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Abstract

Background: Hypertensive disorders in pregnancy are the second most common cause of maternal mortality in
the Democratic Republic of Congo (DRQ), accounting for 23% of maternal deaths. This study aimed to assess facility
readiness, and providers' knowledge to prevent, diagnose, and treat pre-eclampsia.

Methods: A facility-based cross-sectional study was conducted in 30 primary health centres (PHCs) and 28 referral
facilities (hospitals) randomly selected in Kinshasa, DRC. In each facility, all midwives and physicians involved in
maternal care provision (n = 197) were included. Data on facility infrastructure and providers’ knowledge about pre-
eclampsia were collected using facility checklists and a knowledge questionnaire. Facility readiness score was
defined as the sum of 13 health commodities needed to manage pre-eclampsia. A knowledge score was defined as
the sum of 24 items about the diagnosis, management, and prevention of pre-eclampsia. The score ranges from 0
to 24, with higher values reflecting a better knowledge. The Mann-Witney U test was used to compare median
readiness scores by facility type and ownership; and median knowledge scores between midwives in hospitals and
in PHCs, and between physicians in hospitals and in PHCs.
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Results: Overall, health facilities had 7 of the 13 commodities, yielding a median readiness score of 53.8%(IQR: 46.2
to 69.2%). Although all provider groups had significant knowledge gaps about pre-eclampsia, providers in hospitals
demonstrated slightly more knowledge than those in PHCs. Midwives in public facilities scored higher than those in
private facilities (median(IQR): 8(5 to 12) vs 7(4 to 8), p = 0.03). Of the 197 providers, 91.4% correctly diagnosed
severe pre-eclampsia. However, 43.9 and 82.2% would administer magnesium sulfate and anti-hypertensive drugs
to manage severe pre-eclampsia, respectively. Merely 14.2 and 7.1% of providers were aware of prophylactic use of
aspirin and calcium to prevent pre-eclampsia, respectively.

Conclusion: Our study showed poor availability of supplies to diagnose, prevent and treat pre-eclampsia in
Kinshasa. While providers demonstrated good knowledge regarding the diagnosis of pre-eclampsia, they have poor
knowledge regarding its prevention and management. The study highlights the need for strengthening knowledge
of providers toward the prevention and management of pre-eclampsia, and enhancing the availability of supplies

needed to address this disease.
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Background

Hypertensive disorders in pregnancy (HDP), including
pre-eclampsia and eclampsia (PE/E), are the second
most common cause of maternal mortality worldwide,
accounting for 10-15% of direct maternal deaths [1, 2].
Globally, it is estimated that 76,000 women and 500,000
newborn die from HDP annually [3]. Most of the deaths
(99%) occur in low- and middle-income countries
(LMICs) [4, 5]. These deaths are preventable by early de-
tection, adequate treatment and timely delivery [6-9].
Effective interventions to address HDP exist, however,
their implementation in LMICs remains challenging
[10-12]. Systematic reviews and trials have shown the
effectiveness of aspirin in the prevention of pre-
eclampsia [10, 13-15], and the effectiveness of magne-
sium sulfate in the management of severe pre-eclampsia
and eclampsia [11, 16, 17]. The World Health
Organization (WHO) has considered magnesium sulfate
as the first-line drug for eclampsia prevention and treat-
ment for more than a decade [18]. In a review of inter-
ventions to decrease HDP-related maternal deaths, it
was estimated that a package of interventions including
the detection of proteinuria and hypertension in preg-
nancy, timely treatment of severe pre-eclampsia and
eclampsia with magnesium sulfate, and early delivery
would reduce HDP mortality by at least 84% in LMICs
[19]. Historical data from Sri Lanka indicated that this
LMIC was able to reduce the HDP-related maternal
deaths from 50 to 10 deaths per 100, 000 births between
1930 and 1990s [19].

In most LMICs however, a huge number of women
continue to suffer from HDP without receiving proven
lifesaving interventions [6, 20-23]. Poor knowledge
about pre-eclampsia among healthcare providers, in
addition to the lack of adequate supplies, are contribut-
ing factors to the burden of HDP in LMICs [24-28].

According to the WHO, the maternal mortality ratio
in the Democratic Republic of Congo (DRC) is estimated
at 473 per 100,000 live births [29]. This is higher than
one might expect based on a high rate of skilled attend-
ance at delivery (80%), and a high rate of antenatal care
attendance (89%) [30]. In 2018, HDP resulted in 841
(23%) out of the 3656 maternal deaths reported from the
DRC’s maternal death surveillance system [31]. Prevent-
ing and managing HDP and HDP-related complications
could contribute to lower maternal mortality in DRC,
and meeting the United Nations Sustainable Develop-
ment Goal 3 [32].

In a previous study in Kinshasa, Nkamba et al. [33] re-
ported a low proportion of women screened for HDP
within antenatal clinics (26.7%). The authors hypothe-
sized that such low provision of screening for HDP
could be a result of a number of factors including know-
ledge gaps about HDP among healthcare providers. It is
essential that providers have the skills and knowledge,
supplies and equipment needed to diagnose and
promptly address HDP and HDP-related complications
in women attending health facilities [33]. At the time of
this study, there are no reliable data on the healthcare
providers’ knowledge about HDP, including pre-
eclampsia in Kinshasa. The purpose of this study was to
assess the facility readiness in terms of availability of
supplies and equipment to deal with pre-eclampsia; and
the providers’ knowledge about the prevention, diagno-
sis, and management of pre-eclampsia.

