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Maternal near-miss and mortality associated with (® cecoruaes
hypertensive disorders of pregnancy remote from
term: a multicenter observational study in Ghana

Katja C. E. Drechsel, MD; Kwame Adu-Bonsaffoh, MD, MPhil, MSc, FWACS (OBGYN); Klaartje M. Olde Loohuis, MD;
Emmanuel K. Srofenyoh, MD, MPhil, FWACS (OBGYN); Daniel Boateng, PhD; Joyce L. Browne, MD, PhD; On behalf of
the Severe Preeclampsia adverse Outcome Triage (SPOT) studies consortium

BACKGROUND: Maternal death rates remain high in many low- and middle-income countries. Hypertensive disorders of pregnancy account
for 18% of maternal mortality in Ghana. The maternal near-miss approach was designed to evaluate severe (acute) complications in pregnancy,
which is useful to detect potential areas for clinical care improvement.

OBJECTIVE: This study aimed (1) to determine the incidence of severe maternal complications, maternal near-miss cases, and mortality
cases associated with hypertensive disorders of pregnancy remote from term and (2) to assess the health system’s performance indicators for
the management of hypertensive disorders of pregnancy remote from term in middle-income country referral hospitals.

STUDY DESIGN: This study was nested in the ongoing Severe Preeclampsia adverse Outcome Triage study, a multicenter observational cohort
study, and included women recruited from December 1, 2017, to May 31, 2020, from 5 referral hospitals in Ghana. Women aged >16 years, admitted
to the hospital with hypertensive disorders of pregnancy, with gestational age between 26 and 34 weeks were eligible. Near miss was defined according
to the World Health Organization and sub-Saharan African near-miss criteria. Descriptive statistics of pregnancy and matermnal and perinatal outcomes up
to 6 weeks after delivery of women with severe matemal outcomes were presented for maternal deaths and matemal near-miss casigurees and compared
with that of women without severe maternal outcomes. The health system’s maternal and perinatal performance indicators were calculated.

RESULTS: Overall, 447 women with hypertensive disorders of pregnancy were included in the analyses with a mean maternal age of 32 (45.8) years
and mean gestational age at recruitment of 30.5 (4-2.4) weeks. Of these patients, 46 (10%) had gestational hypertension, 338 (76%) had preeclampsia,
and 63 (14%) had eclampsia. There were 148 near-miss cases (33.1%) and 12 maternal deaths (2.7%). Severe maternal outcomes constituted compli-
cations from severe preeclampsia (80/160 [50%]) and eclampsia (63/160 [39.4%]). Conceming organ dysfunction, hematologic and respiratory dysfunc-
tions constituted 59/160 [38.6%] and 23/160 [14.8%)] respectively. Nearly all women had a cesarean delivery (347/447 [84%] and 140/160 [93%] in
the severe matemal outcome group) and delivered prematurely (83%, with 178/379 [93%)] at <32 weeks of gestation). Stillbirth and neonatal deaths
occurred in 63 of 455 women (14%) and 81 of 392 women (19%), respectively, constituting a stillbirth ratio of 161 per 1000 live births and neonatal
mortality rate of 207 per 1000 live hirths as there were 392 live births in this cohort. Overall, the intensive care unit admission rate was 12.7% (n=52/
409); moreover, 45 of 52 women (86.5%) admitted to the intensive care unit had severe matemal outcomes. The maternal death ratio was 3100 per
100,000 live births, the maternal near-miss—to—mortality ratio was 12.3, and the mortality index was 8%.

CONCLUSION: Maternal near miss and maternal and perinatal mortalities were common in women with hypertensive disorders of pregnancy
remote from term in referral hospitals in Ghana. Providing appropriate patient-centered and multidisciplinary quality care for these women is cru-
cial in improving pregnancy outcomes. Context-tailored interventions should be considered in the clinical management of complications associ-
ated with hypertensive disorders of pregnancy in resource-limited settings. Further research on interventions to improve timely referral and
reduce in-hospital delays in care provision is recommended to facilitate emergency care services for women with hypertensive emergencies.

Key words: eclampsia, Ghana, hypertensive disorders of pregnancy, low- and middle-income countries, maternal mortality, maternal near
miss, preeclampsia, severe maternal morbidity

. J

From the Julius Global Health, Julius Center for Health Sciences and Primary Care, University Medical Center Utrecht, Utrecht University, Utrecht, The
Netherlands (Drs Drechsel, Adu-Bonsaffoh, Olde Loohuis, Boateng, and Browne); Department of Obstetrics and Gynecology, University of Ghana
Medical School, Accra, Ghana (Dr Adu-Bonsaffoh); Department of Obstetrics and Gynaecology, Korle-Bu Teaching Hospital, Accra, Ghana (Dr Adu-
Bonsaffoh); Department of Obstetrics and Gynecology, Greater Accra Regional Hospital, Ghana Health Service, Accra, Ghana (Dr Srofenyoh)

K.C.D. and K.A.B. share first authorship.
The authors report no conflict of interest.

This study was supported by the Bill & Melinda Gates Foundation (grant number OPP1197342), the Dutch Research Council (grant number
NWA.1160.18.159), and the University Medical Center Utrecht Global Health Fellowship (K.A.B.).

