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Abstract
Background  Obstetric Point-of-Care Ultrasound (O-POCUS) holds promise for strengthening maternal health 
services particularly in low- and middle-income countries (LMICs). However, its widespread use is hindered by limited 
provider training and resource constraints within health facilities. To address this gap, a large-scale O-POCUS program 
was implemented across eight counties of Kenya whereby 468 healthcare providers (HCPs) from 224 facilities were 
trained in five basic O-POCUS parameters. This study evaluated the reach, effectiveness, adoption, implementation, 
and maintenance of this program using the RE-AIM framework.

Methods  For this cross-sectional evaluation study, trained research staff conducted surveys and in-depth interviews 
with HCPs, stakeholders, and antenatal and postnatal care clients for one week from a random sample of about 
half of these facilities (n = 114) six months after O-POCUS introduction. A total of 249 HCPs, 2,292 antenatal and 
1,704 postnatal clients were surveyed, and 96 HCPs/stakeholders and 114 clients were interviewed. Data were 
analyzed using descriptive and thematic methods and mapped onto the RE-AIM framework to assess program 
implementation.

Results  The findings revealed that O-POCUS was implemented across all 114 health facilities and 1937 (49%) 
of surveyed clients received a scan (reach). Over 80% of trained HCPs reported moderate to high confidence in 
performing key obstetric assessments, and 72% reported that O-POCUS influenced clinical decision-making including 
referrals (effectiveness). 41% of HCPs conducted more than 20 scans per month and 89% of the clients reported 
that they were likely to recommend O-POCUS to others (adoption). Lack of resources such as gel and paper towels 
were identified as major challenges (implementation), while 60% of HCPs reported the need for further training and 
mentorship (maintenance).

Conclusion  These findings demonstrate successful large-scale implementation of O-POCUS in Kenya and provide 
valuable insights for policymakers and healthcare organizations seeking to implement similar O-POCUS programs 
in resource-limited settings. Continuous strengthening through mentorship, supportive supervision and resource 
provision is recommended for sustained success of O-POCUS in improving maternal healthcare.

Evaluation of large-scale implementation 
of obstetric point of care ultrasound in eight 
counties in Kenya using RE-AIM framework
Grace Githemo1*, Anthony Wanyoro1, Jacob Masika1, Lister Onsongo1, Sarah Bett1, Stephen Githuku1, 
Grace Gachuiri1, Dilys Walker2, Nicole Santos2, Rakesh Ghosh2 and George Otieno1

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1186/s12913-025-13212-8
http://crossmark.crossref.org/dialog/?doi=10.1186/s12913-025-13212-8&domain=pdf&date_stamp=2025-8-1


Page 2 of 14Githemo et al. BMC Health Services Research         (2025) 25:1016 

Background
Globally, obstetric ultrasonography is a recommended 
component of antenatal care (ANC) [1], with the World 
Health Organization (WHO) recommending that every 
pregnant woman receive at least one ultrasound before 
24 weeks of gestation [2]. Obstetric point-of-care ultra-
sound (O-POCUS) is a portable technology that can be 
utilized at the bedside to improve maternal health ser-
vices including quality and safety of patient care through 
reducing time to diagnosis, improving diagnostic accu-
racy, and maximizing procedural safety [3–8]. O-POCUS 
has also been shown to be beneficial in a resource-limited 
maternity triage setting in improving midwives’ diagno-
ses and clinical decision-making at the time of delivery 
[7, 9–11].

Whereas routine ultrasound screening during preg-
nancy is a standard practice in most high-income coun-
tries, access to this technology for pregnant women in 
low- and middle-income countries (LMICs) is limited 
[12]. Poor access to this technology can be attributed 
to lack of human resources in LMICs with insufficient 
radiologists or sonographers, thus hampering the provi-
sion even in tertiary facilities. Additionally, distance to 
facilities, cost of ultrasound machines and services, and 
potential cultural factors further complicate access and 
uptake [12].