Methods

Study setting

The study was conducted in Kinshasa, the capital city of
the DRC. Kinshasa is divided into 35 health districts,
each with an average of 12 health areas and a district
hospital. A typical health area provides care for a popu-
lation of 10,000—15,000 inhabitants, with an average of 6
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primary health centres (PHCs) that provide basic cura-
tive and preventive services including routine antenatal
care. According to the DRC’s health policy, a PHC is
staffed by 2 to 4 midwives, and there should not be a
physician at this level [34].

A district hospital (or Referral Health Centre where no
district hospital exists) is a referral facility for PHCs and
provides comprehensive emergency obstetric and neo-
natal care.

A provincial referral hospital and a teaching hospital
that are tertiary-level facilities are also located in
Kinshasa. Some PHCs refer directly to these tertiary-
level facilities [34].

In DRC, PHCs are expected to manage mild pre-
eclampsia using antihypertensive drugs. However, in the
case of severe pre-eclampsia, PHCs should administer
the initial loading dose of magnesium sulfate, then im-
mediately transfer the women to district hospitals. The
management of severe pre-eclampsia at the district hos-
pital level includes the provision of antihypertensive
drugs, and the Prichard regimen of magnesium sulfate
(loading doses of 4 g IV and 10g IM, and maintenance
dosing of 5 g IM every 4 h) [35].

Study design, population and sampling

This was a facility-based cross-sectional study. All of
Kinshasa’s health facilities that provide emergency ob-
stetric and neonatal care (EmONC) were stratified into
(i) primary facilities comprising PHCs; (ii) secondary fa-
cilities comprising district hospitals and referral health
centres; and (iii) tertiary facilities including the provin-
cial referral hospital and the teaching hospital.

In each stratum, the sample size of health facilities was
obtained by using the formula for a proportion within a
finite population size [36] of 837 primary, 138 secondary
and 2 tertiary facilities according to the data from the
Kinshasa Provincial Ministry of Health.

To estimate the sample size of health facilities in each
stratum, we considered a prior estimate of 23% for
health facilities that have dipsticks for proteinuria testing
in Kinshasa, as per the Services Availability and Readi-
ness Assessment study (SARA) survey in DRC [37]; a
margin error of 15% as per WHO recommendations
[36]. We thus determined that 30 primary, 26 secondary
and 2 tertiary health facilities were required, leading to a
total of 58 facilities.

Both tertiary health facilities were included in the sur-
vey. However, the 30 primary and the 26 secondary facil-
ities were selected randomly among the sampling frame
of 837 and 138 facilities, respectively.

Within each selected health facility, all midwives and
physicians involved in antenatal or maternity care
provision, and posted during the day of the survey were
included in the study (n = 197).
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Data collection

Twelve physicians were recruited as interviewers based
on their previous experience in data collection, and two
health officers as supervisors. Interviewers and supervi-
sors were trained for five days before data collection.
The training focused on the aim of the study, study pro-
cedures, and data collection techniques. A checklist for
facility inventory was used to capture the availability of
key supplies, drugs, and equipment needed to prevent,
diagnose, and manage pre-eclampsia based on the DRC’s
national guidelines. The inventory was completed as the
team observed the pharmacy, laboratory, ANC, labor,
and delivery areas. Each of the following health com-
modities was scored 1 point when available in the facility
on the day of the survey, and 0 otherwise: Aspirin tablet,
calcium gluconate, any fluids (saline, ringer lactate or
dextrose), urine test for protein, potocols for manage-
ment of PE/E, indwelling urinary catheter, blood pres-
sure machine, stethoscope, fetoscope, oxygen cylinder
and adult mask, and ambulance. One point was given
for either antihypertensive drug available (nifedipine, hy-
dralazine or methyldopa). Another point was given for
either anticonvulsant available (magnesium sulfate or di-
azepam). We calculated the readiness score as a cumula-
tive number of health commodities available in the
health facility on the day of the survey, ranging from 0
to 13. We reported the score as a percentage of com-
modities available out of the 13 possible. The score
ranged from 0 to 100%, with a high value reflecting bet-
ter availability. We grouped facilities into three categor-
ies according to tertiles of the readiness score: low-
tertile if the score ranged from 30.8 to 53.8%, middle-
tertile if the score ranged from 53.9 to 69.2%, and high-
tertile if the score ranged from 69.3 to 92.3%.

A knowledge questionnaire was used to assess pro-
vider knowledge about pre-eclampsia. The knowledge
questionnaire was based on the WHO and DRC’s guide-
lines [18, 35], and previous studies which assessed pro-
viders’ knowledge and clinical judgment regarding the
diagnosis and management of pre-eclampsia [23, 38, 39].
The questionnaire consisted of a written case scenario
and related “yes/no” items. Each item was scored 1 if the
correct answer was given by the healthcare provider, or
0 otherwise. The scenario involved a 20-year-old woman
at 37 weeks of pregnancy, complaining of severe head-
ache and blurred vision. Providers learned that the
woman had a blood pressure of 160/110 mmHg and 3+
urine protein. At each step in the scenario, providers
were asked how the case should be managed.