Cite this article as: Drechsel K CE, Adu-Bonsaffoh K, Olde Loohuis KM, et al. Maternal near-miss and mortality associated with hypertensive
disorders of pregnancy remote from term: a multicenter observational study in Ghana. Am J Obstet Gynecol Glob Rep 2022;2:100045.
Corresponding author: Kwame Adu-Bonsaffoh, MD. kadu-bonsaffoh@ug.edu.gh

2666-5778/$36.00

© 2022 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
http://dx.doi.org/10.1016/j.xagr.2021.100045

May 2022 AJOG Global Reports 1


http://crossmark.crossref.org/dialog/?doi=10.1016/j.xagr.2021.100045&domain=pdf
mailto:Corresponding author: Kwame Adu-Bonsaffoh, MD.
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://dx.doi.org/10.1016/j.xagr.2021.100045
http://www.ajog.org

Introduction

Hypertensive disorders of pregnancy
(HDP), such as gestational hyperten-
sion, preeclampsia, and eclampsia, are
the most common medical complica-
tion encountered during pregnancy,
affecting  approximately 10%  of
pregnancies.”” Worldwide, HDP are an
important cause of death, severe mor-
bidity, and long-term adverse health
outcomes among mothers and their
neonates.” Low- and middle-income
countries  are  disproportionately
affected.” In Ghana, where the maternal
mortality ratio (MMR) was estimated to
be 308 deaths per 100,000 live births in
2017,° approximately 18% of maternal
mortality cases were caused by eclamp-
sia and preeclampsia.”

Improving maternal health and
reducing death rates have been on the
global agenda for decades, including the
Sustainable Development Goals. Evalu-
ation of maternal near miss (MNM) is a
recommended strategy to identify and
analyze factors leading to adverse
maternal outcomes.” MNM is defined
as a woman who nearly died but sur-
vived a complication that occurred dur-
ing pregnancy, childbirth, or within
42 days of termination of pregnancy.’
There is evidence that women who
experience severe acute complications
in pregnancy share many pathologic
and circumstantial factors with women
who experience mortality. Thus, the
evaluation of MNM allows for cross-
case comparisons to identify care and
contextual factors with reduced senti-
ments of blame, within maternal care
improvement cycles."’

To improve uniformity in MNM stud-
ies, standardized methods for study setup
and classification of the criteria were pro-
vided in 2011 by the World Health
Organization (WHO).” However, several
studies have locally adapted or proposed
new criteria because of the unavailability
of some of the recommended clinical
parameters in low-resource settings (eg,
the arterial oxygen partial pressure to
fractional inspired oxygen [PaO,/FiO,]
or arterial blood gas analyses [pH and
lactate])."' ™" Although this adaptation
might improve the identification of
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Why was this study conducted?

Key findings

Hypertensive disorders of pregnancy (HDP) are highly prevalent and an impor-
tant cause of severe morbidity, long-term health impact, and maternal and peri-
natal deaths. Near-miss studies are clinically useful in assessing potential areas
for improvement of maternal healthcare.

Maternal near-miss (MNM) and mortality cases associated with HDP at <34
weeks of gestation were high in referral hospitals in Ghana. The ratio of MNM
events to maternal deaths (MDs) was 12.3 to 1.0, with a mortality index of 8%.
This indicated substantial substandard care for women with HDP.

What does this add to what is known?

This study has presented data on a large prospective cohort of women with HDP
remote from term in a low-resource setting and has shown the importance of
improving healthcare quality for these women with a higher risk of severe com-
plications in resource-limited settings to reducing MD rates.

MNM cases locally, the cross-setting
comparison is reduced."’

Analyzing high-risk pregnancies with
high mortality and near-miss rates,
such as HDP in early pregnancy (<34
weeks of gestation), is clinically useful
to create awareness about quality-of-
care issues and detect potential areas for
improving maternal healthcare. There-
fore, this study aimed to assess preg-
nancy outcomes in near-miss cases
associated with HDP and evaluate the
maternal and perinatal health system’s
performance indicators of quality of
care.

Materials and Methods

Study setting and design

This analysis was nested within the
ongoing Severe Preeclampsia adverse
Outcome Triage (SPOT) study, a multi-
center observational prospective cohort
study in Ghana, which aims to validate
previously developed risk prediction
models for the management of women
with preeclampsia and other HDP.'®"’
Of note, 4 major referral hospitals in
the Greater Accra Region (Greater
Accra Regional Hospital [Ridge Hospi-
tal], Korle-Bu Teaching Hospital, La
General Hospital, and Tema General
Hospital) and 1 hospital in the Eastern
Region of Ghana (Koforidua Regional
Hospital) were selected on the basis of
their large patient volume and infra-

structure to conduct this study. The
total number of deliveries in these facili-
ties exceeds 30,000 annually, and all
hospitals have neonatal intensive care
units (NICUs). Moreover, HDP are a
leading cause of maternal morbidities in
these facilities and account for 18% of
all maternal mortalities in the country.”

Women aged >16 years with a diag-
nosis of preeclampsia or another HDP
(definitions are provided in Supplemen-
tary A) at a gestational age between 26
and 34 weeks admitted to any 1 of the
participating facilities were eligible for
participation in the SPOT study. The
exclusion criteria were spontaneous
active labor at admission and occur-
rence of any of the adverse maternal
outcomes before meeting the inclusion
criteria or collecting the independent
variables. In this analysis, all women
who were recruited between December
1, 2017, and May 31, 2020, were
included.

Maternal death and maternal near-
miss classification

Women who died during admission or
within the follow-up period of 6 weeks
because of pregnancy-related complica-
tions were classified as maternal deaths
(MDs). In all surviving women, those
who met the WHO or sub-Saharan
African (SSA) MNM criteria were con-
sidered MNM. Supplementary B pro-
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vides an overview of the criteria. This
approach was chosen because of the
appropriateness of SSA in this con-
text.”’ The fulfillment of at least 1 crite-
rion was enough to consider a woman
as MNM.”"" The SSA criterion on
severe complications of abortion was
not applicable as only pregnant women
with a gestational age >26 weeks were
considered eligible. Several other crite-
ria were not included because of (1)
limited access to laboratory tests (ie, pH
or lactate), (2) nonrecording of observa-
tions that were not commonly docu-
mented in medical files (ie, acute
cyanosis, gasping, or jaundice), and (3)
other data that were not included in the
case report forms of the SPOT study (ie,
respiratory rates, urine production, loss
of consciousness, cardiopulmonary
resuscitation, or severe malaria).

