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Abstract
Background: Vacuum-assisted birth is not widely practiced in Tanzania but efforts to re-introduce the procedure
suggest some success. Few studies have targeted childbirth attendants to learn how their perceptions of and
training experiences with the procedure affect practice. This study explores a largely rural cohort of health providers
to determine associations between recent practice of the procedure and training, individual and contextual factors.
Methods: A cross-sectional knowledge, attitudes and practice survey of 297 providers was conducted in 2019 at 3
hospitals and 12 health centers that provided comprehensive emergency obstetric care. We used descriptive statistics
and binary logistic regression to model the probability of having performed a vacuum extraction in the last 3 months.
Results: Providers were roughly split between working in maternity units in hospitals and health centers. They
included: medical doctors, assistant medical officers (14%); clinical officers (10%); nurse officers, assistant nurse
officers, registered nurses (32%); and enrolled nurses (44%). Eighty percent reported either pre-service, in-service
vacuum extraction training or both, but only 31% reported conducting a vacuum-assisted birth in the last 3
months. Based on 11 training and enabling factors, a positive association with recent practice was observed; the
single most promising factor was hands-on solo practice during in-service training (66% of providers with this
experience had conducted vacuum extraction in the last 3 months). The logistic regression model showed that
providers exposed to 7–9 training modalities were 7.8 times more likely to have performed vacuum extraction
than those exposed to fewer training opportunities (AOR = 7.78, 95% CI: 4.169–14.524). Providers who worked in
administrative councils other than Kigoma Municipality were 2.7 times more likely to have conducted vacuum
extraction than their colleagues in Kigoma Municipality (AOR = 2.67, 95% CI: 1.023–6.976). Similarly, providers
posted in a health center compared to those in a hospital were twice as likely to have conducted a recent
vacuum extraction (AOR = 2.11, 95% CI: 1.153–3.850), and finally, male providers were twice as likely as their
female colleagues to have performed this procedure recently (AOR = 1.95, 95% CI: 1.072–3.55).
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Conclusions: Training and location of posting were associated with recent practice of vacuum extraction.
Multiple training modalities appear to predict recent practice but hands-on experience during training may be
the most critical component. We recommend a low-dose high frequency strategy to skills building with
simulation and e-learning. A gender integrated approach to training may help ensure female trainees are
exposed to critical training components.
Keywords: Vacuum extraction, Vacuum delivery, Vacuum assisted birth, Emergency obstetric and newborn care,
Maternal health, Training, Assisted vaginal delivery

Background
Tanzania’s maternal mortality ratio and perinatal and
neonatal mortality rates have not improved over the last
10 years, and currently stand at 556 maternal deaths per
100,000 live births, 25 perinatal deaths per 1000 births,
and 39 neonatal deaths per 1000 live births, respectively
[1]. Most of these deaths, as well as serious morbidities,
are preventable with appropriate, timely and high-quality
emergency obstetric and newborn care (EmONC). The
Government of Tanzania is committed to improving
access to these life-saving services [2]. One component
of EmONC services is assisted vaginal delivery with a
vacuum extractor [3], which for some indications may
be safer than cesarean delivery conducted after the start
of labor [4–6]. It is useful in shortening the second stage
of labor, responding to fetal distress and reducing a
woman’s physical effort in the presence of other medical
conditions such as cardiopulmonary compromise. Furthermore, vacuum extraction is a clinical option that can
help reduce the performance of unnecessary cesarean
sections [4, 6, 7].
Despite a pool of evidence and recommendations in
support of vacuum extraction, the practice is underutilized and currently on a declining trend in many lowand middle-income countries including Tanzania [8].
Reasons for low provision range from a lack of functioning equipment to fears about poor neonatal outcomes
[8, 9]. In settings where functional vacuum extractors
are available, the practice is limited by providers’ confidence and competency, which is largely determined by
providers’ work and training experiences. A global survey among public health specialists and obstetricians
that measured knowledge, attitudes and training of
vacuum extraction in 121 developing countries found
that more than half (52%) had no or limited knowledge
of the procedure [10].
Given the global recognition of the underutilization of
vacuum extraction, efforts to reintroduce the procedure
into several South American and sub-Saharan African
countries have been undertaken (Ecuador, Mexico,
Mozambique, Tanzania, Uganda) [9, 11–14]. But little is
known about the longer-term retention and incorporation of the practice into routine obstetric services, or

why some practitioners adopt it and others do not. In
order to better understand the latter, we designed a survey of health providers to assess how different training
modalities, health facility and individual characteristics
affect the practice of vacuum extraction.

