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GLOSSARY OF RELEVANT TERMS:

Clinica Parroquial Cristo Redentor (CPCR) — also known as the “urban clinic,” NGO-supported

clinic located in San Salvador that has been operational for 30 years (see Table 2 for more
information)

Clinica Quinta Dolores (CQD) — also known as the “rural clinic,” NGO-supported clinic located

in a rural area ~1 hour from San Salvador that has been operational for 8 years (see Table 2 for
more information)

GINI coefficient — commonly used measure of income or wealth distribution inequality for a
given nation, ranges from 0 to 1, with 1 being a maximally unequal nation

Inventory value — estimated value of remaining medication inventory, calculated by taking the
number of medications that remain in the clinics at a given time multiplied by the price of a
given medication

— governmental organization that is
responsible for administering and delivering universal health care to Salvadorans through 44
hospitals around the country that have a total of 6,516 beds; serves as the only form of health
insurance for ~80% of the population

Systems-based approaches — global health framework that seeks to leverage the resources of
national governments and the international community to invest in strengthening the health

systems of low and middle-income countries through policy changes and building health care
infrastructure

Medication usage cost — estimated cost of medication usage over time, calculated by taking the
number of medications used over a given time multiplied by the price of a given medication

Value of additional life-years (VLYs) — the intrinsic value of better health in and of itself, which

can be inferred from people's willingness to trade off income, pleasure, or convenience for an
increase in their life expectancy



ABSTRACT
TITLE: Implementation of a Cloud-based Medication Inventory System in Two NGO-

Supported Clinics in El Salvador
Andrew J. Maul, B.S.; Jennifer Kasper, MD, MPH

PURPOSE: Previous studies have demonstrated the utility of digital technology in resource-
limited settings. This project sought to build upon that work through the design and
implementation of a medication inventory system for two NGO-supported clinics (one urban and
one rural) that had no prior experience using digital technology. The specific aims were to
systematically and sustainably deploy cloud-based technology in El Salvador; measure trends in
medication usage and expenses; and identify factors that impact the deployment of digital

technology in resource-limited settings.

METHODS: During observation of each clinic’s operations and meetings with stakeholders, I
discovered that the clinics’ paper medication inventory records were limited and inaccurate. |
decided to design a digital medication inventory system using Google Sheets, a free, cloud-based
software, which I then implemented over three weeks. During this time, I accounted for
inventory, taught staff to use the new system, and audited their work. While out-of-country, I
have monitored the system online and communicated weekly with clinic staff to troubleshoot
issues. At the end of 2019, I analyzed trends in medication usage and expenses using four
different sources of available drug price data for medications from each clinic. A new

spreadsheet was created for 2020.

RESULTS: After one year, the inventory system is being used by both clinics. It has
anecdotally improved the workflow of both employees who use the system. The rural clinic saw
717 patients in 2019. The rural system accounts for 100 medications. A compiled annual
medication usage cost estimate for 53 medications was $3,300.86 with inventory value of
$23,386.84. The rural system is accurate based on random auditing of medications at the end of
2019. The urban clinic’s system accounts for 73 medications. Of those, a cost estimate for 47

medications for ~6 months was $9,560.80 with an inventory value of $3,595.06. The urban



system is inaccurate based on auditing of all medications at the end of 2019. The most used

WHO List medications were enalapril (rural) and ibuprofen (urban).

CONCLUSION: It is feasible to deploy cloud-based technology in a resource-limited setting.
Simple solutions can positively impact a clinic’s workflow and the perceived experiences of
employees. Collecting stakeholder perspectives and tailoring solutions to a clinic’s context is
important to achieve buy-in and ensure sustainability. However, partial automation does not

guarantee accuracy of a system and vigilance to identify and troubleshoot problems is required.