Based on DRC’s and WHO guidelines [18, 35], we cal-
culated a knowledge score about diagnosis and manage-
ment of severe pre-eclampsia by summing responses to
the 12 following items: measuring blood pressure, moni-
toring fetal heart, proteinuria testing, naming severe pre-
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eclampsia as diagnosis, administering loading dose of
magnesium sulfate, administering maintenance doses of
magnesium sulfate, administering anti-hypertensive
drugs, referring to a higher-level health facility, indwell-
ing urinary catheter, inducing labor, monitoring magne-
sium sulfate toxicity, and continuing magnesium sulfate
for 24 h after delivery. The score ranged from 0 to 12,
with a high value reflecting better knowledge.

The questionnaire also included questions to assess
providers’ knowledge regarding preventative interven-
tions and risk factors for pre-eclampsia. The risk factors
included primiparity, obesity, multiple pregnancy, mater-
nal age, pre-eclampsia in a previous pregnancy (if par-
ous), autoimmune disease, family history of pre-
eclampsia, history of diabetes, history of chronic hyper-
tension, and a history of renal disease [40]. The prophy-
lactic interventions of pre-eclampsia included the use of
low dose aspirin and calcium. A knowledge score about
prevention of pre-eclampsia was built by summing the
number of risk factors and prophylactic interventions
spontaneously mentioned by the health provider. The
score ranges from O to 12, with a high value reflecting
better knowledge.

The knowledge score about diagnosis, management,
and prevention of pre-eclampsia was obtained by sum-
ming the knowledge score about diagnosis and manage-
ment of severe pre-eclampsia, and the knowledge score
about prevention of pre-eclampsia. The score ranges
from 0 to 24, with higher values reflecting a better
knowledge.

The questionnaire also included data about providers’
characteristics: type (midwives or physicians), training
and experience with ANC and pre-eclampsia manage-
ment; and facilities’ characteristics such as ownership
(private or public), location (urban or rural), and type
(PHC:s or hospital).

Prior to the actual data collection, the questionnaire
was pilot-tested on 20 healthcare providers in 5 health
facilities not participating in this study.

The questionnaire was administrated as face-to-face
interviews. The data were collected between October
2017 and January 2018.

Data analysis

Data were entered into EpiData software version 3.1 and
subsequently exported into Stata version 14.1. Secondary
and tertiary health facilities were grouped into one cat-
egory named “hospitals”, as they all represent referral
units for PHCs. There were no missing data.

We estimated the proportions of facilities having a
given supply, drug or equipment by type of facilities
(PHCs or hospitals), and by ownership (private or pub-
lic). For each type of health provider, we estimated the
proportion of those who responded correctly to a given
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knowledge item, by type of health facility. Proportions
were compared using Pearson’s chi-square test or using
Fisher’s exact test in cases where expected cell counts
were below 5.

Continuous variables were described as mean and
standard deviation (+SD) or as median and interquartile
range (IQR). The Mann-Whitney U test was used to
compare the median readiness scores between hospital
and PHCs, and between private and public facilities. The
test was also used to compare the median knowledge
scores between midwives in hospitals and those in
PHCs, between physicians in hospitals and those in
PHCs, and between providers in private and in public fa-
cilities. A P value less than 0.05 was considered to indi-
cate statistical significance.

Results

Table 1 shows the characteristics of the antenatal clinics
and healthcare providers included in the study, by facil-
ity type and ownership. Of the 58 health facilities, 41
(70.7%) were private and 17 (29.3%) were public. There
were 30 (51.7%) primary facilities and 28 (48.3%) hospi-
tals. The median number of first antenatal visits per
month in study facilities was 50 (IQR: 37 to 63). There
was a median of 8 (IQR: 5 to 16; range: 1 to 73) mid-
wives per facility, and 2(IQR: 1 to 4; range: 0 to 48) phy-
sicians. There were more physicians in hospitals than in
PHCs (median (IQR): 3 (2 to 14) vs 1 (0 to 2)), and more
in public than in private facilities (median (IQR): 6 (3 to
22) vs 1 (1 to 2)). Overall 12.1% of facilities, (7.3% of pri-
vate and 23.4% of public facilities), received drugs, sup-
plies and equipment to manage pre-eclampsia from
government or non-governmental  organizations
(NGOs).

Of the 197 providers included in the study, 122
(61.9%) were midwives and 75 (38.1%) were physicians;
131 (66.5%) were female. In public facilities physicians
were the most interviewed (61.8%), while in private facil-
ities midwives were the most interviewed (74.4%). In
public facilities 23 (88.5%) midwives were included in
hospitals, whereas in private facilities 63 (65.6%) mid-
wives were from PHCs (data not shown). A quarter of
providers (24.9%) declared they received in-service train-
ing regarding the management of HDP. Half of the pro-
viders have been working in maternal health for more
than 7 years (median =7; IQR: 3 to 12 years; range: 1 to
20 years).

Facility readiness

Table 2 shows the availability of each individual health
commodity, and the readiness score. On the day of the
survey, only half of the health facilities had protocols for
the management of pre-eclampsia. Magnesium sulfate
and calcium gluconate were available in 36.2% (95% CI,
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Table 1 Characteristics of the 58 antenatal clinics sampled in Kinshasa, and of the 197 healthcare providers interviewed within these

clinics
Characteristics Facility Type Facility ownership Total
Hospitals (n = 28) PHCs (n =30) Public (n =17) Private (n =41) (n=58)
Health facilities
Number of ANC pregnant women—no./mth
Median (IQR) 56 (42-95) 42 (32-58) 43 (36-54) 53 (37-78) 50 (37-63)
Range 29-408 27-449 29-158 27-449 27-449
Number of physicians—no.
Median (IQR) 3 (2-14) 1(0-2) 6 (3-22) 1(1-2) 2 (1-4)
Range 1-48 0-6 2-48 0-12 0-48
Number of midwives—no.

