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Abstract

Purpose To describe the design, implementation, and adoption of a simplified electronic medical record (EMR) and its
use in documenting pediatric central nervous system (CNS) tumors at a tertiary care referral hospital in South-East Asia.
Methods A novel EMR, cataloguing pediatric CNS tumors was used to collect data from August 2017 to March 2020 at
National Institute of Neurosciences and Hospital (NINS&H) in Dhaka, Bangladesh.

Results Two hundred forty-nine pediatric patients with a CNS tumor were admitted to NINS&H. Fifty-eight percent of
patients were male, and the median age was 8 years. A total of 188/249 patients (76%) underwent surgery during their index
admission. Radiographic locations were known for 212/249 (85%) of cases; the most common radiographic locations were
infratentorial (81/212; 38%), suprasellar (45/212; 21%), and supratentorial (29/212; 14%). A histopathological classification
was reported on 156/249 (63%) of patients’ cytology. The most common infratentorial pathologies were medulloblastoma
(22/47; 47%) and pilocytic astrocytoma (14/47; 30%). The median time between admission and surgery was 36 days, while
the median post-operation stay was 19.5 days.

Conclusions The feasibility of a basic EMR platform for a busy pediatric neurosurgery department in a lower-middle income
country is demonstrated, and preliminary clinical data is reviewed. A wide variety of pediatric CNS tumors were observed,
spanning the spectrum of anatomic locations and histopathologic subtypes. Surgical intervention was performed for the
majority of patients. Barriers to care include limited molecular diagnostics and unavailable data on adjuvant therapy. Future
targets include improvement of clinical documentation in the pre-operative and post-operative period.
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SOL Space-occupying lesion

PDU Pathological diagnosis uncertain
Introduction

Neurosurgeons, medical assistants, and auxiliary staff face
many challenges — both clinically and organizationally —
when managing hundreds of individuals’ neurosurgical care
in a large tertiary referral center. Many institutions based
in high-income countries (HICs) have utilized electronic
medical records (EMRs) to maximize organizational effi-
ciency [1, 2]. Alternatively, most hospitals based in low-
and middle-income countries (LMICs) rely on paper-based
documentation, thus providing fertile grounds for EMR
adoption [3, 4]. While EMR implementation has been well-
documented in various spheres in LMICs, no study to date
has analyzed the impacts of EMR implementation on pediat-
ric neurosurgical care in an LMIC neurosurgery department
[4-9]. This study describes the design, implementation, and
adoption of a novel EMR and its use in documenting pediat-
ric central nervous system (CNS) tumors at a large national
referral hospital in Dhaka, Bangladesh.

Methods
Software design

The EMR-BD software (http://emrbd.com/; Dhaka, Bang-
ladesh) was designed at the National Institute of Neuro-
sciences and Hospital (NINS&H) in November 2017. The
first author (SKM) was inspired to implement an EMR sys-
tem from personal experiences working with various neuro-
surgical departments in other countries. EMR-BD’s design
was achieved in a cost-conscious manner through collabora-
tion between local Dhaka-based computer programmers and
the first author (SKM). Important features include generat-
ing patient reports, conducting medication reconciliation,
and viewing hospital bed availability on the online home
screen dashboard. Other components include online sup-
port for telemedicine patients, technical support for users
via search-engine functionality, and a patient-provider mes-
saging system. Additionally, the EMR-BD software collects
data on tumor radiographic location, tumor pathology, pre-
senting symptoms, follow-up care, and patient demographic
data. Initial difficulties in software design included accessing
the EMR-BD within areas with low-internet connectivity,
facilitating uptake among colleagues at NINS&H, and main-
taining technological upkeep. As of December 2020, the
EMR system’s yearly maintenance fee is approximately 5000
Bangladeshi Taka (approximately US$59) and internet con-
nectivity is provided at no additional cost from NINS&H’s
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hospital network. The EMR-BD software was privately
financed through pediatric neurosurgeons at NINS&H. In
addition, manual data entry is facilitated by a local EMR
specialist for quality control and to promote system utiliza-
tion among attending neurosurgeons. Last, EMR-BD’s on-
site computer programmer provided technological mainte-
nance and direct troubleshooting support.

