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Abstract

Maternal and neonatal mortality in Bihar, India was far higher than the aspirational levels set

out by the Sustainable Development Goals. Provider training programs have been imple-

mented in many low-resource settings to improve obstetric and neonatal outcomes. This

longitudinal investigation assessed diagnoses and management of postpartum hemorrhage

(PPH), hypertensive disorders of pregnancy, birth asphyxia (BA), and low birth weight

(LBW), as part of the CARE’s AMANAT program in 22 District Hospitals in Bihar, between

2015 and 2017. Physicians and nurse mentors conducted clinical instruction, simulations

and teamwork and communication activities, infrastructure and management support, and

data collection for 6 consecutive months. Analysis of diagnosis included 11,259 non-

referred and management included 11,800 total (non-referred and referred) admissions that

were observed. Data were analyzed using the chi-square test for trend. PPH was diagnosed

in 3.7% with no significant trend but diagnosis of hypertensive disorders increased from

1.0% to 1.7%, (ptrend = 0.04), over the 6 months. BA was diagnosed in 5.8% with no signifi-

cant trend but LBW diagnoses increased from 11% to 16% (ptrend<0.01). Among PPH

patients, 96% received fluids, 85% received uterotonics and 11% received Tranexamic Acid

(TXA). There was a significant positive trend in the number of patients receiving TXA for

PPH (6% to 13.8%, ptrend = 0.03). Of all neonates with BA, there were statistically significant

increases in the proportion who were initially warmed, dried, and stimulated (78% to 94%,

ptrend = 0.02), received airway suction (80% to 93%, ptrend = 0.03), and supplemental oxygen

without positive pressure ventilation (73% to 86%, ptrend = 0.05). Diagnoses of hypertensive

disorders and LBW as well as initial management of BA increased during the AMANAT pro-

gram. However, underdiagnoses of PPH and hypertensive disorders relative to population

levels remain critical barriers to improving maternal morbidity and mortality.
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Introduction

Globally, there were about 275,000 maternal deaths and 2.7 million neonatal deaths in 2015

[1,2]. Despite increasing institutional deliveries from 28% to 64% between 2007 and 2016, the

concurrent maternal mortality ratio (MMR) in Bihar, India was 165 per 100,000 live births

from 2014–2016, and the neonatal mortality rate (NMR) was 27 per 1,000 live births [3]. These

figures are among the highest in India, and far above the aspirational Sustainable Development

Goal of less than 70 per 100,000 live births for MMR and 12 per 1,000 live births for NMR [4–

6]. Postpartum hemorrhage (PPH) and hypertensive disorders of pregnancy (HDP), each

impact 5–10% of deliveries [7,8], and Birth asphyxia (BA) impacts 5–10% of neonates. These

are leading causes of mortality. Low birth weight (LBW) incidence varies widely by context

but is estimated as 20–30% of all births in India, and its diagnosis can lead to life-saving inter-

ventions for the newborn [9].

Efforts to improve care during obstetric and neonatal emergencies have focused on improv-

ing rates of institutional deliveries and the quality of care [10]. However, recent evidence in

India and globally suggests that increases in institutional deliveries and reported availability of

treatment have not tracked improvements in outcomes [11,12]. Reducing mortality goes

beyond availability of treatment; it also depends on early recognition of serious maternal and

neonatal complications, so that appropriate treatment can be provided timely [13,14].

One approach to improving timely diagnosis and treatment of complications is to provide

simulation based team training and bedside mentoring [15,16]. Mentoring and simulation

trainings have shown promise in improving quality of obstetric and neonatal care in emergen-

cies, though evidence remains limited. A randomized control trial of a coaching-based imple-

mentation of the World Health Organization’s Safe Childbirth Checklist in Uttar Pradesh,

India showed increases in adherence of several practices, but no changes in mortality [17]. The

Helping Babies Breathe intervention, which aimed to use simulation to improve neonatal

resuscitation (NR) practices, has shown to reduce fresh stillbirths in India and Tanzania and

NMR in Tanzania [18,19]. PRONTO’s simulation and team training program has been shown

to improve knowledge, self-efficacy, and facility processes in Mexico and Guatemala. Evidence

suggests PRONTO training led to a transient decrease in neonatal mortality in Mexican hospi-

tals [20,21]. While these interventions focus on both recognition and treatment of complica-

tions, their evaluations have not specifically examined whether complication diagnoses were

commensurate to expected rates.

