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Abstract

Background
The prevalence of (pre-)eclampsia in pregnant women in Haiti is high and access to maternal health services is scarce. Limited evidence exists around
negative maternal and neonatal outcomes in Haitian women and their offspring. We describe the patient pro�le of women admitted to an obstetric
emergency hospital in Port-au-Prince between January 2013 and June 2018 and the estimated risk factors for maternal death, stillbirth and low
birthweight (LBW).

Methods
We calculated frequencies of age groups, singleton vs. multiple pregnancies, delivery procedures and antenatal care (ANC) services for all maternal
admissions. We estimated the associated risk between these factors and the three negative outcomes by calculating odds ratios (OR) and their 95%
con�dence intervals (CI) using univariate and multivariate logistic regression. We adjusted for an interaction between delivery procedure and pregnancy
category in the regression models for maternal death and stillbirth.

Results
We included 31,509 women and 24,983 deliveries and documented 204 (0.6%) maternal deaths (648/100,000 women giving birth), 1,962 (7.9%)
stillbirths and 11,008 (44.1%) LBW neonates. 34.9% of all admissions (n = 10,991) were women with (pre-)eclampsia. Maternal death was more likely in
women with complicated pregnancies and/or deliveries and women with (pre-)eclampsia when undergoing a C-section compared to women with
uncomplicated vaginal deliveries (OR 4.8; CI 1.7–13.8 and OR 2.3; CI 1.5–3.6 respectively). Stillbirth was more likely in women ≥ 35 years compared to
women 20–34 years in complicated pregnancies and/or deliveries (OR 1.3; CI 1.1–1.6) and (pre-)eclampsia (OR 1.4; CI 1.2–1.7). C-sections in women
with a complicated pregnancy and/or delivery and women with (pre-)eclampsia reduced the risk of stillbirth (OR 0.7; CI 0.6–0.9 and OR 0.3; CI 0.2–0.3
respectively). Not attending ANC was associated with a higher risk of stillbirth (OR 4.8; CI 3.6–6.6) and LBW (OR 1.4; CI 1.1–1.9) for women with
complicated pregnancies and/or deliveries.

Conclusion
Maternal mortality in high-risk pregnancies in CRUO is higher than the national estimate of 529 per 100,000 deliveries. Attendance of ANC services is
associated with a decrease in adverse neonatal outcomes including LBW and stillbirth. We recommend that access to maternal and neonatal healthcare
facilities in Port-au-Prince is improved.

Background
Globally, an estimated 340,000 maternal deaths, 2.7 million stillbirths and 3.1 million neonatal deaths occur each year [1]. Low-income countries bear
the greatest burden of these as they account for 98% of all maternal and child deaths [2]. Haiti is the poorest country in the Caribbean, is highly
dependent on foreign aid and suffers from the highest maternal and neonatal mortality in the Western hemisphere [3, 4]. While maternal and neonatal
mortality rates in Haiti have reduced dramatically since the 1960s, little progress has been made in the last two decades [5, 6]. In 2018, maternal
mortality rates in Haiti increased to 529 women per 100,000 giving birth and notably exceeded the number of Haiti’s neighbouring country The
Dominican Republic, which recorded a �ve-fold lower maternal mortality than Haiti [6].

The main barriers for improved maternal and neonatal health in Haiti are poverty, lack of access to health care, poor infrastructure and lack of skilled
birth attendance. More than 50% of the Haitian population lives below the poverty line of less than US$2.41 per day [7]. In addition, Haiti is suffering
under the weight of a free-falling currency, a high cost of living and a 13% annual in�ation rate in 2017 [7]. It is estimated that almost 50% of the Haitian
population lack access to health care because of �nancial and geographical barriers [4]. Infrastructure is poor and the effects of urban congestion
contribute to the inability of seeking health care [8]. Other limitations to improve maternal and neonatal health and reduce mortality are inadequate
health care facilities and the shortage of health workers [4, 9, 10]. In only 16% of births in Haiti a skilled birth attendant was present during delivery [8].

