identified and priori-
tized which quality issues to address. The QI teams
were also responsible for conducting the root-
cause analysis and collecting the data. In all the
SNCUs, nurses were the majority members of
the QI teams and led most of the projects, with
the support of the doctors.We believe that this en-
hanced the ownership of the intervention among
HCWs at the district SNCUs and therefore resulted
in significant improvement in health care prac-
tices. As all the district SNCUs in India have been
designed, equipped, and staffed similarly, and
follow similar FBNC packages and government
guidelines, the intervention package has good ex-
ternal applicability.18

The current study highlights many of the im-
plementation challenges that constrain the appli-
cation of evidence-based health care practices.
The method used in the study was a point-of-care

TABLE 3. Interrupted Time-Series Trend Analysis of the Effect of a Special Neonatal Care Unit Point-of-Care Quality Improvement
Intervention, Madhya Pradesh, India

Preintervention Period Trend,
%/Month (95% CI)

Effect During the First Month of
Intervention, % (95% CI)

Trend During Intervention Period
(Relative to Preintervention Period),

%/Month (95% CI)

Death 0.36 (�0.25, 0.98) �1.2 (�3.9, 1.5) �0.39 (�1.00, 0.30)

Adverse outcome 0.20 (�0.01, 0.49) �0.25 (�2.58, 2.07) �0.10 (�0.46, 0.27)

Oxygen started at admission 1.39 (0.46, 2.32) �9.54 (�15.6, �3.4) �2.24 (�3.35, �1.13)

Temperature at admission 1.78 (�0.37, 3.94) �4.1 (�10.3, 2.0) �1.6 (�3.80, 0.56)

Enteral feeds started within 24
hours of admission

�1.5 (�3.3, 0.35) 13.6 (2.0, 25.2) 0.7 (�1.40, 2.80)

Breast milk as first feed 0.5 (�1.7, 2.7) �0.2 (�9.8, 9.4) �0.5 (�2.80, 1.80)

Use of dairy milk for feeding �1.4 (�4.5, 1.8) �6.7 (�17.5, 4.2) 0.7 (�2.50, 4.00)

Use of phototherapy 0.4 (�2.6, 3.4) �4.2 (�14.9, 6.6) �0.4 (�3.40, 2.60)

Peak serum bilirubin >20 mg/dL �0.2 (�0.5, 0.1) �0.1 (�2.0, 1.8) 0.3 (�0.01, 0.60)

Use of any systemic antibiotic 4.9 (0.4, 9.4) �23.2 (�46.2, �0.2) �5.1 (�9.60, �0.60)

ROP screening �0.2 (�0.7, 0.3) �3.9 (�5.5, �2.4) 0.2 (�0.40, 0.70)

Abbreviations: CI, confidence interval; ROP, retinopathy of prematurity.

Webelieve that
HCWownership of
the intervention
was enhanced by
involvement of
nurses asmajority
members of theQI
teams.

Improving the Quality of Neonatal Health Care in India www.ghspjournal.org

Global Health: Science and Practice 2022 | Volume 10 | Number 5 9

http://www.ghspjournal.org


quality improvement approach to bring changes
in the health care processes, which were planned
and tested by teams of HCWs.While this approach
can identify and address the gaps in the processes
of care (e.g., lack of standard treatment protocols),
it is not able to address the gaps in the structure of
the health system (e.g., availability of human and
nonhuman resources or equipment, shortage of
space, etc.).31 This fragility of the health system is
one of the major challenges faced in the imple-
mentation of evidence-based interventions in
resource-limited settings.32 Even short-term
imbalances between demand and supply (e.g.,
due to transfer-out of HCWs, interrupted supply
of lifesaving medicines, and infectious disease
outbreaks) can decrease or reverse the improve-
ments in health outcomes.33 In the current
study suboptimal functional status of both refer-
ring and referral units resulted in overcrowding
at the study SNCUs. Newborn stabilization units
(level 1) were nonexistent or lacked resources
and therefore referred even neonates with tran-
sient illnesses to SNCUs (level 2). On the other
hand, designated neonatal intensive care units
(level 3) were either located at a long distance
or were not better equipped than SNCUs. Thus,
parents and health care staff were reluctant in
referring neonates to level 3 units. Another
implementation challenge is ensuring sustain-
ability of the intervention especially when the
intervention is designed and tested by stake-
holders external to the health system. To safe-
guard against this, the state National Health
Mission functioned as the co-owner of the ini-
tiative right from the start. The state National
Health Mission served as the host, part-funder,
and organizer of all the POCQI and PHCP learn-
ing workshop sessions. The state medical college
was designated as a local mentor to continue the
training and refresher sessions for the SNCU
HCWs. Informal feedback and interactions with
state health officials, district SNCU doctors, and
nurses indicate that many of the good practices
have been adopted by the state and have been
implemented in other district SNCUs of the state
as well. The parameters of performance evalua-
tion of SNCUs by the state government have also
changed and include a more comprehensive as-
sessment rather than only considering the num-
ber of admissions and use of different therapies.

Limitations
The study has certain limitations. The first major
limitation is that due to the lack of consistent

availability of ophthalmologists at the district hos-
pitals, only a subset of eligible preterm neonates
could be screened for the development of ROP.
Therefore, the study was not able to report any
change in the incidence of severe ROP, a compo-
nent of the composite primary outcome of the
study. Second, being an uncontrolled study,
the role of secular trends and external influences
cannot be ruled out. We used an interrupted
time-series regression analysis to control for the
preintervention trend. Although this reduced the
number of practices that were found to have im-
proved significantly, this can be explained by re-
duced power as aggregated data were used in the
analysis instead of individual patient data. Third,
working on 1 QI project could have led to im-
provement in another clinical domain and the
confounding effect of QI projects on each other
cannot be removed. However, the QI teams at
each SNCU worked on only 1 QI project at a time
and only after completing the project took up the
nextQI project using the newbaseline level of per-
formance at that time. Fourth, the QI activities
in the study focused only on the health care pro-
cesses within the SNCUs. Obstetric practices, re-
suscitation, and, if outborn, care during transport,
have a major influence on neonatal mortality and
morbidity. This limitation may be a major reason
for the study intervention not resulting in im-
proved neonatal survival. Fifth, the study did not
formally evaluate the sustainability of the effects of
the intervention package. It is possible that thewith-
drawal of the external collaborators could result in
reverting to previous health care practices. Lastly,
we have not evaluated the cost-effectiveness of the
intervention.

CONCLUSION
An intervention package based on a situational
analysis, consisting of a novel combined training
and problem-solving approach and driven by
HCWs, was able to significantly improve neonatal
health care practices and reduce the injudicious
use of many potentially harmful therapies. Future
studies should target QI efforts at the full contin-
uum of fetal-neonatal care including childbirth,
resuscitation, transport, and postdischarge
follow-up.
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