SECTION 1: BACKGROUND

Health care is a basic human right and supporting clinics that help individuals striving for
optimal health and well-being is an important step toward achieving global health equity. El
Salvador is the smallest and most densely populated nation in Central America.1 Its recent
history has been marred by a devastating 13-year civil war that ended in 1992, during which time
its public health budget was slashed by ~50%, and a recent period of sustained gang violence
that has led to one of the highest murder rates in the world.2,3 As of 2017, El Salvador had a per
capita GDP of $8,000, GINI coefficient of 0.38, and spent 7.23% on health care as a percentage
of GDP.1 Recent statistics cite that 30% of Salvadorans live in poverty, defined as the inability to
afford either one or two times the cost of a basic basket of groceries necessary to sustain
minimum food intake, though the exact frequency of such a purchase is not clearly defined
($53.08 urban areas, $32.73 rural areas in 2017).4 Rates of poverty and the disparity in monthly
income are worse in rural areas (32.1% and $385.71) compared to urban areas (27.4% and
$641.13).4

Life expectancy in El Salvador was estimated at 75 years in 2017, with an infant
mortality rate of 11.8 deaths per 1,000 live births and a maternal mortality rate of 46 deaths per
100,000 live births.1 Epidemiologically, infectious diseases continue to be a leading cause of
morbidity, especially in impoverished areas where health care is limited by both financial
resources and access to providers.4,5s However, as a portion of the population has aged,
noncommunicable diseases like with diabetes, hypertension, chronic kidney disease, and obesity
have increased in prevalence. Diabetes and ischemic heart disease are among the top 3 leading
causes of death among both men and women.s

El Salvador’s health care system is divided into public and private sectors. The public
sector is primarily supported by the Ministry of Public Health and Social Assistance (MSPAS),
which offers basic universal coverage to see a physician and serves as the only available form of
health care for approximately 80% of citizens. However, the exact scope of services MSPAS
offers is unclear and the reality is that of the 80% who only have access to MSPAS, only 40%
are able to regularly receive services because of resource limitations with respect to physicians
and nurses.4 Furthermore, public hospitals overseen by the MSPAS are overcrowded and under-
resourced in terms of lack of staff and supplies, as evidenced by a 2008 survey which reported

that 48% of individuals forgo care for these reasons and treat their medical conditions at home.s



Access to care is even more limited in rural areas, where only 13.9% of healthcare personnel are
located despite 27% of the population living in such areas.14 Overall, with 19.5 physicians per
10,000 individuals, El Salvador still falls short of the WHO goal of greater than 23 per 10,000
for adequate primary care coverage rates.7

More broadly, there has been a shift in global health efforts toward systems-based
approaches, as supported by the ambitious goals proposed by the Lancet Commissions on Global
Surgery 2030 and Global Health 2035, which include achieving safe, universal access to basic
surgical care and reducing infectious, child, and maternal mortality rates around the world.s,9
These systems-based approaches, which aim to leverage the resources of national governments
and the international community to invest in strengthening the health systems of low and middle-
income countries, have led to improved health and a tremendous return on investment, with
reductions in mortality accounting for at least 11% of economic growth measured by national
income in low and low-middle income countries and as much as 24% of full income growth,
which accounts for national income and value life-years (VLY gained from reductions in
mortality.o However, until such approaches are effectively implemented in El Salvador where
access to care remains a serious concern, community-based NGO-supported clinics will continue
to serve a vital role.

Clinica Parroquial Cristo Redentor (CPCR or “urban clinic”’) and Clinica Quinta Dolores
(CQD or “rural clinic”) are two NGO-supported clinics in El Salvador that serve individuals in
urban and rural settings, respectively. While each clinic has unique characteristics, both have
remained committed to delivering care to underserved populations (Table 2). Interestingly, both
clinics lacked a systematic, reliable way of accounting for medication inventory or expenses
related to medications, with previous records kept in paper notebooks that were incomplete and
inaccurate.

With the above considerations in mind, I designed and implemented a low-cost, cloud-
based medication inventory system for each clinic to use to more accurately track trends in
medication usage and costs over time. The deployment of digital technology in resource-limited
settings has already been accomplished by Partners in Health, which showed the importance of
utilizing digital technology to improve health care delivery in resource-limited settings through
projects ranging from managing Ebola outbreaks with an electronic medical record (EMR) to

using EMRs to aid in the distribution of antiretroviral therapy for HIV/AIDS treatment.10,11,12



More specifically, digital inventory management systems have been previously implemented in
RLS and shown to reduce stock-outs, which leads to decreased mortality.13,14,15

Implementing cloud-based technology in these two Salvadoran clinics could improve the
experience of the clinic’s workforce, information systems, medication access, and financing.
Combined, these synergistic effects may improve efficiency, financial risk protection, and the
health of Salvadorans who are treated in the clinic, all of which are aligned with the overall goals
of the WHO framework for strengthening health systems.i6 The aims of this project are
threefold: 1) Systematically and sustainably deploy low-cost, cloud-based technology in El
Salvador, a resource-limited setting; 2) Measure trends in medication usage and expenses; and 3)

Identify factors that impact the deployment of digital technology in resource-limited settings.