Factors that are associated with maternal death are multiple gestation [11], mode of delivery [12] and attending antenatal care [13]. Improving access to
antenatal care decreases maternal mortality as well as negative neonatal outcomes [13]. In most low-resource countries, delivery complications that are
directly associated with the high prevalence of maternal death are haemorrhage (23%) and pre-hypertension (22%) [4, 10, 14]. However, in Haiti, the
primary cause of maternal death is hypertensive disorders including eclampsia and pre-eclampsia (37.5%) and postpartum haemorrhage (22%) [4, 10,
14]. A recent study conducted in a hospital in rural Haiti found a prevalence of (pre-)eclampsia of 16.7% in women seeking care [14]. Haitian women
have been shown to have higher blood pressures compared to women in other Caribbean countries, which could be a risk factor for this high prevalence
of (pre-)eclampsia [4]. In Haiti, the association between poor antenatal care access and maternal mortality is unclear, but it is known that the antenatal
care uptake in Haiti remains low with 67% accessing the recommended four ANC visits [15].
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Stillbirths are frequently associated with an early gestational age, placental abruption, maternal death and complications from prolonged labour. Other
risk factors for stillbirth are women not attending ANC [16], multiple pregnancy [17] and advanced maternal age [18]. Multiple studies show that the
number of stillbirths could be reduced by improved (access to) obstetric care during labor and delivery and C-sections are often needed to reduce this
risk [15, 16]. There are no reliable estimates on the incidence of stillbirth in Haiti.

The pre-term birth rate in Haiti was 14.1% in 2010 and the average percentage of neonates with low birthweight (LBW) was 23% [4]. Neonates with a
LBW are 20 times more likely to die than neonates with a normal birthweight [4]. Research has shown that mothers under the age of 20 have higher risks
of prematurity and LBW [19, 20]. Furthermore, plurality of birth is associated with LBW. However, these �ndings were mainly attributed to the effects of a
lower gestational age in twins and triplets than in singletons [21]. Neonates with LBW are more likely to be delivered by a C-section as this delivery type
reduces the risk of neonatal mortality [22].

Between 2011 and 2018, Médécins sans Frontières operated an obstetric emergency hospital and neonatal care unit in Port-au-Prince (the capital of
Haiti) targeted at women with high risk pregnancies. Even though maternal health is a public health priority in Haiti, very little is known about the major
factors that lead to adverse pregnancy outcomes in women with a complicated pregnancy or delivery and with (pre-) eclampsia in Haiti. For this reason,
we analysed maternal admission data collected between 2013 and 2018 to examine risk factors for maternal death, stillbirth and low birthweight
neonates in this cohort. The results from this study will present the opportunity to advise healthcare policies to mitigate risk factors affecting pregnancy
outcomes amongst Haitian women.

Methods

Setting and design of the study
The study was conducted in the “Centre de Référence pour les Urgences Obstétricales” (CRUO) in Haiti, which was established by Médecins Sans
Frontières (MSF) in March 2011 in response to the alarming maternal mortality indicators and pervasive violence in Port-au-Prince, Haiti. Since then,
MSF provided free emergency care to women with high-risk pregnancies and care for the neonates born to these women. CRUO was the main facility for
obstetric and neonatal care in metropolitan Port-au-Prince. The hospital closed in July 2018. We conducted a retrospective cohort study for all maternal
admissions in CRUO between January 2013 and June 2018 to estimate the most common risk factors for maternal death, stillbirth and LBW neonates.

Study participants
We included all pregnant women who were admitted to CRUO and their neonates in the study period. We excluded all maternal admissions from
suspected cholera.

Procedures and de�nitions
We de�ned a maternal death as any pregnancy-related admission resulting in direct maternal death. Stillbirth was de�ned as any infant born at
gestational age of 22 weeks or more or weighing more than 500 grams not showing signs of life at time of delivery. A LBW neonate was any infant with
a birthweight below 2,500 grams [23].