In Bihar, CARE India, a non-governmental organization, collaborated with the State Gov-

ernment of Bihar to implement a nurse-mentoring program called Apatkaleen Matritva evam
Navjat Tatparta (AMANAT)–Vyapak, or “Comprehensive Emergency Obstetric and Neonatal

Readiness” in all 38 districts of the state between 2015 and 2017. The goal of the AMANAT

nurse mentoring program is to reduce maternal and neonatal deaths by improving facility-

based intrapartum obstetric and neonatal care. The program integrated PRONTO’s simulation

and team training, bedside mentoring, demonstrations using mannequins, didactic lessons,

and logistics support. This program was unique in its intensity, attaching nurse mentors for 6

consecutive months, one each in 22 district hospitals (DH), with a focus on diagnosis, manage-

ment, and teamwork and communication (T&C) between providers that are necessary to suc-

cessfully diagnose and transition to appropriate management. The same AMANAT nurse-

mentoring program in lower level BEMONC facilities, was shown to improve provider capac-

ity to identify PPH and BA cases [22]. This longitudinal investigation aims to assess: 1)

whether there are changes in diagnosis of PPH, HDP, BA and LBW; and 2) whether there are

changes in the frequency with which key treatment steps of these complications are performed
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over the course of the AMANAT-CEMONC (Comprehensive Emergency Obstetric and Neo-

natal Care) intervention.

Materials and methods

Study setting and participants

DHs in Bihar, India are referral centers, each serves a population of approximately 3 million

population and conducts several hundred deliveries per month [23]. Pregnant women may

present directly to the DHs or be referred from a lower level facility in the event of a complica-

tion. Obstetric and neonatal care at DHs in Bihar is primarily provided by nurse midwives.

Physicians are on call but are often not available during births and must be called to the facility

when assistance is needed. We followed the SQUIRE guidelines for reporting quality improve-

ment programs, as recommended by the EQUATOR network [24].

Intervention

The AMANAT was a quality improvement program implemented by CARE India in collabo-

ration with the Government of Bihar, in which a nurse-mentoring model was used to improve

maternal and neonatal health outcomes. AMANAT mentors are nurse midwives who were

trained by CARE India, in collaboration with PRONTO International, to provide simulation

training, T&C activities, structured debriefing, bedside clinical mentoring, demonstration of

procedures, and didactic lectures. Mentees in CEMONC DHs were Auxiliary Nurse Midwives

(ANM) or General Nurse Midwives (GNM) with 2 or 3.5 years of training after grade 12 edu-

cation, respectively. This manuscript deals with the AMANAT Vyapak version of the program

that was implemented in 22 DHs of Bihar.

PRONTO International’s simulation and team training curriculum was tailored to the

Bihar context and emphasized diagnosis and management of common obstetric and neonatal

complications, T&C techniques, and person-centered maternity care. The simulation scenar-

ios were integrated into the AMANAT program and focused on normal spontaneous vaginal

delivery (NSVD), post-partum hemorrhage (PPH), preeclampsia (PE), and NR. Simulations

were recorded on video, and video-aided debriefs were conducted after every simulation to

identify areas of improvement and build a culture of safe learning space with open communi-

cation. T&C training was based on the TEAMSTEPPS™ approach and included structured

team-building activities and training on specific communication techniques [25].

