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Pregnancy-related acute kidney injury (AKI) is a major public health problem with substantial maternal and
fetal morbidity and mortality. Women with pregnancy-related AKI require immediate access to nephrology
care to prevent deleterious kidney and health outcomes. Patients with pregnancy-related AKI in low-
income and lower-middle-income countries experience disparities in access to comprehensive
nephrology care for many reasons. In this perspective, we highlight the burden of pregnancy-related AKI
and explore the challenges among different low-income and lower-middle-income countries. The lack of
adequate nephrology workforce and infrastructure for kidney health care represents a fundamental
component of the problem. A shortage of nephrologists hampers the care of patients with pregnancy-
related AKI leading to poor outcomes. The lack of diagnostic tools and therapeutic options, including
kidney replacement therapy, impedes the implementation of effective management strategies. Interna-
tional efforts are warranted to empower women to get the right services and support at the right time.
Dedicated preventive and early care programs are urgently needed to decrease the magnitude of
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pregnancy-related AKI, a complication under-represented in the literature.
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INTRODUCTION

Inviting the world to dream, the United Nations in 2012
launched the unprecedented sustainable development
goals for global consultation under the banner “the world
we want”. The ambitious sustainable development goals
emphasized health as a core goal for international efforts
aiming at sustaining healthier human lives. The world has
realized that health challenges can no longer be addressed
by the health sector acting alone and special emphasis
should be given to reducing global inequalities.'

Health equity is a societal goal justifiable on moral
grounds. An access to comprehensive health care service is a
global human right, however, most people living in low-
income and lower-middle-income countries are deprived
of this right.””” Women in these countries are particularly
susceptible because of a number of factors, including preg-
nancy- and childbirth-related issues, often not controlling
economic resources, and being culturally disadvantaged.”
The lack of adequate perinatal care and inappropriate man-
agement of obstetric complications may contribute to
devastating morbidities such as pregnancy-related acute
kidney injury (AKI)." Pregnancy-related AKI is a major
public health problem with substantial maternal and fetal
morbidity and mortality, characterized by an abrupt decline
of kidney function during pregnancy and puerperium. °*

Women with or at risk of pregnancy-related AKI should
receive optimum care to prevent maternal and fetal
morbidity and mortality.” Potential disparities between
high-income countries and low-income and lower-
middle-income countries are due to the unavailability of
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health care resources including medications, medical
equipment, trained professionals, dialysis infrastructure,
and transportation facilities. These translate into delayed
diagnosis which subsequently hinders the appropriate and
timely management of pregnancy-related AKL'*""' Com-
plications related to pregnancy and childbirth are estimated
to cause the death of about half a million women each
year, of which 99% occur in low-income and middle-
income countries.'” Significant efforts are urgently
needed to decrease the magnitude of this problem.

In this perspective, we describe the disparities in access
to health care for women with pregnancy-related AKI
among different low-income and lower-middle-income
countries in the world (Fig 1). We asked representative
nephrologists from a selection of low-income and lower-
middle-income countries to provide evidence-based an-
swers, if available, to 4 questions regarding their countries:
1) prevalence of pregnancy-related AKI, 2) etiology, risk
factors, and outcomes for pregnancy-related AKI, 3)
availability of trained nephology workforce, and 4) avail-
ability of diagnostic and therapeutic tools to detect and
treat pregnancy-related AKI. Our review includes 10
countries, namely, 8 African countries and 2 South-East
Asian countries, classified on the basis of their gross na-
tional income per capita as presented by the World Bank’s
classification: 3 low-income countries (Zambia, Democratic
Republic of Congo [DRC], and Somalia), and 7 lower-
middle-income countries (Egypt, Ghana, Cameroon,
Zimbabwe, Nigeria, India, and Pakistan) (Table 1). Our aim
is to achieve a better understanding of pregnancy-related
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Figure 1. Five key concepts regarding pregnancy-related AKI. Abbreviations: PR-AKI, pregnancy-related acute kidney injury; LMIC,

lower-middle-income countries.

AKI and its outcomes in low-income and lower-middle-
income countries, which is a complication under-represented
in the literature.