We explored the following risk factors for negative outcomes in the analysis: age group for admitted women (< 20 years; between 20–34 years;
≥35 years), a singleton or multiple neonate (twins or triplets), delivery procedure (uncomplicated vaginal delivery, complicated non-instrumental vaginal
delivery instrumental vaginal delivery or C-section) and attending ANC. An uncomplicated vaginal delivery was de�ned as a term pregnancy, cephalic,
singleton, vaginal delivery (including cases with minimal or no assistance, with or without episiotomy). A complicated non-instrumental vaginal delivery
was de�ned as all non-instrumental vaginal deliveries that do not �t the de�nition of normal spontaneous vaginal delivery (e.g., augmentation of labor,
breech delivery, multiple pregnancy, and any instrumental manipulation or assistance). An instrumental vaginal delivery was de�ned as any delivery
assisted by use of forceps or vacuum extraction. A C-section was de�ned as any delivery conducted by caesarian section.

We assessed the three negative outcomes in three maternal groups: uncomplicated pregnancy and/or delivery, (pre)-eclamptic women and complicated
pregnancy and/or delivery. Uncomplicated pregnancies and/or deliveries were de�ned as a singleton pregnancy without maternal morbidities, LBW or
delivery complications. An eclamptic maternity admission was de�ned as a pregnant woman admitted to CRUO who experienced convulsive seizures
occurring in the context of pre-eclampsia without other cause between 20 weeks of pregnancy and early postpartum. Pre-eclampsia was de�ned as
hypertension (with diastolic blood pressures constantly greater than 90 mmHg), proteinuria (greater than + + of protein on urine dipstick) and upper body
edema that appears suddenly or rapidly worsens. A complicated pregnancy and/or delivery was de�ned as all complicated pregnancies with exception
of eclampsia and pre-eclampsia, with or without delivery complications. This included pregnancy complications such as ante-partum hemorrhage,
premature labor, scarred uterus, ante-partum infection, hypertension, fetal distress; and/or delivery complications including post-partum hemorrhage,
obstructed labor, ruptured uterus and other complications.

Statistical analysis
Maternal admissions were described by frequencies and proportions, calculated by exposure. We performed Chi square tests to test whether the
frequencies of negative maternal outcomes differed between pregnancy categories. Univariable associations were calculated using logistic regression
models. The analysis was strati�ed by pregnancy category (complicated pregnancy and/or delivery and (pre-) eclampsia), resulting in a separate logistic
regression model used for each pregnancy category. Women with an uncomplicated pregnancy and/or delivery were excluded for the regression
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analysis as none of the negative outcomes occurred in this group of patients. For the regression model for LBW, the delivery category was excluded due
to possible reverse causality.

To identify the effect of multiple risk factors, multivariate logistic regression for each strata of pregnancy category was conducted using backward
elimination, meaning that all independent variables were entered into the model and variables were deleted one at a time if they were not signi�cantly
associated with the outcome (p < 0.05). In order to investigate the interaction between delivery procedure and pregnancy category, and associations with
the other potential risk factors, an interaction term between delivery procedure and pregnancy category was introduced into the regression models. This
was done for all outcomes except for LBW.

In CRUO, maternal admission criteria were restricted to higher risk maternal groups in 2013 and 2018 compared to other years. In order to verify that this
admission criteria restriction did not lead to over- or underestimation of risk factors in the overall analysis, we conducted a sensitivity analysis. This was
done by repeating the same analysis in four different time periods: 1) including all years from 2013 to 2018; 2) excluding 2013 and 2018; 3) excluding
2013 and 4) excluding 2018.

All data cleaning and data analysis was performed with Stata 15®.

Results
A total of 31,509 women were admitted to CRUO in the period between January 2013 to June 2018. We excluded 8 observations due to poor data quality
and included 31,501 maternal admissions to describe the cohort and estimate risk factors for maternal death. In the same period, a total number of
24,978 deliveries were recorded. We included all 24,978 deliveries to estimate risk factors for stillbirth, but included 24,938 deliveries for the analysis
around LBW (40 deliveries were excluded due to poor data quality on birthweight of the neonate).