In Kenya, access to O-POCUS services is limited 
among women seeking ANC especially in rural settings. 
Only controlled, small-scale studies have shown that 
O-POCUS provision by trained midwives could improve 
diagnosis and management of pregnancy [13–15]. Sev-
eral of these studies have been conducted in urban ter-
tiary hospitals or academic settings with limited numbers 
of trained providers.

To better understand key facilitators and barriers to 
scaling O-POCUS including non-tertiary rural settings, 
Kenyatta University, in collaboration with county leader-
ship teams, the Global Ultrasound Institute (GUSI), and 
Butterfly Network, implemented a large-scale O-POCUS 
training and deployment initiative across 224 facilities in 
Kenya in 2022. This study evaluated the reach, effective-
ness, adoption, implementation, and maintenance of this 
program using the RE-AIM framework. Specifically, we 
sought to answer the following research questions:

 	• To what extent did the O-POCUS program reach its 
intended facilities, providers, and clients?

 	• How effective was O-POCUS in enhancing clinical 
decision-making?

 	• What factors influenced the program’s adoption, 
implementation fidelity, and long-term sustainability 
in real-world settings?

Findings from this evaluation is expected to provide 
insights to guide policy formulation and improve future 
O-POCUS integration efforts in LMICs.

Methods
Study design
A multi-methods approach was employed to evaluate 
the implementation of O-POCUS at varying levels of 
the healthcare system and to explore perceptions among 
pregnant women. The study was guided by the RE-AIM 
framework which allowed for identification of the barri-
ers and facilitators to successful implementation of the 
intervention using a structured approached [16].

Data were collected six months post-training of health 
care providers (HCPs) and after deployment of POCUS 
devices. As described elsewhere [13], participants under-
went a 5-day training focused on five selected maternal 
and fetal risks – fetal heart rhythm abnormalities, mal-
presentation, placenta position, poly- and oligohydram-
nios, and multiple gestation. Training was facilitated by 
GUSI while Butterfly Network provided each participant 
with a Butterfly + probe and an iPad.

Study setting
Data were collected from predominantly rural health 
facilities at levels 2, 3 and 4 from eight counties in Kenya: 
Baringo, Kakamega, Kilifi, Kitui, Nakuru, Samburu, 
Taita, Taveta and Turkana. These counties were selected 
because of their high maternal and neonatal mortal-
ity and morbidity rates [17]. About 15 counties account 
for 98.7% of the total maternal deaths in Kenya, attrib-
uted to poor access and low uptake of skilled care [18]. 
Across ten USAID-designated high priority counties, 
58% of the mothers deliver at a health facility compared 
to the national average of 66% [17]. Seven of eight study 
counties in which O-POCUS was introduced (Baringo, 
Nakuru, Kilifi, Kakamega, Kitui, Samburu, Turkana) are 
USAID high priority counties.

Sampling techniques and sample size
A facility-based sampling method was used to select the 
study participants for surveys and interviews. We sam-
pled Level 2–4 facilities from each of the eight counties 
to ensure that county-specific similarities and differences 
could be elicited. Table  1 lists the number of facilities, 
providers and clients selected for participation in the 
study by county. Sample sizes and power calculations 
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were not needed for this evaluation due to its descriptive 
nature.

First, approximately half of all the Level 2–4 health 
facilities in a county enlisted in the project implemen-
tation (114 of 214) were selected using simple random 
sampling. Subsequently, within each sampled facility all 
the HCPs who had been trained on POCUS as described 
above [13] were recruited to participate in surveys; this 
included midwives, nurses and clinical officers (n = 249). 
All ANC and postnatal care (PNC) clients who received 
services at the sampled facilities during the five days of 
data collection were invited to participate in surveys. 
Utilizing this convenience sampling method, ANC/
PNC sample sizes varied depending on facility volume. 
Ten Level 5 facilities were excluded from this evalua-
tion because they were involved in the initial program 
implementation.

For qualitative interviews, 10 HCPs were invited 
from each of the eight Counties (n = 80), as well as two 
key stakeholders per County (n = 16). Key informants 
included facility managers and County management 
team to understand their perceptions on the introduction 
of O-POCUS. For client perspectives, one client who had 
undergone POCUS in each facility was invited to par-
ticipate in an interview (n = 114). These pre-determined 
sample sizes for the qualitative component were adequate 
to reach theoretical saturation, while allowing for poten-
tial differences between county stakeholders and HCPs to 
be elicited.