Definitions of clinical conditions and
diseases that were included as maternal
outcomes (eg, severe postpartum hem-
orrhage and severe preeclampsia) fol-
lowed WHO  MNM  guideline
definitions (Supplementary A).” Inten-
sive care unit (ICU) was defined as a
ward where mechanical ventilation and
administration of continuous vasoactive
drugs were possible. This included an
extended stay at the postoperative
recovery room >6 hours, considering
the limited availability of actual ICU
departments.”’ Body mass index was
calculated on the basis of height in
meters and weight in kilogram at first
booking in antenatal care (ANC).

All MNM cases and MDs conjointly
were categorized as “severe maternal
outcomes” (SMOs). Women who did
not experience MD or near miss were
considered as the comparison group.

Data on near-miss cases, MDs, SMO
cases, stillbirths, and neonatal mortality
cases were presented as ratio per 1000
live births. The MNM mortality ratio
(=MNM cases/MDs), mortality index
(=MDs/SMO cases x 100%), and ICU
admission rate (which is equal to the
number of women admitted to the
ICU/all included women) in total and
among SMO cases were calculated to
assess complexity and performance of
care. All ratios are listed in Supplemen-
tary A.”

Data sources and measurement
Trained research assistants prospec-
tively collected data from medical
records supplemented by face-to-face
interview of the women to complete the
information that were not initially
obtained from the medical records,
using standardized data collection
forms designed for the SPOT study.
Information  regarding sociodemo-
graphic characteristics (eg, ethnicity,
religion, marital status, and the highest
level of education), medical history,
obstetrical history (especially previous
pregnancy complications), and infor-
mation regarding current pregnancy
and ANC services provided were
recorded within 24 hours after admis-
sion. Symptoms and clinical signs of
organ dysfunction were documented at
the time of admission and daily during
hospitalization. When delivery occurred
during admission, circumstances of
delivery, required interventions and
maternal and neonatal outcomes were
recorded. In case of discharge before
delivery or data collection completion,
information regarding pregnancy out-
comes was collected at follow-up. Data
of any readmissions before the end of
pregnancy were added to the study file.
Late maternal complications and neo-
natal outcomes were obtained at follow-
up, during a routine visit, 6 weeks after
delivery. All available data at the time of
analysis were considered for this study.

Statistical analysis

Baseline characteristics and maternal
and pregnancy outcomes for all women
with HDP were presented using
descriptive statistics for women without
SMOs, women with SMOs, near-miss
cases, and MDs. Categorical variables
were presented as frequency (percent-
age), whereas continuous variables were
presented as mean (standard deviation)
and transformed into categorical groups
when necessary. P values were calcu-
lated using the chi-square, Fisher exact,
or unpaired 2-samples Wilcoxon test.
Outcomes among the 5 study sites were
compared using stratified analyses.
Missing values and inconsistent data
were cross-checked, source documents
consulted, and missing data were

excluded in the analyses. All analyses
were executed using R statistics (version
4.0.2; R Foundation for Statistical Com-
puting, Vienna, Austria).

Ethical approval

The SPOT study protocol was approved
by the Ghana Health Service Ethical
Review  Committee  (protocol  ID
GHSERC-GHSERCO015/09/17) and the
Ethical and Protocol Review Committee
of the College of Health Sciences, Univer-
sity of Ghana (protocol ID GHSERC-
CHS-EtM.4-P1.2/2017-2018). All partici-
pants gave their written informed consent.

Results

Maternal near miss and maternal
deaths

A total of 543 women were included in
the SPOT study at the start of this anal-
ysis. However, 49 patients did not meet
the inclusion criterion regarding gesta-
tional age at admission (ie, 48 with ges-
tational age >34 weeks and 1 with
gestational age <26 weeks) and were
subsequently excluded from the initial
study population. An additional group
of 47 patients was excluded because of
missing values (gestational age [n=9]
and maternal mortality outcome
[n=38]), resulting in a total of 447
women with HDP included (82%) in
the final analysis (Figure).

In addition, 12 women died during
pregnancy or within 6 weeks after deliv-
ery, resulting in a maternal mortality
incidence of 2.7% (12/447). Moreover,
148 cases were classified as MNM
(33.1%) (69 fulfilled both SSA and
WHO criteria and 79 fulfilled only SSA
criteria). Of the MNM cases, 138 (93%)
met the clinical criteria, 41 (28%) met
the laboratory criteria, and 14 (9%) met
the management-based criteria
(Table 1). The most common fulfilled
MNM criteria were failure to form clots
(ie, bedside clotting time of >7 minutes;
35/148 [45.5%]), eclampsia (60/148
[40.5%]), and/or severe preeclampsia
with ICU admission (39/148 [26.4%]).

Sociodemographic and obstetrical
characteristics

Baseline characteristics are summarized
in Table 2. The mean age was 32 (£5.8)
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FIGURE
Flowchart
All included
participants
n=543
Exclusion criteria, n=49
»|- Gestational age <168 days, n=1
- Gestational age >238 days, n=48
Missing, n=47
»|- Unknown gestational age, n=9
- Unknown maternal mortality outcome, n=38
\
Total HPD
n= 447
SMO non- SMO
n=160 n=287
Maternal death Ma‘e”!a' nesr
P miss
n=148

HDP, hypertensive disorders of pregnancy; SMO, severe maternal outcome.
Drechsel. Maternal near-miss and hypertensive disorders of pregnancy. Am J Obstet Gynecol Glob Rep 2022.

years among women with HDP, and
256 of 447 women (70%) were between
30 and 40 years old. Of the 447 women,
226 (51.8%) belonged to the Akan eth-
nic group, 401 (89.6%) were Christians,
347 were married (79.4%), and 278
(63.8%) completed secondary education
and 100 (22.9%) completed tertiary
education; moreover, 404 of 447 women
were employed.

