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Abstract

The goals of the United Nation’s Millennium Summit for reducing maternal mortality have proven
difficult to achieve. In Bolivia, where maternal mortality is twice the South American average,
improving the diagnosis, treatment and ultimately prevention of preeclampsia is key for achieving
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targeted reductions. We held a workshop in La Paz, Bolivia to review recent revisions in the
diagnosis and treatment of preeclampsia, barriers for their implementation, and means for
overcoming them. While physicians are generally aware of current recommendations, substantial
barriers exist for their implementation due to geographic factors increasing disease prevalence and
limiting health-care access, cultural and economic factors affecting the care provided, and
infrastructure deficits impeding diagnosis and treatment. Means for overcoming such barriers
include changes in the culture of health care, use of standardized diagnostic protocols, the
adoption of low-cost technologies for improving the diagnosis and referral of preeclamptic cases
to specialized treatment centers, training programs to foster multidisciplinary team approaches,
and efforts to enhance local research capacity. While challenging, the synergistic nature of current
barriers for preeclampsia diagnosis and treatment also affords opportunities for making far-
reaching improvements in maternal, infant and lifelong health.
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INTRODUCTION

Maternal mortality is an important index of the quality of life not only for mothers but all
persons given women’s key role in family health. Despite the United Nations Millennium
Summit’s goal for a 75% reduction by 2015, only a 44% fall was achieved (1).

Bolivian maternal mortality has consistently been more than twice the Latin American
(currently 206 vs. 67 deaths, respectively, for women who die while pregnant or within 42
days of pregnancy termination per 100,000 births) (2, 3) and only decreased annually by
3.5%, half as much as recommended (4). Preeclampsia is the second leading cause of
maternal death in Bolivia, next to postpartum hemorrhage (5-7) which frequently results
from preeclampsia-associated coagulopathy. Infant mortality in Bolivia is also high,
currently 35.3 deaths/1,000 livebirths and twice the South American, low- or middle-income
country average (8). Preeclampsia is an important contributor since most deaths occur in
babies born prematurely, which itself is often due to preeclampsia (9, 10). Preeclampsia also
increases cardiovascular and other diseases later-in-life for both mother and child (11), and
may therefore be a contributor to Bolivia’s high maternal cardiovascular mortality (12). For
these reasons, improving the prevention, diagnosis and treatment of preeclampsia in Bolivia
is critical.

We and leading Bolivian obstetricians or pediatricians at the three major maternity hospitals
in La Paz and the neighboring city of EI Alto and health-policy makers participated in a
workshop in May 2018 entitled “Advances for Improving the Diagnosis, Treatments and
Outcomes of Preeclampsia for Both Mother and Child”. Its purpose was to discuss recent
revisions for preeclampsia diagnosis and treatment (see Table 1), the barriers for their
implementation, and means for overcoming them. We summarize those discussions here
with the hope that it will prove useful for improving maternal and infant health not only in
Bolivia but also other low-resource settings.
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BARRIERS FOR THE DIAGNOSIS OF PREECLAMPSIA IN BOLIVIA

Among such barriers are geographic challenges, late onset of prenatal care, limited health-
care resources, and infrastructure deficits present in Bolivia.

Geographic challenges.

Two-thirds of Bolivians live at high altitude (7), conventionally defined as above 2500 m or
8250 ft, and one-third live in rural regions with limited transportation services. High altitude
acts independently of other risk factors to slow fetal growth and reduce birth weight (14, 15).
It also increases the incidence of hypertensive disorders of pregnancy, with perhaps as many
as 20% of primiparous women being affected (5, 15-17) and, in turn, accounts for half the
birth-weight reduction (16, 18). High altitude also exaggerates the rise in intrauterine
mortality seen in pregnancies with hypertensive disorders (16).

Late onset or lack of prenatal care.

Traditional childbearing beliefs, geographic, and economic factors delay the onset of
prenatal care and often result in home birth without the assistance of trained medical
personnel (7, 19-22). Late onset of care limits the ability to detect women at high risk due to
preeclampsia in a prior pregnancy or preexisting conditions (e.g., chronic hypertension,
diabetes), as well as the physician’s ability to counsel their patients about diagnostic
symptoms. As elaborated in Table 2, additional factors are the difficulty of travel to prenatal
clinics or hospitals, all of which are in urban areas. Many rural Bolivians speak only
indigenous languages (Aymara or Quechua), which impedes their ability to communicate
with principally Spanish-speaking health-care personnel. Long wait times at urban clinics
due, in turn, to limited health-care personnel and up to 1200 patients being seen/day (23)
further discourage attendance.