Data collection
A total of 114 research assistants were recruited for data 
collection in the eight counties. The research assistants 
had knowledge of maternal care and were conversant 
with the culture and local languages for ease of com-
munication and to encourage study participation. They 
underwent a two-day training to orient them to the data 
collection tools, ethical procedures around data collec-
tion, and standardized data collection guidelines. The 
training also introduced them to the Open Data Kit 

(ODK) mobile data collection software. These research 
assistants conducted all survey data collection, while 
the project investigators (GG, AW, JM, LO, SB, SG, GG, 
GO) conducted all in-depth interviews per their assigned 
county.

Data tools included a facility checklist, HCP question-
naires, client questionnaires, in-depth interview guides 
for the HCPs and key informants, and an exit interview 
guide for clients (Appendices 1–7). All study tools were 
developed by the project investigators based on the com-
ponents of the RE-AIM framework in order to capture 
the indicators that were being investigated as defined in 
Table  2. To ensure the feasibility and reliability of data 
collection tools, all survey instruments, interview guides, 
and facility checklists underwent pre-testing and pilot-
ing in four facilities in Kiambu County. These pilot sites 
were not included in the evaluation sample of facilities, 
but had some HCPs who had been trained on O-POCUS 
as part of the program. Refinements were made based on 
pre-testing feedback, improving clarity and usability.

During a 5-day period, research assistants collected 
data from each facility. All HCPs who consented in the 
sampled facilities completed the interviewer-adminis-
tered questionnaires and a subset were invited to partici-
pate in the in-depth interviews. All PNC clients attending 
the postnatal clinic at six weeks post-partum or in the 
postnatal ward and ANC clients attending the clinic dur-
ing the week of data collection were invited to participate 
in the exit surveys. Research assistants ensured clients 
were appropriately consented and administered the ques-
tionnaire only once during the 5-day period. ANC and 
PNC clients who had undergone O-POCUS were ran-
domly selected to participate in an in-depth interview to 
help clarify their views, attitude and perception around 
the use of this new service. Selection of individuals to 
participate in interviews was based on respondent and 
research assistant availability and workload.

Lastly, for county-level data (e.g., number of existing 
facilities) and information related to number of trained 
individuals and devices deployed across all 224 Level 

Table 1  Distribution of study participants by county: health care providers (HCPs), antenatal and postnatal care clients (ANC/PNC)
County Quantitative surveys Qualitative interviews

Health facilities HCPs ANC clients PNC clients County stakeholder* Sub-county stakeholder** HCPs ANC clients
Baringo 10 30 228 112 1 1 10 10
Samburu 6 13 113 75 1 1 10 6
Kakamega 25 58 338 318 1 1 10 25
Nakuru 32 48 626 516 1 1 10 32
Kitui 12 37 276 144 1 1 10 12
Taita Taveta 8 15 175 131 1 1 10 8
Kilifi 7 26 318 262 1 1 10 7
Turkana 14 22 218 146 1 1 10 14
Total 114 249 2292 1704 8 8 80 114
*County Reproductive Health coordinator or medical services director; **Facility-in-charge
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2–4 facilities included in O-POCUS training, these 
data were provided by county administrators and GUSI, 
respectively.

Data management and analysis
Quantitative data were collected using ODK mobile plat-
form. Missing data were addressed through completeness 
checks during data collection. Data were downloaded 
into Microsoft Excel, cleaned and exported to SPSS ver-
sion 26 for analysis. Quantitative data were summarized 
using descriptive statistics. Missing data were excluded 
from denominators and analyses when necessary. Quali-
tative interviews were audiotaped, transcribed and ana-
lyzed through thematic analysis. NVivo™ Version 14 
software was utilized to manage and analyze qualitative 
data, with inter-coder agreement checks performed at 
regular intervals. The thematic analysis involved iterative 
readings of the quotes for a deeper understanding of the 
content, labels were assigned to the identified codes and 
excerpts corresponding to each code were highlighted. 
Categories were then formulated based on the trends 
observed from the data. The categories were further 
scrutinized to merge or eliminate as required and then 
data was organized into themes and subthemes within 

the RE-AIM framework [19]. Qualitative data were pri-
marily used to complement or provide additional nuance 
to quantitative findings, when appropriate.