SECTION 2: STUDENT ROLE

I was responsible for most aspects of this project, including the design and
implementation of the inventory system. I spent a total of 5 weeks in-country between August
2018 and January 2019 and have managed the project remotely since then. I have communicated
weekly with clinic employees and helped troubleshoot issues with the system. I was also

responsible for analyzing the results of this work.

SECTION 3: METHODS

For this project, I was advised by Dr. Jennifer Kasper, Assistant Professor of Global
Health and Social Medicine at Harvard Medical School, who has extensive global health
experience, and Dr. Robert Huckman, the Albert J. Weatherhead III Professor of Business
Administration at Harvard Business School, who has extensive background in health care
operations. In August 2018, I traveled to El Salvador for two weeks and spent time meeting with
various clinic stakeholders to better understand each clinic’s operations and potential
opportunities for me to contribute to their work. Based on these conversations, I decided to
create a digital, cloud-based medication inventory system. I designed and implemented this
system over the course of 3 weeks during a second trip to the country in January 2019.

To start, I worked with one clinic employee at the urban clinic and rural clinic to account
for current inventory and compared those numbers to their most recent paper records, which we

found contained many errors and redundancies. I also spent time creating integrated spreadsheets



on Google Sheets, a free, cloud-based software designed by Google that functions similarly to
Microsoft Excel and is accessible by smartphones, tablets, and computers if connected to a
wireless or cellular network. The spreadsheets were designed to track daily medication usage
through manual entry of data that then were automatically compiled in a separate monthly
summary spreadsheet within the system. Google Sheets was chosen after considering more
sophisticated supply chain management systems like OpenBoxes due to clinic resource-
constraints, ease of implementation, and lack of previous clinic experience using any form of
digital technology. Links to each system are included here:

Rural Clinic: https://docs.google.com/spreadsheets/d/1-Y Iplecvu-BnbwF-

9 =

Urban Clinic:

After creating the spreadsheets, I wrote detailed instructions in Spanish outlining the
rationale behind using the system and the steps required for entering numbers of medications into
the system, with accompanying screenshots to clearly outline the process. These steps were
included in separate tabs in the system for easy access by clinic employees using the system (see
tabs “Instrucciones” and “Ejemplo” in the above links). I then spent a significant amount of time
educating a clinic employee from each location about how to use the new system and informing
other stakeholders about the system’s existence. Medications distributed by the clinics were
written on paper prescriptions that were handled by employees. For the urban clinic, this system
evolved during the year when an EMR was implemented, which led to both electronic and paper
prescriptions being used there. To ensure proper implementation of the system, each of the clinic
employees I taught entered medications into the system, followed by a personal audit of their
work using the set of prescriptions from a given day.

After leaving El Salvador, I communicated weekly with the clinic employees using the
system via WhatsApp to check in and troubleshoot issues. Because of the cloud-based nature of
Google Sheets, I have been able to remotely monitor the system online, add new medications to
it, and fix problems that have occurred.

At the end of 2019, four separate analyses were conducted for each clinic using different

sources of drug pricing data to estimate costs of medication usage and remaining inventory


https://docs.google.com/spreadsheets/d/1-YIplecvu-BnbwF-X0wrhHHeoirx5yG8uy1tPkz9_Gc/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1-YIplecvu-BnbwF-X0wrhHHeoirx5yG8uy1tPkz9_Gc/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1dST22sGP4a_d9IUoKegGeOXQljyfqdfn1MuwX3wZWQ0/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1dST22sGP4a_d9IUoKegGeOXQljyfqdfn1MuwX3wZWQ0/edit?usp=sharing