Women were on average 30.5 (£2.4)
weeks pregnant when admitted with
hypertension (46/447 [10.3%]), pre-
eclampsia  (338/447  [75.6%]), or
eclampsia (63/447 [14.1%]). Nearly all
pregnancies (391/447 [94.7%]) were
singleton pregnancies.
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Compared with women without
SMOs, women with SMOs were often
younger (<20 years; 5.1% vs 1.8%) or
older (>40 years; 10.1% vs 9.7%), had a
higher unemployment rate (8.3% vs
5.7%), had slightly higher frequencies of
grand multiparity (13.3% vs 8.1%), and
had <4 ANC visits (39.7% vs 31.7%), all
not statistically significant. All women
with eclampsia and 28.4% of all women
with preeclampsia were included in the
SMO group.

Educational levels were relatively
lower in MD cases than in MNM cases
(16.7% with no education and 16.7%
with primary education in MD cases vs
2.7% with no education and 3.4% with

primary education in MNM cases). In
addition, blood pressure (BP) on admis-
sion was higher in MD cases than in
MNM cases (mean systolic BP 174
[£23] vs 153 [£29] mm Hg and mean
diastolic BP 109 [£39] vs 96 [£21] mm
Hg). Finally, the percentage of women
with preexisting hypertension was
higher in MD cases than in MNM cases
(41% vs 19%). All cases of MD had a
singleton pregnancy.

Maternal and pregnancy outcomes

Results regarding maternal outcomes
are presented in Table 3. The most
prevalent severe complications were
preeclampsia with severe features (249/
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TABLE 1

MNM criteria
Clinical criteria

Failure to form clots

Stroke

Eclampsia

Ruptured uterus

Sepsis or severe systemic infection

Pulmonary edema

Severe preeclampsia with ICU admission
Laboratory criteria

Oxygen saturation<90% for >60 min
Pa0,/Fi0,<200 mm Hg

Creatinine level>300 pmol/L or >3.5 mg/dL
Bilirubin level>100 w.mol/L or >6.0 mg/dL
Acute thrombocytopenia (<50,000 platelets/mL)
Management-based criteria

Use of continuous vasoactive drugs
Hysterectomy following infection or hemorrhage

Transfusion of >2 (SSA) or >5 (WHO)
units of blood or red cells

Dialysis for acute renal failure
Laparotomy other than cesarean delivery

Intubation and ventilation not related to anesthesia

Type of criteria (clinical, laboratory, and management) in maternal near miss cases

MNM (SSA), MNM (WHO), MNM (combined), Maternal death,
n (%) n (%) n (%) n (%)
n=148 n=69 n=148 n=12
138 (93) 35 (51) 138 (93) 7 (58)
35(24) 35 (51) 35 (24) 2(17)
0 0 0 0

60 (41) NA 60 (41) 3(25)
1(1) NA 1(1) 0

0 NA 0 1(8)
3(2) NA 32 1(8)
39 (26) NA 39 (26) 0

36 (24) 41 (59) 41 (28) 4(33)
17 (11) 17 (25) 17 (11) 2(16)
NA 5(7) 5(3) 0

6 (4) 6(9) 6 (4) 1(8)
NA 0 0 1(8)
13(9) 13 (19) 13(9) 0

14 (9) 34 14 (9) 4(33)
NA 0 0 1(8)
0 0 0 0

11 (7) 0 11 (7) 2(17)
3(2) 3(4) 3(2) 0

NA 0 0 1(8)
0 NA 0 0

ICU, intensive care unit; MNM, maternal near miss; NA, not applicable; SSA, sub-Saharan African; WHO, World Health Organization.
Drechsel. Maternal near-miss and hypertensive disorders of pregnancy. Am J Obstet Gynecol Glob Rep 2022.

447 [55.7%]) and eclampsia (63/447
[14.1%]). All cases of MD had either 1
of 2 diagnoses (preeclampsia [9/12
(75%)] or eclampsia [3/12 (25%)]). All
women presenting with organ dysfunc-
tion were included in the SMO group;
the most prevalent outcomes were
respiratory and hematologic dysfunc-
tions. Compared with women without
SMOs, women with SMOs seemed to
require blood products more frequently
(22/160 [15.0%] in the SMO group vs 3/
287 [1.2%] in the non-SMO group) and
were more frequently admitted to the
ICU (31% in the SMO group vs 2.7% in
the non-SMO group). Complications,
such as  sepsis, cardiovascular

dysfunction, and hepatic dysfunction,
occurred once, and all these complica-
tions resulted in maternal mortality
(mortality index was 100% for each
complication).