Ethics statement
The study was approved by the Kenyatta Univer-
sity Ethical Review Committee (KUERC) number 
PKU/2563/1689. The study received permission from 
each of the county research committees. Participants 
provided informed consent to participate in the study. 
Confidentiality and privacy were maintained through-
out data collection and analysis by ensuring anonymous 
collection of data and only allowing access to data by the 
investigating team.

Results
Demographic characteristics of the health care providers 
(HCPs)
A total of 249 HCPs participated in the surveys. The 
greatest number were from Kakamega County and from 
level 4 facilities. Most HCPs were aged between 35 and 
44 years and were female. The majority were nurse mid-
wives with less than 9 years of experience (Table 3).

Table 2  RE-AIM domains and indicators
Dimension Definitions HCP indicators Client indicators Data Sources
REACH Extent to which the 

intervention reaches 
the target population

● Number of HCPs who were trained and received 
POCUS
● Proportion of facilities receiving devices per county
● Number of facilities that received devices that cur-
rently use them

● Proportion of 
ANC and PNC 
clients who received 
POCUS

● HCP survey
● ANC/PNC client 
survey
● Facility checklist

EFFECTIVENESS Impact of the program 
on defined outcomes

● Confidence in ability to identify the five clinical 
parameters
● Proportion of HCPs reporting O-POCUS impact on 
referrals
● HCPs perceptions on O-POCUS impact on clinical 
decision-making

● Proportion of 
ANC who attended 
ANC before 24 
weeks’ gestation
● Clients percep-
tion of O-POCUS 
impact on clinical 
decision making

● HCP survey
● ANC/PNC client 
survey
● HCP interviews
● ANC/PNC client 
interviews

ADOPTION Extent to which the 
intervention was ac-
cepted by HCPs and 
clients as part of routine 
ANC

● Frequency of O-POCUS use by HCPs
● Perceived O-POCUS demand/change in ANC 
attendance

● Reported satisfac-
tion with O-POCUS 
scan
● Willingness to 
recommend O-
POCUS services to 
others

● HCP survey
● HCP interview
● ANC/PNC client 
survey

IMPLEMENTATION Extent to which the 
program was imple-
mented as intended

● HCP perceived fidelity in providing O-POCUS
● Payment for O-POCUS services
● Teamwork among HCPs
● Implementation facilitators
● Implementation barriers

● PNC clients 
surveys
● HCP survey
● HCP interviews
● Facility checklist

MAINTENANCE Mechanisms to ensure 
sustained use of 
intervention, including 
recommendations for 
use in other settings

● Sustainability of O-POCUS training
● Resource requirements

● HCP interviews
● HCP survey
● Key informants 
interviews

O-POCUS (obstetric point-of-care ultrasound); ANC (antenatal care); PNC (postnatal care); HCP (health care provider)
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Demographic characteristics of the antenatal and 
postnatal clients
A total of 2292 antenatal and 1704 postnatal clients 
responded to the client survey. Across both ANC and 
PNC clients the majority attended Level 3 or 4 facilities, 
were less than 34 years old and were informally employed 
(Table 4).

The evaluation results are described following the RE-
AIM framework and the indicators described in Table 2.

Reach
Reach represents the extent to which O-POCUS reached 
facilities, HCPs and clients.

Device deployment and HCPs trained
For these indicators, we used data available from counties 
and all implementation facilities (n = 224). A total of 468 

HCPs were trained and received O-POCUS equipment; 
ultimately, 467 devices were deployed in 224 facilities 
across the 8 counties; 214 of these were Level 2–4. These 
counties have a total of 1622 Level 2–4 facilities, indicat-
ing that 13.8% of all eligible facilities received at least one 
device. Table  5 presents reach indicators for O-POCUS 
deployment by county. Some facilities had more than 
one O-POCUS-trained provider and thus received more 
than one device. Kakamega received the greatest number 
of devices and Nakuru received the greatest coverage, 
which ranged from 5.7 to 30.8%. In all counties, coverage 
was greater in level 3 and 4 facilities than level 2.