Software implementation

The EMR-BD software was first implemented in Novem-
ber 2017. Key initial steps toward software implementation
included identifying key stakeholders, facilitating utilization
among attending neurosurgeons, and creating responsive
feedback mechanisms among users. In addition, an imple-
mentation lead was identified — in this case an attending
neurosurgeon — to help organize and promote implementa-
tion. Key stakeholders included various local software engi-
neers, programmers, and attending pediatric neurosurgeons
at NINS&H. To date, EMR-BD is consistently utilized by
three attending neurosurgeons at NINS&H (SKM, DMA,
SME), one neurosurgery division in a nearby teaching hos-
pital (Bangladesh Medical College Hospital, Dhaka, Bang-
ladesh), and a local non-governmental organization (NGO)
for teleconferencing with patients outside of Dhaka. Several
neurosurgeons outside of NINS&H have expressed interest,
and they are currently exploring adoption of EMR software
comparable to the EMR-BD model.

EMR database analysis

This study utilizes a database analysis to determine the
advantages and shortcomings of EMR implementation in
Dhaka, Bangladesh. To start, data collection systematically
evaluated characteristics of each neurosurgical electronic
medical record involving pediatric central nervous system
tumors from August 2017 to March 2020. Table 1 demon-
strates basic demographic data (i.e., presenting symptoms,
date of presentation, city, etc.) collected from the EMR.
Pathological diagnoses by radiographic location were also
recorded where applicable.

Wherever the EMR documentation was incomplete or
inconclusive, researchers described the records as best pos-
sible with existing data. Records lacking basic data were
removed from the final dataset. Any discrepancies in data
collections were relayed to the senior authors on the team
(MCD, SKM, SME, CMB, EM) for further discussion. Col-
lected, non-identifiable information was exported to Micro-
soft Excel (Albuquerque, NM, USA) for data analysis and
verification. Last, this study obtained ethical review clear-
ance at NINS&H.
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Table 1 Data characteristics Background characteristics

e Date of birth

e Sex (M/F)

e Age at surgery

e Patient’s date of presentation
o City of residence

e Distance from NINH

e Blood group

Surgical information

Follow-Up Information

e Reason for visit

o Past medical history

e Presenting symptom (s)

e Surgery/operation performed

o Extent of surgical resection (GTR=1, STR=2,
Unknown =3, Biopsy =4, CSF-Diversion
only=5)

o Additional surgeries (if applicable)

e Pathological diagnosis

o Tumor radiographic location

o Date of discharge

e Hospital length of stay (in days)

e Pre-op imaging (Y/N)

o Post-op imaging (Y/N)

o Short-term follow-up (< 6 weeks)

e Long-term follow-up (> 6 weeks)

o Alive at last follow-up (Y/N)

Results

Two hundred forty-nine patients with a CNS tumor were
admitted to NINS&H. Fifty-eight percent of patients were
male, and the median age was 8 years old. The patients trave-
led an average of 125 km (range: 2-397 km) to NINS&H
(Table 2). The most common primary presenting signs were
headache/nausea/vomiting (38%; 95/249), motor weakness
(22%; 54/249), visual disturbance (19%; 48/249), and sei-
zure (8%; 20/249). The median time between index admis-
sion and surgery was 36 days, and 76% (188/249) under-
went an operation with a goal of maximal safe resection.
Final EOR was unable to be determined on 73% (138/188)
of patients who underwent an operation due to a lack of
reported post-operative imaging. In patients with com-
plete documentation and pathologic analysis, 60% (30/50)
achieved gross total resection and 40% (20/50) achieved sub-
total resection. For cases not undergoing resection, a biopsy
was performed on 19% (7/36) of patients, and 55% (20/36)
underwent CSF-diversion only. Additional surgeries were
performed on 33% (82/249) of patients. The most common
additional surgeries were post-resection ventriculoperitoneal
shunt insertion (71%; 58/82) and endoscopic third ventricu-
lostomy (12%; 10/82). The median post-op length of hospital
stay was 19.5 days.