Methods
Study setting, aim and design

The cross-sectional survey design was set in the region
of Kigoma, Tanzania. Kigoma has a population of 2.3
million, a population growth of 2.7% and is divided into
eight administrative councils [15]. Most people in the region are subsistence farmers and reside in rural areas. In
2018, Kigoma’s institutional delivery rate was 85% (up
from 49% in 2013) and the population-based cesarean
delivery rate was 4.5% (up from 2.6% in 2013) [16]. In
the last 3 months of 2018, only 36% of the 33 hospitals
and health centers in Kigoma provided assisted vaginal
delivery [17].
For over a decade, Thamini Uhai, a Tanzanian nongovernmental organization, has worked closely with the
government and other partners in Kigoma to develop
and implement a model program to reduce maternal
and neonatal mortality in remote areas. The model was
developed in 2005 by the late Dr. Mbaruku (former
Kigoma Regional Medical Officer), Thamini Uhai/Vital
Strategies (formerly World Lung Foundation) and its
partners. It was a response to the challenge of delivering
good-quality EmONC to women living far from hospitals by decentralizing comprehensive EmONC services
(including obstetric surgery) to the health center level.
The program was implemented in 12 health centers in
Kigoma. In addition, 3 existing hospitals in the region
that already provided comprehensive EmONC were included and given technical support by the program to
backstop health centers. Support was provided to the 15
health facilities in this study between 2006 and 2019; the
most intensive period of implementation was between
2013 and 2019.
To support the delivery of good-quality comprehensive
EmONC in health centers, the program constructed/renovated and equipped operating theatres and maternity
wards and installed/strengthened electricity and water
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supply systems. Mid-level health providers, mainly
assistant medical officers and nurse-midwives, were
trained, mentored and supervised to perform the nine
comprehensive EmONC signal functions [18]. In particular, continuous efforts were made to sustain vacuum
extraction by ensuring they had functional equipment,
providing regular onsite mentoring, conducting periodic
skills-based continuing medical education workshops,
producing an e-Learning platform for independent
learning that included a module on vacuum extraction
[19], providing access to senior obstetricians 24/7 via a
free phone call and conducting routine clinical audits of
caesarean sections and vacuum extractions. This package
of clinical support was designed by the program’s implementers to enable providers working in remote parts of
the region to provide comprehensive EmONC on their
own. With this support, most EmONC signal functions
were sustained, such as obstetric surgery and neonatal
resuscitation. Yet, performance of assisted vaginal delivery
across supported facilities was inconsistent over time [17].
This study aimed to interview maternal health providers
about their training experiences with vacuum extraction,
their knowledge of and attitudes toward vacuum extraction, and how these related to their recent performance of
vacuum delivery.
Characteristics of study facilities

Nearly half of institutional deliveries in the region are
managed at the 15 selected facilities [16]. Moreover, the
majority of skilled birth attendants expected to perform
basic and comprehensive EmONC signal functions are
located in these health facilities. Generally, the types and
distribution of birth attendants posted at these facilities
are similar, with nurses and medical attendants accounting
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for most of them, with a few assistant medical officers
(AMOs) and/or medical doctors (MDs). By default, the
hospitals have more staff compared to health centers.
Participants and survey administration

The survey was conducted through face-to-face interviews with health providers and managers using a
structured questionnaire. The survey questionnaire
(originally in English and translated to Swahili) was developed specifically for this study by the investigators,
who are all knowledgeable and experienced with the
subject (*Additional file 1). To be eligible for inclusion,
the provider or manager had to be present during the
study visit, report having worked at their current
location for at least 3 months and grant informed
consent. Providers and managers were interviewed in
their work-stations during the last 2 weeks of January
2019. Due to the shortage of health providers in the
region, all eligible providers in health centers were invited to participate. In hospitals, only providers working
in maternity units were interviewed. Managers included
facility supervisors, in-charges and members of the
Regional, District or Town Councils’ health management
team (R/CHMT). For R/CHMT managers, the study was
limited to clinicians.
Senior clinicians (AMOs/MDs) and registered nurses/
midwives with experience in maternal and newborn
health services administered the surveys. They received a
3-day training on the study protocol and survey instruments which included a 1-day pilot test of tools in a
nearby health facility. For this study, teams of 3 deployed
to the field; data collection often took 2–3 days in hospitals and 1–2 days in health centers. On average, interviews
lasted between 30 and 45 min per respondent. Interviews

Fig. 1 Percentage of providers exposed to training modalities by sex of provider (*p <0.01)
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were conducted in private confidential settings within the
facility’s premises.
Statistical analysis