value. The sources of pricing data were as follows: current external prices from another
Salvadoran NGO, 2017 internal prices from the urban clinic’s records, current prices from the
Peruvian Drug Price Observatory, and 2015 prices from the International Medical Products
(IMP) Pricing Guide, a WHO-recommended online pricing database that records prices of
medications on the WHO List of Essential Medicines.17,18,19,20 Prices from the Peruvian Drug
Price Observatory were converted to U.S. dollars using a 3.43 Peruvian soles per 1 U.S. dollar
conversion rate. The prices from 2017 and 2015 were adjusted to account for inflation between
those years and the end of 2019. Prices from the IMP Pricing Guide were adjusted by 10% to
account for shipping costs, as recommended in the guide itself.18 After conducting the initial
analyses described above, a compiled analysis of medication usage costs and inventory value for
each clinic was conducted. In this analysis, mean prices for medications with prices from
multiple sources were used, and those with prices from only one source were used. General
trends in medication usage for both the rural and urban clinics were also noted. The number of

patients seen daily at the rural clinic was also recorded in the system.

SECTION 4: RESULTS

A cloud-based medication inventory system using Google Sheets was implemented in the
rural and urban clinics. Initially, the rural clinic system consisted of 70 medications and has since
expanded to include 100 medications. In 2019, the rural clinic served a total of 717 patients.
Medication usage costs and inventory value calculated using four separate sources of drug
pricing data are summarized in Table 3 below. A compiled analysis of 53 of 100 medications
with available price data showed a medication usage cost of $3,300.86 and inventory value of
$23,386.84, which included 33 medications on the WHO List of Essential Medicines (Table 3).
The most expensive medications in the rural clinic were Maxidex ($22.49), Nevanac ($23.55),
and Zymaxid ($22.51), all of which are ophthalmic drops donated to the clinic. The most
frequently used medications that are found on the WHO List were ibuprofen and a combination
pill of losartan and hydrochlorothiazide. Otherwise, the most frequently used medications by the
rural clinic were baclofen, esomeprazole, and valsartan. At the end of 2019, audits of 5 heavily
utilized medications from the rural clinic showed nearly perfect concordance between counts
completed manually compared to those generated by the system. The system is updated weekly,

and a new spreadsheet was created for 2020.
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The urban clinic system initially consisted of 55 medications and has since expanded to
include 73 medications. The urban clinic system was used from January to March 2019, when
the clinic implemented an EMR. In October 2019, the clinic resumed use of the system. A
similar analysis to that of the rural clinic was conducted at the urban clinic at the end 0f 2019,
which included about 6 months of data. The compiled analysis of 47 of 73 medications with
available price data showed a medication usage cost of $9,650.80 and inventory value of
$3,595.06. The most expensive medication in the urban clinic was Chloramphenicol ($1.75). The
most frequently used medications that are found on the WHO List were enalapril, ciprofloxacin,
ibuprofen, amoxicillin, and ranitidine. The most frequently used medications by the urban clinic
not found on the WHO List were acetaminophen, multivitamins, and propinox. In contrast to the
rural clinic, at the end of 2019, there were discrepancies between all the manual and automated
inventory counts from the urban clinic. The system is updated daily, and a new spreadsheet was

created for 2020.

SECTION 5: DISCUSSION, LIMITATIONS, CONCLUSION, AND FUTURE
WORK

Through the implementation of a free, cloud-based medication inventory system in two
Salvadoran NGO-supported clinics, this work provides further evidence to support the
deployment of digital technology in resource-limited settings.

Systematically and specifically outlining steps required to use our system made teaching
people with varying levels of education and technological expertise easier, prevented errors, and
will allow for smoother transitions with employee turnover or role changes. Analyzing trends in
medication usage and the costs associated with these medications will allow for a more accurate
prediction of each clinic’s financial needs and could even be used in future resource allocation
decisions that channel funds to purchasing the most needed medications. Measuring these costs
and projecting budgets can be used to more sustainably raise money to fund the clinics’
operations. Using the system to improve chronic disease management outcomes is another area
of opportunity. For example, a patient receiving an anti-hypertensive medication would require it
daily. However, in many instances, the patient does not return after receiving the initial 30-day
supply of the medication. Since the system can record how many 30-pill prescriptions are given

out, it could be used to help track which patients are returning for follow-up, and which are not.
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Finally, the individuals working with the systems in each clinic expressed their gratitude for
having a solution that makes their numerous day-to-day work responsibilities, which include a
wide range of activities, more efficient.