Median (IQR) 10 (7-23) 7 (4-9) 22 (10-39) 7 (5-9) 8 (5-16)
Range 1-73 1-26 4-73 1-20 1-73
Receives supplies from partners—no.(%)? 5(17.9) 2 (6.7) 4 (234) 3(73) 7020
Healthcare providers (n =107) (n =90) (n=129) (n =68) (n =197)

Type—no.(%)
Midwives 56 (52.3) 66 (73.3) 26 (38.2) 96 (74.4) 122 (61.9)
Physicians 51 (47.7) 24 (26.7) 42 (61.8) 33 (256) 75 (38.1)
Gender—no.(%)
Female 72 (67.3) 59 (65.6) 88 (68.2) 43 (63.2) 131 (66.5)
Male 35(32.7) 31 (344) 25 (36.8) 41 (31.8) 66 (33.5)
Age—yrs
Median (IQR) 40 (33-48) 41 (36-47) 39 (34-46) 42 (35-49) 40 (34-48)
Range 27-55 30-55 27-55 27-55 27-55
Experience within maternal health care—yrs
Median (IQR) 7 (2-12) 7 (3-11) 6 (2-10) 8 (3-13) 7 (3-12)
Range 1-20 1-19 1-20 1-19 1-20
In-service trainmg—no.(%)b 25 (234) 24 (26.7) 21 (309) 28 (21.7) 49 (24.9)

PHCs Primary health centres, IQR Interquartile range, Mth Month

*Whether facilities received drug, supplies and equipment for diagnosis, prevention and management of pre-eclampsia from the government or

non-governmental organizations

PWhether healthcare providers declared they received in-service training regarding the management of hypertensive disorders in pregnancy

24.6—49.6%) and 31.0% (95% CI, 20.2—-44.4%) of facilities,
respectively. There was no significant difference in the
availability of magnesium sulfate between private and
public facilities (35.3% vs 36.6%, p =0.93), neither be-
tween hospitals and PHCs (42.9% vs 30.0%, p =0.31).
Calcium gluconate was significantly more available in
public than in private facilities (52.9% vs 21.9%, p =
0.02). Less than one-third of facilities (29.3%; 95% CI:
18.8-42.6%) had aspirin. The availability of aspirin was
significantly higher in public than in private facilities
(47.1% vs 21.9%, p = 0.04), however, there was no signifi-
cant difference between hospitals and PHCs (35.7% vs
23.3%, p =0.3). Anti-hypertensive drugs such as methyl-
dopa, nifedipine and hydralazine were available only in
18.9% (95% CI, 10.6-31.5%), 15.5% (95% CI, 8.1-27.6%)
and 6.9% (95% CI, 2.5-17.4%) of health facilities, re-
spectively. There were no significant differences in the

availability of anti-hypertensive drugs between public
and private facilities, neither between PHCs and
hospitals.

Stethoscopes and blood pressure machines were avail-
able at all facilities. Slightly more than two-thirds of fa-
cilities (67.2, 95% CI, 55.2-79.3%) had urine tests for
protein. Only 24.1% of facilities (53.6% of hospitals and
20% of PHCs, p = <0.01) had an ambulance stationed on
their grounds. Overall, health facilities had a median 7 of
the 13 health commodities, yielding a median readiness
score of 53.8%(IQR: 46.2 to 69.2%). The median readi-
ness score in public and private facilities were 69.2 and
53.8%, respectively, with no significant difference. Hospi-
tals scored significantly higher than PHCs (69.2% vs
53.8%, p = 0.011). Facilities receiving health commodities
form government or NGOs scored better than their
counterparts, although the difference was not statistically
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Table 2 Availability of supplies, drugs and equipment to prevent and manage pre-eclampsia and eclampsia, according to facility

