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Abstract
Objectives
Implementation of ultrasound in antenatal care (ANC) in low-income countries has been
shown to increase pregnant women’s compliance with ANC visits, and facilitate detection of
high-risk pregnancies. In Rwanda, as in other low-income countries, access to ultrasound
has increased significantly, but lack of training is often a barrier to its use. The aim of this
study was to investigate Rwandan health professionals’ experiences and views of obstetric
ultrasound in relation to clinical management, resources and skills.
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Methods
A cross-sectional questionnaire study was undertaken between November 2016 and March
2017, as part of the CROss Country UltraSound Study (CROCUS). Data were collected at
108 health facilities located in both rural and urban areas of Rwanda, including provincial,
referral, district and private hospitals as well as health centres. Participants were obstetricians (n = 29), other physicians (n = 222), midwives (n = 269) and nurses (n = 387).

Results
Obstetricians/gynecologists/other physicians commonly performed ultrasound examinations but their self-rated skill levels implied insufficient training. Access to ultrasound when
needed was reported as common in hospitals, but available to a very limited extent in health
centres. The vast majority of participants, independent of health profession, agreed that
maternity care would improve if midwives learned to perform basic ultrasound
examinations.
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Umeå University (IM), Västerbotten County Council
(IM), The Swedish Research Council, Sweden
(2014-2672) (IM), the Swedish Research Council
for Health, Working Life and Welfare (Forte), and
the European Commission under a COFAS Marie
Curie Fellowship (2013-2699) (KE). The funders
had no role in study design, data collection and
analysis, decision to publish, or preparation of the
manuscript.

Conclusions
Barriers to provision of high quality ultrasound services include variable access to ultrasound depending on health facility level and insufficient skills of ultrasound operators. Physicians in general need more training to perform ultrasound examinations. Implementation of
a general dating ultrasound examination seems to be a relevant goal as most health professionals agree that pregnant woman would benefit from this service. To further improve
maternity care services, the possibility of educating midwives to perform ultrasound examinations should be further explored.
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Introduction
Obstetric ultrasound was first introduced in the late 1950s but became more common during
the 1970s and 1980s in high-income countries [1]. Nowadays, obstetric ultrasound is an established part of antenatal care (ANC) in high-resource settings. Routine ultrasound is commonly
performed during the second trimester of pregnancy [2]. Although there is no consensus
about whether the use of obstetric ultrasound has the ability to decrease maternal and child
mortality in low-income countries [3], use of obstetric ultrasound has improved the detection
of high-risk pregnancies [4, 5] and increased ANC attendance [5]. By early detection of highrisk pregnancies in ANC, pregnant women can be referred to more specialised care at higher
health care levels [5]. Improved quality of dating ultrasound may also result in fewer inductions for post-term pregnancy [2]. For countries with poor access to health care, it has been
shown that short courses in basic obstetric ultrasound for health professionals with no prior
ultrasound experience can be effective [4]. Ultrasound training for health professionals using
portable ultrasound machines has also been achieved in the most remote rural areas of SubSaharan Africa with promising results [6].
Rwanda is one of the poorest countries in the world but considerable effort has been invested
in improving the health of the population in the last decade [7]. Rwanda has reached the Millennium Development Goal 5 with a reduction in maternal deaths from 1300/100 000 live births in
1990 to 290/100 000 live births in 2015 [8, 9]. The main reasons for the improvement in Rwanda
is an increasing number of pregnant women giving birth in health facilities attended by skilled
health care professionals, the introduction of a maternal death audit [10] and the use of community health workers [11]. In Rwanda, as in other low-income countries, access to obstetric
ultrasound has increased significantly but lack of education and training [12, 13] as well as
insufficient numbers of health professionals are often a barrier to its use [14]. Because of a lack
of obstetricians/gynecologists and radiologists in Rwanda, obstetric ultrasound is largely performed by general practitioners [15]. Our earlier CROCUS study in Rwanda [13] indicated that
physicians mainly learn to perform obstetric ultrasound from more experienced colleagues, and
physicians sometimes have access to ultrasound machines but no skills to operate them [13].
The country report from Journal of Global Radiology, has shown that the majority of hospitals
in Rwanda have ultrasound units [15], but obstetric ultrasound examinations are generally not
provided at health centres where most women give birth [13, 16].

Study rationale
Obstetric ultrasound is an important tool for pregnancy surveillance. Little is known about the
access and quality of maternity ultrasound services in Rwanda. We believe that this study
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serves to fill a knowledge gap in the literature. The present study is part of the international
CROss Country UltraSound Study (CROCUS) performed in three high-resource countries,
one low to middle-resource country and two low-resource countries.

Aims
The overall aim of this study was to explore different aspects of obstetric ultrasound in Rwanda
from health professionals’ perspectives.
The research questions investigated were:
• What are health professionals’ views of the role of obstetric ultrasound for clinical management of pregnancy?
• How do health professionals view access to obstetric ultrasound?
• How do health professionals assess their skills in performing obstetric ultrasound
examinations?
• What do health professionals believe would improve the utilisation of obstetric ultrasound?

Materials and methods
Study design
This study applied a cross-sectional study design with questionnaires developed for obstetricians/physicians and midwives/nurses providing pregnancy and delivery services to women in
Rwanda.

The Rwandan setting
Rwanda has five provinces: the North, East, South, and West provinces and the area of Kigali
city. Every province consists of several districts [17]. The official first language is Kinyarwanda,
followed by English and French [18]. The Rwandan population was estimated to be 11.8 million in 2017 [19]. The public health system has a pyramidal structure with health posts at the
bottom, followed by health centres, districts hospitals and referral hospitals at the top [20]. In
2015, there were an estimated 742 physicians, 8751 nurses and 910 midwives employed in the
health care system [21]. Specialised physicians represent only one fourth of the total number
of physicians in the country, and they are mainly located in Kigali [22]. The number of obstetricians/gynecologists is estimated at 45 in Rwanda in 2017, according to the Rwandan Society
of Obstetricians and Gynecologists (RSOG) (personal communication). There are approximately 310,000 births annually [21]. The majority of pregnant women with uncomplicated
pregnancies give birth at health centres that can refer to higher levels of health care if pregnancy-related complications occur [23]. A majority (91%) of deliveries are assisted by skilled
health providers, mainly nurses, partly due to the limited number of midwives and physicians
[18].

Selection of health facilities
Health facilities were selected to obtain representativeness of health professionals caring
for pregnant women in Rwanda at hospital level. All provincial hospitals (n = 4) and referral
hospitals (n = 7), and the largest private hospitals in Rwanda (n = 12) were included in the
study [18]. In addition, four district hospitals were randomly selected in each of the four
provinces and in Kigali, in total 20 district hospitals. To obtain additional experiences of
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health professionals at health centre level, one health centre close to every district hospital and
two to three additional health centres in the rural areas of each district were also selected, totalling 108 health facilities in all. The purpose of including more health centres in rural areas
than in urban areas was because the majority of health centres in Rwanda are located in rural
areas.
As the data collection occurred during the rainy season it was necessary to replace three of
the initially selected health facilities with three similar facilities elsewhere, due to accessibility
issues.

Sample size and power
Calculation of sample size was performed based on plausible estimations of prevalence of
background and outcome variables. For the outcome requiring the largest sample size, “Every
woman should undergo ultrasound examination in pregnancy to determine gestational age”
and the background variable “Work experience over and under 5 years”, a sample size of 290
obstetricians/ physicians and a corresponding number of nurses/midwives (n = 290) working
at hospital level, was estimated to be required to detect a difference in proportion of 0.10 with
a power of 80% and a significance level of 5%. Health professionals working at health centres
constituted additional participants to the number of participants estimated in the power
analysis.

Study participants
Eligible participants for the study were health professionals with different experiences of
obstetric ultrasound, either working with ultrasound examinations as a major work task, or
performing ultrasound examinations as part of their general obstetric care, or using the results
of ultrasound in clinical management of pregnant women. Health professionals at health centres were also eligible for the study although they rarely accessed obstetric ultrasound. The primary sample consisted of 912 participants, but five participants proved to be working as
radiology technicians and they were subsequently excluded from the sample. The final sample
consisted of 907 participants.