BURDEN OF PREGNANCY-RELATED AKI IN
LOW-INCOME AND LOWER-MIDDLE-INCOME
COUNTRIES

Identifying the burden of pregnancy-related AKI in each
country is the initial step in problem solving, followed by
exploring risk factors in each region and disparities in
access to care. Provision of solutions based on the need of
each country will eventually lead to improved outcomes.
Unfortunately, the data about incidence and prevalence of
pregnancy-related AKI in low-income and lower-middle-
income countries are scarce.” Most low-income and
lower-middle-income countries lack studies reporting the
national incidence of pregnancy-related AKI. Among the
countries contributing to this report, only India has a na-
tional reported incidence of pregnancy-related AKI and its
related outcomes. India reported a decline in pregnancy-
related AKI requiring dialysis from 15% between the
period 1982 and 1991 to 10% between the period 1992
and 2002, and a concurrent decrease in maternal mortality
from 20% to 6.4% respectively.'® After 2010, the reported
incidence of pregnancy-related AKI in India ranged from
4% to 10%.'"'° One of the largest centers from Pakistan
reported that 25.6% (n=1441) of patients who presented
with AKI were experiencing pregnancy-related AKI in the
period from 1990 to 2014.'"" Other countries like
Egypt,”'®'” Nigeria’®?* and DRC”’ have a few single
center reports on the incidence and outcomes of
pregnancy-related AKI; however, these do not provide the
national burden of pregnancy-related AKI in each country.

RISK FACTORS OF PREGNANCY-RELATED AKI

The early identification of risk factors of pregnancy-related
AKI is a crucial step toward improving outcomes and

preventing complications. Studies from Egypt revealed that
lack of adequate antenatal care contributed to the devel-
opment of pregnancy-related AKI. Pre-eclampsia, obstetric
hemorrhages, and sepsis were the main causes of
pregnancy-related AKI in Egypt. Moreover, maternal and
fetal mortality rates were very high.”'®'” In Pakistan, 1
study showed that the risk factors for pregnancy-related
AKI included perinatal bleeding, placental abruption, in-
trauterine fetal death, sepsis, pre-eclampsia, and eclampsia.
Other rare causes included surgical trauma, exposure to
nephrotoxic antibiotics, and hemolysis with blood trans-
fusion reaction.'” The same risk factors, mainly eclampsia
and hemorrhage, were associated with pregnancy-related
AKI in a retrospective study in Somalia.”” In India, septic
abortions accounted for approximately 50% of pregnancy-
related AKI in a study from Kashmir, in 201 8.”° In Zambia,
there has been an increasing prevalence of severe pre-
eclampsia in women of childbearing age, which might
contribute to the incidence of pregnancy-related AKI.*® A
report from Ghana showed that postpartum hemorrhage
and sepsis represented the major causes of pregnancy-
related AKI, leading to dialysis in about 70% of cases.”’
A systematic review including 14 African studies summa-
rized the main causes of pregnancy-related AKI in
emerging countries, which are pre-eclampsia, obstetric
hemorrhage, and sepsis without substantial differences
even if their definition and assessment varied across
studies.’

RESOURCES FOR KIDNEY HEALTHCARE

Nephrology Workforce

The availability of nephrology workforce is the initial step
in providing comprehensive nephrology care for patients
with kidney diseases including pregnancy-related AKI.
There are huge disparities in the distribution of the
nephrology workforce in low-income and lower-middle-
income countries, putting more strain on the already
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Table 1. Comparison between participating countries in availability of PRAKI cases registry, nephrology workforce, availability of routine diagnostic tests, kidney biopsy and kidney
replacement therapy modalities