AMANAT mentors spent 5 days a week for 6 consecutive months in each of 22 DHs. In

addition to simulation and team training, AMANAT mentors provided clinical mentoring

during live births. The broader quality improvement program implemented by CARE India

also strengthened infrastructure and management, infection control, and hazardous waste

disposal.

Data collection

Data collection systems for the AMANAT program were developed and managed by CAR-

E-India in Patna. During the intervention between 2015 and 2017, AMANAT mentors col-

lected data on all training activities, as well as maternal and neonatal clinical data, while they

were in their assigned facilities carrying out mentoring activities. Data was collected and

entered by the mentors in a web-based Facility Information System (FIS) dataset, daily. Data

from periods when mentors were not in-house at night were extracted from facility registers

and cross-checked with the staff the following day. Data included patient demographics, mode

of delivery, complication diagnoses, and management. Raw data was cleaned and checked by
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trained staff at the CARE-India office in Patna and patient identifiable data were removed. De-

identified data was used for analysis.

Outcome definitions

Standard WHO definitions were used to the extent possible, in the study setting. For PPH and

NR, definitions were modified due to operational constraints, as described previously [22]. For

PPH, due to inconsistent availability of equipment necessary to quantitatively determine blood

loss, the operational definition of PPH was, “a provider observing persistent trickling of more

than expected blood loss, or a blood clot that was the size of a fist or changing pads every 5–15

minutes.” For BA, the standard WHO definition for BA was used: failure to initiate or sustain

breathing at birth. However, to instill urgency, the algorithm was modified from ILCOR guide-

lines to recommend initiation of PPV in the first 30 seconds, rather than 1 minute. In this

study, HDP includes, pregnancy-induced hypertension, preeclampsia, and eclampsia. We

lacked data on chronic hypertension [8].

Statistical analysis

This was an interventional study with no control group. We estimated the proportion of com-

plicated deliveries, longitudinally over time. The incidences of maternal and neonatal compli-

cations recorded in the FIS were estimated as proportions of all deliveries and all births,

respectively. Also, the proportion of direct admissions to the DHs, those referred-in from a

lower-level facility, the number of admissions that were directly observed and those that were

added to the dataset from after-hours facility registers were estimated. Trends in PPH, HDP,

BA, and LBW diagnosis by month of intervention were examined for direct non-referred

admissions that were observed by AMANAT mentors. As the outcomes were proportions, we

used Pearson’s chi-square test of trend over time (i.e., 6 months). Trend analysis was per-

formed for direct admissions only, as referred admissions are likely to arrive with a suspected

diagnosis, including them would not assess the independent ability of providers to diagnose

complications. The above complications were chosen because they were the focus of the train-

ing intervention, as key contributors to maternal and neonatal mortality. Rates of additional

complications are presented in the supplement.

We also analyzed trends by month of intervention in the completion of key steps of the

management of PPH and BA cases because adequate data on management of only these two

complications were available. In PPH cases, these steps included administration of fluids,

uterotonics, and tranexamic acid (TXA), though TXA was only recorded consistently in the

facilities that were included in the last phase of the intervention. We lacked data on invasive

treatments for PPH such as uterine balloon tamponade and laparotomy. For BA, the following

steps of the NR algorithm were analyzed: warming, drying, and stimulating the neonate, suc-

tioning the airway, use of the radiant warmer, use of oxygen by cannula, and use of positive

pressure ventilation (PPV). The clinical significance of NR steps must be interpreted with cau-

tion given we do not have data to determine whether provision of oxygen and/or PPV were

indicated. For HDP, administration of antihypertensives was recommended to target a blood

pressure of less than 160/110 mm of Hg. Seizure prophylaxis with magnesium sulfate was rec-

ommended for preeclampsia with severe features, consistent with WHO guidelines [26].