Data collection tool
The research team developed a questionnaire based on the results of the earlier qualitative
studies performed in six countries in the CROCUS Study [13, 16, 24–29]. The questionnaire
included items on socio-demographic characteristics, ultrasound resources and training, selfrated skills with ultrasound, and views on what may improve utilisation of ultrasound. The
questionnaire included in total 105 questions and statements with fixed response options. For
the focus of this publication, 42 of these items were analysed. The majority of these questions,
statements and their response options are presented in Table 1.
The questionnaire was initially developed in English and thereafter translated to French,
because medical terms used in Rwandan hospitals are commonly in French. The questionnaire
was pilot-tested with 10 physicians and 10 midwives/nurses at two different district hospitals
in Rwanda. The participants could choose either the English or French version. Several participating midwives and nurses reported problems understanding some questions in either
English or French. The questionnaire was therefore also translated into Kinyarwanda. The
Kinyarwanda version was pilot-tested with five physicians and five midwives/nurses at a third
district hospital. This second pilot study resulted in some minor adjustments of wording in
Kinyarwanda. Parts of both the questionnaires in French and in Kinyarwanda were backtranslated to English by an external person to evaluate the quality of the translation. Some
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Table 1. Questions and statements and their response options in the questionnaire.
How often do you perform obstetric ultrasound examinations? a
How do you rate your skills in ultrasound in relation to the assessment/evaluation of:
• Fetal presentationb
• Localisation of the placentab
• Fetal heart rateb
• Amniotic fluid amountb
• Gestational age estimated by CRL (crown-rump-length)b
• Gestational age estimated by biparietal diameter, femur length and abdominal diameterb
• Cervical lengthb
• Fetal heart: 4 chamber viewb
• Fetal heart: aorta and pulmonary arteryb
• Doppler: umbilical arteryb
Do you have a role in decision-making regarding clinical management on the basis of obstetric ultrasound
examinations?c
What do you believe would improve the utilisation of ultrasound at your clinic/work place?
• More ultrasound machinesd
• Better quality of ultrasound machinesd
• More training for health professionals currently performing ultrasoundd
• More doctors trained in ultrasoundd
• (More) midwives trained in ultrasoundd
Statements on ultrasound resources and training
• Pregnant women in my country have access to dating ultrasound (i.e. estimation of gestational age)e
• Pregnant women in my country have access to fetal anomaly screeninge
• Pregnant women in my country have access to obstetric ultrasound independent of area of livinge
• Pregnant women in my country have access to obstetric ultrasound independent of incomee
• There are enough resources in my country to provide medically indicated obstetric ultrasound examinations to
pregnant women who need ite
• At my workplace, there is always access to obstetric ultrasound when it is needede
• At my workplace, lack of ultrasound training of the ultrasound operator sometimes leads to suboptimal
pregnancy managemente
• Maternity care in my country would improve if midwives were qualified to perform basic ultrasound
examinationse
Statements on the role of ultrasound in clinical management of pregnancy
• Ultrasound is decisive in pregnancy managemente
• Every woman should undergo ultrasound examination in pregnancy to determine gestational agee
• It is irresponsible of a pregnant woman to decline a dating scane
• Ultrasound is safe to use for the pregnant woman and the fetus irrespective of the number of examinationse
• Ultrasound is important for expectant parents to bond with their fetus during pregnancye

a

Response options: Never, On a daily basis, On a weekly basis, On a monthly basis, More seldom than on a monthly

basis.
b

Response options: No skills, Skill-level low, Skill-level intermediate, Skill-level high.
Response options: No, Yes a minor role, Yes a moderate role, Yes a major role.

c

d

Response options: Not at all, Not very much, A fair amount, A great deal, Don’t know.

e

Response options: Strongly agree, Agree, Neutral, Disagree, Strongly disagree.

https://doi.org/10.1371/journal.pone.0208387.t001

wordings differed but the overall meaning was considered to be the same. Since Rwanda is a
multi-lingual country, a decision was taken to provide the participants with the opportunity to
choose to respond to the questionnaire in Kinyarwanda, French or English. The majority of
participants chose to answer the questionnaire in Kinyarwanda, followed by French and
English.
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Ethical approval
Prior to the start of the data collection, ethical approval was obtained from the University of
Rwanda College of Medicine and Health Sciences Institutional Review Board, on behalf of the
Rwandan National Ethics Committee (Reference No/310/CMHS IRB/2016). An approval
from the Ministry of Health was also granted (Reference No 20/5779/DGPHFIS/MPP/2016).

Data collection procedures
Two of the co-authors (JN and JPS) contacted the heads of each selected health facility to facilitate appointments for eligible participants and data collectors. Four experienced data collectors, three nurses and one clinical officer, were trained by the research team and collected all
data. Data collection took place between November 2016 and March 2017. Obstetricians/physicians and midwives/nurses working on the day of the data collection at each study site were
eligible participants. Data collectors distributed and collected all questionnaires at the health
facilities. All participants received verbal and written information about the study and signed a
consent form. Participation was voluntary. The questionnaire was completed anonymously
and labelled with a unique number and a health facility code only, no identifiable data was collected. Data were entered into SPSS by two experienced data-entry clerks. To evaluate the quality of the data entry, 10% of the questionnaires including all 115 variables, were scanned and
re-entered by the first author (SH). The rate of error was 0.7%. A number of items were not
readable due to poor scan quality, and taking these items into account (1.3%), the error-rate
theoretically varied from 0.7–2.0%. All questionnaires were stored in a secure, locked location
at the University of Rwanda.

Independent variables
The variable “current health profession” was categorised into four groups: obstetricians/gynecologists working in hospitals (OG), other physicians including general practitioners, resident
physicians and radiologists working in hospitals (P), midwives/nurses working in hospitals
(MNH) and nurses/midwives working in health centres (NMHC). One participant working as
a medical assistant was categorised as a nurse. One OG and one P working in health centres
were categorised in their respective hospital-based professional group. In some analyses obstetricians/gynecologists working in hospitals (OG) and other physicians including general practitioners, resident physicians and radiologists working in hospitals (P) were merged to a group
called OGP. “Health facilities” were categorised as health centres, district hospitals and all
other hospitals. District hospitals and all other hospitals were categorised as hospitals in the
analysis. “Area of health facility” was categorised as health facilities in the Kigali area (n = 29)
and all other health facilities outside the Kigali area (n = 79).

Dependent variables
All dependent variables are presented in Table 1. For factors that may improve utilisation of
obstetric ultrasound the dependent variables were “more ultrasound machines”, “better quality
of ultrasound machines”, “more training for health professionals currently performing ultrasound”, “more physicians trained in ultrasound” and “(more) midwives trained in ultrasound”
with a dichotomisation of the response options: value 0 included not at all and not very much,
and value 1 included a fair amount and a great deal. For statements on ultrasound resources
and training, the dependent variables were “pregnant women in my country have access to”: a)
dating ultrasound (i.e. estimation of gestational age), b) fetal anomaly screening, c) obstetric
ultrasound independent of area of living, d) obstetric ultrasound independent of income. For
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statements on ultrasound resources and training, the dependent variables were also “there are
enough resources in my country to provide medically indicated obstetric ultrasound examinations to pregnant women who need it”, “at my workplace, there is always access to obstetric
ultrasound when it is needed” and “at my workplace, lack of ultrasound training of the ultrasound operator sometimes leads to suboptimal pregnancy management”. The response
options for the statements on ultrasound resources and training were dichotomised: value 0
included disagree or strongly disagree, and value 1 included agree or strongly agree.

Statistics analysis
Categorical variables are presented with proportions. Continuous variables are presented with
their mean values and standard deviations (SD). Pearson’s Chi-Square test was used for tests of
difference of categorical data. In analysis, a p-value <0.05 was designated as statistically significant. Odds ratios (OR) and their 95% confidence intervals (CI) were calculated in univariate
logistic regression analysis.