Democratic
Republic of
Cameroon Congo Egypt Ghana India Nigeria Pakistan Somalia Zambia Zimbabwe
Registry n/a reports reports n/a available reports n/a n/a n/a n/a
Nephrology 1.1 0.3 21.6 0.47 1.86 0.75 2.2 0.32 0.52 0.33
workforce
(pmp)
Routine Available Not routinely Available  available in Available Available Available Available  Available at Available at
diagnostic available major cities in tertiary  tertiary, tertiary
tools hospitals ~ secondary centers
and first
level
Biopsy LM only, LM only Available  Available Available in In areas with Available Not Not Available in
but rare all urban available available available private
areas, nephrologists centers
restricted in
rural areas
KRT HD available, HD, PD available  HD only HD in 9/16 HD is the HD available HD available  HD only HD available ~ HD only
in 8/10 regions but costly and regions primary in urban only majorly in in 7/10
(9 public centers,  unevenly (strictly out modality and costly; urban areas; regions; PD
4 private centers)  distributed of pocket). available in Acute PD is PD available available in
PD available  all urban available in but 2 regions
but and few some tertiary infrequent
infrequent rural areas; centers but
PD rarely used for
acceptance PR-AKI
is scarce
due to
financial

constraints

Abbreviations: KRT, Kidney replacement therapy; HD, hemodialysis; PD, peritoneal dialysis; LM, light microscopy; PR-AKI, pregnancy-related acute kidney injury; pmp, per million population; n/a, not available
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overloaded nephrology health care services. Even within a
single country, regional mismatches between demand and
supply exists.”® Africa has the lowest number of nephrol-
ogists per million population (pmp) in the world,” with
no or a maximum of 1 nephrologist pmp in most of the
low-income and lower-middle-income countries of the
continent, including Ghana, Zambia, and Nigeria, as well
as South Africa, which represents one of the wealthiest
countries in Africa.”

The distribution of nephrology workforce is the greatest
in Egypt with 21.65 nephrologists pmp.”**” With regard
to South-East Asia, Pakistan has approximately 500 ne-
phrologists serving a population of 220.9 million. India
has one of the lowest nephrologist densities worldwide,
with only about 2600 nephrologists (1.9 per million
population).””

Notably, this shortage of nephrologists hampers the
care of patients with pregnancy-related AKI leading to
poor outcomes. Moreover, it makes referral of patients
with pregnancy-related AKI exceedingly difficult in areas
where nephrologists are unavailable or inadequate.

Health care professionals require optimum training to
manage and prevent pregnancy-related AKI . Knowledge of
non-nephrology health care workers’ regarding the
broader spectrum of AKI seems deficient. The survey
conducted by Kahindo et al’' in the East part of DRC
revealed a significant gap between knowledge and practice
among non-nephrology health care workers concerning
AKIL.’' Approximately 8% of health care workers with an
average experience of 7 years had a good understanding of
the definition and classification of AKI, while > 70% were
unaware of populations at risk for AKI. This work is
reproducible in other developing countries.

Adequate training of obstetricians to screen and detect
kidney complications early can lead to timely referral
because late referral of pregnant women developing kid-
ney complications has been revealed as a contributing
factor to poor outcomes of pregnancy-related AKI.*”

Infrastructure for Nephrology Care

Priority needs to be given to prevention and early care of
pregnancy-related AKT?, thereby promoting multidisci-
plinary care and responsibility. Screening policies with
integration of serum creatinine, a basic low-cost marker of
kidney function, in the routine work-up for pregnant
patients has been largely advocated by the nephrology
community.”* Moreover, postnatal screening is increas-
ingly required in women who experience pregnancy
complications. Special long-term screening programs
should target women with prior episodes of pregnancy-
related AKI and hypertensive disorders of pregnancy for
early diagnosis of chronic kidney disease. Effective training
programs aiming at improving the knowledge and skills of
maternal health care providers should be planned to help
early identification and referral of women at risk to
nephrology care, particularly in high-burden countries;
however, the lack of resources impedes the implementation

of preventive strategies and screening programs. Late diag-
nosis of women with risks for pregnancy-related AKI and
heterogeneity in terms of referral timing contribute to
inconsistent and delayed referrals. Therefore, efforts should
be intensified to maximize the awareness of health care
providers regarding the optimum timing when women at
risk of pregnancy-related AKI should be referred to a
nephrologist.

For this reason, the Egyptian society of nephrology and
transplantation is adopting an ongoing national project
aimed at creating and validating consensus-based criteria
for early referral of women at risk for pregnancy-related
AKI to nephrology services. The consensus includes a set
of simple, robust, and valid referral criteria which further
aim to help health policy makers develop clinical care
pathways and allocate appropriate resources.