Data were entered into Epi info [7] and exported to
SPSS version 24 (SPSS, Chicago, IL, USA) for statistical
analysis.
The primary outcome of interest was recent performance
of vacuum delivery, which was self-reported. “Recent” was
defined by the immediate 3-month period prior to survey.
Three months was chosen to maximize recall accuracy as
well as concern that less frequent clinical experience could
be problematic for skill set maintenance.
The variables selected for exploration related to characteristics of the provider (sex, age, professional cadre, training experience, years since professional qualification, and
knowledge and attitudes regarding vacuum extraction).
Contextual variables included type of facility and administrative district. All were categorical variables.
A composite knowledge score was created for each respondent based on his or her ability to report indications
and contra-indications for vacuum extraction. The
questions were posed as open-ended but responses were
pre-coded and required a respondent to spontaneously
list all the indications and contra-indications for vacuum
extraction that they could. No prompting beyond “can
you think of anything else?” was done. The 10 pre-coded
indications were: prolonged 2nd stage of labor, maternal
exhaustion, need to shorten 2nd stage of labor for medical reasons, severe anemia, heart diseases/failure, severe
pre-eclampsia or eclampsia, suspected or imminent fetal
distress in 2nd stage of labor, fetal bradycardia, fetal
tachycardia, and thick meconium stained liquor. The 8
pre-coded contra-indications were: breech/face/brow
presentation/transverse lie, un-engaged fetal head, gestational age less than 34 weeks, incomplete cervical dilation
in nulliparae, cephalo-pelvic disproportion, incomplete
cervical dilation in multiparae, moulding grade 3 and
HIV-infected pregnant women. Each item mentioned had
the value of 1; otherwise the item was given a value of
zero. Responses ranged from zero to 18 and were dichotomized into the top quartile and the lower three quartiles.
A summary index for training was calculated based on
a respondent’s self-reported exposure to 11 different
training opportunities. No weighting of the scores was
done, thus, each reported opportunity accrued a value of
1; scores could range from 0 to 9 since a person could
report only one pre-service option (with or without
hands-on experience) and only one in-service option
(with or without hands-on experience). This score was
presented as a categorical variable: exposure to 6 or
fewer training modalities and 7 or more.
Since recent performance of vacuum extraction was a
dichotomous categorical variable with a yes/no answer,
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binary logistic regression was the most appropriate
method to control for covariates. All independent
variables were entered as a block in the regression. All
variables were categorical. No multicollinearity among
explanatory variables was found. Significance for all
statistical testing was set at 95% CI (p < 0.05). Pearson
Chi-square tests were used to test for associations
between groups for all descriptive analyses.
Ethical review and consent

The study received ethical clearance from the National
Ethical Review Committee of the National Institute for
Medical Research (NIMR) in Tanzania. Approval was
also obtained from the Regional and District Medical
Officers as well as the respective facility heads. A written
informed consent was obtained for all survey participants.

Results
In total, 297 providers were interviewed. The health
providers interviewed were fairly evenly split between
hospitals (54%) and health centers (46%) where they
worked (Table 1). They were predominantly enrolled
nurses (44%) in both hospitals and health centers. While
female health workers were predominant at hospitals
(64%), males were more prevalent at health centers
(57%). At hospitals, 59% were under the age of 40
compared to 69% of health workers at health centers.
Fifty-two percent of health workers at hospitals had
graduated fewer than 8 years before this study compared
to 62% among health center workers.
Of the 297 providers, 60 (20%) reported no formal
training in vacuum extraction (nor had they ever
conducted a vacuum delivery). However, 42% reported
exposure to both pre-service and in-service training in
vacuum extraction. The proportion with both preservice and in-service training was higher among hospital providers (48%) than health center providers (36%).
One percent reported no formal training but because
they had conducted vacuum extractions, presumably
taught by their colleagues, they were considered to have
had “unspecified training.” A larger proportion of health
workers in health centers (31%) compared to hospitals
workers (20%) scored in the top 25% of the composite
knowledge index based on indications and contraindications for vacuum extraction. Similarly, health
center providers perceived fewer barriers to vacuum
extraction (31%) than did hospital providers (21%). Most
providers (81%) worked in administrative councils other
than Kigoma Municipality, the capital of Kigoma region;
this was particularly true of health center providers
(93%). A larger proportion of providers who recently
performed a vacuum delivery were found at health centers (41%) than at hospitals (21%).
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Table 1 Percent distribution of health providers according to type of facility, by select characteristics
Total
n = 297

Hospitals
n = 159

Health centers
n = 138

100.0

53.5

46.5

AMOs / MDs

13.5

11.3

15.9

COs

10.4

6.3

15.2

NOs / ANOs / RNs

32.0

37.7

25.4

Enrolled nurses

44.1

44.7

43.5

Male

45.9

36.1

57.2

Female

54.1

63.9

42.8

21–29

41.2

34.2

49.3

30–39

22.3

24.7

19.6

40–49

21.6

27.8

14.5

50–60

14.9

13.3

16.7

< 4 years

26.7

18.3

37.1

5–7 years

29.6

33.3

25.0

Total

p-value

Professional category
0.016

Sex
< 0.001

Age
0.009

Years since qualification

8–14 years

20.6

22.9

17.7

15–37 years

23.1

25.5

20.2

Pre-service only

21.2

25.8

15.9

In-service only

14.8

5.1

9.8

Both pre- and in-service

42.4

47.8

36.2

0.006

Pre- and in-service training in VE

Unspecified training

1.3

0.0

2.9

None

20.2

17.0

23.9

Lower 74%

74.7

79.9

68.8

Top 25%

25.3

20.1

31.2

0.001

Knowledge score
0.029

Attitudinal score
Perceived more barriers

74.1

78.6

68.8

Perceived fewer barriers

25.9

21.4

31.2

Kigoma Municipality

19.2

29.6

7.2

Other councils

80.8

70.4

92.9

Yes

30.6

21.4

41.3

No

69.4

78.6

58.7

0.055

Administrative Council
< 0.001

Performed VE last 3 months
< 0.001

AMOs assistant medical officers, MDs medical doctors, COs clinical officers, NOs nurse officers, ANOs assistant nurse officers, RNs registered nurses, VE vacuum extraction