Results
Background characteristics of the study sample
The study sample included 907 health professionals aged 21–68 years (mean age 35.0 years).
The distribution of health professionals in the total sample was obstetricians/gynecologists
(3.2%), other physicians (24.5%), midwives (29.7%) and nurses (42.7%). Around 2/3 (64.2%)
worked in hospitals and 35.8% in health centres (Table 2). The category “midwives/nurses at
hospitals” MNH, (n = 333) consisted of a majority of midwives (70.3%) and the category
“nurses/midwives at health centres” NMHC (n = 323) consisted mainly of nurses (89.2%).

The role of obstetric ultrasound
A majority (95.9%) of all participants reported that they agreed or strongly agreed that ultrasound is decisive in pregnancy management. Most participants (79.3%-84.3%) reported that
they agreed or strongly agreed that every woman should undergo ultrasound examination in
pregnancy to determine gestational age. A majority (58.6%-61.6%) reported that they agreed
or strongly agreed that it is irresponsible of a pregnant woman to decline a dating scan. P
(90.0%), MNH (78.0%), NMHC (72.4%) and OG (65.5%) reported that they agreed or strongly
agreed with the statement “Ultrasound is safe to use for the pregnant woman and the fetus irrespective of the number of examinations”. Most health professionals (79%) agreed or strongly
agreed that ultrasound is important for expectant parents to bond with their fetus during pregnancy. Detailed results are presented in Table 3.

Access to obstetric ultrasound
Participants from public health facilities were less likely to report access to obstetric ultrasound
when needed compared to participants from private health facilities (OR 0.16; 95% CI 0.07–
0.37). Participants employed at health facilities outside the Kigali area were less likely to report
access to obstetric ultrasound when needed than participants employed at health facilities in
the Kigali area (OR 0.53; 95% CI 0.39–0.73). There was a significantly lower percentage of
NMHC (13.2%) reporting that there is always access to ultrasound at their workplace when
needed, compared with OG (93.1%), P (88.7%) and MNH (93.3%) (p<0.001; Table 4). OG
were much less likely to agree that pregnant women in the country have access to obstetric
ultrasound independent of area of living in comparison with NMHC (OR 0.20; 95% CI 0.08–
0.46).
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Table 2. Background characteristics of the study sample (N = 907).
Variablea

All health professionals

Obstetricians/ gynecologists

Physicians, other

Midwives

Nurses

N = 907 (100)

n = 29 (3.2)

n = 222 (24.5)

n = 269 (29.7)

n = 387 (42.7)

n (%)

n (%)

n (%)

n (%)

n (%)

Gender

907 (100)

29 (100)

222 (100)

269 (100)

387 (100)

Male

358 (39.5)

23 (79.3)

166 (74.8)

30 (11.2)

139 (35.9)

Female

549 (60.5)

6 (20.7)

56 (25.2)

239 (88.8)

248 (64.1)

Age, years

904 (99.7)

27 (93.1)

221 (99.5)

269 (100)

387 (100)

Mean; SDb

35.0; 7.8

42.0; 9.0

32.7; 7.4

34.8; 7.4

36.1; 7.9

21–68

30–68

22–62

22–60

21–68

Marital status

905 (99.8)

29 (100)

222 (100)

268 (99.6)

386 (99.7)

Married

619 (68.2)

28 (96.6)

95 (42.8)

212 (78.8)

284 (73.4)

10 (1.1)

0 (0)

0 (0)

1 (0.4)

9 (2.3)

4 (0.4)

0 (0)

0 (0)

3 (1.1)

1 (0.3)

19 (2.1)

0 (0)

3 (1.4)

5 (1.9)

11 (2.8)

Min-Max

Cohabiting
Separated/Divorced
Widowed
Not married/Single

253 (27.9)

1 (3.4)

124 (55.9)

47 (17.5)

81 (20.9)

Having children

894 (98.6)

29 (100)

219 (98.6)

264 (98.1)

382 (98.7)

Yes

614 (67.7)

27 (93.1)

85 (38.3)

207 (77.0)

295 (76.2)

No

280 (30.9)

2 (6.9)

134 (60.4)

57 (21.2)

87 (22.5)

Years in profession

907 (100)

29 (100)

222 (100)

269 (100)

387 (100)

6.3; 6.2

8.1; 9.4

4.3; 5.4

4.5; 3.9

8.6; 6.8

0–44

0–39

0–35

0–31

0–44

905 (99.8)

29 (100)

221 (99.5)

269 (100)

386 (99.7)

8.9; 7.3

12.7; 9.3

5.3; 6.0

9.2; 6.9

10.4; 7.4

0–44

0–39

0–35

0–39

0–44

Public/private
health care

904 (99.7)

29 (100)

221 (99.5)

268 (99.6)

386 (99.7)

Public

702 (77.4)

13 (44.8)

186 (83.8)

209 (77.7)

294 (76.0)

Private

71 (7.8)

12 (41.4)

11 (5.0)

16 (5.9)

32 (8.3)

131 (14.4)

4 (13.8)

24 (10.8)

43 (16.0)

60 (15.5)
387 (100)

Mean; SDb
Min-max
Years in health care
Mean; SDb
Min-max

Both public and private
Level of health facility

907 (100)

29 (100)

222 (100)

269 (100)

District hospital

301 (33.2)

3 (10.3)

130 (58.6)

112 (41.6)

56 (14.5)

All other hospitalsc

281 (31.0)

25 (86.2)

91 (41.0)

122 (45.4)

43 (11.1)

Health centre

325 (35.8)

1 (3.4)

1 (0.5)

35 (13.0)

288 (74.4)

Area of health facility

907 (100)

29 (100)

222 (100)

269 (100)

387 (100)

Kigalid

283 (31.2)

22 (75.9)

58 (26.1)

101 (37.5)

102 (26.4)

Other arease

624 (68.8)

7 (24.1)

164 (73.9)

168 (62.5)

285 (73.6)

Antenatal care

647 (71.3)

28 (96.6)

166 (74.8)

176 (65.4)

277 (71.6)

Intrapartum care

775 (85.4)

27 (93.1)

200 (90.1)

254 (94.4)

294 (76.0)

Postpartum care

722 (79.6)

26 (89.7)

191 (86.0)

230 (85.5)

275 (71.1)

70 (7.7)

1 (3.4)

21 (9.5)

3 (1.1)

45 (11.6)

Performing ultrasoundg

906 (99.9)

29 (100)

221 (99.5)

269 (100)

387 (100)

Yes

293 (32.3)

28 (96.6)

212 (95.9)

44 (16.4)

11 (2.8)

No

613 (67.6)

1 (3.4)

9 (4.1)

225 (83.6)

376 (97.2)

Provision of maternity servicesf

Do not currently provide maternity care

a

The denominator in all calculations is the total number included in each category of health professionals.

b

SD = Standard Deviation.
Number of participants at specified health facilities included in the option “All other hospitals”: Provincial hospital (n = 58); National hospital (n = 3); Referral hospital

c

(n = 157); Fetal medicine clinic (n = 5); Faith-based hospital (n = 2); and other type of health facility (n = 55).
d

All levels of health facilities in the Kigali area (n = 29).
All levels of health facilities in the area outside Kigali (n = 79).

e
f

Item in questionnaire: “Which of the following maternity services do you provide? (Please tick all that apply)”.

g

Performing ultrasound examinations.

https://doi.org/10.1371/journal.pone.0208387.t002
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Table 3. The role of ultrasound in clinical management of pregnancy.
Statementa

Obstetricians/
gynecologists
n = 29
n (%)

Physicians,
other
n = 222
n (%)

Midwives/ nurses at
hospitals
n = 333
n (%)

Nurses/ midwives at
health centres
n = 323
n (%)

Ultrasound is decisive in pregnancy management

29 (100)

Strongly agree

13 (44.8)

221 (99.5)

333 (100)

322 (99.7)

126 (56.8)

269 (80.8)

254 (78.6)

Agree

13 (44.8)

76 (34.2)

55 (16.5)

62 (19.2)

Neutral

0 (0.0)

7 (3.2)