Clients who received O-POCUS
Among all antenatal and postnatal women surveyed 
(2292 and 1704, respectively; total 3996), 1937 (48.5%) 
reported having received an O-POCUS scan. Almost 
three-quarters of those who received a scan (72.7%, 
n = 1409) attended level 2 and 3 health facilities. Among 
multigravida PNC clients who had received ultrasound 
(n = 1082), 517 or 47.8% received O-POCUS scan during 
this pregnancy compared to 24.3% (414) who reported 
having also received an ultrasound during the previous 
pregnancy. The majority of scans (74.0%) were performed 
in ANC clinics, followed by the radiology departments 
(18%), and then maternity wards (6.0%).

Table 3  Demographic characteristics of the health care provider 
(HCP) survey respondents (n = 249)
County of employment n %
Kitui 37 14.9
Taita Taveta 15 6.0
Kilifi 26 10.4
Turkana 22 8.8
Samburu 13 5.2
Kakamega 58 23.3
Nakuru 48 19.3
Baringo 30 12.0
Health facility level n %
Level 2 20 8.0
Level 3 100 40.2
Level 4 129 51.8
Age Group n %
25–34 years 98 39.3
35–44 years 101 40.6
45–54 years 45 18.1
55 years and above 5 2.0
Gender n %
Female 159 63.9
Male 90 36.1
Cadre n %
Nurse/Midwife 182 73.1
Clinical officer 40 16.1
Radiographer/Sonographer 13 5.2
Physician 14 5.6
Years of experience as a HCP n %
1–9 107 42.9
10–19 99 39.8
20 and above 43 17.3
Years of practice at current facility n %
1 year and less 52 20.9
2–5 years 125 50.2
6–9 years 35 14.1
Above 9 years 37 14.9

Table 4  Demographic characteristics of the antenatal care 
(ANC) and postnatal care (PNC) survey respondents

Antenatal care 
clients (N = 2292) 

Postnatal 
care clients 
(N = 1704)

N % N %
Health facility level attended
Level 2 262 11.4 256 15.0
Level 3 1069 46.6 733 43.0
Level 4 961 41.9 715 42.0
Age group
15–24 years 1064 46.4 746 43.8
25–34 years 1009 44 760 44.6
35–44 years 217 9.5 193 11.3
45 years and above 2 0.1 5 0.3
Education level
None 243 10.6 145 8.5
Primary 739 32.2 604 35.4
Secondary 885 38.6 684 40.1
Tertiary 425 18.5 271 15.9
Marital status
Single 384 16.8 290 17.0
Married 1884 82.2 1390 81.6
Other* 24 1.0 24 1.4
Occupation
Formal employment 245 10.7 161 9.4
Informal employment 2047 89.3 1543 90.6
*Widowed, did not disclose, separated
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Effectiveness
Effectiveness describes the impact of the program on 
decision making and clinical practice indicators. HCPs 
reported on their level of confidence in identifying the 
five clinical parameters they were trained on and whether 
O-POCUS results informed their clinical management or 
referral decisions.

Level of confidence in performing O-POCUS
HCPs reported various levels of confidence in identifying 
the clinical parameters they were trained on (Table  6). 
Greater than 70% reported feeling extremely confident 
in assessing fetal position, measuring the fetal heart rate 
using M mode, measuring fluid to identify polyhydram-
nios and oligohydramnios. However, HCPs reported 
feeling less confident in identifying fetal heart rate using 
audio, multiple gestation, and low lying or placenta. 
These were also affirmed through the individual in-depth 
interviews conducted among the HCPs (Table 6, illustra-
tive quotes).

