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Synopsis
A sustainable model is established using a multidisciplinary approach for providing
obstetric services to over 400 women with COVID-19 in Mumbai Metropolitan Region,
India.

ABSTRACT
Objective: To provide a descriptive account of the challenges and administrative
preparedness for establishing and sustaining safe obstetric services during the
COVID‐19 pandemic at Topiwala National Medical College & BYL Nair Charitable
Hospital (NH), Mumbai, India.
Methods: The management of pregnant women with COVID-19 was implemented as per
international (WHO, RCOG, ACOG) and national (Indian Council of Medical Research)
recommendations and guidelines at an academic, tertiary care, COVID-19 hospital in
India.

Results: Using a multidisciplinary approach and active engagement of a multispecialty
team, obstetric services were provided to over 400 women with laboratory-confirmed
COVID-19. A sustainable model is established for providing services to pregnant women
with COVID-19 in Mumbai Metropolitan Region, India.
Conclusion: With limited resources, it is possible to set up dedicated maternity services,
aligned to international guidelines, for safe pregnancy outcomes in COVID-19 settings.
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This COVID-19 hospital addressed the challenges and implemented several known and
novel methods to establish and sustain obstetric services for women with COVID-19. The
model established in the present study can be replicated in other low- and middle-income
countries.

1 INTRODUCTION
Coronavirus disease 2019 (COVID-19) is caused by severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2), first identified in China [1]. In India, the first confirmed case
of COVID-19 was reported in the state of Kerala on January 30, 2020 [2]. On March 11,
2020 two cases were admitted to Kasturba Hospital for Infectious Diseases (KH),
Mumbai. Since then, the total number of cases has increased to more than 600 000 with
over 18 000 deaths at July 4, 2020, and the number continues to rise [3]. This pandemic
has posed a daunting challenge to healthcare systems across the world due to its
magnitude, severity, the rapidity of spread, and unavailability of any previous scientific
data regarding the disease, and thereby questioning the resilience of healthcare systems.
India has a population of more than 1.3 billion population and the healthcare system is
currently under crisis due to the COVID-19 pandemic. The aim of the present study was
to describe the administrative challenges, solutions for establishing a dedicated COVID19 hospital, experiences of delivering over 400 women with COVID-19, and a sustainable
model for addressing a public health emergency such as COVID‐19 in India
.

The existing public healthcare system in Mumbai Metropolitan Region (MMR), India
Public healthcare in MMR is mainly provided and maintained by the Municipal
Corporation of Greater Mumbai (MCGM), Government of Maharashtra, and is based on a
traditional three-tier system with primary, secondary, and tertiary care centers. It has a
network of 16 municipal general hospitals, six specialty hospitals, 29 maternity homes,
175 municipal dispensaries, and 183 health posts. Peripheral hospitals (primary and
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secondary care centers) are linked to tertiary care centers. There are four multispecialty
tertiary care centers with their respective teaching institutes including Topiwala National
Medical College & BYL Nair Charitable Hospital (NH). NH was founded in 1921 and its
Obstetrics and Gynaecology Department caters to approximately 17 000 antenatal
outpatients and 3500–4000 deliveries per year.
2 MATERIALS AND METHODS
Written informed consent was not needed as the present study did not involve studies of
patients, patient records, or volunteers. A waiver for ethical review was obtained from the
Ethics Committee.
Preparedness for handling pregnant women with COVID-19
When the COVID-19 pandemic hit the city of Mumbai and patients started to show up at
NH, the first challenge was to manage patients with COVID-19 amid those without
COVID-19 who had already been admitted to the same institute. To enable this,
administrative teams were essentially divided into four parts: on-site changes, personnel
operations, human resources, and rendering obstetric services. The core committee
managed logistic problems and patient transfer calls from all over MMR 24 hours a day.
On-site changes
a.

Triage system and special screening for outpatient department (OPD)

Efficient triage of patients with COVID-19 at the entrance to the hospital helped the
hospital administration cope with patient inflow, direct necessary medical resources to
efficiently manage the critically ill, and protect the safety of frontline healthcare workers
(HCW) (Fig. 1) [4]. It was also necessary to have a special screening area for those
suspected of having COVID-19 at the entrance of the hospital to guide patients to further
management pathways. Therefore, a special screening OPD (SSO) was set up near the
entrance of the hospital. All the referred patients with confirmed or suspected COVID-19
were assessed at SSO (Fig. 2) which also has eight beds for emergency care and an
ambulance bay for stabilizing critical patients. From here, patients are then directed as
per the triage system. A separate path, called “Corona Path,” was created for
transporting patients to the wards.
b.