3 (0.9)

2 (0.6)

Disagree

2 (6.9)

8 (3.6)

6 (1.8)

4 (1.2)

Strongly disagree

1 (3.4)

4 (1.8)

0 (0.0)

0 (0.0)

Every woman should undergo ultrasound examination in pregnancy
to determine gestational age

29 (100)

221 (99.5)

333 (100)

322 (99.7)

Strongly agree

12 (41.4)

94 (42.3)

153 (45.9)

155 (48.0)

Agree

11 (37.9)

85 (38.3)

128 (38.4)

103 (31.9)

Neutral

3 (10.3)

9 (4.1)

11 (3.3)

9 (2.8)

Disagree

3 (10.3)

26 (11.7)

39 (11.7)

45 (13.9)

Strongly disagree

0 (0.0)

7 (3.2)

2 (0.6)

10 (3.1)

It is irresponsible of a pregnant woman to decline a dating scan

29 (100)

220 (99.1)

331 (99.4)

321 (99.4)

Strongly agree

10 (34.5)

69 (31.1)

102 (30.6)

117 (36.2)

7 (24.1)

60 (27.0)

92 (27.6)

81 (25.1)

Agree
Neutral

6 (20.7)

49 (22.1)

52 (15.6)

38 (11.8)

Disagree

6 (20.7)

35 (15.8)

62 (18.6)

58 (18.0)

Strongly disagree
Ultrasound is safe to use for the pregnant woman and the fetus
irrespective of the number of examinations
Strongly agree
Agree

0 (0.0)

7 (3.2)

23 (6.9)

27 (8.4)

29 (100)

220 (99.1)

333 (100)

322 (99.7)

6 (20.7)

131 (59.0)

158 (47.4)

139 (43.0)
94 (29.1)

13 (44.8)

67 (30.2)

102 (30.6)

Neutral

6 (20.7)

15 (6.8)

46 (13.8)

44 (13.6)

Disagree

3 (10.3)

4 (1.8)

21 (6.3)

34 (10.5)

Strongly disagree
Ultrasound is important for expectant parents to bond with their
fetus during pregnancy
Strongly agree

1 (3.4)

3 (1.4)

6 (1.8)

11 (3.4)

29 (100)

220 (99.1)

333 (100)

322 (99.7)

5 (17.2)

76 (34.2)

154 (46.2)

174 (53.9)

14 (48.3)

86 (38.7)

113 (33.9)

93 (28.8)

Neutral

6 (20.7)

41 (18.5)

27 (8.1)

28 (8.7)

Disagree

4 (13.8)

9 (4.1)

24 (7.2)

17 (5.3)

0 (0.0)

8 (3.6)

15 (4.5)

10 (3.1)

Agree

Strongly disagree
a

The denominator in all calculations is the total number included in each category of health professionals.

https://doi.org/10.1371/journal.pone.0208387.t003

Ultrasound operators’ self-rated skills and decision-making
One third (32.3%) of the health professionals reported performing ultrasound examinations
and a majority of these on a daily basis (60.1%). Almost all OG (96.6%) and P (95.9%) performed obstetric ultrasound. Small proportions of midwives (44/269; 16.4%) and nurses (11/
387; 2.8%) reported performing ultrasound examinations, all working at hospitals. The following proportions of health professionals reported that midwives performed ultrasound at their
workplace; NMHC (1.3%), OG (6.9%), P (13.2%) and MNH (14.7%). Obstetricians/gynecologists/other physicians (OGP) (n = 240) and midwives/nurses (MN) (n = 55) were asked to rate
their skills in relation to different ultrasound examination tasks (Figs 1 and 2). Fetal heart rate

PLOS ONE | https://doi.org/10.1371/journal.pone.0208387 December 4, 2018

9 / 20

Health professionals’ experiences and views on obstetric ultrasound in Rwanda

Table 4. Health professionals’ views on access to ultrasound and training (N = 907).
Statementa

Pregnant women in my country have access to dating ultrasound (i.e.
estimation of gestational age)
Strongly agree

Obstetricians/
gynecologists
n = 29
n (%)

Physicians, Midwives/ nurses at
other
hospitals
n = 222
n = 333
n (%)
n (%)

29 (100)

222 (100)

Nurses/ midwives at
health centres
n = 323
n (%)

332 (99.7)

321 (99.4)

6 (20.7)

49 (22.1)

69 (20.7)

100 (31.0)

10 (34.5)

97 (43.7)

172 (51.7)

155 (48.0)

Neutral

4 (13.8)

39 (17.6)

16 (4.8)

9 (2.8)

Disagree

6 (20.7)

30 (13.5)

64 (19.2)

45 (13.9)

Agree

Strongly disagree
Pregnant women in my country have access to fetal anomaly screening
Strongly agree

3 (10.3)

7 (3.2)

11 (3.3)

12 (3.7)

29 (100)

220 (99.1)

332 (99.7)

320 (99.1)

2 (6.9)

17 (7.7)

33 (9.9)

74 (22.9)

10 (34.5)

52 (23.4)

120 (36.0)

91 (28.2)

Neutral

4 (13.8)

59 (26.6)

53 (15.9)

47 (14.6)

Disagree

7 (24.1)

63 (28.4)

95 (28.5)

75 (23.2)

Strongly disagree

6 (20.7)

29 (13.1)

31 (9.3)

33 (10.2)

29 (100)

221 (99.5)

331 (99.4)

321 (99.4)

Agree

Pregnant women in my country have access to obstetric ultrasound
independent of area of living
Strongly agree

2 (6.9)

29 (13.1)

74 (22.2)

110 (34.1)

Agree

8 (27.6)

71 (32.0)

130 (39.0)

136 (42.1)

Neutral

5 (17.2)

41 (18.5)

29 (8.7)

8 (2.5)

Disagree

8 (27.6)

54 (24.3)

78 (23.4)

44 (13.6)

Strongly disagree
Pregnant women in my country have access to obstetric ultrasound
independent of income
Strongly agree
Agree

6 (20.7)

26 (11.7)

20 (6.0)

23 (7.1)

29 (100)

221 (99.5)

331 (99.4)

321 (99.4)

2 (6.9)

31 (14.0)

56 (16.8)

80 (24.8)

7 (24.1)

80 (36.0)

111 (33.3)

135 (41.8)

Neutral

5 (17.2)

35 (15.8)

32 (9.6)

21 (6.5)

Disagree

9 (31.0)

57 (25.7)

98 (29.4)

62 (19.2)

Strongly disagree
There are enough resources in my country to provide medically indicated
obstetric ultrasound examinations to pregnant women who need it
Strongly agree
Agree

6 (20.7)

18 (8.1)

34 (10.2)

23 (7.1)

29 (100)

222 (100)

332 (99.7)

321 (99.4)

2 (6.9)

31 (14.0)

73 (21.9)

96 (29.7)

7 (24.1)

71 (32.0)

141 (42.3)

136 (42.1)

Neutral

10 (34.5)

48 (21.6)

25 (7.5)

13 (4.0)

Disagree

6 (20.7)

45 (20.3)

67 (20.1)

50 (15.5)

Strongly disagree

4 (13.8)

27 (12.2)

26 (7.8)

26 (8.0)

At my workplace, there is always access to obstetric ultrasound when it is
needed

29 (100)

222 (100)

330 (99.1)

317 (98.1)

Strongly agree

19 (65.5)

99 (44.6)

177 (53.2)

18 (5.6)

8 (27.6)

98 (44.1)

131 (39.3)

24 (7.4)

Neutral

0 (0.0)

10 (4.5)

7 (2.1)

12 (3.7)

Disagree

1 (3.4)

9 (4.1)

12 (3.6)

93 (28.8)

Agree

Strongly disagree
At my workplace, lack of ultrasound training of the ultrasound operator
sometimes leads to suboptimal pregnancy management
Strongly agree
Agree
Neutral

1 (3.4)

6 (2.7)

3 (0.9)

170 (52.6)

29 (100)

222 (100)

333 (100)

322 (99.7)

2 (6.9)

50 (22.5)

114 (34.2)