In Table 2 we looked again at the characteristics from
Table 1 to determine if they were associated with the
recent performance of vacuum extraction, i.e. in the last
3 months. The characteristics associated with recent
performance were being male (38% vs 25%), ever having
been trained in vacuum extraction, a high knowledge

score (45% vs 26%), and working in a district other than
Kigoma Municipality (35% vs 12%).
In addition to questions regarding pre- and in-service
training in vacuum extraction, providers reported on
other training modalities (Table 3). Most of the training
elements were significantly associated with recent vacuum
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Table 2 Percentage of providers who conducted vacuum
extraction in the last 3 months, by select characteristics
Performance in last 3 months
n

%

AMOs / MDs

40

40.0

COs

31

19.4

NOs / ANOs / RNs

95

25.3

Enrolled nurses

131

34.4

Male

136

37.5

Female

160

25.0

21–29

122

27.0

30–39

66

34.8

40–49

64

32.8

50–60

44

31.8

< 4 years

74

28.4

5–7 years

82

30.5

p-value

Professional category
0.130

Sex
0.020

Age
0.692

Years since qualification

8–14 years

57

33.3

15–37 years

64

32.8

0.921

Pre- and in-service training in VE
Pre-service only

63

12.7

In-service only

44

61.4

Both pre- and in-service

126

57.1

Unspecified training

4

100.0

No training

60

0

Lower 75%

222

25.7

Top 25%

75

45.3

Perceived more barriers

220

29.1

Perceived fewer barriers

77

35.1

Kigoma Municipality

57

12.3

Other councils

240

35.0

< 0.001

Knowledge score
0.001

Attitudinal score
0.136

Administrative Council
0.001

AMOs assistant medical officers, MDs medical doctors, COs clinical officers, NOs
nurse officers, ANOs assistant nurse officers, RNs registered nurses, VE
vacuum extraction

extraction performance, especially hands-on practice
during in-service training. Two-thirds of the providers
with this hands-on experience reported conducting a recent vacuum extraction. More than half (54%) of providers
who reported they had used the E-learning module on
vacuum extraction developed by Thamini Uhai also
reported performing a recent vacuum delivery. About half
of providers who received coaching or mentoring from

Page 6 of 10

their trainers or supervisors as well as those who reported
pre-service hands-on solo practice performed vacuum extraction recently. Two training aspects were not associated
with recent performance: pre-service training (27%) and
in-service training (31%) without the solo hands-on training experience (Fig. 1).
After conversion of the 11 training opportunities into
a continuous score, providers ranged from reporting
zero opportunities to 9. We categorized the scores into
approximate halves: 0–6 training opportunities vs. 7–9.
Only 12% of the first group reported recent performance
compared to 51% in the latter group.
Because recent performance of a vacuum delivery
varied by sex of the provider (Table 2), we looked at the
exposure to these training modalities by sex. Only 2
items were statistically significant, both of which might
have contributed to lower performance by female
providers. First, a third of men were exposed to solo
practice during in-service training (32%) whereas only
20% of females were exposed to solo practice (p = 0.015).
Second, women disproportionately participated in inservice training that failed to include hands-on experience
(41% of women versus 21% among men, p < 0.001).
A binary logistic regression model (Table 4) was built
to predict recent vacuum extraction performance with
the explanatory variables described above in Table 2 that
reached statistical significance: administrative district of
the workplace, facility type, provider’s sex, training
index, and knowledge score. After controlling for the
explanatory variables, we found that providers who had
been exposed to 7–9 training opportunities compared to
providers with less exposure were almost 8 times more
likely to have conducted vacuum extraction in the last 3
months. In addition, those who worked in health centers
were twice as likely to have conducted a vacuum delivery
compared to their hospital-based counterparts, and male
providers were also twice as likely as female providers to
have recently conducted vacuum delivery. Finally,
administrative district also had an independent effect on
recent practice of vacuum extraction; providers working
in councils other than Kigoma Municipality were 2.7
times as likely to have conducted a vacuum assisted
birth compared to their colleagues in Kigoma Municipality. Greater knowledge appeared to increase the likelihood of recent performance of vacuum extraction but
failed to reach statistical significance.

Discussion
Vacuum-assisted vaginal delivery is not used widely in
sub-Saharan Africa [4, 8, 9, 20]. Despite measured
success to re-introduce the practice in Kigoma [14], we
knew that uptake of vacuum extraction was highly variable and we knew little about how providers perceived
the procedure. This paper explored factors – individual,
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Table 3 Proportion of providers who conducted VE in last 3 months, by exposure to training modality
Conducted VE in last 3 months
n

%

Total

297

30.6

p-value

In-service training with hands-on solo practice

76

65.8

< 0.001

Used E-learning on VE

70

54.3

< 0.001

Received coaching or mentoring in VE

143

51.0

< 0.001

Pre-service training with hands-on solo practice

38

50.0

0.006

Colleagues encouraged you to conduct VE

186

44.1

< 0.001

Saw a video on how to perform VE

165

41.8

< 0.001

Had colleagues who also had VE in-service training

212

41.0

< 0.001

Had training using simulator or mannequin

211

38.9

< 0.001

Had training with observation of VE

213

38.5

< 0.001

In-service training without solo practice

94

30.9

0.957

Pre-service training without solo practice

151

27.2

0.185

0–6

19

12.3

< 0.001

7–9

72

50.7

Categorical scoring summary

VE vacuum extraction

facility-based and contextual – that potentially influenced the practice of vacuum extraction in the last 3
months. Several factors stood out as more influential
than others such as the reporting of having been exposed to different types of training, type of facility in

Table 4 Logistic regression model of performance of vacuum
extraction in the last 3 months
Adjusted
Odds
Ratios

95% Confidence Intervals
Lower

Upper

1.023

6.976

Administrative Council
Kigoma Municipality

ref.