Next, Table 3 describes the radiographic locations and
pathologic classification of the tumors. Radiographic loca-
tions were determined for 85% (212/249) of cases; the most
common radiographic locations were infratentorial (38%;
81/212), suprasellar (21%; 45/212), and supratentorial (14%;

29/212). A histopathological classification was obtained on
63% (156/249) of patients’ cytology. The most common

Table 2 Demographic information

Data
Age, mean (range) 8 years (range:
1 month —
13 years)
Sex, n (%):
Male 147/254 (57.8%)
Female 107/254 (42.1%)

Distance from NINH, mean (range)
Major presenting symptoms, 7 (%):

125 km (2-397 km)

Headache/nausea/vomiting 95/249 (38.2%)
Motor weakness 54/249 (21.7%)
Visual disturbance 48/249 (19.3%)
Seizure 20/249 (8.0%)
Unknown 32/249 (12.9%)
Median time from index admission to surgery 36 days
Median post-operative hospital stay time 19.5 days
Extent of resection for operative cases, n (%): 188/249 (75.5%)
Unknown 138/188 (73.4%)
Known 50/188 (26.6%)
Additional surgeries after index surgery, n (%):  82/249 (32.9%)
Post-resection ventriculoperitoneal shunt 58/82 (70.7%)
insertion 10/82 (12.2%)
Endoscopic third ventriculostomy
Follow-up information:
Completed discharge date 113/249 (45.4%)
Short-term follow-up (< 6 weeks) 8/249 (3.2%)
Intermediate-term follow-up (> 6 weeks) 17/249 (6.8%)
Patients known to be alive at last follow-up 20/249 (8.0%)

@ Springer



1500

Child's Nervous System (2022) 38:1497-1504

Table 3 Radiographic location and pathology breakdown

Table 3 (continued)

Radiographic location and pathology n (%) Radiographic location and pathology n (%)
Supratentorial 29/212 (13.7%) Spinal 20/212 (9.4%)
Ependymoma 4 (13.8%) Space occupying lesion® 4 (20%)
Thalamic glioma 4 (13.8%) Spinal PDU" 4 (20%)
Space occupying lesion® 4 (13.8%) Spinal Extradural PDU 1 (5%)
Meningioma 2 (6.9%) Spinal Extradural Extramedullary PDU 1 (5%)
Pilocytic astrocytoma 2 (6.9%) Spinal Intramedullary PDU 1(5%)
DNET 2 (6.9%) Spinal Intradural Extramedullary PDU 1(5%)
GBM 2 (6.9%) Schwannoma 3(15%)
Medulloblastoma 2 (6.9%) Astrocytoma 1 (5%)
Ganglioglioma 1 (3.4%) Cavernous lymphangioma 1(5%)
Choroid plexus tumor 1 (3.4%) Cervical hemangioma 1 (5%)
Malignant small round blue cell tumor 1(3.4%) Ganglioglioma 1 (5%)
Neurofibroma 1 (3.4%) Hemangioma 1 (5%)
Oligodendroglioma 1 (3.4%) Hodgkins lymphoma 1 (5%)
Parieto-occipital cystic lesion 1 (3.4%) Non-Hodgkins lymphoma 1 (5%)
Temporal hemangioma 1 (3.4%) Neuroblastoma 1 (5%)
Infratentorial 81/212 (38.2%)  Spinal ependymoma 1 (5%)
Space occupying lesion® 34 (42%) Multifocal 17212 (0.5%)
Medulloblastoma 22 (27.2%) Multifocal Germinoma 1 (100%)
Pilocytic astrocytoma 14 (17.2%)
Ependymoma 8(9.9%) “Tumors without a specified histopathological diagnosis were clas-
Meningioma 2(2.5%) sified under space-occupying lesion (SOL) for each corresponding
Hemangioma 1(1.2%) radiographic location
Suprasellar 45/212 (21.2%) >Tumors without specified histopathological diagnosis but classified
Craniopharyngioma 34 (75.5%) under a sub-radiographic location were listed under Spinal Pathologi-
Space occupying lesion® 6 (13.3%) cal Diagnosis Uncertain (PDU)
Germinoma 2 (4.4%)
Pituitary adenoma 2 (4.4%)
Pll‘ocytlc astrocytoma 1(2.2%) infratentorial pathologies were medulloblastoma (47%;
Brainstem 61212 (2.8%) 22/47) and pilocytic astrocytoma (30%; 14/47). Corre-
Brainstem glioma 5(83.3%) . .
Brainstem space occupying lesion® 1(16.7%) spondingly, the most common supratentorial pathology was
Pineal region 51212 (2.3%) ependymoma (14%; 4/29), and the most common suprasellar
Space occupying lesion® 3 (60%) pathology was craniopharyngioma (87%; 34/39). Of note,
Tectal glioma 1(20%) 42% (34/81) of infratentorial, 13% (6/45) of suprasellar, and
PmealOt.)laStoma 1(20%) 14% (4/29) of supratentorial tumors lacked a final patho-
Intracranial NOS 251212 (11.8%) logic classification due to lack of available tools for patho-
Low-grade astrocytoma 10 (40%) . L. K . A
Schwannoma 3 (12%) logic analysis, insufficient tissue sample, and/or incomplete
Ependymoma 2 (8%) documentation. Finally, an average of six patients per day
Chordoma 1(4%) utilized the NINS&H’s EMR for neurosurgical follow-up
Canglioglioma e from their home during the 2020-2021 COVID-19 pan-
0
Germinoma 1 (4%) demic. No results were obtained regarding the number of
Hemangiopericytoma 1 (4%) patients who passed away while admitted to NINS&H. Last,
Hemangioblastoma 1 (4%) data were obtained from the outpatient department (OPD) at
Hemangioma L (4%) NINS&H and not all patients were later admitted for surgery
High-grade glioma 1 (4%)
Meningioma 1 (4%) to NINS&H.
Malignant small round blue cell tumor 1 (4%)
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Discussion