Increase in beds and local Standard Operating Procedures (SOP)
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NH was soon converted to a dedicated COVID-19 facility with more than 1000 beds,
including 120 maternity beds. This was done by increasing the number of beds and
creating COVID-19–compliant wards (Table 1). While managing the first few cases, there
was no clarity due to the lack of pre-existing scientific data about SARS-CoV-2, hence it
was difficult to formulate SOPs in the beginning. The management of the disease in
pregnancy was solely dependent on recently published data and experience of previous
outbreaks such as SARS and Middle East respiratory syndrome (MERS). Care was
provided by a multidisciplinary team including obstetricians, neonatologists, obstetrical
anesthesiologists, intensivists, virologists, microbiologists, and infectious-disease
specialists, constantly adapting management protocols with respect to rapidly evolving
national and international guidelines. This updated scientific information was
disseminated among all the HCWs by regular meetings via videoconferencing, webinars,
and sharing information on the hospital’s closed social media groups. Training sessions
are carried out regularly for all HCWs to ensure that they not only receive adequate
information about clinical management, but are also trained in using personal protective
equipment (PPE) and undertaking infection prevention and control (IPC) measures
correctly (Table 2).
c.

Separate maternity space and services for COVID-19

In the initial phase, a separate maternity space (for both confirmed and suspected cases)
and a smaller neonatal intensive care unit for patients with COVID-19 was also created in
a building located at the perimeter of the hospital campus. A makeshift labor room was
created by moving labor tables, oxygen cylinders, and portable lamps. With an increasing
number of obstetric patients, this arrangement was upgraded to a separate maternity
ward with 50 beds and an independent operation theater (OT) in the same building.
Neonates were kept with the mother to ensure exclusive breastfeeding. Problems relating
to infrastructure during this installation, including equipment outsourcing, logistics,
engineering modifications, etc., were dealt with efficiently by the hospital administration
(Table 1).
A quality check of all PPE was done regularly after noticing a tear in one of the PPE kits
and seepage of blood through it during the first few deliveries. The team working with
donor liaison was the bridge between clinicians’ needs and donors, which helped in
preparing for infrastructure that was compatible with managing COVID-19 (Table 1).
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d.

In view of increased consumption of oxygen during the COVID-19 pandemic, the oxygen
capacity of the hospital was increased. Non‐invasive options, such as high-flow nasal
oxygen (HFNO) and bi‐level positive airway pressure (BiPAP), assist patients with
COVID‐19 experiencing mild or moderate respiratory distress and reduce the numbers of
patients requiring intubation, mechanical ventilation, and admission to the intensive care
unit (ICU) for some severely ill patients [5]. These respiratory support devices were
procured and were successfully used to treat patients with COVID-19. As both BIPAP
and HFNO are aerosol-generating procedures (AGP), HCWs were trained to take the
utmost care while administering either therapy.
Managing human resources and personnel operations
Since the main mode of transport, the trains, had been suspended due to a lockdown, the
transport of around 1500–2000 employees was arranged by collaborating with the
Brihanmumbai Electricity Supply and Transport (BEST) who dedicated their buses, in
three shifts, over a period of 3 months. Fourteen bus routes were mapped exclusively for
NH. Off-site accommodation for 500 resident doctors and 300 paramedical staff staying
in hospital campus was arranged to align to the rota designed to protect HCWs from
continual exposure to the hospital viral load. The total number of frontline doctors was
increased in collaboration with other hospitals by mobilizing their doctors to NH, giving
HCWs incentives, such as pay rises, and calling back resident doctors on preparatory
exam leave to resume duty (Table 2).
Rendering obstetric services
In the initial phase, the outpatient services were functional, adhering to IPC measures
and transmission-based precautions (social distancing, wearing face masks mandatory
for all, allowing only one accompanying person with each patient, etc.) and keeping
antenatal visits to a minimum [6, 7]. However, as the national lockdown rules were made
stringent, the outpatient service was stopped and only emergency services were
continued. All elective surgical procedures were delayed in an attempt to make available
the maximum ventilatory support for critical patients with COVID-19.
a.