Limited health-care resources.

Health care in Bolivia is structured by the source of payment. Public (government-
subsidized) programs provide free or low-cost prenatal, infant and child care (up to age five)
as part of the “Seguro Integral de Salud” (comprehensive health-care system). Insured
organizations, the largest being the Caja Nacional de Salud (national health-care fund), serve
20% of the population. Private-clinic services are compensated by personal insurance or
self-pay.

Public and insured systems operate at three levels. The first, consisting of neighborhood
clinics staffed by generalists and nursing personnel, provides all prenatal care through week
28. Outpatient clinics at second- or third-level hospitals provide prenatal care after week 28.
All deliveries are performed at second- or third-level hospitals, with the former generally
performing uncomplicated ones and the latter those with, but also without, pregnancy
complications.

Health-care resources have improved in recent years, but persistent problems remain. Bolivia
spends only half as much (6.3%) of its gross domestic product on health compared to the
14% Latin American average (24). There is only one hospital bed for every 1000 inhabitants
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nationally, and a total of 31 intensive care beds at the three largest women’s and infant’s
hospitals (two of which are level-three facilities) serving the 2.8 million inhabitants of La
Paz/El Alto (23, 24). Most physicians are generalists given that there are very few specialty
programs and no board certification for recognizing specialists or ensuring standardization
of care. Blood pressures are often measured by auxiliary nursing personnel who are not
always fully trained in techniques for accurate measurement. There are no automated blood-
pressure instruments at level-one clinics and very few at level-two or even level-three
hospitals in La Paz/El Alto. Proteinuria is measured routinely only in timed or 24-hr
collections at level-two or -three hospitals, and other diagnostic tests (i.e., platelet counts,
serum creatinine, liver transaminases) are infrequently performed.

Infrastructure deficits

limit coordination of care even among clinics or hospitals within the same system. To
illustrate this, workshop participants described the case history below.

In short, infrastructure deficits and a failure to appreciate the importance of teamwork
resulted in delays in diagnosis and lack of treatment, which in this case would have been the
administration of corticosteroids to hasten fetal lung development. Such deficits also impede
surveillance of outcomes. For example, while Bolivia has a national birth and death
database, there are few means for verifying the cause of death and ~40% of births occur at
home where no birth data are recorded (7). Mandatory reporting of maternal or infant deaths
is not required and, even if attempted, hampered by shortages of personnel or other health-
care resources. As a result, there is little information available concerning the outcomes of
preeclamptic pregnancies, and few means or incentives for sharing whatever treatment or
outcome measures exist.

In summary, while many Bolivian physicians are aware of current recommendations for the
diagnosis and treatment of preeclampsia (5-7), there are substantial barriers for their
implementation due to geographic factors acting to increase prevalence and limit access to
health care, cultural and economic factors affecting the timing and care provided, and
infrastructure deficits impeding diagnosis and treatment. As a result, patients often arrive at
level-three facilities with eclamptic seizures, subscapular hematoma or other life-threatening
conditions (25).

MEANS TO OVERCOME THE BARRIERS IMPEDING PREECLAMPSIA
DIAGNOSIS AND TREATMENT

While the above barriers are challenging, their synergistic nature also affords opportunities
for far-reaching improvements in maternal, infant and lifelong health. Four means were
identified: changes in the health-care culture, infrastructure improvements, new
technologies, and enhancing local research capacity.

Changes in the health-care culture.

Evident during the workshop was a genuine desire and renewed commitment to resolve
common problems in the public and insured health-care systems. Further, since physicians at
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public- or insured-hospitals often also have private practices, there is an opportunity to
implement improvements across the full health-care spectrum. The health-care work force is
becoming more inclusive with, for example, the percent of women entering Bolivia’s largest
public medical school rising from 51 to 59% over the past 10 years (R. Amaru, personal
communication). Women and persons from indigenous groups (e.g., Aymara, Quechua) are
also more frequently occupying leadership positions in medical and other professions (26).