The mean gestational age at delivery
was 32.6 (+3.3) weeks, and 379 of 455
neonates (83%) were premature. The
cesarean delivery rate was 84% among
study participants (375/447). Neonatal
outcomes were known for 455 infants
(96%). There were 63 stillbirths (14%).
The percentage rates of neonates with
an Apgar score below 7 after 1 and 5
minutes were 51.6% and 29.3%, respec-
tively. A total of 81 live births (18.7%)
resulted in the death of the neonate

within 6 weeks after delivery. Compared
with non-SMO cases, SMO cases (espe-
cially MDs) seemed to have shorter
admission-delivery  intervals  (8.9%
15.6 vs 18.5+22.8 days) and higher
(emergency) cesarean delivery rates
(93% vs 80%). Neonates among this
group were born with a lower gesta-
tional age (31.7+2.8 vs 33.1+34
weeks), and the prematurity rate was
higher (93% vs 78%). The mean birth-
weight was 1547 (£690) g in the SMO
group and 1936 (£857) g in the non-
SMO group. The NICU admission rate
was high (129/139 [81%]), and eventu-
ally, 40 of 139 neonates (25%) born in
the SMO group died after delivery.
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TABLE 2

Maternal sociodemographic and obstetrical characteristics of women with hypertensive disorders of pregnancy

Total HDP, Missing, Non-SMOs, SMOs, Maternal Maternal near

Maternal variable n (%) n (%) n (%) n (%) Pvalue deaths, n (%) miss, n (%) Pvalue

n=447 n=287 n=160 n=12 n=148

Sociodemographic factors

Maternal age (y)

Mean age (+SD) 32.0+£5.8 12(2.7) 32.2455 31.746.2 0.52 31.3+6.1 31.74£6.2 .86
<20 13(3.0) 5(1.8) 8(5.1) 0.21 1(8.3) 7(4.8) .86
20-30 126 (29.0) 82 (29.6) 44 (27.8) 2(16.7) 42 (28.8)

30—-40 256 (58.9) 166 (59.9) 90 (57.0) 8 (66.7) 82 (56.2)
>40 40 (9.2) 24 (8.7) 16 (10.1) 1(8.3) 15 (10.3)

Marital status 10 (2.2) 0.99 .80
Single 84 (19.2) 53(18.9) 31(19.7) 3(25.0 28(19.3)

In a relationship 6(1.4) 4(1.4) 2(1.3) 0 2(1.4)
Married 347 (79.4) 223 (79.6) 124 (79.0) 9 (75.0) 115 (79.3)

Education 11 (2.5) 0.06 <.05

No education 19 (4.4) 13 (4.7) 6(3.8) 2(16.7) 4(27)
Primary 39(8.9) 32(11.5) 7(4.4) 2(16.7) 5(3.4)
Secondary 278 (63.8) 166 (59.7) 112 (70.9) 8 (66.7) 104 (71.2)

Tertiary 100 (22.9) 67 (24.1) 33(20.9) 0 33(22.6)

Religion 4(0.9) 0.41 1.000
Christianity 397 (89.6) 253 (89.4) 144 (90.0) 11(91.7) 133(89.9)

Islam 46 (10.4) 30 (10.6) 16 (10.0) 1(8.3) 15 (10.1)

Employment 9(2.0 0.43 1.000
Yes 404 (92.2) 263 (93.3) 141 (90.4) 11(91.7) 130 (90.3)

Student 5(1.1) 3(1.1) 2(1.3) 0 2(1.4)
No 29 (6.6) 16 (5.7) 13(8.3) 1(8.3) 12 (8.3)

Ethnicity 11(2.5) 0.22 70

Akan 226 (51.8) 134 (47.9) 92 (59.0) 7(63.6) 85 (58.6)
Ewe 66 (15.1) 47 (16.8) 19(12.2) 1(9.1) 18 (12.4)
Ga 80 (18.3) 57 (20.4) 23 (14.7) 2(18.2) 21 (14.5)
Northern 59 (13.5) 40 (14.3) 19(12.2) 1(9.1) 18 (12.4)

Other 5(1.1) 2(0.7) 3(1.9 0 3(21)

BMI (kg/m?)?®

Mean BMI (+SD) 30.3+7.5 157 (35.1) 30.8+7.8 29.4+6.9 12 28.8+4.1 29.4+7.1 97
Underweight (<18.5) 4(1.4) 1(0.5) 33.1) 18 0 3(3.3) 47
Normal (18.5—25.0) 53(18.3) 36 (18.6) 17 (17.7) 0 17 (18.9)

Overweight (25.0—30.0) 94 (32.4) 61(31.4) 33(34.4) 4(66.7) 29 (32.2)
Obese (>30.0) 139 (47.9) 96 (49.5) 43 (44.8) 2(33.3) 41 (45.6)

BP on admission (mm Hg)

Mean systolic BP (SD) 156.0+26.9 9(2.0) 157.0+25.8 155.0+29.0 .32 174.0+£23.2 153.0+28.9 .01

Mean diastolic BP (+SD) 98.0+19.6 12(2.7) 99.0+18.3 97.0+21.9 A 109.0+39.4 96.0+21.0 .27

Medical history

Preexisting hypertension 96 (27.1) 93 (20.8) 70(29.9) 26 (21.7) <.05 5(41.7) 21(19.4) .01