Delivering the first mother with COVID-19

The first two parturients with COVID-19 were attended in one of the peripheral hospitals
affiliated to NH on April 14, 2020, and subsequently admitted to NH. Before coming to
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NH, both were denied admission at four private hospitals due to the unavailability of a
COVID-19 infrastructure. Both delivered vaginally in a makeshift labor room. With the rise
in cases of COVID-19, NH was soon converted into a dedicated COVID-19 facility on
April 18, 2020, managing only patients with COVID-19 with all specialties, including
maternity. This mandated discharging non-COVID-19 patients who had already been
admitted or moving them to another hospital which was an organized task between the
administrative heads of NH and those of neighboring hospitals.
b.

Dedicated COVID-19 maternity facility

NH became the only tertiary care hospital designated solely for the management of
pregnant patients with COVID-19 and all their emergency care. The obstetric unit was
soon functional with capacity for 120 beds, including three wards and a labor room with
eight beds, stringently following the protocols set by the hospital’s IPC committee, which
were consistent with guidelines given by the Ministry of Health and Family Welfare
(MoHFW) as well as WHO and Centers for Disease Control and Prevention (CDC) [8–
11].

All beds were kept at a minimum distance of 1.5 m from each other, three-layered
surgical masks were given to all admitted patients, and engineering controls (installing
physical barriers, curtains, or partitions) were undertaken to reduce or eliminate exposure
by shielding HCWs. Environmental cleaning and disinfection procedures were followed,
adhering to IPC guidelines [9].
c.

Admission policy

As the pandemic evolved, the admission policy needed to be updated regularly, taking
into consideration the increased inflow of patients. Therefore, the initial policy of admitting
all pregnant patients with confirmed COVID-19 was changed to admitting only those with
moderate to severe symptoms and those with high-risk pregnancies or requiring active
obstetric management. This approach was endorsed by MoHFW in their home isolation
guidelines, that mild cases can be managed at COVID Care Centers (CCCs), First
Referral Units, Community Health Centers, sub-district and district hospitals, or at home
[12].

Severity-based stratification of inpatients was done on detailed history and clinical
examination. With the help of a multidisciplinary approach, patients with moderate to
severe disease were moved to the high dependency unit/ICU, while those with mild
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disease were managed in the wards (Fig. 3).
d.

Inpatient care

Inpatient management protocols for antenatal as well as intrapartum patients were
formulated and timely updated as per national [6, 8] and international (International
Federation of Gynecology and Obstetrics [FIGO], CDC, and WHO) [7, 13, 14] guidelines.
OT protocols, including communication pathways and transport protocols, were also
formulated adhering to these guidelines [9–11, 15]. Although all the preparations were in
place for operative intervention of patients with COVID-19 if needed, nothing was
foolproof until it was experienced first-hand. Operating in PPE was inconvenient due to
the constant misting of eyewear/face shields and the extreme heat/dehydration.
Subsequently, users learned how to avoid misting and to carry on without feeling giddy.
The use of electrocautery during surgery was limited and was only used with suction
when required (Table 2).
Daily rounds were taken twice, assessing the symptoms and clinical findings of patients,
including temperature, heart rate, respiratory rate, and oxygen saturation, thus constantly
updating the discharge list of patients who can be released to CCC or into the home
setting.
e.

Testing strategy

Pregnant asymptomatic women with COVID-19 are not only at risk of infecting their
newborns but also pose a risk to HCWs. Considering this, the Indian Council of Medical
Research (ICMR) on April 20, 2020, recommended testing for SARS-CoV-2 in all
pregnant women residing in clusters/containment area or in large migration
gatherings/evacuee centers from hotspot districts in India and presenting in labor or likely
to deliver in the next 5 days [16]. This increased the rate of testing tremendously and
therefore increased the number of referrals of obstetric patients with confirmed COVID-19
and the rate of admission to NH maternity unit. In its recent testing strategy, ICMR
advocates testing only symptomatic patients (symptoms of influenza-like illness) and
asymptomatic direct or high-risk contacts of confirmed cases. It also advises not to delay
emergency procedures, such as delivery, due to lack of test and to apply the same
criteria while sending their samples for testing [17].
The testing strategy for inpatients was also updated accordingly. Where the
oropharyngeal swabs for reverse transcription polymerase chain reaction (RT-PCR) were
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initially sent every 48 hours for all patients, this then changed to sending them only on a
case-by-case basis where repeat swabs were sent for critically ill or
immunocompromised patients before discharging them from hospital [18].
Sample collection, packaging, and transport of all specimens obtained from all wards
were strictly supervised for adherence to the guidelines set by MoHFW [19].
f.