Impact of POCUS on clinical management or referral 
decisions
Among all HCPs surveyed, 197 (79.1%) reported that 
POCUS findings impacted their decisions to refer a cli-
ent. When asked on where these clients were referred, 
over 60% reported referral of the clients to a higher-level 
facility for continued care or for radiological exami-
nation. A majority of HCPs reported that O-POCUS 
informed their decision to proceed with normal delivery. 
The use of O-POCUS findings to refer or not to refer was 
affirmed by the qualitative reports from HCPs and from 
the ANC and PNC clients (Table 7).

Proportion of antenatal clients attending clinic before 24 
weeks
Clients were asked to indicate when they attended the 
first ANC visit which was confirmed from the ANC 
register. Almost two-thirds (65%, n = 1494) started their 
first ANC visit after 24 weeks of gestation, 28% (n = 643) 
between 13 and 24 weeks, while 6% (n = 139) had their 
first ANC visits before 12 weeks; hence, the majority had 
O-POCUS after 24 weeks of gestation. Among those who 
received an O-POCUS scan, (n = 287) 22.6% received an 
US before 24 weeks.

Table 5  Reach indicators for deployment of O-POCUS by health facility level in each of the 8 counties
County No. of eligible facili-

ties per county
No. of facilities that 
received O-POCUS 
and use them

REACH: % facili-
ties with O-POCUS

# devices 
deployed per 
county

# of devices deployed by health 
level
Level 2 Level 3 Level 

4&5
Baringo 299 17 5.7 46 0 17 29
Kakamega 281 51 18.1 109 5 47 57
Kilifi 150 14 9.3 40 5 25 10
Kitui 308 23 7.5 63 3 18 42
Nakuru 208 64 30.8 99 12 49 38
Samburu 102 12 11.8 31 0 14 17
Taita Taveta 71 15 21.1 33 1 18 14
Turkana 203 28 13.8 46 8 19 19
Total 1622 224 13.8% 467 34 207 226

Table 6  Level of confidence in performing O-POCUS parameters covered during the initial training (n = 249) with illustrative quotes 
from health care providers
Attributes Not

confident
n (%)

Somewhat 
confident
n (%)

Extremely 
confident
n (%)

HCPs perspectives on their confidence 
in use of O-POCUS

Assessing fetal position (cephalic, breech) 4 (1.6) 36 (14.5) 209 (83.9) “I think now, I am more competent. If I can 
rate myself, eight out of ten. I think in terms 
of competency, I think we’ve really learnt a 
lot and we’ve really improved on our skills.” 
(HCP 01)
“As I continue doing it, I feel it is becoming 
automatic and easy. So, it is like I have 
advanced.” (HCP 07)
“As I do the POCUS every day at least my 
skills have improved. At least I can be able 
to identify a multiple pregnancy.” (HCP 20)
“The skills have improved.” (HCP 82)

Measuring fetal heart rate using M mode 5 (2) 49 (19.7) 195 (78.3)
Measuring fetal heart rate using fetal audio 23 (9.2) 62 (24.9) 164 (65.9)
Measuring amniotic fluid through single deepest pocket to 
identify polyhydramnios

10 (4.0) 62 (24.9) 177(71.1)

Measuring amniotic fluid through single deepest pocket to find 
oligohydramnios

11(4.4) 55 (22.1) 183 (73.5)

Assessing for more than 1 fetus (multiple gestation) 13 (5.2) 78 (31.3) 158(63.5)
Identifying the placenta 15 (6) 63 (25.3) 171 (68.7)
Identifying the low edge of the placenta to find low-lying pla-
centa or previa

18 (7.2) 86 (34.5) 145 (58.2)
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Adoption
Adoption reflects the proportion of HCPs who integrated 
POCUS as a routine element of ANC care, as well as their 
perceptions regarding changes in ANC attendance due to 
increased POCUS demand. Adoption among clients was 
reported as satisfaction with POCUS scan services, as 
well as willingness to recommend it to others.

HCP-reported frequency of O-POCUS scans performed
HCPs reported on their provision of O-POCUS (Table 8). 
Approximately 41.4% of HCPs conducted more than 20 
scans in the three months prior to data collection, while 
only 6% of HCPs did not report any use of O-POCUS. 
Additionally, HCPs felt that ANC attendance increased 

since the introduction of O-POCUS, citing high demand 
for this service.