Infrastructure improvements.

Since 1989 Bolivia has had governmental programs to care for mothers and infants not
otherwise being served. These were expanded in 2009 with the “Bono Juana Azurduy”
(Juana Azurduy bonus, see Figure 1), which offers food subsidies to improve maternal
nutrition; $7 US/prenatal visit, $17 US/hospital delivery, and $18 US/visit for up to 12 infant
or child visits to encourage the use of medical facilities; and other incentives to encourage
breast-feeding (21). However, while accessed by over 1.8 million women and children from
2009- 2017, this comprises only 30% and 20% of eligible women and babies, respectively
(22). Hence expansion of governmental programs has not proven sufficient for improving
health-care infrastructure.

Three ways to further improve health-care infrastructure were identified.

1. Standardized protocols. Workshop participants felt that simplified protocols such
as that shown in Figure 2 would aid physicians and other health-care workers in
adhering to the World Health Organization and American College of Obstetrics
and Gynecology’s diagnostic and treatment guidelines (13, 27). Such adherence
requires that proteinuria and other diagnostic symptoms be recorded at each
prenatal visit at level one, two and three facilities. Benefits include the ability to
identify women at increased risk due, for example, to chronic hypertension; treat
other causes of proteinuria such as a urinary tract infection (and avoid its long-
term sequelae); distinguish preeclampsia from other hypertensive disorders;
identify women with the most severe, early-onset disease in time to treat; and,
thus, be able to allocate scarce health-care resources to those at greatest mortality
risk. Standardized diagnostic protocols would also facilitate data sharing between
centers and conducting research on the factors contributing to the various
pregnancy complications observed.

2. New technologies have recently been developed that could improve preeclampsia
diagnosis.

a. The use of automated or semi-automated blood-pressure measuring
devices designed for pregnancy application can improve accuracy, save
time, reduce training requirements, hence help overcome personnel
shortages and facilitate data-sharing between clinics or hospitals.
Several hundred devices are on the market but not all have not been
validated for use during pregnancy or are well suited to low-resource
settings due to their expense or calibration requirements. Fortunately,
efforts have been made to develop accurate, low-cost instruments that
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have been validated for use in pregnancy and preeclampsia in particular
(28, 29).

New urinary tests for proteinuria have become available that can help
overcome the limitations of “spot” samples and the logistical challenges
for making timed or 24-hr collections unless women are hospitalized.
Since creatinine excretion is constant throughout the day, measuring
both urinary protein and creatinine in a single sample allows
extrapolating “spot” collections to 24-hr values. Fortunately, dipsticks
have been developed and are being tested in low-resource settings that
enable measuring both protein and creatinine in a single sample (30).
Other urine-based tests are also being developed with potential for not
only diagnosing preeclampsia but also assessing severity and the need
for medically-indicated delivery (31).

Smart phones or other mobile-technology devices are widely available
in low- or middle-income countries, which creates opportunities for
their use as effective surveillance tools, aids for clinical decision-
making, and means for improving patient education. Even in remote
settings, smart phones and tablets can be effective for increasing
patient-provider communication in setting up appointments, educating
patients about diagnostic symptoms, and reporting such symptoms to
providers. They can also aid providers within a given health-care sector
by relaying diagnostic symptoms for deciding when referral to a
specialist is required (32), and thus help overcome the successive
referrals and consequent time delays described in Table 2. The use of
smart phones and tablets can also alleviate personnel shortages by
improving the effectiveness of ancillary health-care workers in making
clinical decisions or direct care with the aid of pre-programmed
algorithms. Finally, smart phones or mobile devices could be uploaded
with an electronic version of the Centro Latinoameriano de
Perinatologia (CLAP) form (33), and the data captured centrally so as
to facilitate communication among the various levels of care and
regular assessment of morbidity/mortality across systems for
developing more targeted quality-improvement initiatives.