Discharge policy

The decision to discharge was taken on symptom- and test-based criteria, where initially,
as per MoHFW and WHO guidelines, the patient was only discharged after receiving two
consecutive negative RT-PCR tests done on oropharyngeal swabs, sent 24 hours apart.
These recommendations were based on the knowledge and experience with similar
coronaviruses, including those that caused SARS and MERS [20, 21].
This approach burdened the testing capacity. Hence the decision to discharge was then
modified to only symptom-based criteria, where asymptomatic patients and those with
mild to moderate disease were discharged after being asymptomatic for 10 days from the
onset of first symptoms, and were advised to self-isolate and take transmission-based
precautions at home for a further 14 days, which later changed to 7 days as per the
MoHFW revised discharge policy on 08.05.2020 [21]. An undertaking to this effect was
signed by all patients [12]. Patients for whom it was not possible to follow those
precautions at home were discharged to a CCC.
Asymptomatic antenatal inpatients were retested by RT-PCR at day 9 of admission or 10
days after onset of symptoms. If the result was negative, they were transferred to another
non-COVID-19 facility in the city. This is being practiced with the understanding that the
documented report of negative RT-PCR would be needed for admission to non-COVID19 hospitals.
CDC describes symptom-based strategies (similar to WHO), test-based strategies (still
requiring at least two consecutive negative results from respiratory specimens collected
at least 24 hours apart), and time-based strategies (at least 10 days have passed since
the date of their first positive COVID-19 diagnostic test) to decide discontinuation of
isolation and transmission-based precautions [22, 23]. The Department of Health and
Social Care in the UK, with the NHS, has also accepted a rapid discharge policy to
ensure capacity to support patients with acute healthcare needs [24].
The yield
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NH is the only tertiary care hospital in MMR that has been converted into a dedicated
COVID-19 specialty hospital. The impact of the pandemic was so high that the number of
COVID-19 deliveries at NH reached 100 within a month of it starting its dedicated
COVID-19 maternity services. NH has successfully managed more than 600 obstetric
patients, conducting 412 deliveries including seven pairs of twins and one set of triplets
so far. There were no maternal mortalities among those delivered; however, there were
four maternal mortalities due to unrelated causes. In this battle against the COVID-19
pandemic, since the day NH became a dedicated COVID-19 facility, only two frontline
HCWs contracted COVID-19. Thus, NH has managed to keep its HCWs safe, with the
lowest rate of COVID-19 infection among them. Thus, handling operations of this
magnitude was more of a lesson in management than just a lesson in medicine.
Conclusion
A sustainable model was established using a multidisciplinary approach and active
engagement of a multispecialty team, and obstetric services were provided to more than
600 pregnant women with COVID-19 in MMR, India. The COVID-19 facility addressed
the challenges and implemented several known and novel methods to establish and
sustain obstetric services for women with COVID-19. Based on this experience, it is
recommended that the model is implemented in other low- and middle-income countries
with low-resource settings.
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FIGURE LEGENDS
Figure 1. Triage system in Mumbai. Abbreviations: CCC, COVID Care Center; ICU,

intensive care unit; RR, respiratory rate; SPO2, oxygen saturation.
Figure 2. Layout of SSO. Abbreviation: SSO, special screening for outpatients.
Figure 3. Admission policy for obstetric patients at Topiwala National Medical College &
BYL Nair Charitable Hospital. Abbreviations: CCC, COVID Care Center; CS, cesarean
section; HDU, high dependency unit; ICU, intensive care unit; SSO, special screening for
outpatients.
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Table 1. Logistic challenges for establishing a dedicated COVID-19 facility.
Challenges

Solutions

Managing non-COVID-19



patients already admitted

located at the perimeter of the hospital campus, away from the

when NH was declared a

majority of patient traffic.

dedicated COVID-19 facility



New makeshift COVID-19 facility in “H” building, which is

This was achieved by evacuating “H” building of its non-

COVID-19 patients and relocating them to other buildings, to make
space for new patients with COVID-19.