To optimize care for women at elevated risk for
pregnancy-related AKI during pregnancy or puerperium,
pregnant women with current or past illness that repre-
sents a potential threat to the kidney, and women with de
novo kidney problems during pregnancy or puerperium,
should be referred early to a nephrologist or an obstetric
nephrology service whenever available. Women with
chronic kidney disease are particularly vulnerable to
pregnancy-related AKI, and pregnant women with preex-
isting kidney disease should undertake an intensified
follow-up program throughout pregnancy and puerpe-
rium. For instance, pregnant women with diabetes melli-
tus, current or past history of hypertensive disorders of
pregnancy, immunologic diseases that potentially affect
the kidney such as systemic lupus erythematosus,
anatomical kidney abnormalities, and kidney donors
should benefit from intensified care for both the mother
and fetus according to these consensus criteria.

The accessibility of tools to diagnose and treat women
with pregnancy-related AKI is essential for improving
outcomes. These include diagnostic tools, pharmaceutical
materials, interventions, and dialysis equipment. Never-
theless, the availability of basic diagnostic laboratory in-
vestigations, radiological workups and interventions like
kidney biopsies is lacking in most low-income and lower-
middle-income countries. On a global basis, obstetricians
do not routinely check for serum urea and creatinine
during antenatal care visits. A study conducted in Zambia
found that only 35% of patients presenting with severe
pre-eclampsia had laboratory results.”” The basic labora-
tory investigations are only routinely available at tertiary
care hospitals in Zimbabwe and Somalia and about two-
thirds of secondary hospitals in Ghana.”® Although diag-
nostic tools, imaging techniques, and kidney biopsies are
widely available throughout Pakistan, there is a delay in
patient referral from rural and remote areas. Egypt and
India have almost full accessibility to basic laboratory tests,
imaging, and kidney biopsy facilities. Nevertheless, the
number of experienced nephropathologists to interpret
kidney biopsies is deficient in Egypt. Of note, kidney bi-
opsies helped to document a significant decline in the
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incidence of cortical necrosis from 50% in 1990 to 5%-8%
in India throughout the past decade.””

Kidney Replacement Therapy

Women with pregnancy-related AKI may frequently
require kidney replacement therapy (KRT). The avail-
ability of KRT techniques represents a significant problem
for patients living in developing countries. Zambia per se,
has hemodialysis units in 7 out of 10 regions localized to
tertiary hospitals. In Zimbabwe, peritoneal dialysis (PD)
is not available to manage AKI, and hemodialysis is the
primary modality of KRT in private and public in-
stitutions. The dialysis prevalence in Zimbabwe is low,
representing 33.4 patients pmp.’® Correspondingly, the
accessibility to dialysis is still limited in Cameroon. It has
been shown that nearly 28% of patients with AKI
requiring dialysis in Cameron are not dialyzed due to lack
of funds.”” Cameroon has 13 hemodialysis (HD) units,
and 1 center for receiving acute PD which belongs to the
Saving Young Living program and offers PD to children
with AKL*

In Nigeria, PD is only available rarely for women with
pregnancy-related AKI requiring dialysis. HD centers are
located in urban cities only, and many patients cannot
afford the cost of dialysis. There is a substantial unmet
need for dialysis across the country, which negatively af-
fects the management of patients with pregnancy-related
AKI requiring dialysis."' In Somalia, only 5 HD centers
are present in the 3 main cities, Mogadishu, Bosaso, and
Hargeisa; 1 is a semi-private center, and the other 2 are
private centers. PD is not available in Somalia.

The high cost and uneven distribution of dialysis ser-
vices across DRC has greatly challenged the accessibility of
dialysis.”* Masewu et al*’ reported that only 6.5% of pa-
tients with AKI requiring KRT had access to dialysis.”’