Descriptive analysis by outcome
We included all years in the descriptive analysis and demonstrated the outcomes by pregnancy category in Table 1. The average number of admissions
per month was 588 (median = 578, SD = 94). The majority of the women admitted experienced a complicated pregnancy and/or delivery (n = 15,655;
49.7%), while 10,990 women (34.9%) had eclampsia or pre-eclampsia and 4,856 (15.1%) experienced an uncomplicated pregnancy and/or delivery. Two
hundred-four (0.6%) maternal deaths occurred, of which 1.1% of the women with (pre-) eclampsia died and 0.5% of the women with a complicated
pregnancy and/or delivery. A total of 1,962 deliveries (7.9%) resulted in at least one stillbirth; 9.4% of all women with a complicated pregnancy and/or
delivery had a stillbirth and 10.0% of all women with (pre-) eclampsia had a stillbirth. For LBW, 11,008 mothers (44.1%) delivered at least one neonate
with LBW. The proportion of neonates with LBW was 58.5% in women with (pre-) eclampsia and 50.8% in women with a complicated pregnancy and/or
delivery. None of the uncomplicated pregnancies and/or deliveries were associated with maternal death, stillbirth or LBW. Women with (pre-) eclampsia
were more likely to die and to have a neonate with LBW than women with a complicated pregnancy and/or delivery. There was no signi�cant difference
in the proportion of stillbirth between women with a complicated pregnancy and/or delivery and women with (pre-) eclampsia.

Table 1
Descriptive analysis of outcomes strati�ed by pregnancy category

    All pregnancies Uncomplicated
pregnancy/delivery

Complicated
pregnancy/delivery

(Pre-) Eclampsia p-
value

    n % n % n % n %  

Maternal
death

Yes 204 0.6% 0 0.0% 85 0.5% 119 1.1% < 
0.001

No 31,297 99.4% 4,856 100.0% 15,570 99.5% 10,871 98.9%

Total 31,501 100.0% 4,856 100.0% 15,655 100.0% 10,990 100.0%

Stillbirth Yes 1,962 7.9% 0 0.0% 929 9.4% 1,033 10.0% 0.16

No 23,016 92.1% 4,842 100.0% 8,912 90.6% 9,262 90.0%

Total 24,978 100.0% 4,842 100.0% 9,841 100.0% 10,295 100.0%

LBW Yes 11,008 44.1% 0 0.0% 4,992 50.8% 6,016 58.5% < 
0.001

No 13,930 55.9% 4,838 100.0% 4,833 49.2% 4,259 41.5%

Total 24,938 100.0% 4,838 100.0% 9,825 100.0% 10,275 100.0%

1P-values were calculated from Chi square tests to test for differences between complicated pregnancy/delivery and (pre-) eclampsia.

Regression analysis

Maternal death
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Table 2 displays the results of the univariate and multivariate logistic regression models for maternal death. C-section was a risk factor for maternal
death in women with a complicated pregnancy and/or delivery as well as in women with (pre-) eclampsia. After including an interaction term for delivery
procedure and pregnancy category, the model showed that women with a complicated pregnancy and/or delivery had 4.81 times more likely of dying
when having a C-section compared to a normal delivery (OR 4.81; CI 1.67–13.84). Women with (pre-) eclampsia were 2.3 times more likely of dying
when having a C-section compared to a normal delivery (OR 2.30; CI 1.46–3.61). Women with (pre-) eclampsia were 5.62 times more likely to die than
women with a complicated pregnancy and/or delivery.
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Table 2
Univariate and multivariate regression analysis maternal death

  Complicated pregnancy/delivery (Pre-) eclampsia All pregnancies

Risk factor Deaths Univariate
analysis

Multivariate
analysis

Deaths Univariate
analysis

Multivariate
analysis

Multivariate
analysis

  85
(0.6%)

OR
(95%CI)

p OR
(95%CI)

p 119
(1.1%)