103 (31.9)

14 (48.3)

82 (36.9)

126 (37.8)

98 (30.3)

1 (3.4)

38 (17.1)

23 (6.9)

18 (5.6)
(Continued )
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Table 4. (Continued)
Statementa

Obstetricians/
gynecologists
n = 29
n (%)

Physicians, Midwives/ nurses at
other
hospitals
n = 222
n = 333
n (%)
n (%)

Nurses/ midwives at
health centres
n = 323
n (%)

Disagree

7 (24.1)

40 (18.0)

48 (14.4)

29 (9.0)

Strongly disagree

5 (17.2)

12 (5.4)

22 (6.6)

74 (22.9)

a

The denominator in all calculations is the total number included in each category of health professionals.

https://doi.org/10.1371/journal.pone.0208387.t004

was the ultrasound examination where most health professionals reported having high or
intermediate skill levels (90.8%). OGP reported to a greater extent having high skills in examination of the fetal heart rate (78.2%) compared with MN (29.1%) (p<0.001). Most MN
(98.2%) and OGP (75.9%) reported low or no skills for their ability to examine the fetal aorta
and the fetal pulmonary artery. A majority of midwives (67.3%) stated that they had a role in
decision-making regarding clinical management on the basis of obstetric ultrasound examinations while the majority of nurses (56.8%) reported they had no role in decision-making.

Fig 1. Obstetricians/Gynecologists/other physicians self-rated skills for specified ultrasound examinations (n = 240). Reported skill levels
are presented with proportions (%).
https://doi.org/10.1371/journal.pone.0208387.g001
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Fig 2. Midwives/Nurses self-rated skills for specified ultrasound examinations (n = 55). Reported skill levels are presented with proportions
(%).
https://doi.org/10.1371/journal.pone.0208387.g002

Improving utilisation of obstetric ultrasound
A majority of health professionals (91.3%) agreed or strongly agreed that maternity care services in Rwanda would improve if midwives were qualified to perform basic ultrasound examinations. MNH (94.9%) and NMHC (94.7%) reported most positively on the statement of
midwives performing ultrasound, but also a majority of OG (82.8%) and P (81.9%) (Fig 3).
NMHC were more likely to agree that more ultrasound machines would help to improve the
utilisation of ultrasound in their workplace compared with OG (OR 2.96; 95% CI 1.16–7.57).
Participants working in public hospitals were more likely to agree that more ultrasound
machines would help to improve the utilisation of ultrasound in their workplace, compared
with participants in private hospitals (OR 3.25; 95% CI 1.85–5.70). Participants not performing
ultrasound were more likely to report that better quality of ultrasound machines (OR 1.79;
95% CI 1.08–2.95) and more midwives trained in ultrasound (OR 2.65; 95% CI 1.74–4.04)
would help to improve the utilisation of ultrasound in their work place, compared with participants performing ultrasound. Detailed results are presented in Table 5.

Discussion
The main findings of this study demonstrate that obstetricians/gynecologists/other physicians
commonly performed ultrasound examinations, however their self-rated skill levels in obstetric ultrasound indicate the need for further ultrasound training. Most participants agreed that
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Fig 3. Statement from questionnaire: Maternity care in my country would improve if midwives were qualified to perform basic ultrasound
examinations (N = 903). Different opinions are presented with proportions (%).
https://doi.org/10.1371/journal.pone.0208387.g003

ultrasound is decisive in pregnancy management. Health professionals working in hospitals
commonly reported having access to ultrasound when needed, while those working in health
centre reported only having very limited access. A vast majority of the participants agreed that
maternity care services would improve if midwives learned to perform basic ultrasound
examinations.
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Table 5. Health professionals’ views on factors that may improve utilisation of obstetric ultrasound.
More ultrasound machinesa

Variable

Not at all or Not very
much

Better quality of ultrasound machinesa

A fair amount or A great
deal

n (%)

n (%)

134 (15.7)

719 (84.3)

7 (26.9)

Physicians, other
Midwives/nurses at hospitals

pvalueb

Not at all or Not very
much

A fair amount or A great
deal

n (%)

n (%)

68 (7.8)

806 (92.2)

19 (73.1)

3 (10.3)

26 (89.7)

38 (17.8)

176 (82.2)

23 (10.5)

197 (89.5)

56 (17.8)

259 (82.2)

21 (6.6)

295 (93.4)

Nurses/midwives at health
centres

33 (11.1)

265 (88.9)

21 (6.8)

288 (93.2)

Public/Private health care

118 (16.3)

607 (83.7)

60 (8.1)

685 (91.9)

96 (14.5)

567 (85.5)

52 (7.7)

624 (92.3)

Health profession
Obstetricians/gynecologists

Public
Private

22 (35.5)

40 (64.5)

134 (15.7)

718 (84.3)

Yes

50 (17.9)

No

84 (14.7)

Performing ultrasoundc

0.029

<0.001

8 (11.6)

61 (88.4)

68 (7.8)

805 (92.2)

230 (82.1)

31 (10.8)

257 (89.2)

488 (85.3)

37 (6.3)

548 (93.7)

0.274

A fair amount or A great
deal

n (%)

n (%)

48 (5.5)

828 (94.5)

2 (6.9)

Physicians, other
Midwives/nurses at hospitals

pvalueb

Not at all or Not very
much

A fair amount or A great
deal

n (%)

n (%)

60 (7.1)

789 (92.9)

27 (93.1)

1 (3.6)

27 (96.4)

14 (6.5)

203 (93.5)

18 (8.2)

201 (91.8)

19 (5.9)

301 (94.1)

21 (6.9)

284 (93.1)

Nurses/midwives at health
centres

13 (4.2)

297 (95.8)

20 (6.7)

277 (93.3)

Public/Private health care

42 (5.6)

703 (94.4)

54 (7.5)

670 (92.5)

Public

39 (5.8)

638 (94.2)

49 (7.4)

609 (92.6)

Health profession
Obstetricians/gynecologists

Private

3 (4.4)

65 (95.6)

Performing ultrasoundc

48 (5.5)

827 (94.5)

Yes

20 (6.9)
28 (4.8)

No

0.328

0.367

0.030

More physicians trained in ultrasounda

More training for health professionals currently
performing ultrasounda
Not at all or Not very
much

pvalueb

0.653

0.854

5 (7.6)

61 (92.4)

60 (7.1)

788 (92.9)

268 (93.1)

23 (8.1)

261 (91.9)

559 (95.2)

37 (6.6)

527 (93.4)

0.242

pvalueb
0.794

1.000

0.495

(More) midwives trained in ultrasounda
Not at all or Not very
much

A fair amount or A great
deal

n (%)

n (%)

101 (11.8)

752 (88.2)

4 (15.4)

22 (84.6)

Physicians, other

45 (20.9)

170 (79.1)

Midwives/nurses at hospitals

Health profession
Obstetricians/gynecologists

33 (10.5)

281 (89.5)

Nurses/midwives at health
centres

19 (6.4)

279 (93.6)

Public/Private health care

90 (12.4)

637 (87.6)

Public

80 (12.1)

581 (87.9)

10 (15.2)

56 (84.8)

101 (11.9)

751 (88.1)

54 (19.2)

227 (80.8)

Private
c

Performing ultrasound
Yes

pvalueb
<0.001

0.602

<0.001
(Continued )
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Table 5. (Continued)
No

47 (8.2)

524 (91.8)

a

Item in questionnaire: “What do you believe would improve the utilisation of ultrasound at your clinic/work place?”.

b

Pearson’s Chi-Square test for categorical variables.

c

Performing ultrasound examinations.