Sickle cell disease 7(1.6) 8(1.8) 5(1.8) 2(1.3) .84 0 2(1.4) 1.000

Drechsel. Maternal near-miss and hypertensive disorders of pregnancy. Am J Obstet Gynecol Glob Rep 2022. (continued)
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TABLE 2
Maternal sociodemographic and obstetrical characteristics of women with hypertensive disorders of pregnancy
(continued)
Total HDP, Missing, Non-SMOs, SMOs, Maternal Maternal near
Maternal variable n (%) n (%) n (%) n (%) Pvalue deaths, n (%) miss, n (%) Pvalue
n=447 n=287 n=160 n=12 n=148
Malaria 69 (15.7) 9(2.0) 42 (14.9) 27 (17.0) .53 3(25.0 24 (16.3) .09
Urinary tract infections 36 (8.2) 10 (2.2) 25(8.9) 11(6.9) .64 0 11(7.5) .36
Diabetes mellitus 14(3.2) 7(1.6) 11(3.9) 3(1.9 .30 0 3(2.0) 1.000
Obstetrical history
Parity 16 (3.6) .06 .07
Nulliparous 124 (28.8) 77 (28.2) 47 (29.7) 4(36.4) 43(29.3)
Multiparous (1—3) 264 (61.3) 174 (63.7) 90 (57.0) 7(63.6) 83 (56.5)
Multiparous (>4) 43(10.0) 22(8.1) 21(13.3) 0 21 (14.3)
HDP (in multiparous women) .69 1.000
Gestational hypertension 60 (19.5) 0 37(18.9) 23(20.7) 1(14.3) 22(21.2)
Preeclampsia 14 (4.6) 0 9(4.6) 5(4.5) 0 5(4.8)
Eclampsia 1(0.3) 0 0 1(0.9) 0 1(1.0)
Current pregnancy
Number of fetuses 33(7.4) <.05 1.000
Singleton 391 (94.4) 258 (93.5) 133 (96.4) 10 (100.0) 123 (96.1)
Multiple 23(5.5) 18 (6.5) 5(3.6) 0 5(3.9)
Smoking in current pregnancy 3(0.7) 3(0.7) 2(0.7) 1(0.6) 57 0 1(0.7) 1.000
Number of antenatal visits 36 (8.1) 22 48
<4 142 (34.5) 84 (31.7) 58 (39.7) 3(30.0 55 (40.4)
>4 269 (65.5) 181 (68.3) 88 (60.3) 7(70.0) 81 (59.6)
Mean GA at admission (wk) (+=SD) 30.5+2.4 0 30.6+2.5 30.4+2.3 .82 30.24+2.1 30.5+2.4 .50
HDP 0 <.05 .55
Gestational hypertension 46 (10.3) 45(15.7) 1(0.6) 0 1(0.7)
Preeclampsia 338 (75.6) 242 (84.3) 96 (60.0) 9(75.0) 87 (58.8)
Eclampsia 63 (14.1) 0 63 (39.4) 3(25.0) 60 (40.5)
Pvalues were calculated using the chi-squared, Fisher exact, or unpaired 2-samples Wilcoxon tests.
BMI, body mass index; BP, blood pressure; GA, gestational age; HDP, hypertensive disorders of pregnancy; SD, standard deviation; SMO, severe maternal outcome.
# Based on the calculation of weight in kilograms during the first booking in antenatal care, divided by squared body length in meters.
Drechsel. Maternal near-miss and hypertensive disorders of pregnancy. Am J Obstet Gynecol Glob Rep 2022.

Maternal and perinatal healthcare
indicators

Table 4 presents maternal and perinatal
healthcare indicators. The incidence of
SMOs was 408 cases per 1000 live
births, the MNM ratio was 378 per 1000
live births, and the MD ratio was 3100
per 100,000 live births. The ratio of
MNM events to MDs was 12.3 to 1.0
with a mortality index of 8%. Overall,
the ICU admission rate was 13%, and
87% of women admitted to ICU had
SMOs. Only 1 MD case was admitted to
the ICU, which makes the proportion of
MDs assisted without ICU 92% (11/12).

The stillbirth ratio was 161 per 1000
live births (63/392), and the neonatal
mortality rate was 207 per 1000 live
births (81/392).

Differences among included
hospitals

Near-miss indicators and maternal out-
comes (ie, severe complications, critical
interventions, and organ dysfunction)
for each (anonymized) center can be
found in Supplementary C. The inci-
dence of MNM, SMO, mortality index,
MD ratio, and perinatal mortality dif-
fered across hospitals.

Discussion

This multicenter study assessed the
SMOs in a large cohort of women with
HDP remote from term in Ghana. We
observed a high MNM ratio of 408 per
1000 live births with a prevalence of
33%, mortality index of 8%, and near-
miss—to—mortality ratio of 12.3:1.0. In
addition, high rates of stillbirth and
neonatal mortality were observed, and
the health system’s indicators varied
across participating hospitals.

Compared with other

reviews in low-resource settings,
~*? the reported near-miss ratios were

near-miss
11—13,21
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TABLE 3
Maternal and pregnancy outcomes

Total HDP,  Missing, Non-SMQOs, SMOs, Maternal Maternal near Mortality
Outcome n (%) n (%) n (%) n (%) deaths, n (%) miss, n (%) index
n=447 n=287 n=160 n=12 n=148

Maternal outcome
Severe complications
Severe postpartum hemorrhage 13(3.4) 66 (14.8) 7(2.9) 6 (4.5 0 6 (4.9 0.0
Severe preeclampsia 249 (55.7) 169(58.9) 80(50.00 9(75.0) 71 (48.0) 11.3
Eclampsia 63 (14.1) 0 63(39.4) 3(25.0 60 (40.5) 4.8
Sepsis or severe systemic infection 1(0.3) 50(11.2) 0 1(0.7) 1(9.1) 0 100.0
Uterine rupture 1(0.2 0 0 1(0.6) 0 1(0.7) 0.0
Critical interventions
Use of blood products 25 (6.3) 48 (10.7) 3(1.2) 22 (15.00  3(30.0) 19(13.9) 13.6
Laparotomy 0 0 0 0 0 NA
Admission to the intensive care unit 52 (12.7) 38(8.5) 7(2.7) 45(31.00 1(9.1) 44 (32.8) 2.2
Organ dysfunction
Cardiovascular dysfunction 1(0.2) 24(54) 0 1(0.6) 1(9.1) 0 100.0
Respiratory dysfunction 23 (5.4) 24(54) 0 23(14.8) 2(18.2) 21 (14.6) 8.7
Renal dysfunction 7 (1.6) 9(2.0) 0 7 (4.4) 19.1) 6(4.1) 14.3
Coagulation or hematologic dysfunction 59 (14.0) 26(5.8 0 59(38.6) 3(27.3) 56 (39.4) 5.1
Hepatic dysfunction 1(0.3) 102 (22.8) 0 1(0.9) 1(9.1) 0 100.0
Neurologic dysfunction 0 23(.1) 0 0 0 0 NA
Uterine dysfunction or hysterectomy 0 0 0 0 0 0 NA
Other maternal outcomes
Pulmonary edema 4(1.0) 3169 0 4 (2.6) 1(9.1) 3(2.1) 25.0
Pregnancy outcome
Delivery
First admission-delivery interval (d), mean (+SD) 15.0+20.9 19 (4 19422.8 894156 5.3+7.8 9.24+15.9 NA
Mode of delivery 36 (8.1) NA