OR
(95%CI)

p OR
(95%CI)

p OR
(95%CI)

p

Age Group     0.14         0.24      

< 20 4
(0.3%)

0.52
(0.19–
1.43)

  * 11
(1.0%)

0.87
(0.46–
1.63)

0.65 * *

20–34 58
(0.5%)

reference   reference 87
(1.2%)

reference reference reference

≥ 35 23
(0.7%)

1.34
(0.83–
2.18)

  * 21
(0.8%)

0.67
(0.42–
1.09)

0.11 * *

Multiple pregnancy     0.59       0.047    

Singleton 28
(0.3%)

reference reference 81
(0.8%)

reference reference reference

Multiple 2
(0.4%)

1.49
(0.35–
6.26)

  * 7
(1.8%)

2.20
(1.01–
4.79)

  * *  

Delivery procedure     0.003   0.003     < 
0.001

  < 
0.001

  < 
0.001

Normal vaginal 4
(0.1%)

reference reference 28
(0.5%)

reference reference reference

Complicated non-
instrumental

1
(0.3%)

2.73
(0.30–
24.46)

  2.73
(0.30–
24.46)

  0
(0.0%)

*No maternal
deaths

*No maternal
deaths

0.51 (0.07–3.74)

Instrumental vaginal 0
(0.0%)

*No maternal
deaths

*No maternal
deaths

0
(0.0%)

*No maternal
deaths

*No maternal
deaths

*

Caesarean section 25
(0.5%)

4.78
(1.66–
13.76)

  4.78
(1.66–
13.76)

  60
(1.2%)

2.36
(1.51–
3.71)

  2.36
(1.51–
3.71)

  2.45
(1.63–
3.69)

 

Ante-natal care     0.42       0.11     0.64

Yes 78
(0.6%)

reference   reference 113
(1.1%)

reference reference reference

No 7
(0.4%)

0.73
(0.33–
1.58)

  * 6
(2.1%)

1.97
(0.86–
4.50)

  * 0.71
(0.18–
2.90)

 

Pregnancy type               0.001

Complicated
pregnancy

                    reference

Eclampsia/pre-
eclampsia

                    5.62
(1.97–
16.06)

 

Delivery procedure # pregnancy type  

C-section vs normal
delivery # complicated
pregnancy

                    4.81
(1.67–
13.84)

0.004

C-section vs normal
delivery # eclampsia

                    2.30
(1.46–
3.61)

< 
0.001

* Not maintained in the �nal multivariate model

Table 2 Univariate and multivariate regression analysis maternal death

Stillbirth
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Multivariate analysis shows that women over the age of 35 were more likely of having a stillbirth in complicated pregnancies and/or deliveries (OR 1.31;
CI 1.12–1.55) and (pre-) eclampsia (OR 1.43; CI 1.24–1.65) compared to women between 20 and 34 years old. Women under the age of 20 were less
likely of having a stillbirth when they had (pre-) eclampsia (OR 0.74; CI 0.57–0.97) compared to women between 20 and 34 years old.

No signi�cant association between stillbirth and multiple pregnancy has been demonstrated in any group. Not attending ANC services was a risk factor
for stillbirth in women with complicated pregnancies (OR 4.82; CI 3.55–6.55). Table 3 displays the results of the univariate and multivariate regression
analysis for stillbirth strati�ed by pregnancy category as well as an interaction term for delivery procedure and pregnancy category. The complete
multivariate model shows that women with (pre-) eclampsia had a 1.34 times higher risk of having a stillbirth compared to women that had a
complicated pregnancy and/or delivery (OR 1.34; CI 1.18–1.52).
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Table 3
Univariate and multivariate regression analysis stillbirth

  Complicated pregnancy/delivery (Pre-) eclampsia All pregnancies

Risk factor Stillbirth Univariate
analysis

Multivariate
analysis

Stillbirth Univariate
analysis

  Multivariate
analysis

  Multivariate
analysis

  896
(9.3%)