The design and implementation of a basic EMR platform
at NINS&H offers a broad overview of the pediatric neuro-
oncologic patients evaluated and services delivered within
Bangladesh’s busiest neurosurgery department. EMR
implementation enhanced data collection, identified areas
for improvement within the department, and exposed chal-
lenges related to post-operative care and long-term follow-
up, teleconferencing, outpatient follow-up appointments, and
research activities. More generally, EMR implementation
in LMIC neurosurgical departments can improve overall
departmental efficiency, reduce financial costs, and decrease
the administrative burden among medical and non-medical
professionals [4, 10, 11]. On the local level, EMR imple-
mentation promotes a more accurate estimation of long-term
neurosurgical outcomes of various operations performed
and diseases treated [9]. Examples of such organizational
benefits of EMR adoption at NINS&H include stream-
lined patient tracking, reduced paperwork for neurosurgical
department house-staff, and pre-propagated paperwork to
facilitate hospital discharge and outpatient follow-up.

Next, improved EMR documentation can help facilitate
institutional data collection. Enhanced EMR documentation
can provide institutions with the infrastructure necessary to
contribute to important population-based cancer registries.
Such efforts can improve measurements of incidence, preva-
lence, and treatment patterns of pediatric CNS tumors at the
hospital and national level. This documentation can provide
stakeholders with a comprehensive analysis of a particular
geographic area’s healthcare resource distribution and needs
especially in LMICs lacking robust cancer registries; in turn,
EMRs can aid overall national health care delivery and facil-
itate stakeholder collaboration [1, 9, 12, 13]. For example,
EMR implementation in Dhaka demonstrates NINS&H’s
impressive reach as an average patient travels 125 km, or 77
miles, to seek neurosurgical care. For reference, 125 km is
also the distance of Dhaka to the nearest city in India, Agar-
tala; Bangladesh’s borders extend approximately 820 km
(510 miles) from North to South and 600 km (370 miles)
East to West. Last, while this EMR system is not currently
a formal part of an institutional or national cancer registry,
it demonstrates feasibility of such a model. Accordingly, in
its role as a proof-of-concept, other fields could easily adapt
a registry for their own medical and surgical specialties. In
addition, NINS&H’s role as the country’s central hub for
neuroscience health can help circumvent traditional admin-
istrative barriers and contribute to such efforts. This is an
area of great interest for the authors.