type and ownership

Variable Facility ownership Facility type All (n =
Public (n =17) Private (n =41) p-value Hospitals (n =28) PHCs (n =30) p-value 58)
Percent of facilities having the following drugs and supplies—no. (%)
Aspirin tablet 8 (47.1) 12 (21.9) 0.04 10 (35.7) 7 (233) 030 17 (29.3)
Magnesium sulfate inj 6 (35.3) 15 (36.6) 0.93 12 (42.9) 9 (30.0) 0.31 21 (36.2)
Diazepam inj 12 (70.6) 23 (56.1) 0.30 19 (67.9) 16 (53.3) 0.26 35 (60.3)
Hydralazine inj 1(5.9) 3(73) 0.67 3(107) 1(33) 0.28 4(6.9)
Nifedipine tablet 4 (23.5) 5(122) 043 5(17.9) 4(133) 045 9 (15.5)
Methyldopa tablet 5(294) 6 (14.6) 0.17 8 (28.6) 3(10.0) 0.07 11 (189)
Calcium gluconate inj 9 (529) 9 (219 0.02 10 (35.7) 8 (26.7) 046 18 (31.0)
Any fluids (saline, ringer lactate, dextrose) inj 17 (100) 38 (92.7) 035 28 (100.0) 27 (90.0) 0.24 55 (94.8)
Urine test for protein® 9 (529) 30 (73.2) 0.14 22 (78.5) 17 (56.7) 017 39 (67.2)
Potocols for management of PE/E 9 (52.9) 20 (48.8) 0.77 18 (64.3) 11 (36.7) 0.04 29 (50.0)
Indwelling urinary catheter 9 (52.9) 23 (56.1) 0.83 15 (53.6) 17 (56.7) 0.81 32 (55.2)
Percent of facilities having the following equipment—no. (%)
Blood pressure machine 17 (100) 41 (100) >0.99 28 (100) 30 (100) >099 58 (100)
Stethoscope 17 (100) 39 (100) >0.99 28 (100) 30 (100) >0.99 58 (100)
Fetoscope 17 (100) 39 (100) >0.99 28 (100) 30 (100) >0.99 58 (100)
Oxygen cylinder and adult mask 5(294) 2 (49) 0.01 5(17.9) 2(6.7) 0.18 7(12.0)
Ambulances 10 (58.8) 11 (26.8) 0.02 15 (53.6) 6 (20.0) <001 14 (24.7)
Readiness score—%
Median 69.2 538 0.14 69.2 538 0.011 538
Interquartile range 538 to 84.6 46.1 10 69.2 538to 769 384 to 69.2 46.2 10 69.2
Tertile of readiness score—no.(%) 0.26 0.04
Low tertile 6 (35.3) 24 (58.5) 10 (35.7) 20 (66.7) 30 (51.7)
Middle tertile 6 (35.3) 10 (24.4) 9(32.1) 7(233) 16 (27.6)
High tertile 5(294) 7(17.0) 9 (32.1) 3(10.0) 12 (20.7)

PHCs Primary health centres, inj Injectable, PE/E Pre-eclampsia and eclampsia

2 Dipsticks or acetic acid

significant (median (IQR): 61.5% (48.2 to 69.2%) vs
53.8% (46.2 to 62.9%), p =0.55) (data not shown). Al-
most 59% of private facilities and 35% of public facilities
fell into the low tertile of readiness.

Providers’ knowledge
Table 3 shows provider knowledge regarding the diagnosis
and management of severe pre-eclampsia. Overall, severe
pre-eclampsia was correctly diagnosed by 91.4% (95% CI,
86.5-94.6%) of providers. Among providers who correctly
diagnosed severe pre-eclampsia, however, only 43.9% (95%
CI, 36.5-51.5%) would administer a loading dose of mag-
nesium sulfate. More physicians in hospitals than in PHCs
would administer a loading dose of magnesium sulfate to
manage severe pre-eclampsia (58.8% vs 33.3%, p = 0.04).
Only 10.3% (95% ClI, 6.3—16.5%) of providers would moni-
tor the magnesium sulfate toxicity.

The median knowledge score about diagnosis and
management of severe pre-eclampsia was 5 (IQR, 4 to

7). Midwives in hospitals scored better than those in
PHCs (median (IQR): 5.5 (4 to 7) vs 5 (4 to 6), p =<
0.01). Physicians in hospitals scored better than those in
PHCs (median (IQR): 6 (5 to 8) vs 5 (4 to 7), p = 0.03).

Table 4 shows provider knowledge of risk factors and
prevention strategies of pre-eclampsia.

Overall, 44.2% of providers mentioned chronic hyper-
tension as a risk factor for pre-eclampsia. Low-dose as-
pirin and calcium were cited as prophylactic drugs of
pre-eclampsia by only 14.2% (95% CI, 9.7-19.9%) and
7.1% (95% CI, 3.9-11.6%) of providers, respectively. Al-
most two-thirds of providers (62.4%; 95% CI, 55.3—
69.2%) mentioned the low-salt diet as a prophylaxis for
pre-eclampsia. The median knowledge score about the
prevention of pre-eclampsia was 2 (IQR, 1 to 4). Mid-
wives in hospitals were more knowledgeable than in
PHCs (median (IQR): 2 (1 to 4) vs 1 (0 to 2), p =0.01).

Figures 1 and 2 present the combined knowledge score
by facility type and ownership, respectively. The
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Correct responses to case scenario Midwives Physicians All (n =
PHCs (n = 66) Hospitals (n = 56) p-value PHCs (n =24) Hospitals (n =51) p-value 197)
Initial assessment
Check blood pressure 879 94.6 0.22*% 833 984 0.03 919
Monitor fetal heart rate 100 100 >0.99 100 100 >0.99 100
Assess urine for protein 424 464 0.66 542 392 0.22 442
Diagnosis and management of severe pre-eclampsia
Diagnose severe pre-eclampsia 818 91.1 0.14 100 100 0.99 914
Administer loading dose of MgSO,* 315 47.1 0.11 333 588 0.04 439
Immediately refer to higher facility® 389 19.6 0.03 83 39 0.33* 194
Administer maintenance doses of l\/lgSOf‘b 333 488 0.18 31.8 57.1 048 455
Administer anti-hypertensive drugs® 685 843 0.06 833 94.1 0.14* 822
Induce labor® 33 9.8 037* 182 40.8 0.06 20
Monitor MgSO, toxicity 0 9.8 0.08* 9.1 184 0.27* 10.3
Continue MgSO, for 24 h postpartum® 6.1 73 0.61* 227 347 041 229
Knowledge score about diagnosis and management of severe pre-eclampsia
Median (IQR) 54 to06) 55@to7) <001 5@t07) 6 (5t08) 0.03 5@t07)