In Ghana, HD is the predominant modality of KRT for
AKI. PD is exclusively provided by pediatric nephrologists.
A study by Tannor et al showed that 9 out of the 16
administrative regions in Ghana have hemodialysis access,
and therefore, manage patients with pregnancy-related AKI
who require dialysis, while patients living in dialysis-
lacking regions need referral to the equipped hospitals,
which could lead to treatment delays and poor out-
comes.”” Another barrier to accessing HD is the afford-
ability of dialysis services. The cost of hemodialysis in
Ghana is between US $45-50 per session which remains
unaffordable for the average Ghanaian. Although the na-
tional health insurance is supposed to pay for the cost of
dialysis for AKI, this is usually not forthcoming and
difficult to access.™

In Egypt, most critically ill patients are treated in tertiary
teaching hospitals; correspondingly, all the published
studies were conducted at teaching hospitals where diag-
nostic and therapeutic facilities such as kidney biopsy,
plasma exchange, and HD are relatively available.®'*"”
Hemodialysis is the primary modality in Egypt; the use
of PD is presently limited due to the high cost of the
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treatment, the need for highly trained health care pro-
viders, and the lack of a national program to promote
PD."*” Although there is no adequate data regarding the size
of outpatient dialysis centers, it has been estimated that the
number of dialysis machines exceeded 3000 in over 600
dialysis units in 2009. ' Of note, these centers are inten-
ded to provide dialysis services only for patients requiring
long-term HD. Unlike patients receiving maintenance HD,
for whom the government health insurance subsidizes
Egyptian £500 for each HD session (approximately US
$17),"° the situation is not that clear for patients receiving
HD requiring AKI, and each center determines its own
cost, which may or may not be covered by the government
or insurance agencies.

In India, the most common dialysis modality available
nationwide is hemodialysis. PD is restricted to the weal-
thy sector (8500 patients received PD in 2019)."" A
report in 2018 estimated the number of HD centers in
India to be 12,881 distributed among all 28 states and 8
union territories.”” However, there is significant diversity
in access to HD centers, with most HD centers located in
urban areas and very few in rural areas. According to
estimates in the Million Death Study, about 60% of pa-
tients have to travel > 50 km to access HD centers in In-
dia.”® This adds to the financial burden related to the cost
of travel. It also hinders access to care for women who are
already marginalized.”’

A similar trend has been reported in Pakistan, where
hemodialysis is the most widely available modality of KRT,
almost all in urban areas. Nevertheless, individuals living
in rural areas are generally unable to receive these benefits.
Presently, there are 72 public and private HD centers in
urban areas of Pakistan.”” The cost of HD adds to the
financial burden of the family which further hampers ac-
cess to care. In Pakistan, a single session of HD costs
around Rs 3,000-8,000, resulting in an average cost of Rs
550,000-700,000 per year. Notably, the reported average
annual income in Pakistan is approximately Rs 320,000.”"

With these barriers in mind, it is vital for governments
and health authorities in developing countries to monitor
the incidence of pregnancy-related AKI, TO improve ob-
stetric care by encouraging early referral of women with or
at risk of pregnancy-related AKI, to provide diagnostic and
therapeutic tools for adequate management of these pa-
tients, and to ensure provision of health care services with
adequately trained nephrologists (Fig 2). In India, for
example, the initial decline in the incidence of pregnancy-
related AKI was predominantly attributed to legislation
amendments, which led to a reduction in the incidence of
first-trimester septic abortions.'® Optimization of obstetric
care, including better management of hemorrhagic shock
and early recognition and management of pre-eclampsia,
contributed to the decline in incidence of pregnancy-
related AKI. Nevertheless, lack of organized delivery sys-
tems (and corresponding lack of antenatal care) has been
reported in up to 30%-60% of patients with pregnancy-
related AKI in India.'®**"”
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Figure 2. Recommendations for improving care for individuals with pregnancy-related AKI.

CONCLUSION

Pregnancy-related AKI is a major public health problem,
endangering the lives of mothers and their babies,
particularly those living in developing countries. Potential
disparities between high-income countries and low-
income and lower-middle-income countries exist
because of insufficient health care resources, nephrology
workforce, and infrastructure. Access to comprehensive
health care is a global human right and health equity
should be attained according to the United Nation’s sus-
tainable development goals. Therefore, priority should be
given to allocating resources and investments to improve
health care resources in low-income and lower-middle
income countries. International organizations and soci-
eties should lend a helping hand to empower women in
these countries to get the right service and support at the
right time.
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