Because we did not have data on actual blood pressures, and the numbers of severe preeclamp-

sia and eclampsia cases were small, we were not able to assess the clinical significance of trends

in preeclampsia treatment. Direct and referred admissions were included in the analysis of

treatment trends, as even referred admissions who arrive with a presumed diagnosis would

still require key management steps at the DH. For NR, where initial resuscitation steps should
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have occurred at the referring institution, we also ran the analysis without referred admissions

to ensure the robustness of that result. Statistical analyses were conducted using Stata 15.1

(Stata Corp. TX).

Ethical approval for this study was granted from the Committee on Human Research at

UCSF (14–15446) and the Institutional Committee for Ethics and Review of the Indian Insti-

tute of Health Management Research. Consent was obtained from study participants before

data collection. Patient identifiable information was not used in the analytical dataset.

Results

Characteristics of the study population including overall complication proportions are pre-

sented in Table 1. A total of 12,307 admissions were included in the FIS dataset. Of these,

11,616 (94%) were direct (non-referred) admissions and 11,800 (96%) were observed by men-

tors, of which 11,259 were both direct and observed admissions. Average maternal age was

Table 1. Admission characteristics and demographics in 22 Compressive Emergency Obstetric and Neonatal Care

(CEMONC) facilities in Bihar, India during the AMANAT nurse-mentoring intervention.

No. %

Type of admission

Direct 11,616 94.4

Referred 628 5.1

Unknown 63 0.5

Delivery observation

Observed 11,800 95.9

Partially Observed 507 4.1

Parity

0 4,214 34.2

1 3,894 31.6

2 2,446 19.9

3 1,147 9.3

4 392 3.2

5+ 214 1.7

Maternal age (years), median (IQR) 24 (22–26)

Mode of delivery

Spontaneous vaginal delivery 10,574 85.9

Assisted vaginal delivery 18 0.2

Caesarian section 1,168 9.5

Unknown or not applicable 547 4.4

Physician consulted

No consultation 9,952 80.9

Phone consultation 514 4.2

In-person consultation 1,841 15.0

Aggregate complications

No maternal complication 8,792 71.4

Any maternal complication 3,515 28.6

No neonatal complication 10,069 81.8

Any neonatal complication 2,238 18.2

Maternal deaths 9 0.1

Neonatal deaths 10 0.1

Total admissions 12,307

https://doi.org/10.1371/journal.pone.0247260.t001
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24.6 years (Standard Deviation, SD = 3.5). Physicians were consulted by phone in 514 cases

(4%) and in-person in 1,841 cases (15%). There were 10,574 spontaneous vaginal deliveries

(86%), 1,168 cesarean sections (10%) and 18 operative vaginal deliveries (<1%). The remain-

ing 547 (4%) of admissions were antenatal, postnatal, or referred to a higher-level facility

before delivery. There were 9 maternal deaths and 10 neonatal deaths. Specific complications

by month are shown in S1 Table.

Diagnosis and management of complications

Trends in diagnosis of PPH, HDP, BA, and LBW are shown in Fig 1. Over the six months of

the AMANAT intervention, in direct observed admissions, diagnosis of PPH increased from

3.3% to 3.9% of admissions (ptrend = 0.70). HDP increased from 1.0% to 1.7%, (ptrend = 0.04).

BA decreased from 6.0% to 5.1% (ptrend = 0.12). LBW diagnoses increased from 11% to 16%

(ptrend<0.01). Other complications noted in the FIS dataset are shown in S1 Table.

Fig 1. Trends in complication diagnosis by month in observed direct admissions to 22 CEMONC facilities in Bihar, India during the AMANAT nurse-

mentoring intervention.

https://doi.org/10.1371/journal.pone.0247260.g001
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Trends in management of PPH in all observed direct and referred admissions are shown in

Fig 2. Among 504 patients diagnosed with PPH in all observed admissions, use of fluids

increased from 95.2% to 98.3% (ptrend = 0.31). Patients receiving uterotonics rose from 88.0%

to 98.3% (ptrend = 0.19). Patients receiving TXA for PPH rose from 6% to 13.8% (ptrend = 0.03).