Training programs. Workshop participants were supportive of having regular,
formalized training programs to update physicians and other health-care
providers across the public-private spectrum. Such programs could demonstrate
the benefits of and provide training for the use of standardized diagnostic
protocols. One mechanism for doing so is a national system using continuing
medical education and requiring attendance at a certain number of courses
annually. Such programs could include work being done internationally to
improve the diagnosis and treatment of pregnancy complications, and thereby
benefit practitioners in low- to middle-income countries where the overwhelming
majority of such complications occur (34). Training requirements should be
reinforced by strengthening self-assessment programs within the medical
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community. This could be overseen by medical societies such as the Colegio
Meédiico or the Sociedad Boliviana de Ginecologia y Obstetricia. Such self-
assessment should include a focus on medical failures such as deaths and “near
misses” and be done at both the hospital and higher levels to look for
commonalities in causation. Key for the success of such training programs is to
foster a multidisciplinary, team approach. Therefore, training programs should
include not only physicians, nurses and other direct-care providers but also
hospital administrators, specialty society representatives, experts from social
service agencies, and patient advocates operating at all levels of care within the
public, insured, and private sectors. Such a multidisciplinary, team approach
would help to provide feedback between referral and referring centers that could,
in turn, strengthen the relationship between networks, help integrate resources,
and prevent fragmentation of care.

4, Enhancing Local Research Capacity and Engagement would enable Bolivian
health-care personnel to identify their own solutions for reducing maternal and
infant mortality or morbidity. The May workshop was funded by a grant to CGJ
and LGM as part of a broader NIH initiative to help build sustainable research
capacity in low- to middle- income countries. This grant is also involving
Bolivian and USA medical and public health students in a medical record study
for documenting the diagnostic criteria and treatments in use before vs. after the
workshop using Research Electronic Data Capture (RedCap) and the Global
Pregnancy Collaboration (CoLab)’s online system COLLECT (35); such
databases will be used for assessing the workshop’s efficacy but could also be
used for future studies. Other efforts are being made to enhance local research
capacity and engagement in low-resource settings that involve faculty exchanges
and postgraduate programs for stimulating South American research and
scientific output (36). For Bolivia, a pressing need is to distinguish the incidence
of preeclampsia from other hypertensive complications, and their relationships to
neonatal outcomes and disease prevalence later in life for both mother and child.
Major benefits could accrue by using drugs already approved for prevention or
delay in the onset of preeclampsia, such as low-dose aspirin or calcium
supplementation (27), and thereby have major effects for improving health
outcomes. Finally, such efforts could help pay for themselves by reducing the
number of preterm deliveries, their attendant high costs, and hence enable such
funds to be used for new therapeutic or preventive initiatives.

In conclusion, maternal mortality in Bolivia is the highest in Latin America and
preeclampsia is one of its major causes; therefore, improving the diagnosis, treatment and
prevention of preeclampsia is critical. Current barriers impeding its diagnosis and treatment
can be overcome with the use of low-cost technologies, standardized diagnostic protocols,
training programs to foster multidisciplinary team approaches, and efforts to enhance local
research capacity which, in turn, could significantly reduce maternal as well as infant
mortality.
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HIGHLIGHTS
1. Bolivia has consistently had the highest maternal mortality in Latin America.
2. Preeclampsia is the 2" leading cause of maternal death in Bolivia and an

important contributor to the leading cause, postpartum hemorrhage,
underscoring the need for improving preeclampsia’s diagnosis and treatment
for achieving a meaningful reduction in maternal mortality.

3. While current guidelines for preeclampsia diagnosis and treatment are
generally known in Bolivia, there are substantial barriers for their
implementation due to geographic factors, cultural and economic
considerations affecting the timing and care provided, and infrastructure
deficits impeding diagnosis and treatment.

4, Such barriers can be overcome with the use of low-cost technologies for
monitoring diagnostic symptoms, implementing standardized diagnostic
protocols, undertaking training programs to foster multidisciplinary team
approaches and effective self-assessment, and enhancing local research
capacity.
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Figure 1.
Sign in a rural, altiplano village encouraging women to enroll in the “Juana Azurduy”

program, named for a heroine during Bolivia’s Chaco War, to assure that she has a safe
delivery (along with the logos of various political parties or mayoral candidates).
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Elevacion de la presion arterial
PA>140/90 mmHg o PAD>90 mmHg en dos ocasiones con 4 horas de diferencia
0 >160/110 mmHg, medida luego de algunos minutos (para evitar falsos positivos)

Antes de las 20 Después de las 20
semanas semanas

Existe proteinuria o criterios de gravedad?