With respect to the analysis of medication usage costs and inventory values, it appears
that the urban clinic is utilizing medications to benefit patients in a more efficient manner than
the rural clinic, as evidenced by higher medication usage costs and significantly lower inventory
value in the urban clinic compared to the rural clinic. Much of the rural clinic’s inventory value
is attributable to the expensive ophthalmic drops mentioned above and abundant supplies of
desloratadine and esomeprazole. Since many of the rural clinic’s medications are donated, it is
likely more challenging to acquire medications that would be more commonly prescribed to
patients. Additionally, since the rural clinic is only open two days per week and serves a more
sparsely populated area than the urban clinic, it may be expected that the clinic would use its
medications more slowly than the urban clinic, which would contribute to a higher inventory
value. Still, this finding could serve as an impetus to search for opportunities to exchange
infrequently used, abundant medications with other NGO-supported clinics. Overall, the urban
clinic’s more efficient asset utilization is explained in part by the fact that the clinic has been
operating for 30 years and because the clinic charges $4.00 per visit, they are able to purchase
medications.

While there are many positive aspects of this project, it also has many limitations. First,
there is a dearth of medication price data freely available online, which made completing a cost
analysis more challenging. Using multiple price sources from different years is not ideal. Even
with these sources, only 53 of 100 medications in the rural clinic and 47 of 73 medications were
able to be analyzed.

Next, resource-constraints of the clinics, with respect to time and money, has made
translating the findings from our analysis into action more challenging. For example, the urban
clinic’s heavy utilization of empiric antibiotics with ciprofloxacin and amoxicillin may not be
evidence-based and could foster antibiotic resistance over time. Changing prescribing patterns of
providers would likely prove challenging. Resource-constraints also contributed to only one
employee being trained to use the system at each clinic, which could present a challenge if these
individuals discontinue working at the clinics, though the detailed instructions I created to help

educate employees should help mitigate this risk.
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Third, serious safety concerns in El Salvador pose a challenge for the recruitment of
individuals interested in contributing to these efforts. I was only able to participate in this project
due to my close connections to individuals in the country who provided me with secure housing
and transportation to the clinics. Furthermore, my involvement with sustaining this work will be
harder once I start residency and will require me to give more responsibility to the clinic
employees for managing and analyzing the system.

Fourth, troubleshooting while out-of-country has been challenging due to differences in
time zones, schedules, and language barriers, especially with respect to addressing issues with
the new EMR and its implementation. More specifically, the urban clinic’s transition to an EMR
required a fundamental shift in the clinic’s workflow and created issues with respect to cross-
functionality between the EMR and the medication inventory system, causing a six-month delay
in the entry of medications from the end of March until the beginning of October 2019. This
transition and continued issues related to standardization of electronic prescription entry and
downloading data from the EMR to enter into the urban clinic’s inventory system likely explain
in part the significant discrepancies between the automated and manual counts at the end of
2019. Issues related to learning to use either the inventory system or the new EMR could be a
contributor to the discrepancies, as could enthusiasm about using either system, though this does
not appear to be the case based on interactions with the employee who manages the inventory
system. This concerning issue will continue to be investigated in 2020.

Fifth, while the cloud-based nature of the system is a strength, an internet connection is
required to synchronize data being entered. Internet access is available at the urban clinic, and
the employee from the rural clinic has access to the Internet at home. While this issue has not
been a major concern to date, it could be in the future.