PHCs Primary health centres, IQR Interquartile range, MgSO, Magnesium sulfate

*Fisher exact test

#Among providers who diagnosed severe pre-eclampsia (n;: 51 midwives in hospitals and 54 in PHCs; 51 physicians in hospitals and 24 in PHCs);
PAmong providers who did not refer to a higher level facility (n;: 41 midwives in hospitals and 33 in PHCs; 49 physicians in hospitals and 22 in PHCs)

Table 4 Providers' knowledge toward risk factors and preventive interventions of pre-eclampsia, by provider type, facility type and

ownership
Percentage of providers who Midwives Physicians All (n =
mentioned the following: PHCs (n = 66) Hospitals (n = 56) p-value PHCs (n =24) Hospitals (n =51) p-value 197)
Risk factors for pre-eclampsia
Chronic hypertension 364 357 0.94 41.7 64.7 0.06 442
Primiparity 18.2 411 <001 458 706 0.04 41.6
Pre-eclampsia in previous pregnancy 15.2 321 0.03 54.2 49.0 0.68 335
Family history of pre-eclampsia 12.1 304 0.02 292 549 0.04 305
Diabetes mellitus 16.7 26.8 0.17 29.1 41.2 0.32 274
Obesity or overweight 273 232 061 20.8 314 034 264
Multiple pregnancy 9.1 268 0.01 333 417 048 243
Maternal age 121 214 0.17 29.2 294 0.98 21.3
Chronic renal disease 46 54 0.58* 12.5 19.6 0.34* 9.6
Autoimmune disease 0 18 0.46* 0 59 031* 23
Preventive intervention of pre-eclampsia
Low-salt diet 71.2 679 0.69 583 471 0.36 624
Physical activity 242 214 0.71 250 59 0.03* 188
Low-dose aspirin 30 89 0.16* 208 314 0.34 14.2
Calcium 3.1 36 087 83 15.7 038 7.1
Knowledge score about prevention of pre-eclampsia
Median (IQR) 10to?2) 2(1to4) 0.01 3(2to5) 4 (2 to 6) 0.16 2(1to4)

PHCs Primary health centres
*Fisher exact test
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knowledge score about diagnosis, management, and pre-
vention of pre-eclampsia was higher among midwives in
hospitals than in PHCs (median (IQR): 8 (6 to 10) vs 6
(4 to 8), p <0.01), and higher among physicians in hospi-
tals than in PHCs (median (IQR): 10 (8 to 13) vs 8 (7 to
11), p =0.04) (Fig. 1). Midwives in public facilities were
significantly more knowledgeable than in private facil-
ities (median (IQR): 8 (5 to 12) vs 7 (4 to 8), p =0.03).
There was no significant difference between physicians
in public and in private facilities (Fig. 2).

Discussion
We undertook a cross-sectional study to assess readiness
to diagnose, prevent and treat pre-eclampsia in health
facilities in Kinshasa. This included an evaluation of crit-
ical resources for diagnosis, prevention and treatment,
and provider knowledge about pre-eclampsia. Our find-
ings showed gaps in the availability of supplies and
equipment required to prevent and treat pre-eclampsia,
as well as poor knowledge among healthcare providers.
Our study reveals poor availability of health commod-
ities to manage pre-eclampsia in Kinshasa, as half of fa-
cilities had a readiness score lower than 53.8%. No
facility had all the nominated commodities at the time
of the study. This poor availability may be due to incon-
sistent supply chain, as only 12.1% of facilities, mainly
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hospitals (17.9%) and public facilities (23.4%), received
these commodities from government or NGOs. As a re-
sult, health facilities usually ask patients or their relatives
to purchase drugs from outside pharmacies [41]. As
such, there may be a lag of time till the drug is made
available, depending on affordability and proximity to
the pharmacies. This delay may worsen the pregnancy
outcome, and it contributes to HDP-related mortality
[28, 42, 43]. The tendency to ask patients or their rela-
tives to buy drugs from outside the health facilities has
been also reported in other sub-Saharan African coun-
tries [28, 44].

The higher availability of health commodities in hospi-
tals than in PHCs in Kinshasa was expected, as referral
of pre-eclamptic patients to a hospital is a recommended
national strategy in DRC [35]. Furthermore, the DRC’s
guidelines are conflicting, with the national list of essen-
tial medicines restricting magnesium sulfate availability
only in hospitals, while the EmONC guidelines recom-
mend its availability in both PHCs and hospitals [45, 46].
Such conflicting recommendations are likely to result in
poor availability of drugs in PHCs and need to be
addressed.

Previous studies in Africa have reported various pat-
terns of the available maternal health commodities.
Some of these studies have favored the availability of