Barriers to EMR acceptance in LMIC neurosurgical and
medical departments are contextual, professional, and tech-
nical [14]. These barriers — including initial start-up costs,

concerns about maintenance, and individual stakeholder
acceptance — are well-described in the HIC-based literature
[13-17]. At NINS&H, context-specific challenges to EMR
data collection included insufficient initial data collection,
inadequate data recording into the EMR, and lack of local
EMR technological support. Professional challenges toward
EMR utilization include competing demands on neurosur-
geon’s time, and technical challenges include corrupted or
locked records and incorrect or incomplete data entry. One
proposed solution to this problem is to delegate EMR entry
tasks to specific medical auxiliary staff to facilitate utiliza-
tion [4, 9]. Additional platform-specific improvements
include “flagging” records with non-existent or incorrect
data entry (i.e., listed date of surgery precedes date of hos-
pital admission). Flagged records should alert supportive
medical professionals to assist the neurosurgical team in
data collection, correction, or verification. Other recom-
mendations include creating “radio buttons” or “tic boxes”
to facilitate comprehensive tumor description (i.e., docu-
mentation of multifocal lesions). Reducing free-text fields
expedites user interaction, meanwhile enhancing the analytic
and research capability of the EMR on the backend.

In addition, it is important to document the cost of EMR
implementation at NINS&H [13, 18]. While NINS&H’s
yearly system maintenance fee is approximately 5000
Bangladeshi Taka or US$57, these amounts fail to account
for the initial start-up fees and design costs. Additionally,
EMR maintenance costs may increase with greater pro-
vider utilization at NINS&H. Potential ways to offset the
cost of initial EMR purchase and system maintenance
include utilizing open-source EMR systems and govern-
ment-driven national EMR programs to facilitate adoption
[18, 19]. Another proposed solution is to utilize global neu-
rosurgical collaboration to finance, implement, and help
manage EMR implementation in low-resource settings [20,
21]. One important example includes “twinning” neurosur-
gery departments in distinct countries to help facilitate an
exchange of information, resources, and research [20, 22,
23]. HIC partners can provide technical support, system
design, and financial contributions to streamline neurosur-
gical care in low-resource regions. Such HIC-based contri-
butions help facilitate LMIC-focused partnership provision,
a key component of efficacious HIC-LMIC neurosurgical
partnerships [4, 18, 19, 21]. In addition, twinning at similar-
country income-levels (i.e., LMIC-LMIC partnerships) can
help overcome more practical barriers to EMR implemen-
tation including initial set-up, data collection, and quality
assurance. NINS&H’s EMR represents an LMIC-driven
model which overcame barriers to design and cost through
private financing from departmental pediatric neurosur-
geons. NINS&H also benefited from HIC partnership in
EMR design (University of Washington) and data analysis
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(Vanderbilt University). Finally, while we do not explicitly
document this partnership as twinning due to the lack of
extensive collaboration, it can be viewed in a similar light
[20, 22]. Thus, NINS&H presents one innovative model for
LMIC-driven EMR design and financing.

Next, EMR implementation at NINS&H can help elu-
cidate and inform various global pediatric neurosurgical
disparities. To start, limited molecular diagnostic tools
and unavailable adjuvant therapy demonstrates opportuni-
ties for improved global neurosurgical collaboration. In the
case of NINS&H, applicable patients are typically referred
for adjuvant therapy to local governmental facilities outside
NINS&H; thus, the corresponding lack of in-house adjuvant
therapy represents a fragmentation in care among pediatric
neurosurgical patients. Next, analysis of the EMR reveals
more overt financial and capacity-related limitations in low-
resourced settings. Despite this, NINS&H’s EMR facilitated
an increase in virtual telemedicine follow-up appointments
among neurosurgical patients. For example, patients can
utilize EMR-BD to confirm or re-schedule any upcoming
follow-up appointments. NINS&H’s large geographical
catchment area, the existing transportation infrastructure,
and telecommunications availability all likely exacerbate
these challenges to follow-up care. More intensive EMR
monitoring and clinical coordination within and outside of
the NINS&H Department of Pediatric Neurosurgery can
help ameliorate disparities in follow-up care. This study also
documents a median time between admission and surgery
of 36 days and a median post-op length of hospital stay of
19.5 days. Potential reasons for this disparity include lack of
post-operative care beds, lack of operating room time,
and prioritizing critical care patients at NINS&H. Specifi-
cally, in the case of NINS&H’s patient population, more
complex patients with hydrocephalus often require longer
post-operation hospital stays. A root cause analysis of delays
in care and prolonged hospitalizations is an active area of
interest among the authors.