In conclusion, it is feasible to deploy cloud-based technology in a resource-limited
setting. Simple solutions can positively impact a clinic’s workflow and the perceived experiences
of employees. Meeting with various stakeholders and observing daily clinic operations fostered a
greater understanding of important context and allowed for the achievement of buy-in toward the
changes made through this project, which enhances its sustainability. However, partial
automation does not guarantee accuracy of a system and vigilance is required to identify and
troubleshoot problems. Implementing these kinds of systems takes patience and persistence but

is worth the effort.
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Future work will include creating new spreadsheets annually, adding new medications as
necessary, and continuing to measure medication usage and expenses. It may be possible to
acquire more accurate and expansive medication cost data, which would improve the robustness
of the analysis highlighted above. Finally, efforts will be made to translate the trends in
medication usage into dialog about prescribing habits of providers and whether the clinic should
consider alternatives in resource allocation decisions toward evidence-based practices.
Fortunately, each clinic desires to build upon these initial efforts and continue this work for the

foreseeable future.
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FIGURES AND TABLES:
FIGURE 1: MAP OF EL SALVADOR IN CENTRAL AMERICA!
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TABLE 1: KEY SOCIODEMOGRAPHICS OF EL SALVADOR!1

Population 6,481,102
GDP Per Capita (USD) $8,000
Health Care Spend as % of GDP 7.23%
GINI Coefficient 0.38
% Living in Poverty 30%
Life Expectancy 74.8 years
Infant Mortality Rate 11.8/1,000 live births
Maternal Mortality Rate 46/100,000 live births
Physicians per 10,000 Citizens 19.5
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TABLE 2: KEY DEMOGRAPHICS OF THE RURAL AND URBAN NGO-SUPPORTED

CLINICS

Clinic

Clinica Quinta Dolores (CQD)

Clinica Parroquial Cristo Redentor (CPCR)

Years Operational

8

30

Practice Setting

Rural, ~1 hour from San Salvador

Urban, located in San Salvador

NGO Support

Latin American Children’s Fund

The Roman Catholic Church

Operational Days

Tuesday and Thursday

Monday through Friday, specialty care varies

Services Offered

Primary care, up to 1-month supply of
medications, ECG

Primary care, specialty care (Surgery, OB/GYN,
dermatology, ophthalmology), dentistry, up to 1-
month supply of medications, in-house lab

Employees 2: physician and nurse 10+: multiple physicians, medical assistants, nurses,
administrators, other staff
Financial Model | Free, heavily reliant on donated $4.00 per visit, includes in-house labs and in-house

medications, limited supply of purchased
medications using monetary donations

medication, charges for injections and certain
creams, less reliant on donated medications and
consistently purchase certain medications

Inventory System

Limited paper records

Limited paper records

TABLE 3: MEDICATION USAGE COSTS AND INVENTORY VALUE FOR THE
RURAL AND URBAN CLINICS

Analvsic Rural Clinic (CQD, N = 100) Urban Clinic (CPCR, N = 73)

Y Usage Cost Inventory Value Usage Cost Inventory Value
El’itr‘l’:::'l $193.11 (N = 4) $471.29 (N =4) $5,598.41 (N=12) | $1,630.32 (N=12)
I;g::::l $686.15(N=15) | $7,731.95(N=15) | $9,450.70 (N=33) | $3,702.14 (N = 33)
Peruvian

Drug Price | $3,568.41 (N=46) | $27,950.28 (N=46) | $4,398.91 (N=33) | $1,449.80 (N = 33)
Observatory:
IMP Pricing _ B _ _
Guidos $1,538.74 (N=33) | $5,047.10(N=33) | $4,186.20(N=22) | $1,222.77 (N=22)
Compiled $3,300.86 (N =53) | $23,386.84 (N=53) | $9,650.80 (N=47) | $3,595.06 (N =47)
Analysis4

N is equal to the number of medications with available prices for a given data source.

1. Internal prices were from the urban clinic’s records from October 2017. They were adjusted 4.58% to
account for inflation from October 2017 through December 2019.

2. Peruvian Drug Price Observatory prices were converted from Peruvian soles to U.S. dollars using a
conversion rate of 3.43 sole per 1 U.S. dollar.

3. Prices from the IMP Pricing Guide were adjusted by 10.38% to account for inflation from January
2015 through December 2019. The prices were also increased by 10% to account for shipping costs, as
recommended by the guide itself.

4. For the compiled analysis, mean price was used in cases where multiple price estimates were available
across the four price sources.

16



HYPERLINK 1: RURAL CLINIC INVENTORY SYSTEM

HYPERLINK 2: URBAN CLINIC INVENTORY SYSTEM
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