N

Midwives Physicians
24
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124
#
10 (8 to 13)| p=0.04
g A p<0.01" 8(7to11)
6 (4 to 8)
4 S 1
OA
Hospitals PHCs Hospitals PHCs
Fig. 1 Median knowledge score about diagnosis, management and prevention of pre-eclampsia among midwives in hospitals and PHCs, and
among physicians in hospitals and PHCs, within 58 antenatal clinics in Kinshasa. n;: 56 midwives in hospitals and 66 in PHCs; 51 physicians in
hospitals and 24 in PHCs. For each box, the bottom and the top represent the first and the third quartiles, respectively. The horizontal line within
the box represents the median. Numbers inside the box are median (interquartile range). The | bars represent 1.5 times interquartile range. The
black dots refer to outliers. *P-value from the Mann-Whitney test comparing the median knowledge scores between midwives in hospitals and
those in PHCs; and between physicians in hospitals and those in PHCs
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Fig. 2 Median knowledge score about diagnosis, management and prevention of pre-eclampsia among midwives in public and private facilities,
and among physicians in in public and private facilities, within 58 antenatal clinics in Kinshasa. n;: 26 midwives in public and 96 in private
facilities; 42 physicians in apublic and 33 in private facilities. For each box, the bottom and the top represent the first and the third quartiles,
respectively. The horizontal line within the box represents the median. Numbers inside the box are median (interquartile range). The | bars
represent 1.5 times interquartile range. The black dots refer to outliers. *P-value from the Mann-Whitney test comparing the median knowledge
score between midwives in public and those in private facilities; and between physicians in public and those in private facilities
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supplies in public facilities, whereas others reported a
higher availability in private facilities [47-50]. For in-
stance, a study in Kenya, Uganda and Zambia reported a
higher availability of magnesium sulfate and of calcium
gluconate in public than in private facilities [48].

In our study public facilities showed better availabil-
ity of commodities than private facilities, and facilities
receiving health commodities from government or
NGOs showed better availability than their counter-
parts, although differences were not statistically sig-
nificant. This lack of difference in the availability of
commodities should be interpreted cautiously as the
study was not originally powered to capture such
differences.

Despite being on the Congolese essential medicines list
[46], aspirin, magnesium sulfate, calcium gluconate, and
antihypertensive agents such as nifedipine, methyldopa,
and hydralazine, were scarcely available in health facil-
ities in Kinshasa. The availability of drugs such as mag-
nesium sulfate in Kinshasa was similar to that quoted in
Nigeria (34%) [44] but lower than those reported in
other LMIC settings [39, 51, 52].

The availability of proteinuria testing in Kinshasa im-
proved from 23% in 2014 to 67.2% in 2018. However, in
a previous study, Nkamba et al. reported that only 26.9%

of pregnant women were screened for proteinuria during
a first antenatal visit [33].

The shortage of antihypertensive drugs and magne-
sium sulfate in health facilities, especially in PHCs, is
concerning. In the DRC’s health system, PHCs serve as
the first point of care facilities. They are expected to ini-
tiate antihypertensive and anticonvulsant treatment as
early as possible after a diagnosis of severe pre-
eclampsia, before the transfer of women to referral facil-
ities [35]. Anti-hypertensive drugs and magnesium sul-
fate should be widely available at this level, so that
women suffering from pre-eclampsia can be stabilized
and referred safely. At both PHCs and hospital level,
supplies should be available to avoid delay in treatment.

Our findings also indicate that PHCs face challenges in
referring pre-eclamptic women to hospitals, as only a fifth
have ambulance. It is unclear in the national guidelines if
PHCs should have or should request an ambulance from
hospitals when needed [34], yet the availability of ambu-
lance at the hospital level is low. The lack of ambulance in
PHCs may result in delay in women with severe pre-
eclampsia being transported to referral facilities, and con-
tribute to the HDP-related mortality.

Only one facility in two had protocols for diagnosis
and management of HDP, including the administration
of magnesium sulfate and anti-hypertensive drugs. Our
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findings are in line with those reported in other LIMCs,
suggesting that the lack of protocols for the management
of HDP is a common issue in these settings [6, 44, 53].

However, none of the protocols in Kinshasa included
the identification of women at risk of developing pre-
eclampsia during antenatal care, nor the prophylactic
use of low-dose aspirin in such women.

According to the DRC’s health policy, the presence of
a physician in PHCs is not mandatory [34]. Our study
indicates that half of PHCs in Kinshasa, mainly private,
have more than one physician. The presence of physi-
cians in PHCs reflects the poor regulation of the DRC’s
health system as reported by previous studies [54].

The proportion of providers who correctly diagnosed se-
vere pre-eclampsia in our study is higher than that re-
ported in India (78.5%) [38]. Although 91.4% of providers
correctly diagnosed severe pre-eclampsia based on the
case scenario, less than half of them identified treatment
with magnesium sulfate as an essential action. The study
outlined the discrepancy between the diagnosis and the
management of severe pre-eclampsia, suggesting that a
substantial number of women with this obstetrical compli-
cation may not receive magnesium sulfate, the drug of
choice to prevent eclampsia in pre-eclamptic women, nor
antihypertensive agents even when they reach health facil-
ities in a timely manner. Our findings are consistent with
studies from other settings such as India, Afghanistan,
Nigeria that also reported the knowledge gaps between
diagnosis and management of severe pre-eclampsia
among healthcare providers [38, 39, 44, 55].

When magnesium sulfate is administered, providers
should monitor women for warning signs of its toxicity,
which may present as loss of tendon reflex, decreased
urine output, or depressed respiratory rate [18, 40]. Our
findings suggest that magnesium sulfate is not used ad-
equately in Kinshasa, as only 10% of providers across all
facilities would monitor its toxicity, and only 23% would
continue its administration up to 24h’ post-partum as
per WHO and DRC’s national guidelines [18, 35].

It is known from the literature that early delivery in
severe pre-eclamptic women can contribute to improv-
ing pregnancy outcomes [8, 19]. While the DRC’s na-
tional guidelines recommend inducing labor at 37 weeks
gestation in case of severe pre-eclampsia, the majority of
providers in Kinshasa did not identify inducing labor as
a critical step in managing severe pre-eclampsia.