Other councils

2.671

Type of facility
Hospital

ref.

Health center

2.107

1.153

3.850

Male

1.951

1.072

3.550

Female

ref.

4.169

14.524

0.982

3.382

Sex of provider

Training index
0–6 modalities

ref.

7–9 modalities

7.781

Knowledge summary score
Top 25%

1.822

Lower 75%

ref.

ref. reference group; number of cases = 296
Bolded AORs are significant (95% CIs do not contain integer 1)

which the provider worked and where that facility was
located, and health worker’s sex.
Much has been learned about the art and science of
training health workers, for example, we have observed
that centralized training is expensive and disruptive to
the delivery of services because of absent health workers
[21, 22]. Also, didactic trainings are less effective than
practice-based learning [21]. The training modality that
stood out above others in our study was the experience
of hands-on practice of vacuum-assisted birth during inservice training. Two-thirds of those who reported inservice solo experience and half of those with pre-service
solo practice had recently performed a vacuum delivery.
Our findings confirm what researchers found in 3 regions
in Senegal: 64% of the providers interviewed were trained
to perform vacuum but only 30% did so as routine
practice. The authors attributed this low level to the lack
of or limited hands-on practice during training and
limited knowledge of the indications, contra-indications
and complications of vacuum extraction [20]. Another recent study, this one conducted at the Muhimbili National
Hospital in Tanzania, the country’s largest teaching
hospital, described an environment of minimal vacuum
extraction practice, extremely high cesarean delivery rates,
poor knowledge about vacuum extraction, reports of
dysfunctional equipment and the need for updated clinical
guidelines. The authors concluded that the primary
solution would be to support a well-structured training
program with hands-on practice for residents and
midwives that would help counter a climate of providers’
fear of being blamed for unfavorable outcomes [23].
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Practice-based learning in the field of emergency
obstetric care is challenged by the rarity of some
obstetric emergencies. This was addressed in Kigoma
by ensuring that the majority of trainees had access
to the use of simulation or mannequins to supplement
their learning, and these are known to be effective training
aids. A systematic review of operative vaginal delivery
demonstrated that vacuum-assisted simulation training
decreased many perineal lacerations and newborn injuries,
and increased residents’ knowledge regarding vacuumassisted delivery as well as their comfort performing the
procedure immediately following the simulation training,
at 4 and at 12-months post-training [24].
One training modality that has been reported to significantly influence the uptake and performance of other
maternal and neonatal life-saving procedures is the use of
low-dose high-frequency skills-building sessions. Studies
in Ghana, Tanzania and Uganda report improved knowledge and skills of providers and better maternal and perinatal outcomes when providers were trained through
simulation, case-based learning and small content packages spread over short time intervals [25–28].
Multifaceted and frequent interventions tend to be
more successful than one-off interventions [22]. We also
found this to be true; as the exposure to different types
of training increased, so did the likelihood that the
health worker had performed a recent vacuum extraction. Furthermore, the ability of an individual provider
to seek additional training on their own (like with Elearning) was also associated with greater performance
[22]. This aligns with our finding of a strong correlation
between recent vacuum extraction and experience with
the Thamini Uhai E-learning platform.
The program’s primary focus was to support rural
health centers to provide comprehensive EmONC, which
meant that most supported facilities were in districts
other than Kigoma Municipality. The fact that those
facilities had more (consistent) interventions over time
may be one reason that recent performance of vacuum
delivery was higher in those administrative districts
(personal communication with authors SD and MK).
Another possible reason for this finding could relate to
the high turnover and internal rotation of maternity
ward staff to other departments at Maweni Regional
Referral Hospital, located in Kigoma Municipality. Staff
from Maweni who were trained in vacuum extraction
may not have remained long enough in maternity units
for the practice to be sustained. Health centers have
fewer staff with less frequent turnover and that may have
contributed to higher performance at that level facility
(personal communication SD and MK).
We found that recent performance of a vacuumassisted birth was twice as likely among male providers
as female providers but the reasons for this differential
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are not entirely clear. The decentralization of the
EmONC program depended heavily on task-sharing,
which meant extending training of vacuum extraction to
nurse officers, assistant nurse officers, registered and
enrolled nurses. However, the inclusion of these cadres
was new and occurred mostly in the later years of programmatic support. They made up 44% of the health
workers interviewed for this study and almost two-thirds
were women. Assistant medical officers, largely male,
make up the professional category most likely to have
recently conducted a vacuum delivery. However, the
bivariate relationship between professional category and
recent practice showed no association as determined by
the Chi-square test (p = 0.130).
Female disadvantage may be a function of gender
dynamics in society and the health system resulting in
less confidence or assertiveness in the training arena. In
a study on health provider confidence in obstetric clinical skills conducted in Uganda and Zambia, researchers
found that being female was associated with lower confidence compared to males after adjusting for cadre, age,
and other covariates [29]. Another study conducted with
health providers in Nigeria also found that females were
less confident than males in their clinical skills to provide obstetric care [30]. However, neither study looked
at relationships between confidence, training modalities
and actual performance.
Based on this study’s findings, future pre-service and
in-service training in vacuum extraction must combine
various approaches that allow for frequent hands-on
practice and self-directed learning ensuring health
providers are knowledgeable, skilled and confident. This
could include the development of a package that includes low-dose high-frequency training sessions with
simulation and mannequins that are reinforced by accessible self-directed courses (e.g., e-learning modules),
and backed up with regular supportive supervision, mentorship and routine clinical audits. To ensure more
women are empowered and more confident to take
advantage of hands-on solo practice during training,
trainers should develop facilitation strategies that address gender dynamics in their training sessions. Ultimately, gender-integrated training should positively impact
the quality of decentralized life-saving services.
There were several imitations to this study. The
study’s sample was not representative but purposefully
selected to learn more about the knowledge, practice
and attitudes toward vacuum extraction in an environment where vacuum extraction had been widely introduced, with extensive access to resources (equipment,
training, and on-site supportive supervision). Had resources for this study not been an issue, a more complex
study design would have allowed us to compare providers who worked in supported facilities with providers
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working in facilities that received no external support
(and where vacuum extraction is rarely used). This
might have led us to a different set of findings. Another
limitation of our study arose during analysis because we
were unable to pull out facility managers and district
health officials from the overall sample to see if they
differed in knowledge, practice or attitudes.