Finally, potential improvements for EMR system-integration
in LMICs include systemic EMR integration among provider
networks, allocating neurosurgical departmental funding for
personnel trained in information technology, and adopting
national open-source EMR platforms [3-5, 18]. Systemic
EMR integration among healthcare providers can centralize
care, improve data collection and coordination, and help shift
the financial burden of EMR maintenance from neurosurgical
departments to hospital networks [4, 24]. Hiring in-house IT
personnel is one example to help troubleshoot EMR difficulties
and facilitate EMR uptake among medical providers. In addi-
tion, systemic EMR integration can help mitigate challenges
with internet connectivity, which may negatively impact lon-
gitudinal data monitoring.

@ Springer

Limitations

Further analysis is needed on the financial and economic
barriers of EMR implementation in LMICs and on evidence-
based strategies for EMR implementation [4]. Addition-
ally, it is important to note that these results and analysis
might not be generalizable outside of NINS&H. Research
is also needed to analyze qualitative barriers to EMR design
and uptake among medical professionals in LMICs. This
EMR adoption study depicted various disparities in our
data collection. Namely, there are gaps in mortality data,
intermediate-term and long-term follow-up data, surgical
details and extent of resection, pathological specimen clas-
sification, rates of treatment abandonment, and transfer of
regional patients. More specifically, gaps in extent of surgi-
cal resection (EOR) are due to cases without a documented
estimated EOR in the attending surgeon’s final note, cases
which lacked sufficient post-operative scans, or both. In
addition, reasons for lack of radiographic and/or histopatho-
logical classification include lack of available diagnostic
imaging, unavailable pathologic analysis, and incomplete
documentation in the EMR system. Potential opportunities
to streamline documentation include developing a standard-
ized surgical note to report estimated EOR and creating a
separate tab to allow pathologists or technicians to upload
results directly into the patient’s chart. This is an active area
of interest among the authors. Finally, we were unable to
provide objective measures of EMR adoption, update, or
data collection given the current extent of NINS&H’s EMR
implementation at this time. Preliminary subjective feedback
from attending neurosurgeons at NINS&H is very positive
and optimistic for future growth and applicability to other
low-resource settings. In addition, NINS&H also created a
separate outpatient clinic to help better document and col-
lect long-term follow-up data. In turn, we hope to encour-
age peer institutions in low-resource settings to document
shortcomings to help better define current disparities and
address challenges in long-term neurosurgical follow-up
care. These gaps in data collection underscore disparities in
global neurosurgical care and help elucidate specific areas
for future improvement and benchmarks for program evalu-
ation at NINS&H. Analyzing EMR implementation in low-
resource settings on a more systemic level remains an area
of great interest among the authors.

Conclusion

NINS&H's Department of Pediatric Neurosurgery presents
one feasible model for LMIC EMR design, implementation,
and adoption through private financing and LMIC-based
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software development; this model provides pediatric neu-
rosurgeons with a medium for data collection, follow-up
care coordination, and research promotion. Collected data
on pediatric CNS tumors in EMR-BD demonstrated an
expected variety of tumor locations, histologic subtypes, and
lack of follow-up care. Noted barriers to EMR effective-
ness include limited molecular diagnostics and unavailable
adjuvant therapy. Finally, NINS&H’s EMR implementation
helped identify various areas for improvement in global part-
nerships and long-term data collection and led to the estab-
lishment of a separate outpatient clinic to improve follow-up
care. We hope the analysis presented herein can serve as a
template for EMR design and implementation in other LMIC
neurosurgical departments.

Presented (virtually) at the 2021 International Society for
Pediatric Neurosurgery Annual Meeting in Singapore, Repub-
lic of Singapore.
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