OR
(95%CI)

p OR
(95%CI)

p 1,033
(10.0%)

OR
(95%CI)

p OR (95%CI) p OR
(95%CI)

p

Age Group     < 
0.001

  < 
0.001

    < 
0.001

  < 
0.001

  < 
0.001

< 20 71
(7.5%)

0.81
(0.63–
1.05)

  0.78
(0.60–
1.01)

  67
(6.7%)

0.70
(0.54–
0.91)

  0.74 (0.57–
0.97)

  0.73
(0.60–
0.88)

 

20–34 628
(9.1%)

reference reference 640
(9.3%)

reference   reference   reference

≥ 35 230
(11.6%)

1.31
(1.12–
1.54)

  1.31
(1.12–
1.55)

  326
(13.4%)

1.50
(1.30–
1.73)

  1.43 (1.24–
1.65)

  1.38
(1.24–
1.54)

 

Multiple
pregnancy

    0.7         0.2        

Singleton 884
(9.4%)

reference reference 1,001
(10.1%)

reference reference reference

Multiple 45
(10.0%)

1.06
(0.78–
1.46)

  * 32
(8.1%)

0.79
(0.55–
1.14)

  * *

Delivery
procedure

    < 
0.001

  < 
0.001

    < 
0.001

  < 
0.001

  < 
0.001

Normal
vaginal

444
(10.9%)

reference reference 759
(14.4%)

reference   reference   reference  

Complicated
non-
instrumental

49
(13.1%)

1.23
(0.90–
1.69)

  1.20
(0.87–
1.65)

  52
(26.5%)

2.14
(1.55–
2.97)

  2.11 (1.52–
2.93)

  1.43
(1.15–
1.80)

 

Instrumental
vaginal

1 (3.6%) 0.30
(0.04–
2.24)

  0.30
(0.04–
2.21)

  4
(12.1%)

0.82
(0.29–
2.33)

  0.80 (0.28–
2.28)

  0.60 (0.24–1.50)

Caesarean
section

435
(8.1%)

0.72
(0.63–
0.83)

  0.71
(0.62–
0.83)

  218
(4.5%)

0.28
(0.24–
0.33)

  0.29 (0.25–
0.34)

  0.47
(0.42–
0.51)

 

Ante-natal care     < 
0.001

  < 
0.001

    0.25       < 
0.001

Yes 865
(9.05)

reference reference 1,003
(10.0%)

reference reference reference

No 64
(31.8%)

4.74
(3.49–
6.43)

  4.82
(3.55–
6.55)

  30
(12.2%)

1.25
(0.85–
1.85)

  * 2.64
(2.08–
3.34)

 

Pregnancy
type

              < 
0.001

Complicated
pregnancy

                    reference

Eclampsia/pre-
eclampsia

                    1.34
(1.18–
1.52)

 

Delivery procedure # pregnancy type

C-section vs
non-
instrumental
delivery #
complicated
pregnancy

                    0.59
(0.43–
0.81)

0.001

* Not maintained in the �nal multivariate model
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  Complicated pregnancy/delivery (Pre-) eclampsia All pregnancies

C-section vs
normal
delivery #
complicated
pregnancy

                    0.71
(0.62–
0.82)

< 
0.001

C-section vs
non-
instrumental
delivery #
eclampsia

                    0.41
(0.20–
0.86)

0.02

C-section vs
normal
delivery #
eclampsia

                    0.29
(0.24–
0.33)

< 
0.001

* Not maintained in the �nal multivariate model

Women that had a C-section had a lower chance of having a stillbirth in both pregnancy categories. Women with a complicated pregnancy and/or
delivery who had a C-section had a 1.41 times lower chance of having a stillbirth (OR 0.71; CI 0.62–0.83) compared to a normal delivery. Women with
(pre-) eclampsia had a 3.45 times lower chance (OR 0.29; CI 0.25–0.34) of a stillbirth when they had a C-section compared to a normal vaginal delivery.