Conclusions
To ensure health facilities offer the full range of EmONC
services needed to reduce maternal and perinatal mortality, including infrequently provided services such as
vacuum extraction, health providers must receive the
most effective forms of training. As the number of institutional deliveries and facilities’ capacity to provide cesarean
sections increase, it is critical that health providers have a
safe alternative to limit cesarean deliveries (indications
being equal). Clear actions can be taken to increase and
sustain performance of this procedure. By re-designing
training curriculum on vacuum extraction for pre-service
and in-service training to include structured low-dose
high-frequency hands-on practice along with sensitivity to
gender dynamics during training sessions, regular supervision and mentorship, and by providing opportunities for
self-directed learning (e.g., e-learning modules), the practice of vacuum extraction is likely to increase.
Abbreviations
AMO: Assistant medical officer; ANO: Assistant nurse officer; CO: Clinical
officer; EmONC: Emergency obstetric and newborn care; MD: Medical doctor;
NO: Nurse officer; R/CHMT: Regional/District or town council health
management team; RN: Registered nurse; VE: Vacuum extraction

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12884-021-03738-0.
Additional file 1. *Knowledge, Attitudes and Practice (KAP) survey
questionnaire for providers’ interviews on vacuum assisted birth in 15
public facilities in Kigoma, Tanzania.

Acknowledgements
The authors would like to thank: the Ministry of Health, Community
Development, Gender, Elderly and Children, the President’s Office, Regional
administration and Local Government, Kigoma regional and district level
officials, participating health facilities’ in-charges and department heads, and
health providers who participated in this study. We would also like to thank
Oliva Safari for data analysis support, all data collectors/interviewers, data
entry clerks, and Thamini Uhai staff (Violeth Mushi and Banzi Msumi) for their
logistical support throughout the study. The authors are grateful to Bloomberg
Philanthropies and Fondation H&B Agerup for their generous financial support.
Authors’ contributions
All authors participated in the implementation of this study. SD, MK & NM
were involved in the conception and design of the study, data collection,
analysis and writing. PC was involved in the conception and design of the
study. PB helped conceptualize and design the study, analyzed the data and
helped write the manuscript. SL helped design the study, participated in the
data analysis process and helped write the manuscript. All authors read and
approved the final manuscript.

Page 9 of 10

Funding
Bloomberg Philanthropies and Fondation H&B Agerup provided funding for
this study. This study was conducted as part of the Program to Reduce
Maternal Deaths in Tanzania which was implemented from 2006 to 2019.
The funders played no role in the design of the study, the collection, analysis
and interpretation of the data, or writing of the manuscript.
Availability of data and materials
The datasets generated and analyzed for this study are available from the
Thamini Uhai Clinical Director (the corresponding author) on reasonable
request.

Declarations
Ethics approval and consent to participate
The study received ethical approval from the National Ethical Review
Committee of the National Institute for Medical Research in Tanzania
(Ref: NIMR/HQ/R.8a/Vol. IX/2977). Permission and approval to implement
the project was obtained from the Ministry of Health, Community
Development, Gender, Elderly and Children, the Prime Minister’s Office
and Local Government officials, district officials and participating health
facilities’ in-charges and department heads. During interviews, health
providers were asked to provide written consent and their names were
anonymized by data collectors. Confidentiality of participants was maintained at
all times. Questionnaires were number-coded thereby keeping the identity of
the participants anonymous.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Thamini Uhai, Dar es Salaam, Tanzania. 2President’s Office-Regional
Administration and Local Government, Dodoma, Tanzania. 3Vital Strategies,
New York, USA.
Received: 3 August 2020 Accepted: 19 March 2021