Spontaneous vaginal delivery 9(2.2) 7(2.7) 2(1.3 0 2(1.4)

Induced vaginal delivery 55(13.4) 46 (17.7) 9(6.0) 2(22.2) 7(4.9

Elective cesarean delivery 30(7.3) 24 (9.2) 6 (4.0 0 6(4.2)

Emergency cesarean delivery 317 (77.1) 183(70.4) 134(88.7) 7(77.8) 127 (89.4)
Cesarean delivery rate® (84) 36(8.1) (80) (93) (78) (94)
Obstetrical outcome (in all neonates) n=455 n=294 n=161 n=12 n=149
Mean GA (wk) (-SD) 33+3.3 1)  33+34 32+2.84  30+1.67 32+2.87 NA
Prematurity 379 (83.3) 1) 230(78.2) 149 (92.5) 9(75.0) 140 (94.0) NA

<28 34(9.0) 22 (9.6) 1281 0 12 (8.6)

28—-32 144 (38.0) 76 (33.0) 68 (45.6) 2(22.2) 61 (43.6)

32-37 201 (53.0) 132 (57.4) 69 (46.3) 7(77.8) 67 (47.9)
Stillbirths 63(138) 0 41(13.9  22(137) 5(41.7) 17 (11.4) NA
Neonatal outcome (in live births) n=392 n=253 n=139 n=7 n=132

Drechsel. Maternal near-miss and hypertensive disorders of pregnancy. Am J Obstet Gynecol Glob Rep 2022.
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TABLE 3
Maternal and pregnancy outcomes (continued)
Total HDP,  Missing, Non-SMOs, SMOs, Maternal Maternal near Mortality
Outcome n (%) n (%) n (%) n (%) deaths, n (%) miss, n (%)  index
n=447 n=287 n=160 n=12 n=148
Mean birthweight (g) (=SD) 179548214 34(8.7)  19364+857.4 15474690 174341556 1539645  NA
NICU admission 308 (70.2) 8(2.0) 179 (64.2) 129(80.6) 6 (50.0) 123 (83.1) NA
Low Apgar score (<7) NA
1 min 215(51.6) 30(7.7) 121(42.2) 94(58.8) 3(25.0) 91 (61.5)
5 min 122(29.3) 31(79) 68(23.7) 54 (33.8) 1(8.3 53 (35.8)
Newborn deaths” 81(18.7) 14 (3.6) 41(149 40 (25.3) 6 (50.0) 34 (23.3) NA
GA, gestational age; HDP, hypertensive disorders of pregnancy; NA, not applicable; NICU, neonatal intensive care unit; SD, standard deviation; SMO, severe maternal outcome.
2 Cesarean deliveries divided by all deliveries; ® Neonatal mortality up to 6 weeks after delivery.
Drechsel. Maternal near-miss and hypertensive disorders of pregnancy. Am J Obstet Gynecol Glob Rep 2022.

high, and this can be attributed partly to
the case mix in this cohort consisting of
women with severe HDP remote from
term admitted to referral hospitals. A
systematic review that included 14
MNM reviews in Africa reported MNM
prevalence ranging between 0.05% and
15.00%" and reflecting the influence of
participant selection (eg, only women
with HDP vs unselected populations),
facilities (eg, only referral hospitals vs
smaller facilities), or criteria and defini-
tions used.”” Importantly, considering
that severe and early-onset hyperten-
sion in pregnancy is generally associated
with high MD rates,” the mortality
index (8%) and MNMMR (1.0:12.3)
that we reported were relatively low but
significant and required appropriate
interventions for improving care for
women with HDP. The mortality index
of 8% could suggest that the included
healthcare facilities were performing
quite well in the management of HDP
and the role of the health facility’s per-
formance on outcomes is reflected by
the substantial differences among the
facilities. To optimize pregnancy out-
comes, there is a need to improve these
indicators of quality of care for women
with HDP in the country.

Clinical characteristics were the most
frequently fulfilled near-miss criteria.
Similar to the observations in previous
studies,'™'”*" a large proportion of
women with MNM would not have
been identified without the expanded

SSA near-miss criteria. Although there
is a risk of overclassification of MNM
with the adapted SSA criteria used com-
pared with the WHO criteria, under-
classification (eg, because of context-
irrelevant criteria or underregistration)
is equally problematic, reflected in the
fact that 7 of 12 MDs did not fulfill any
criteria.