Although all provider groups had significant know-
ledge gaps about pre-eclampsia, providers in hospitals
demonstrated slightly more knowledge compared to
those in PHCs. This finding is not surprising given that
physicians are more plentiful in hospitals than in PHCs
and they tend to be more knowledgeable than midwives.
National EmONC guidelines are more available in hospi-
tals than in PHCs. Moreover, referral of pre-eclamptic
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patients to a hospital is a recommended national strategy
in DRC. Providers in hospital may have more exposure
to patients with pre-eclampsia, and thus more experi-
ence than those in PHCs.

A study from Nigeria also identified knowledge gaps
about pre-eclampsia across providers both in PHCs and
in hospitals [44].

Midwives in public facilities were more knowledgeable
than those in private facilities. One possible explanation
is that in public facilities 88.5% of midwives included in
the study were from hospitals, whereas in private facil-
ities midwives were mostly from PHCs. In addition,
more providers in public facilities than in private facil-
ities received in-service training regarding the manage-
ment of HDP. There was no significant difference in
knowledge between physicians in public and in private
facilities. This lack of difference between physicians in
public and those in private facilities may result from
public-on-private dual practice among physicians, a
common practice in Kinshasa, whereby some physicians
from public sector are also involved in private facilities
to supplement low government salary rates.

In LMICs where biomarkers to identify women at risk
of developing pre-eclampsia are not available, scientific
bodies recommend relying upon maternal historical and
clinical characteristics [40]. The International Federation
of Gynecology and Obstetrics (FIGO) has recommended
a combination of i) maternal risk factors with ii) mean
arterial pressure where it is not possible to measure pla-
cental growth factor (PLGF) and uterine artery pulsatility
index (UTPI) [56]. In DRC however, there is a lack of
consistent national guidelines regarding the prevention
of pre-eclampsia, including the identification of women
at risk of developing the disease, and the prophylactic
use of low-dose aspirin [45]. As a result, slightly more
than half (56%) of providers in our study were not aware
of maternal risk factors for pre-eclampsia. Only 14.2 and
7.1% of providers named low-dose aspirin and calcium
as prophylactic drugs for pre-eclampsia, respectively.
Our findings regarding the prophylactic use of aspirin
are similar to those reported in Nigeria (14%) but higher
than those reported in Bangladesh (2%). Expectedly, the
majority of providers (62.4%) mentioned the low-salt
diet as a preventative strategy of pre-eclampsia. This is
probably because salt restriction is a valid recommenda-
tion for hypertensive patients in general. However, scien-
tific bodies including the WHO do not recommend salt
restriction during pregnancy to prevent pre-eclampsia
[57, 58].

Our findings suggest that even when women attend
antenatal clinics, they may not be identified as at risk of
developing pre-eclampsia. Also, even if identified as be-
ing at risk, they may not receive a preventative
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intervention such as low-dose aspirin, resulting in
missed opportunities to prevent pre-eclampsia.

In a city such as Kinshasa, most women may choose
or are forced to attend private facilities as the latter rep-
resent more than 60% of all facilities [49]. Given the
knowledge gaps and shortages of supplies in both public
and private facilities, it is not surprising that pre-
eclampsia-related morbidity and mortality are a signifi-
cant public health problem in Kinshasa. Our study
highlighted the need for strengthening providers’ know-
ledge about pre-eclampsia, with a particular emphasis on
its prevention and management. The study also
highlighted the need for addressing contradictions in the
DRC’s national guidelines regarding the place of avail-
ability of essential drugs and enhancing the availability
of supplies and their utilization. In a recently published
cluster randomized controlled trial in Kinshasa and
Lusaka (Zambia), Althabe et al. showed that a combin-
ation of provision of supplies with a behavioral interven-
tion including supportive supervision, the use of opinion
leaders, reminders, audit, and feedback, improved the
diagnosis and management of maternal conditions such
as syphilis [59]. A similar approach could be imple-
mented to improve the quality of care for pre-eclampsia
in Kinshasa. Providers’ knowledge should be improved
by means of evidence-based capacity-building strategies
such as simulation-based training that have been proven
to be effective in other LMICs [60, 61].

Our study has some limitations. We used a case sce-
nario to assess providers’ knowledge to prevent and man-
age pre-eclampsia. Direct observation of clinical practices
and case sheet audits would provide a more accurate as-
sessment of provider knowledge. However, this strategy
was not feasible in the context of DRC, where clinical re-
cords are generally of poor quality [62], and facilities, par-
ticularly PHCs do not experience a high volume of cases.

Despite these limitations, this is to our knowledge, the
first study that assesses providers’ knowledge regarding
the prevention and management of pre-eclampsia within
a large and representative sample in Kinshasa. While this
study was conducted only in Kinshasa, we feel it may
also reflect the reality of health facilities in other prov-
inces of the DRC. We encourage similar studies in other
provinces of DRC for confirmation. The results of our
study may be used to build strategies to improve the
quality of care for pre-eclamspia in Kinshasa.

Conclusion

Our study showed poor availability of supplies and
equipment to diagnose, prevent and treat pre-eclampsia
within health facilities in Kinshasa. While healthcare
providers demonstrated good knowledge regarding the
diagnosis of pre-eclampsia, they have poor knowledge
regarding its prevention and management. The study
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highlighted the need for strengthening knowledge of
providers toward the prevention and management of
pre-eclampsia, and enhancing the availability of equip-
ment, and supplies needed to diagnose and address this
life-threatening condition.
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