References
1. Ministry of Health, Community Development, Gender Elderly and Children.
Tanzania Demographic and Health Survey and Malaria Indicator Survey
2015–2016. Dar es Salaam: MoHCDGEC, MoH, NBS, OCGS, and ICF; 2016.
Available from: http://dhsprogram.com/pubs/pdf/FR321/FR321.pdf
2. Ministry of Health, Community Development, Gender, Elderly and Children.
The National Strategic Plan to Improve Reproductive, Maternal, Newborn,
Child & Adolescent Health in Tanzania (2016–2020) - One Plan II (with
revised baseline and targets). Dar es Salaam: Ministry of Health, Community
Development, Gender, Elderly and Children (MoHCDGEC); 2018.
3. World Health Organization, UNFPA, UNICEF, Mailman School of Public
Health AMD and D (AMDD). Monitoring emergency obstetric care: A
Handbook. Geneva: World Health Organization; 2009. p. 152.
4. Nolens B, Capelle M, van Roosmalen J, Mola G, Byamugisha J, Lule J, et al.
Use of assisted vaginal birth to reduce unnecessary caesarean sections and
improve maternal and perinatal outcomes. Lancet Glob Health. 2019;7(4):
e408–9. Available from. https://doi.org/10.1016/S2214-109X(19)30043-9.
5. Eze P, Lawani LO, Chikezie RU, Ukaegbe CI, Iyoke CA. Perinatal outcomes of
babies delivered by second-stage caesarean section versus vacuum
extraction in a resource-poor setting, Nigeria – a retrospective analysis. BMC
Pregnancy Childbirth 2020;20(1):298. Available from: https://doi.org/10.1186/
s12884-020-02995-9.
6. Hirshberg A, Srinivas SK. Role of operative vaginal deliveries in prevention of
cesarean deliveries. Clin Obstet Gynecol. 2015;58(2) Available from: https://
journals.lww.com/clinicalobgyn/Fulltext/2015/06000/Role_of_Operative_Va
ginal_Deliveries_in_Prevention.8.aspx.
7. Zhang J, Geerts C, Hukkelhoven C, Offerhaus P, Zwart J, de Jonge A.
Caesarean section rates in subgroups of women and perinatal outcomes.
BJOG. 2016;123(5):754–61. Available from. https://doi.org/10.1111/1471-052
8.13520.

Dominico et al. BMC Pregnancy and Childbirth

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

(2021) 21:302

Bailey PE, van Roosmalen J, Mola G, Evans C, de Bernis L, Dao B.
Assisted vaginal delivery in low and middle income countries: an
overview. BJOG 2017 1;124(9):1335–44. Available from: https://doi.org/1
0.1111/1471-0528.14477
Nolens B, Lule J, Namiiro F, van Roosmalen J, Byamugisha J. Audit of a
program to increase the use of vacuum extraction in Mulago hospital,
Uganda. BMC Pregnancy Childbirth 2016;16(1):258. Available from: https://
doi.org/10.1186/s12884-016-1052-3.
Fauveau V. Is vacuum extraction still known, taught and practiced? A
worldwide KAP survey. Int J Gynecol Obstet 2006;94(2):185–189. Available
from: https://doi.org/10.1016/j.ijgo.2006.01.033.
Chang X, Chedraui P, Ross MG, Hidalgo L, Peñafiel J. Vacuum assisted
delivery in Ecuador for prolonged second stage of labor: Maternal–neonatal
outcome. J Matern Neonatal Med 2007;20(5):381–384. [cited 2020 Jun 23].
Available from: https://doi.org/10.1080/14767050701227927
Ayala-Yáñez R, Bayona-Soriano P, Hernández-Jimenez A, Contreras-Rendón
A, Chabat-Manzanera P, Nevarez-Bernal R. Fforceps, actual use, and potential
cesarean section prevention: study in a selected mexican population. J
Pregnancy. 2015;2015:489267 2015/08/24. Available from: https://pubmed.
ncbi.nlm.nih.gov/26380111.
Geelhoed D, de Deus V, Sitoe M, Matsinhe O, Lampião Cardoso MI, Manjate
CV, et al. Improving emergency obstetric care and reversing the
underutilisation of vacuum extraction: A qualitative study of
implementation in Tete Province, Mozambique. BMC Pregnancy Childbirth.
2018;18(1):1–4.
Dominico S, Bailey PE, Mwakatundu N, Kasanga M, van Roosmalen J.
Reintroducing vacuum extraction in primary health care facilities: A case
study from Tanzania. BMC Pregnancy Childbirth. 2018;18(1):1–8.
National Bureau of Statistics, Ministry of Finance TUR of T. 2012 population
and housing census: tanzania basic demographic and socio-economic
profile. Dar es Salaam; 2014. Available from: https://www.nbs.go.tz/index.
php/en/census-surveys/population-and-housing-census/164-2012-phc-tanza
nia-basic-demographic-and-socio-economic-profile
U.S. Centers for Disease Control and Prevention (CDC). Reducing Maternal
Mortality in Tanzania: pregnancy outcomes findings from Kigoma region,
Tanzania - September 2018. Atlanta: U.S. Centers for Disease Control and
Prevention (CDC); 2019.
U.S. Centers for Disease Control and Prevention (CDC). 2019 Health Facility
Assessment of Emergency Obstetric and Neonatal Care Services in Kigoma
Region, Tanzania. Atlanta: U.S. Centers for Disease Control and Prevention
(CDC); 2019.
Nyamtema AS, Mwakatundu N, Dominico S, Mohamed H, Pemba S,
Rumanyika R, et al. Enhancing maternal and perinatal health in under-served
remote areas in sub-saharan africa: a tanzanian model. PLoS One 2016;11(3):
e0151419. Available from: https://doi.org/10.1371/journal.pone.0151419.
Nyamtema A, Mwakatundu N, Dominico S, Kasanga M, Jamadini F, Maokola
K, et al. Introducing eHealth strategies to enhance maternal and perinatal
health care in rural Tanzania. Matern Health Neonatol Perinatol. 2017;3:3
Available from: https://pubmed.ncbi.nlm.nih.gov/28116114.
Mbaye M, Gueye M, Diaboula S, Gueye MDN, Diouf A, Wade M, et al.
Obstetrical vacuum extraction practice in Senegal: knowledge, attitude and
practices. Int J Reprod Contraception Obstet Gynecol. 2017;6(3). https://doi.
org/10.18203/2320-1770.ijrcog20170570 Available from: https://www.ijrcog.
org/index.php/ijrcog/article/view/2400/2085.
Manzi A, Hirschhorn LR, Sherr K, Chirwa C, Baynes C, Awoonor-Williams
JK, et al. Mentorship and coaching to support strengthening healthcare
systems: lessons learned across the five population Health
implementation and training partnership projects in sub-Saharan Africa.
BMC Health Serv Res 2017;17(3):831. Available from: https://doi.org/10.11
86/s12913-017-2656-7.
Bluestone J, Johnson P, Fullerton J, Carr C, Alderman J, BonTempo J.
Effective in-service training design and delivery: evidence from an
integrative literature review. Hum Resour Health 2013;11(1):51. Available
from: https://doi.org/10.1186/1478-4491-11-51.
Makokha-Sandell H, Mgaya A, Belachew J, Litorp H, Hussein K, Essén B. Low
use of vacuum extraction: Health care Professionals’ Perspective in a
University Hospital, Dar es Salaam. Sex Reprod Healthc. 2020;25:100533
Available from: http://www.sciencedirect.com/science/article/pii/S187757562
0301713.
Bligard KH, Lipsey KL, Young OM. Simulation training for operative vaginal
delivery among obstetrics and gynecology residents: a systematic review.