Severe preeclampsia and eclampsia
were the leading conditions associated
with SMOs. Affected organ systems
were mainly hematologic and respira-
tory systems. Although in other MNM
reviews in low-resource settings, severe
hemorrhage and sepsis were often
highly prevalent''™'*** 720282932 how.
ever, incidences in our cohort were rela-
tively low. These findings could be
partly explained by the restrictive inclu-
sion criteria (limited to HDP) and pos-
sibly reflective of the referral setting
with adequate access to medications
and interventions, including timely
delivery and active management of the
third stage of labor.”> Moreover, this
may explain the low sepsis rate (1/447
[0.7%] in women with SMO), despite
the very high cesarean delivery rate
(88% vs often £30% in other MNM
reviews'"'>'%) and associated risk of
postpartum maternal infection.”*””

The ICU admission rate among
women with SMO in this cohort (31%)
was comparable with the rates in other
MNM reviews of comparable facilities
in Iraq and Rwanda (between 28% and

37%)."'>”° The proportion of MDs that
was not admitted to the ICU was even
higher in this study (92%) than in avail-
able literature (46%—50%).>*° Low
ICU admission rates among these
women with severe illness could indi-
cate a shortage of ICU beds or difficulty
in recognizing deteriorating patients in
the absence of sophisticated diagnostics.
In a previous MNM study in the largest
tertiary hospital in Ghana, the ICU
admission rate of 19% was reported
among women with SMOs.”' In that
study, the definition of admission to the
ICU was broadened to include admis-
sion to the recovery ward for more than
6 hours because of the frequent unavail-
ability of the ICU for SMO cases. The
current study used this extended crite-
rion for similar reasons.

Clinical and research implications

The high occurrence of SMOs and
adverse perinatal complications associ-
ated with HDP has been determined in
our study. Most of these were because
of substandard care, evidenced by the
mortality index of 8%. The near-miss
rates and indicators varied among par-
ticipating centers, and interfacility var-
iation has been observed in other
MNM reviews that included multiple
facilities.' > These interfacility com-
parisons allow for further understand-
ing of health facility and system-
related factors that contribute to poor
or good outcomes, including
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TABLE 4

Maternal and perinatal healthcare indicators

Maternal healthcare indicators n

In the source population

Live births 392
SMO cases 160
MDs 12
MNM cases 148
Near-miss indicators: complexity of care

SMO ratio (per 1000 live births) 408
MNM ratio (per 1000 live births) 378
MD ratio (per 100,000 live births) 3100
Near-miss indicators: performance

MNM mortality ratio 12.3
Mortality index 8%
Intensive care use

Total number of women giving birth 447
ICU admission rate 13%
ICU admission rate among women with SMO 31%
SMO rate among women admitted to the ICU 87%
Proportion of MDs assisted without ICU admission 92%
Perinatal healthcare indicators

In the source population

Live births 392
Stillbirths 63
Neonatal deaths 81
Perinatal health indicators

Stillbirth ratio (per 1000 live births) 161
Neonatal mortality ratio (per 1000 live births) 207
Supplementary A provides the definitions of the included ratios and indicators.

ICU, intensive care unit; MD, maternal death; MNM, maternal near miss; SMO, severe maternal outcome.
Drechsel. Maternal near-miss and hypertensive disorders of pregnancy. Am ] Obstet Gynecol Glob Rep 2022.

availability and content of local proto-
cols, availability and use of critical
interventions or laboratory diagnostics,
demographic accessibility or availabil-
ity of resources, and training and skills
of personnel.'” Future studies should
consider strategies to optimize the care
for women with HDP, including timely
referral, regular availability of medica-
tions, and laboratory support, and
minimize in-hospital delays to facilitate
optimal quality of care for women with
HDP.

10 AJOG Global Reports May 2022

In addition, further research should
include the identification, development,
and evaluation of context-specific inter-
ventions to aid the clinical management
of HDP to prevent severe complica-
tions, including MNM cases and mor-
talities. This could include refresher
courses for healthcare professionals;
these are useful adjuncts in improving
the clinical management of HDP. Inte-
grating this within a multidisciplinary
clinical audit cycle for all MNM cases to
identify treatment gaps or substandard

treatment should be the cornerstone for
quality-of-care improvement strategies
to improve pregnancy outcomes.””**

Strengths and limitations

The strengths of this study included the
large number of women included in this
prospective cohort, as most other MNM
studies were (retrospective) case-control
studies. This resulted in a lower risk of
selection bias, the availability of a control
group without SMO, and high-quality
data for risk factors and adverse outcome
incidence. At the same time, as these
analyses were nested in and therefore
were confined to the eligibility criteria of
the SPOT study, we did not include
women who presented with near-miss
on arrival—a substantial group in sub-
Saharan Africa as shown by others.”
The cohort was not purposefully set up
for an MNM review, which led to limita-
tions in data availability (eg, unavailabil-
ity of some near-miss criteria) and
generalizability (eg, women with HDP
remote from term in nonreferral hospital
settings and women with HDP at >34
weeks of gestation).

Conclusions

Women who experienced a hyperten-
sive disorder in their pregnancy remote
from term had high levels of SMOs in
referral hospitals in Ghana. Our study
echoed the applicability concerns of the
WHO MNM criteria in low-income set-
tings. Regular review of MNM and
maternal mortality cases, as part of a
clinical audit for quality improvement
system, can advance the quality of
healthcare provision, reduce substan-
dard care, and result in better maternal
and perinatal outcomes.

Patient and public involvement

The SPOT study consortium includes
Action on  Preeclampsia  Ghana
(APECGH), an advocacy organization of
survivors of hypertensive disorders in
pregnancy. As consortium members,
they are involved in meetings and con-
ferences in which research progress is
discussed. Research questions and out-
comes are informed by their priorities,
experience, and preferences, identified
either during consortium meetings or
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through joint public engagement events.
This cohort was established before the
first contact between SPOT study mem-
bers and APECGH, and as such, they
were not involved in the early design
stages of this study and cohort; however,
they were involved in subsequent expan-
sions.

This specific study arose from a
shared interest to understand the inci-
dence of severe maternal and perinatal
outcomes associated with HDP in our
study population. APECGH was not
involved in the design of this substudy,
recruitment of participants, or conduct
of the study. They will be involved in
the dissemination of the study results to
participants and the wider public
through their newsletter (layman sum-
mary and abstract with link to full arti-
cle) and public engagement activities
(webinars and social media postings). Il
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