Treatment steps for other complications are shown in S2 Table.

Trends in neonatal resuscitation steps are shown in Fig 3. There were 721 neonates with BA

in all observed admissions, and 61 (8%) of these were born by cesarean section. Of all neonates

with BA, there were statistically significant increases in the proportion who were initially

warmed, dried, and stimulated (78% to 94%, ptrend = 0.02), received airway suction (80% to

93%, ptrend = 0.03), and received supplemental oxygen without PPV (73% to 86%, ptrend =

0.05). The increase in the proportion who were initially warmed, dried, and stimulated was

robust to dropping referred admissions. The number of BA neonates receiving PPV appeared

to have a decreasing trend, but this was not statistically significant (40% to 30%, ptrend = 0.06).

Fig 2. Trends in postpartum hemorrhage management by month in observed admissions to 22 CEMONC facilities in Bihar, India during the AMANAT

intervention.

https://doi.org/10.1371/journal.pone.0247260.g002
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The radiant warmer was used on 92% of neonates with BA, with no statistically significant

trend over time.

Discussion

To our knowledge, this is the first large-scale analysis of the trends in diagnosis and manage-

ment of obstetric and neonatal complications in DHs in Bihar, allowing a nuanced look at the

continuum of care during a high-intensity nurse-mentoring program. Results suggest that

diagnoses of HDP and LBW increased, while diagnoses of PPH and BA largely remained stable.

Diagnoses of PPH and HDP remained below the expected population incidence. Performance

of key NR steps and administration of TXA for PPH increased during the intervention period.

Complication diagnosis

Increases were observed in the diagnoses of HDP in mothers and LBW in infants, indicating

that nurse-mentoring may have contributed to these improvements. We believe the increases

Fig 3. Trends in neonatal resuscitation by month in observed admissions to 22 CEMONC facilities in Bihar, India during the AMANAT nurse-mentoring

intervention.

https://doi.org/10.1371/journal.pone.0247260.g003
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in observed diagnoses likely reflects real improvements in diagnosis, given that the underlying

population rates is unlikely to have changed significantly over the relatively short six-month

intervention period. Further, the overall rates remained below those expected in similar low

resourced populations. Improvements in identification of all complications and eliminating

false negative diagnosis is the critical first step towards appropriate treatment.

Nevertheless, the proportions of patients with PPH and HDP remained below expected

incidences [7,8]. The overall PPH diagnosis of 3.7% was lower than the 5% suggested in the lit-

erature when PPH is determined by estimated blood loss, as was done in this study’s facilities,

where resources inhibited more precise quantification [7]. At 2.1%, the proportion of patients

with HDP was significantly less than the incidence of 5–10% reported in the literature [8]. The

likely high number of undiagnosed PPH and HDP cases remains a concern as these are the

two leading causes of maternal mortality.

The proportion of neonates with BA did not change over the course of the intervention and

remained at the low end of estimated incidence [27]. Stillbirth rates in this sample were consis-

tent with the estimated global rates of stillbirth, so it is unlikely that BA neonates were misdiag-

nosed as stillbirths [1]. However, it is possible that BA infants who only needed minimal

stimulation to resuscitate were not recorded as asphyxiated.

Neonates with a diagnosis of LBW increased from 11% to 16% during the intervention

period. While the Government of India estimates the incidence of LBW in Bihar at 9%, other

studies have concluded that the true incidence is likely much higher, up to 30% [9,28]. Thus, it

is likely that increases in LBW reflect improvements in identification or reporting. This could

also be a consequence of increased use of digital scales. Supported by the nurse mentors, the

providers felt more confident in using the digital instruments. Improved identification of

LBW neonates is critical for treating the many complications of preterm birth and fetal growth

restriction, such as hypothermia, hypoglycemia, poor feeding, and respiratory, cardiovascular,

gastrointestinal, and neurological complications. Improvements in reporting are also helpful

for tracking population incidence and addressing root causes such as maternal nutritional sta-

tus and placental disorders.