Proteinuria: >300 mg/24 horas, Prot/Creat > 0,3 o 1+ en tira reactiva (menos efectivo)
Sintomas de gravedad:

+ PAS>160 0 PAD>110 mmHg

*« Trombocitopenia (Plaquetas <100,000)

+ Sintomas hepaticos (transaminasas hepaticas 2x normal o dolor persistente en
hipocondrio derecho o epigastrio)

Insuficiencia renal (Creatina >1,1 mg/dl o 2x nivel basal)

Inicio de sintomas cerebrales o visuales

— ~.

Preeclampsia con criterios de gravedad

Hipertension crénica
Obtener datos basales de
laboratorio

Vigilar para proteinuria y criterios
de gravedad

Considerar el parto después de
las 38 semanas

Tratar los casos de PA > 160/110
mmHg con antihipertensivos

Iniciar tratamiento para (incluye HELLP o hipertensién crénica con Preeclampsia sin criterios de
controlar PA > 140/90 mmHg preeclampsia sobreafiadida) gravedad (o hipertensién gestacional)
en el postparto * Hospitalizar Considerar parto a las 37 semanas

* Parto después de las 34 semanas o al
momento del diagnéstico si las
condiciones maternas o fetales se
deterioran

Figure 2.
Flow chart for diagnosing preeclampsia, translated into Spanish from that used for

diagnosing preeclampsia at University of Colorado Hospital according to ACOG
recommendations (13) (A. Euser, personal communication).
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Table 1:

American College of Obstetrics and Gynecology’s diagnostic guidelines (13)

Blood pressure 2140 mmHg systolic or 290 mm Hg diastolic on 2 occasions = 4 hours apart >20 wk in a previously
normotensive woman, or 2160 mmHg systolic or 2110 mm Hg diastolic confirmed within a short interval
(min).

And new onset of any of the following:

Proteinuria =300 mg protein 24-hr urine collection or this amount extrapolated from a timed collection, or Protein/
creatinine ratio =0.3 (each measured as mg/dL), or Dipstick reading of 1+, which should be used only if other
measures are not available.

Thrombocytopenia Platelet count < 100,000/microliter.

Renal insufficiency Serum creatinine > 1.1 mg/deciliter or a doubling of serum creatinine in the absence of other renal disease.
Impaired liver function Twice normal blood concentrations of liver transaminases.

Pulmonary edema Evidence of fluid accumulation in the lungs (pink sputum), difficulty breathing.

Cerebral or visual symptoms  Such as blurred vision, severe headache.
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Table 2.

The “Ruta Critica” or Perilous Pathway.

Sra. Quispe woke up late at night, feeling unwell and decided to go to the clinic in the neighboring village. Since there were no public
transportation services available and neither she norher husband could afford a taxi, she waited until morning. When she arrived, a room full of
pregnant women and babies were waiting to be seen. She signed in with the receptionist, who scolded her for coming because it was not a
regularly-scheduled visit. After several hours, a nurse measured her blood pressure as 140/90 mmHg. Since it was elevated, the nurse called the
family medicine physician. He was busy seeing other patients so Sra. Quispe waited another hour. He confirmed her elevated blood pressure but
could not test for proteinuria because the clinic wasnot authorized to do so or have the requisite dipsticks. The woman said she had blurred
visionand pain on her right side, but neither the nurse nor the physician understood what she was saying asshe spoke only Aymara. They
referred her to a level-two hospital for further evaluation. Two dayslater, after arranging for child care and a several hour bumpy bus ride, she
arrived at the hospital. Herblood pressure was measured as 150/110 mm Hg so she was referred to a level-three hospital. She returned home and
several days elapsed while she and her husband arranged for child care and transport. After another bumpy bus ride, she reached the level-three
hospital, waited several hours tobe seen and then was admitted. A 24-hr urine was ordered that confirmed significant proteinuria, soshe was
diagnosed with preeclampsia. She was asked by the physician via a translator if she had usedany traditional remedies, and then was scolded
when she said that she had used herbs. No treatments were administered or other diagnostic tests performed. Four days after her due date
(which was approximate since she had not had a mid-pregnancy ultrasound and the date of her lastmenstrual period was uncertain), she gave
birth to a 1900 gm baby boy. He developed severe respiratory distress but could not be admitted to the neonatal intensive care unit because all
bedswere occupied. He was given blow-by oxygen supplementation but died four days later.
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