https://doi.org/10.1371/journal.pone.0208387.t005

Access to ultrasound
At the beginning of the 21st Century the World Health Organization (WHO) recommended
four ANC visits for healthy pregnant women without pregnancy-related complications [30].
In November 2016, WHO changed their recommendations from four to eight ANC contacts
to improve the quality of care and to reduce maternal and perinatal mortality for all populations [31]. The new recommendations also include one ultrasound scan before 24 weeks of
gestation [31]. Currently 46% of pregnant women in Rwanda receive the earlier recommended
four ANC visits [32] but the estimated number of ultrasound examinations that pregnant
women receive is not reported in official national data. To improve ANC attendance, introduction of obstetric ultrasound at the lowest level of care has been shown to improve the number of ANC visits and the numbers of deliveries in health facilities [33, 34]. This study found
that most nurses/midwives working in health centres where most Rwandan women give birth,
reported poor access to ultrasound when needed, compared with participants working in hospitals. If complications occur during pregnancy and delivery, women are referred to a higher
health facility level [4]. Delay in timely treatment for obstetric complications is associated with
maternal deaths and maternal near misses [35, 36]. If obstetric ultrasound could be increasingly offered at health centre level, more pregnant women would have the chance of timely
referral to more qualified obstetric care. Compared with obstetricians/gynecologists in hospitals, nurses/midwives in health centres, where obstetric ultrasound is in fact rarely undertaken,
were more likely to agree that pregnant women in Rwanda had access to dating ultrasound,
and had access to obstetric ultrasound independent of income and area of living. A plausible
explanation of this unexpected finding may be that obstetricians/gynecologists who deliver
ultrasound services are aware that most pregnant women do not in fact undergo obstetric
ultrasound examinations.

Education and training of health professionals
Sub-optimal pregnancy management, because of lack of ultrasound training of operators was
reported by the majority of health professionals. Ultrasound operators’ self-rated skills also
indicate lack of ultrasound training. Intensive point-of-care ultrasound training with a cohort
of Rwandan physicians showed that only a few obstetric ultrasound operators had any earlier
structured ultrasound education [37]. Like other countries in sub-Saharan Africa, Rwanda is
much affected by the limited number of health professionals and the insufficient quality of
health services [38, 39]. In 2012 the Human Resources for Health (HRH) program was initiated where faculty from United States’ teaching institutions are collaborating with Rwandan
Faculty to transfer skills in health care, as well as increasing the number of health professionals
in Rwanda [40]. After seven years of the HRH program, Rwanda is assumed to have improved
their health workforce to a sustainable level without foreign aid [41]. One of the targets identified by the HRH program was building nursing and midwifery capacity in education, leadership, research, and scholarship [42]. Midwifery education in Rwanda does now meet the
International Confederation of Midwives (ICM) minimum standard of 3 years for direct-entry
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midwifery education or 18 months for post-graduate training [43, 44]. Through the Rwanda
HRH program, the Faculty of Medicine will increase the level of skills of all physicians and
broaden the workforce, including education of more specialists. The program focuses for
example on strengthening the curriculum and clinical training in obstetrics and gynecology as
well as radiology [40, 41]. Currently, obstetric ultrasound is mainly taught during residency
programs in Rwanda, using the “Obstetric and gynecological ultrasound curriculum and competency assessment in residency training program” developed by the American Institute of
Ultrasound in Medicine [45]. The HRH program has been a useful instrument to develop the
health professional workforce, however, there is still a need for further improvement, especially in rural areas where the shortage of highly skilled health professionals is most pronounced [22].
The majority of participants in our study believed that ultrasound is safe to use for the pregnant woman and the fetus irrespective of the number of examinations. Taking into account
the ALARA principle (As Low As Reasonably Achievable), obstetric ultrasound should only be
used for medical indications and exposure should be kept as low as possible to decrease the
risk for potential tissue heating and fetal compromise [46, 47].

Improved ultrasound services
In our study, a few midwives and nurses were performing ultrasound examinations but a
majority of all categories of health professionals reported the potential for improving maternity
care services if midwives were allowed to become educated in performing basic ultrasound
examinations. The International Society of Ultrasound in Obstetrics and Gynecology
(ISUOG) recommendations for basic ultrasound examinations includes the following content:
fetal viability and fetal movements, detection of multiple pregnancy, assessment of gestational
age and fetal size by recording biometric measurements, evaluation of amount of amniotic
fluid, placenta location and fetal position [48]. Education of midwives to perform basic ultrasound examinations would need to be sanctioned as an innovation in the Rwandan health care
system. If this were to happen, access to ultrasound services at health centre level would likely
increase. Although WHO recommends a minimum of 3–6 months of training with participation in 300–500 examinations for the general ultrasonography curriculum [49], several studies
conclude that health professionals, mainly midwives, can be trained to perform point-of-care
ultrasound to identify high-risk pregnancies [5, 50, 51] and that this can represent a low-cost
improvement strategy in maternity services [52]. While lack of training is the primary barrier
to use of obstetric ultrasound, maintenance and costs of machines are also important aspects
[12]. In our study, the requirement for more ultrasound machines was much more likely to be
reported by health professionals in public health facilities compared with those in private
health care, and also for nurses/midwives in health centres compared with obstetricians/gynecologists working mainly at the highest health care levels.

Methodological considerations
In this study, we aimed to obtain a representative sample of health professionals currently
working in hospitals, but also to include health professionals working in health centres to collect additional experiences. All provincial and referral hospitals were included in the study,
and 57% of all district hospitals in Rwanda. For obstetricians/gynecologists, approximately
64% of the total number working in Rwanda were included in the sample, as well as approximately 32% of other physicians and 30% of midwives in Rwanda [21]. Our assessment is that
the hospital participants most probably constitute a representative sample for health professionals in hospitals in Rwanda. In addition, we consider the category of participants working
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in health centres to be representative for nurses/midwives at health centre level. However, taking into account all health professionals in the country managing pregnant women, mostly at
health centres, our total sample cannot be considered fully representative for the whole of
Rwanda. Two hundred and fifty-one obstetricians/physicians participated in the study, somewhat short of our sample size target of 290, but still one third of all physicians in Rwanda. The
questionnaire was developed in English and translated into French and Kinyarwanda, and to
avoid linguistic pitfalls the questionnaires were back-translated into English for quality control
purposes. Although several checks were made, it is possible that some questions were not
understood in exactly identical ways in the different languages. Another limitation may be the
length of the questionnaire with 105 different items in total, however, the response was close
to 100% for all items.

Conclusions
In Rwanda, physicians perform most obstetric ultrasound examinations and health professionals believe that ultrasound is decisive in pregnancy management. Barriers to provision of
high quality ultrasound services to pregnant women include variable access depending on
health facility level and insufficient skills of ultrasound operators. In general, physicians
need further training in ultrasound. Implementation of a general dating ultrasound examination seems to be a relevant goal as most health professionals agree that pregnant women
would benefit from this service. An opportunity to further improve maternity care services
in Rwanda would involve allowing midwives to become educated in performing basic ultrasound examinations.

Acknowledgments
We thank all participating health professionals for sharing their experiences and views on the
use of obstetric ultrasound. We acknowledge the support provided by the Ministry of Health,
heads of all health facilities, and the School of Public Health, University of Rwanda. We also
thank Annika Åhman for participating in the development of the questionnaire and statistician Gabriel Granåsen for statistical support. We thank Umeå University for overall support.

Author Contributions
Conceptualization: Sophia Holmlund, Joseph Ntaganira, Kristina Edvardsson, Pham Thi Lan,
Jean Paul Semasaka Sengoma, Hussein Lesio Kidanto, Matilda Ngarina, Rhonda Small,
Ingrid Mogren.
Data curation: Sophia Holmlund, Joseph Ntaganira, Kristina Edvardsson, Pham Thi Lan,
Jean Paul Semasaka Sengoma, Hussein Lesio Kidanto, Matilda Ngarina, Rhonda Small,
Ingrid Mogren.
Formal analysis: Sophia Holmlund, Kristina Edvardsson, Ingrid Mogren.
Funding acquisition: Ingrid Mogren.
Investigation: Sophia Holmlund, Joseph Ntaganira, Kristina Edvardsson, Jean Paul Semasaka
Sengoma, Ingrid Mogren.
Methodology: Sophia Holmlund, Kristina Edvardsson, Ingrid Mogren.
Project administration: Sophia Holmlund, Joseph Ntaganira, Kristina Edvardsson, Jean Paul
Semasaka Sengoma, Ingrid Mogren.
Resources: Jean Paul Semasaka Sengoma, Ingrid Mogren.