We believe the greater than 50% relative increases in diagnosis of HDP in mothers and

LBW in infants are clinically significant given the large population over which these increases

occurred and the fact that these two diagnoses are leading causes of severe maternal and neo-

natal outcomes.

Complication management

Increases were observed in the performance of initial NR steps. For NR, warming, drying,

stimulating, suctioning, and administering supplemental oxygen without PPV were performed

more frequently among BA infants in month 6 than in month 1 of the intervention. There

remains room for improvement in the utilization of these steps as all BA infants should be

warmed, dried, stimulated in the first minute after birth. Though, there was a statistically non-

significant decrease over time in the use of PPV among BA infants. However, the observed

rate was consistent with population estimates (3–6%) of neonates who should receive PPV

[27].

Almost all PPH patients received fluids throughout the intervention, which is notable as an

appropriate response to PPH given that IV fluids are not otherwise routinely given in this set-

ting. There was a fluctuating trend in uterotonics use, with an initial decrease followed by a

rise to near universal use in month 6. Field staff suggested that this could be due to improve-

ments in emphasis on uterotonics use and improved supply over the course of the intervention

period. The proportion of PPH patients receiving TXA more than doubled over the course of
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the intervention, during which new WHO guidance on the use of TXA in PPH came into

being, supply of TXA to the hospitals increased, and data collection on TXA became more

consistent [29]. We did not have data for a detailed analysis of the management of LBW

neonates.

Study strengths and limitations

Strengths of our study include its novelty of setting and scope. Specific to the AMANAT inter-

vention, previous studies have demonstrated positive changes in obstetric and neonatal care in

BEmONC facilities [22,30–32]. This study contributes evidence from the public DHs setting,

to the growing body of evidence. More broadly, it adds to the literature on the changes during

a nurse-mentoring program on uptake of evidence based obstetric and neonatal practices in

low and middle-income CEmONC settings, by assessing a multifaceted quality improvement

intervention program at a higher level of care than prior studies [17–19]. In addition, disentan-

gling complication diagnosis from treatment enabled us to assess where gaps in care exist for

specific complications.

Limitations of the study include lack of a control group, which limit our ability to attribute

changes in diagnosis and treatment to the intervention. In addition, data were collected by

AMANAT mentors participating in the intervention program, rather than independent clini-

cal observers. Whilst this facilitated the large sample size by integrating data collection into

routine mentoring activities, it limited the ability to suggest if the changes observed were

entirely due to the change in skills of the nurse mentees. Furthermore, we did not have data on

maternal and neonatal infections, which account for a large percentage of global maternal and

neonatal morbidity and mortality. A key limitation in our opinion was not being able to fully

assess the timeliness or appropriateness of treatment for complications without the full patient

history being available in our dataset.

For the 4% of observed admissions that were referred from lower level facilities, some man-

agement steps may have been completed prior to arrival at DHs, which may have impacted

what steps were indicated in the DHs. This was most salient in the case of NR, where initial

warm, dry, stim steps should have been performed at the referring institution. Out dataset did

not distinguish between pre- and post-partum admissions. However, the increases seen in ini-

tial NR steps were robust to dropping referred admissions. Finally, with a total of 9 maternal

deaths and 10 neonatal deaths we did not have a enough sample size to analyze trends in

maternal and neonatal deaths.

Conclusions

Analysis of a large dataset of obstetric admissions in 22 DHs showed that diagnoses of HDP

and LBW as well as performance of initial management steps of NR increased over the course

of the AMANAT-CEMONC quality improvement initiative, suggesting the potential efficacy

of a comprehensive quality improvement approach. This is the second study showing

improvements in maternal and neonatal care over the course of an AMANAT intervention.

However, underdiagnoses of PPH and HDP remain critical barriers to improving maternal

morbidity and mortality, in this setting.
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