Page 10 of 10

25.

26.

27.

28.

29.

30.

Obstet Gynecol. 2019;134 Available from: https://journals.lww.com/
greenjournal/Fulltext/2019/10001/Simulation_Training_for_Operative_Vagina
l_Delivery.4.aspx.
Gomez PP, Nelson AR, Asiedu A, Addo E, Agbodza D, Allen C, et al.
Accelerating newborn survival in Ghana through a low-dose, highfrequency health worker training approach: a cluster randomized trial. BMC
Pregnancy Childbirth. 2018;18(1):72 Available from: https://pubmed.ncbi.nlm.
nih.gov/29566659.
Msemo G, Massawe A, Mmbando D, Rusibamayila N, Manji K, Kidanto HL,
et al. Newborn mortality and fresh stillbirth rates in tanzania after helping
babies breathe training. Pediatrics. 2013;131(2):e353 LP–e360 Available from:
http://pediatrics.aappublications.org/content/131/2/e353.abstract.
Alwy Al-Beity F, Pembe A, Hirose A, Morris J, Leshabari S, Marrone G, et al.
Effect of the competency-based helping mothers survive bleeding after
birth (HMS BAB) training on maternal morbidity: a cluster-randomised trial
in 20 districts in Tanzania. BMJ Glob Health. 2019;4(2):e001214. Available
from: https://pubmed.ncbi.nlm.nih.gov/30997164. https://doi.org/10.1136/
bmjgh-2018-001214.
Evans CL, Bazant E, Atukunda I, Williams E, Niermeyer S, Hiner C, et al. Peerassisted learning after onsite, low-dose, high-frequency training and practice
on simulators to prevent and treat postpartum hemorrhage and neonatal
asphyxia: A pragmatic trial in 12 districts in Uganda. PLoS One 2018;13(12):
e0207909. Available from: https://doi.org/10.1371/journal.pone.0207909.
Kim MK, Arsenault C, Atuyambe LM, Macwan’gi M, Kruk ME. Determinants of
healthcare providers’ confidence in their clinical skills to deliver quality
obstetric and newborn care in Uganda and Zambia. BMC Health Serv Res
2020;20(1):539. Available from: https://doi.org/10.1186/s12913-020-05410-3
Okonofua F, Ntoimo LFC, Ogu R, Galadanci H, Gana M, Adetoye D, et al.
Assessing the knowledge and skills on emergency obstetric care among
health providers: Implications for health systems strengthening in Nigeria.
PLoS One 2019;14(4):e0213719. Available from: https://doi.org/10.1371/
journal.pone.0213719

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