PLOS ONE | https://doi.org/10.1371/journal.pone.0208387 December 4, 2018

17 / 20

Health professionals’ experiences and views on obstetric ultrasound in Rwanda

Supervision: Joseph Ntaganira, Kristina Edvardsson, Pham Thi Lan, Ingrid Mogren.
Validation: Joseph Ntaganira, Jean Paul Semasaka Sengoma, Rhonda Small, Ingrid Mogren.
Visualization: Sophia Holmlund, Ingrid Mogren.
Writing – original draft: Sophia Holmlund.
Writing – review & editing: Sophia Holmlund, Joseph Ntaganira, Kristina Edvardsson, Pham
Thi Lan, Jean Paul Semasaka Sengoma, Hussein Lesio Kidanto, Matilda Ngarina, Rhonda
Small, Ingrid Mogren.

References
1.

Campbell S. A Short History of Sonography in Obstetrics and Gynaecology. Facts, Views & Vision in
ObGyn. 2013; 5(3):213–29.

2.

Whitworth M, Bricker L, Mullan C. Ultrasound for fetal assessment in early pregnancy. Cochrane Database Syst Rev. 2015;(7):CD007058. https://doi.org/10.1002/14651858.CD007058.pub3 PMID:
26171896.

3.

McClure EM, Nathan RO, Saleem S, Esamai F, Garces A, Chomba E, et al. First look: a cluster-randomized trial of ultrasound to improve pregnancy outcomes in low income country settings. BMC Pregnancy Childbirth. 2014; 14:73. https://doi.org/10.1186/1471-2393-14-73 PMID: 24533878

4.

Nathan RO, Swanson JO, Swanson DL, McClure EM, Bolamba VL, Lokangaka A, et al. Evaluation of
Focused Obstetric Ultrasound Examinations by Health Care Personnel in the Democratic Republic of
Congo, Guatemala, Kenya, Pakistan, and Zambia. Curr Probl Diagn Radiol. 2016. https://doi.org/10.
1067/j.cpradiol.2016.11.001 PMID: 28057388.

5.

Kawooya MG, Nathan RO, Swanson J, Swanson DL, Namulema E, Ankunda R, et al. Impact of Introducing Routine Antenatal Ultrasound Services on Reproductive Health Indicators in Mpigi District, Central Uganda. Ultrasound Q. 2015; 31(4):285–9. https://doi.org/10.1097/RUQ.0000000000000142
PMID: 26656991

6.

Greenwold N, Wallace S, Prost A, Jauniaux E. Implementing an obstetric ultrasound training program in
rural Africa. Int J Gynaecol Obstet. 2014; 124(3):274–7. Epub 2014/01/01. https://doi.org/10.1016/j.ijgo.
2013.09.018 PMID: 24373707.

7.

Abbott P, Sapsford R, Binagwaho A. Learning from Success: How Rwanda Achieved the Millennium
Development Goals for Health. World Development. 2017; 92:103–16. http://dx.doi.org/10.1016/j.
worlddev.2016.11.013.

8.

Alkema L, Chou D, Hogan D, Zhang S, Moller A-B, Gemmill A, et al. Global, regional, and national levels
and trends in maternal mortality between 1990 and 2015, with scenario-based projections to 2030: a
systematic analysis by the UN Maternal Mortality Estimation Inter-Agency Group. The Lancet. 387
(10017):462–74. https://doi.org/10.1016/S0140-6736(15)00838-7 PMID: 26584737

9.

WHO, UNICEF, UNFPA, World Bank Group and the United Nations Population Division, Maternal Mortality Estimation Inter-Agency Group. Trends in maternal mortality: 1990–2015. Geneva: World Health
Organization; 2015.

10.

United Nations. Millennium Development Goals Rwanda, Final Progress Report. 2013.

11.

Sayinzoga F, Bijlmakers L. Drivers of improved health sector performance in Rwanda: a qualitative view
from within. BMC Health Serv Res. 2016; 16:123. Epub 2016/04/10. https://doi.org/10.1186/s12913016-1351-4 PMID: 27059319

12.

Shah S, Bellows BA, Adedipe AA, Totten JE, Backlund BH, Sajed D. Perceived barriers in the use of
ultrasound in developing countries. Critical Ultrasound Journal. 2015; 7(1):11. https://doi.org/10.1186/
s13089-015-0028-2 PMID: 26123609

13.

Edvardsson K, Ntaganira J, Ahman A, Sengoma JP, Small R, Mogren I. Physicians’ experiences and
views on the role of obstetric ultrasound in rural and urban Rwanda: a qualitative study. Trop Med Int
Health. 2016; 21(7):895–906. https://doi.org/10.1111/tmi.12718 PMID: 27125579.

14.

Carrera JM. Obstetric ultrasounds in Africa: Is it necessary to promote their appropriate use? Donald
School Journal of Ultrasound in Obstetrics and Gynecology, 5(3), 289–296. 2011.

15.

Rosman DA N J, Rudakemwa E, et al. Imaging in the Land of 1000 Hills: Rwanda Radiology Country
Report. J Glob Radiol 2015; 1(1):Article 5. 2015. https://doi.org/10.7191/jgr.2015.1004

16.

Holmlund S, Ntaganira J, Edvardsson K, Lan PT, Semasaka Sengoma JP, Ahman A, et al. Improved
maternity care if midwives learn to perform ultrasound: a qualitative study of Rwandan midwives’

PLOS ONE | https://doi.org/10.1371/journal.pone.0208387 December 4, 2018

18 / 20

Health professionals’ experiences and views on obstetric ultrasound in Rwanda

experiences and views of obstetric ultrasound. Glob Health Action. 2017; 10(1):1350451. https://doi.
org/10.1080/16549716.2017.1350451 PMID: 28764602.
17.

National Institute of Statistics of Rwanda (NISR) [Rwanda]. Rwanda Provinces Map. 2012.

18.

National Institute of Statistics of Rwanda (NISR) [Rwanda]. MoHMR, and ICF International. Rwanda
Demographic and Health Survey 2014–15. Rockville, Maryland, USA: NISR, MOH, and ICF International.: 2015.

19.

National Institute of Statistics of Rwanda (NISR) [Rwanda]. Population size and Population characteristics. 2017.

20.

Nathan LM, Shi Q, Plewniak K, Zhang C, Nsabimana D, Sklar M, et al. Decentralizing Maternity Services to Increase Skilled Attendance at Birth and Antenatal Care Utilization in Rural Rwanda: A Prospective Cohort Study. Maternal and Child Health Journal. 2015; 19(9):1949–55. https://doi.org/10.
1007/s10995-015-1702-5 PMID: 25652061

21.

National Institute of Statistics of Rwanda (NISR) [Rwanda]. Statistical Yearbook, 2017 edition. Kigali,
Rwanda: 2017.

22.

Ministry of Health. Health Sector Policy, Rwanda. www.moh.gov.rw: 2015.

23.

Nathan LM, Shi Q, Plewniak K, Zhang C, Nsabimana D, Sklar M, et al. Decentralizing Maternity Services to Increase Skilled Attendance at Birth and Antenatal Care Utilization in Rural Rwanda: A Prospective Cohort Study. Matern Child Health J. 2015; 19(9):1949–55. https://doi.org/10.1007/s10995015-1702-5 PMID: 25652061

24.

Edvardsson K, Small R, Persson M, Lalos A, Mogren I. ’Ultrasound is an invaluable third eye, but it can’t
see everything’: a qualitative study with obstetricians in Australia. BMC Pregnancy Childbirth. 2014;
14:363. https://doi.org/10.1186/1471-2393-14-363 PMID: 25336335

25.

Edvardsson K, Mogren I, Lalos A, Persson M, Small R. A routine tool with far-reaching influence: Australian midwives’ views on the use of ultrasound during pregnancy. BMC Pregnancy Childbirth. 2015;
15:195. https://doi.org/10.1186/s12884-015-0632-y PMID: 26311437

26.