Women with a complicated pregnancy had a 1.69 higher risk of having a stillbirth when they had a complicated non-instrumental delivery compared to a
C-section (OR 0.59; CI 0.43–0.81). In addition, women with (pre-) eclampsia were 2.44 times more likely to have a stillbirth when they had a complicated
non-instrumental delivery compared to a C-section (OR 0.41; CI 0.20–0.86).

Table 3 Univariate and multivariate regression analysis stillbirth

LBW
Univariate and multivariate analysis show that maternal age was signi�cantly associated with having a neonate with LBW in women with (pre-)
eclampsia. Women that experienced eclampsia or pre-eclampsia had a lower risk of having a neonate with LBW when they were under the age of 20 (OR
0.73; CI 0.63–0.83). Multiple pregnancy was a risk factor for LBW in women with a complicated pregnancy and/or delivery and women with (pre-)
eclampsia with ORs exceeding 5. Not attending ANC was a risk factor for LBW in women with a complicated pregnancy (OR 1.40; 1.05–1.86). Table 4
displays the results of the univariate and multivariate regression analysis for LBW strati�ed by pregnancy category.
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Table 4
Univariate and multivariate regression analysis LBW

  Complicated pregnancy/delivery (Pre-) eclampsia

Risk factor LBW Univariate analysis Multivariate analysis LBW Univariate analysis Multivariate analysis

  4,992
(50.8%)

OR (95%CI) p OR (95%CI) p 6,016
(58.6%)

OR (95%CI) p OR (95%CI) p

Age Group     0.07   0.07     < 
0.001

  < 
0.001

< 20 512
(54.2%)

1.17 (1.02–
1.34)

  1.22 (1.06–
1.40)

  504
(50.7%)

0.71 (0.62–
0.81)

  0.73 (0.63–
0.83)

 

20–34 3,472
(50.3%)

reference reference 4,053
(59.2%)

reference reference

≥ 35 1,008
(50.9%)

1.02 (0.92–
1.13)

  1.04 (0.94–
1.15)

  1,459
(60.0%)

1.04 (0.94–
1.14)

  1.04 (0.95–
1.14)

 

Multiple
pregnancy

    < 
0.001

  < 
0.001

    < 
0.001

  < 
0.001

Singleton 4,617
(49.3%)

reference reference 5,668
(57.4%)

reference reference

Multiple 375
(83.0%)

5.02 (3.91–
6.43)

  5.09 (3.97–
6.53)

  348
(99.6%)

5.75 (4.20–
7.86)

  5.68 (4.15–
7.77)

 

Ante-natal care     0.03   0.02     0.47    

Yes 4,876
(50.7%)

reference reference 5,867
(58.5%)

reference reference

No 116
(58.8%)

1.36 (1.02–
1.81)

  1.40 (1.05–
1.86)

  149
(60.8%)

1.10 (0.85–
1.43)

  *

* Not maintained in the �nal multivariate model

Table 4 Univariate and multivariate regression analysis LBW

Discussion
Our analysis has shown that (pre)-eclampsia rates in the cohort admitted to CRUO between 2013 and 2018 were high. This was not unexpected
considering the nature of the hospital was targeted at complicated pregnancies and deliveries. However, it is more than double the rates found in a
hospital in rural Haiti [14] and con�rms that (pre-) eclampsia rates in Haiti are amongst the highest in the Caribbean [4, 14]. We have also shown that
women with (pre-) eclampsia had the highest risk of experienced maternal death, stillbirth and LBW.

The estimated maternal mortality at CRUO over the study period was with 648 women per 100.000 giving birth higher than national mortality rates (529
per 100.000 giving birth) [24]. However, this difference is understandable considering the patient target group for CRUO and strict admission criteria on
high-risk pregnancies. No reliable maternal mortality data in obstetric hospitals outside Port-au-Prince is available, but it is likely that these rates are
even higher in hospitals in rural areas. This study found that the main risk factor for maternal death was having a C-section, which is in line with global
�ndings [12, 25].