Shifting non-COVID-19 patients to another parallel non-

COVID-19 hospital with efficient communication and liaison with
neighboring hospitals.

Shifting of resident medical



doctors out of campus

site) and 6-h duties to control viral exposure. Resident doctors were

Establishment of a 7/7 rota (7 days on site and 7 days off

also shifted to hotels, since their residential facilities are above the
buildings housing the wards.

OPDs needed to be moved



outside the building to avoid

giving immediate care at first contact.

exposure to non-COVID-19



patients already admitted

for patient traffic.


Installing SSO at the entrance of the hospital for triage and
Closing accessory exit gates and allowing uniform pathway
Forming a corona corridor for ambulance path, patient

transport for investigational purposes, or transporting bodies to the
mortuary.

Preparing for infrastructure



compatible with the

administrative hospital funds or through donor liaison to meet the

management of COVID-19

increasing demand.


Procuring the maximum number of PPE kits from

Procuring ventilators and non‐invasive options (HFNO and

BiPAP).


Fast-tracking the procurement process for required

equipment like sterile PPE, higher lux theater and labor room lighting
for better visualization, Fetal monitors, fetal Dopplers, Oral
Rehydration Solution, protein snacks, and food for frontline HCWs.

Establishing a dedicated



COVID-19 facility with an

120 for obstetrics and gynecology services was done.

increasing demand for beds



Arranging more beds with oxygen ports and supply.



Keeping beds at a minimum distance of 1.5 m from each

An increase in the number of beds to 1043 for NH including

other.


Creating areas for donning, doffing, and safe and unsafe
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zones
Increased demand for



oxygen

to meet with possible increase in consumption of O2.

Difficulty taking FHS and



Hand-held Dopplers and thermal guns were procured.

Difficulties operating or



Washing glasses in soap and water, which reduces surface

delivering while wearing

tension and disperse water.

PPE, such as misting on



eyewear/face shields

exhaled air from the mask.

Increased sweating and



Rotating doctors for back-to-back surgeries.

dehydration



Encouraging doctors to hydrate themselves before donning

Existing O2 capacity of 12 000 L was increased to 31 000 L

taking temperature

Putting adhesive tape at the bridge of the nose to seal off

and after doffing and at regular intervals.


Sterile PPE kits were procured to avoid wearing additional

sterile linen gowns on unsterile PPE.

Abbreviations: BiPAP, bi-level positive airway pressure; FHS, Fetal heart sound; HCW,
healthcare worker; HFNO, high-flow nasal oxygen; OPD, outpatient department; PPE,
personal protective equipment; SSO, special screening for outpatients.
Table 2. Challenges with human resources and training of HCWs.
Challenges

Solutions

Keeping adequate number of



treating doctors

duties from study leave as part of their service bond.

Many HCWs being quarantined



due to exposure

warriors.

Resident doctors’ hostel was



inside the campus on the top

this period to decrease the exposure staying in campus

floor where COVID-19 patients



7/7 rota for resident doctors



Organizing a regular timely spaced rota with 6-h shifts

Encouraging exam-going resident doctors to rejoin
Appealing medical students to join as COVID-19

Moving resident doctors to nearby hotels temporarily for

were to be admitted
Caring for HCWs

for each HCW to reduce exposure and stress and improve
efficiency.


Organizing psychological support and periodic

counseling sessions to relieve anxiety and stress.


Distributing prophylactic medicines and daily meals to
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HCWs.

Training frontline workers



Maintaining a healthy and friendly work environment by

feedback.


Systematic surveillance of exposed HCWs.



Conducting regular informative meetings including

webinars, encouraging free communication among all
departments and from frontline workers.


Disseminating information about guidelines and

management protocols for COVID-19 on closed groups formed,
aided by social media.


Training sessions regarding IPC protocols, donning and

doffing of PPE, swab collection, and specimen transport.

Abbreviations: HCW, healthcare worker; IPC, infection prevention and control; PPE,
personal protective equipment.

This article is protected by copyright. All rights reserved

Accepted Article

ijgo_13338_f1.docx

Figure 1. Triage system in Mumbai.
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Figure 3. Admission policy for obstetric patients at NH
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