Edvardsson K, Graner S, Thi LP, Ahman A, Small R, Lalos A, et al. ’Women think pregnancy management means obstetric ultrasound’: Vietnamese obstetricians’ views on the use of ultrasound during
pregnancy. Glob Health Action. 2015; 8(1):28405.

27.

Edvardsson K, Lalos A, Ahman A, Small R, Graner Md PhD S, Mogren I. Increasing possibilities—
Increasing dilemmas: A qualitative study of Swedish midwives’ experiences of ultrasound use in pregnancy. Midwifery. 2016; 42:46–53. https://doi.org/10.1016/j.midw.2016.09.009 PMID: 27788415.

28.

Ahman A, Persson M, Edvardsson K, Lalos A, Graner S, Small R, et al. Two sides of the same coin—an
interview study of Swedish obstetricians’ experiences using ultrasound in pregnancy management.
BMC Pregnancy Childbirth. 2015; 15:304. https://doi.org/10.1186/s12884-015-0743-5 PMID:
26589489

29.

Ahman A, Kidanto HL, Ngarina M, Edvardsson K, Small R, Mogren I. ’Essential but not always available
when needed’—an interview study of physicians’ experiences and views regarding use of obstetric
ultrasound in Tanzania. Glob Health Action. 2016; 9:31062. https://doi.org/10.3402/gha.v9.31062
PMID: 27452066

30.

World Health Organization. WHO antenatal care randomized trial: manual for the implementation of the
new model. Geneva: World Health Organization, 2002.

31.

World Health Organization. WHO recommendations on antenatal care for a positive pregnancy experience. 2016 ISBN 978 92 4 154991 2.

32.

Rurangirwa AA, Mogren I, Nyirazinyoye L, Ntaganira J, Krantz G. Determinants of poor utilization of
antenatal care services among recently delivered women in Rwanda; a population based study. BMC
Pregnancy Childbirth. 2017; 17(1):142. https://doi.org/10.1186/s12884-017-1328-2 PMID: 28506265

33.

Mbuyita S, Tillya R, Godfrey R, Kinyonge I, Shaban J, Mbaruku G. Effects of introducing routinely ultrasound scanning during Ante Natal Care (ANC) clinics on number of visits of ANC and facility delivery: a
cohort study. Arch Public Health. 2015; 73(1):36. https://doi.org/10.1186/s13690-015-0086-8 PMID:
26347809

34.

Ross AB, DeStigter KK, Rielly M, Souza S, Morey GE, Nelson M, et al. A Low-Cost Ultrasound Program
Leads to Increased Antenatal Clinic Visits and Attended Deliveries at a Health Care Clinic in Rural
Uganda. PLoS ONE. 2013; 8(10):e78450. https://doi.org/10.1371/journal.pone.0078450 PMID:
24205234

35.

Paxton A, Maine D, Freedman L, Fry D, Lobis S. The evidence for emergency obstetric care. Int J
Gynaecol Obstet. 2005; 88(2):181–93. https://doi.org/10.1016/j.ijgo.2004.11.026 PMID: 15694106.

36.

Yego F, D’Este C, Byles J, Williams JS, Nyongesa P. Risk factors for maternal mortality in a Tertiary
Hospital in Kenya: a case control study. BMC Pregnancy and Childbirth. 2014; 14:38-. https://doi.org/
10.1186/1471-2393-14-38 PMID: 24447854

PLOS ONE | https://doi.org/10.1371/journal.pone.0208387 December 4, 2018

19 / 20

Health professionals’ experiences and views on obstetric ultrasound in Rwanda

37.

Henwood PC, Mackenzie DC, Rempell JS, Douglass E, Dukundane D, Liteplo AS, et al. Intensive pointof-care ultrasound training with long-term follow-up in a cohort of Rwandan physicians. Tropical Medicine & International Health. 2016; 21(12):1531–8. https://doi.org/10.1111/tmi.12780 PMID: 27758005

38.

World Health Organization. Global health Workforce Alliance; A Universal Truth: No Health without a
Workforce. 2014 ISBN 978 92 4 150676 2.

39.

Ndenga E, Uwizeye G, Thomson DR, Uwitonze E, Mubiligi J, Hedt-Gauthier BL, et al. Assessing the
twinning model in the Rwandan Human Resources for Health Program: goal setting, satisfaction and
perceived skill transfer. Global Health. 2016; 12:4. https://doi.org/10.1186/s12992-016-0141-4 PMID:
26822614

40.

Binagwaho A, Kyamanywa P, Farmer PE, Nuthulaganti T, Umubyeyi B, Nyemazi JP, et al. The human
resources for health program in Rwanda—new partnership. N Engl J Med. 2013; 369(21):2054–9.
Epub 2013/11/22. https://doi.org/10.1056/NEJMsr1302176 PMID: 24256385.

41.

Ministry of Health. Human Resources for Health Program, Program overview, Rwanda. http://www.
hrhconsortium.moh.gov.rw/about-hrh/program-overview/2012 [2019-10-02].

42.

Uwizeye G, Mukamana D, Relf M, Rosa W, Kim MJ, Uwimana P, et al. Building Nursing and Midwifery
Capacity Through Rwanda’s Human Resources for Health Program. J Transcult Nurs. 2018; 29
(2):192–201. Epub 2017/08/23. https://doi.org/10.1177/1043659617705436 PMID: 28826335.

43.

International Confederation of Midwives. Global Standards for Midwifery Education (2010), Amended
2013.

44.

United Nations Population Fund (UNFPA) East and Southern Africa Regional Office (ESARO). The
state of the world’s midwifery. Analysis of the sexual, reproductive, maternal, newborn and adolescent
health workforce in east & southern Africa. 2017.

45.

Abuhamad A, Minton KK, Benson CB, Chudleigh T, Crites L, Doubilet PM, et al. Obstetric and Gynecologic Ultrasound Curriculum and Competency Assessment in Residency Training Programs: Consensus Report. J Ultrasound Med. 2018; 37(1):19–50. Epub 2018/01/04. https://doi.org/10.1002/jum.
14519 PMID: 29297610.

46.

Bly S, Van den Hof MC. Obstetric ultrasound biological effects and safety. J Obstet Gynaecol Can.
2005; 27(6):572–80. Epub 2005/08/16. PMID: 16100635.

47.

Abramowicz JS. Benefits and risks of ultrasound in pregnancy. Semin Perinatol. 2013; 37(5):295–300.
https://doi.org/10.1053/j.semperi.2013.06.004 PMID: 24176149.

48.

ISUOG Education Committee recommendations for basic training in obstetric and gynecological ultrasound. Ultrasound Obstet Gynecol. 2014; 43(1):113–6. https://doi.org/10.1002/uog.13208 PMID:
24259320.

49.

World Health Organization. Training in diagnostic ultrasound: essentials, principles and standards:
report of a WHO study group. Geneva: 1998 0512–3054 (Print) 0512–3054 (Linking).

50.

Vinayak S, Sande J, Nisenbaum H, Nolsøe CP. Training Midwives to Perform Basic Obstetric Point-ofCare Ultrasound in Rural Areas Using a Tablet Platform and Mobile Phone Transmission Technology—
A WFUMB COE Project. Ultrasound in Medicine & Biology. 2017; 43(10):2125–32. http://dx.doi.org/10.
1016/j.ultrasmedbio.2017.05.024.

51.

Kimberly HH, Murray A, Mennicke M, Liteplo A, Lew J, Bohan JS, et al. Focused maternal ultrasound by
midwives in rural Zambia. Ultrasound Med Biol. 2010; 36(8):1267–72. https://doi.org/10.1016/j.
ultrasmedbio.2010.05.017 PMID: 20691916.

52.

Harris RD, Marks WM. Compact Ultrasound for Improving Maternal and Perinatal Care in LowResource Settings Review of the Potential Benefits, Implementation Challenges, and Public Health
Issues. Journal of Ultrasound in Medicine. 2009; 28(8):1067–76. PMID: 19643790

PLOS ONE | https://doi.org/10.1371/journal.pone.0208387 December 4, 2018

20 / 20