We showed that women over the age of 35 were more likely of having a stillbirth regardless of their pregnancy category. This was also shown in a
systematic review on maternal age and the risk of stillbirth [18]. Multiple studies demonstrated that C-sections could reduce the number of stillbirths [16,
26] and the results in our study echoed this �nding. For women who experienced a complicated pregnancy and/or delivery or (pre-) eclampsia, a
complicated non-instrumental delivery was associated with the highest risk on stillbirth. However, a substantial proportion of these stillbirths delivered
by an obstetric manipulation are considered preventable as early detection of complications and access to quality and timely obstetric care and ANC
services can facilitate timely action [27].

The proportion of neonates with LBW in CRUO was with 44.1% signi�cantly higher than the overall LBW proportion in Haiti (23%) [4]. We identi�ed that
women with (pre-) eclampsia were less likely of having a neonate with LBW if they were under the age of 20, while women with a complicated pregnancy
and/or delivery were more at risk of having a neonate with LBW if they were under the age of 20. Contradictory �ndings are shown in the literature when
assessing the effect of maternal age of having a neonate with LBW. In Finland, advanced maternal age was associated with increased risk of LBW [28],
but multiple studies in low- and middle income countries showed that younger maternal age is associated with increased risk of LBW [19, 20]. These
associations are most likely confounded by other maternal characteristics, such as maternal diagnosis.

In the total population of this study, 93.4% of the women indicated they received at least one ANC visit. This proportion was signi�cantly lower in women
that experienced a complicated pregnancy and/or delivery (89.0%), indicating that some potentially complicated pregnancies and deliveries could be
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prevented if women attended ANC services. Not attending ANC services was a risk factor for a stillbirth or having a neonate with LBW when the mother
experienced a complicated pregnancy and/or delivery. Women with (pre-) eclampsia did not have a higher risk of having a LBW neonate when they did
not attend ANC services. The attendance of ANC services is associated with a decrease in adverse neonatal outcomes including LBW and stillbirth in
women with a complicated pregnancy and/or delivery.

Another important �nding of this study is the association between delivery procedure and the three negative outcomes. In our population, 40.7% of the
women had a C-section, which were mainly women with a complicated pregnancy and/or delivery (54.5%). The risk of stillbirth in neonates of women
with a complicated pregnancy and/or delivery or (pre-) eclampsia reduced considerably when having a C-section, but it also shows that the risk of
maternal death is higher in women with a complicated pregnancy or (pre-) eclampsia when they had a C-section. However, considering the grave clinical
condition in which some women arrive at obstetric emergency hospitals, it is probable that they would have died without the C-section being performed.
Thus, maternal mortality rates might have been even higher in CRUO if these C-sections would not have been conducted.

Since this is a retrospective study using routinely collected data, we faced numerous challenges in the study. Much of the routinely collected clinical
data was not detailed enough to be able to categorize maternal admissions more precisely. Therefore, we were unable to distinguish whether negative
outcomes were a (likely) result of a complicated pregnancy or a complicated delivery, or both. This lack of speci�city in our dataset therefore also limits
the ability to use the results of this study to guide the quality of care in obstetric facilities within Haiti in a more targeted manner. It should also be noted
that our results are not generalisable across Haiti, because CRUO targeted mainly high risk pregnancies and complicated deliveries in metropolitan Port-
au-Prince.

Conclusions
Our study indicates that maternal mortality remains high in Haiti and that women who do not attend ANC have an increased risk of having a LBW
neonate or a stillbirth. Attendance of ANC services is associated with a decrease in adverse neonatal outcomes including LBW and stillbirth and is
extremely important to prevent and treat pregnancy complications as early as possible, especially in a context with high blood pressure and high rates of
(pre-) eclampsia, like in Haiti. Pre-eclampsia can be detected and appropriately managed before the onset of eclampsia and although the only cure for
pre-eclampsia is delivery, ANC could be an opportunity for the provision of aspirin, magnesium and calcium supplementation [16, 29]. We recommend
that access to maternal and neonatal healthcare facilities in Port-au-Prince is improved.
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