Client satisfaction with O-POCUS services
Overall, ANC clients who received a scan (n = 1269) 
reported high satisfaction with the care they received. 
Majority of respondents expressed feelings of happiness 
upon seeing their baby on the screen. The clients rated 
O-POCUS services as good, specifically commenting that 
providers explained to them what they were seeing and 
answered their questions. Additionally, 64.3% of the cli-
ents who received O-POCUS expressed that they were 
extremely likely to recommend this POCUS service to 
others (Table 9).

Implementation
Implementation describes the extent to which the pro-
gram was implemented as intended. Provider fidelity in 
providing O-POCUS, implementation facilitators and 
barriers for the POCUS services were evaluated from 
HCP perspectives. Clients were also asked whether they 
paid for the services which was meant to be free.

Provider perceived fidelity in providing O-POCUS
HCPs reported ability to use the new technology 6 
months following the initial training (Table  10). Almost 
all HCPs reported ability to turn the machine on and off 
and adjust the gain and depth. However, they reported 
a moderate level of confidence in uploading images and 
using the modules in the Butterfly application for review. 
The frequency of accessing the Butterfly training mod-
ules varied: 75% reported accessing the learning modules 

Table 7  Provider-reported impact of POCUS on clinical management or referral decisions (n = 197) with illustrative qualitative quotes 
from HCP and clients
Among HCP who used O-POCUS, it 
informed

More than half of the times and always Half and 
less than 
half of the 
times

Never

n % n % n %
Referral to higher level facility for contin-
ued care

136 69 54 27.4 7 3.6

Decision to refer for radiological 
examination

123 62.4 70 35.5 4 2

Decision to proceed with normal 
delivery*

165 84.2 30 15.3 1 0.5

HCP perception of POCUS findings 
impact on clinical decision making

“Several I have sent for low-lying placenta and they (Sonographer) confirm, even for multiple gestations I’ve 
sent twice and they’ve confirmed.” (HCP 16)
“We had a mother who had a breech presentation at maternity and she had come to deliver. So, when we 
took the scan it was breech and she was primigravida. We referred.” (HCP 47)
“To do ultrasound and go. But now, with POCUS, where the client comes here and we use the POCUS, we can 
diagnose and we avoid the unnecessary referrals.” (HCP 47)

Clients’ perception of role of POCUS on 
HCPs decision to refer

“They have told me to go for a big scan because they think I have twins)…”(ANC 32)
“The baby is fine…they told me that the head is okay” (PNC 33)
“They told me it was breech presentation and therefore I have to undergo cesarean section” (PNC 34)

*one response missing and excluded from denominator (n = 196)

Table 8  Provider-reported frequency of O-POCUS scans 
performed (n = 249) with illustrative quotes from health care 
providers
Number of 
O-POCUS 
performed

Fre-
quency
n (%)

Perceptions about O-POCUS demand 
increasing ANC attendance

None 16 (6.4) “Previously, there were few ANC clients but since 
we started performing ultrasound, they come 
from far where those services are not offered 
and they come here. So, we see there has been 
an increase in the ANC services.” (HCP 07)
“The ultrasound services are in high demand 
in my department. Because we see more moth-
ers when they come to our clinic. You find that 
you can see around 40 per day].” (HCP 12)
“In fact, in my area it has really increased. Be-
cause most people are coming in from areas 
where there’s no scanning, to come and do 
the scanning in my facility.” (HCP 23)

1–20 130 
(52.2)

21–40 60 
(24.1)

41 and above 43 
(17.3)

Total 249 
(100)
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(12% reported never using the modules; 12% daily; 39% 
weekly and 30%, monthly while 6% accessed occasionally 
or once in a while.)

Payment for O-POCUS services
POCUS services were meant to be implemented free of 
charge. ANC clients were asked to indicate whether they 
paid for POCUS services; 167 (13.2%) paid for the ser-
vices while most (86.8%) did not, as intended. Among 
those who paid, 71.2% (119) paid between Ksh 1-1000 
(>$8) while 24% (40) paid between KSh1001-3000 
($8-$23).

Facilitators to POCUS implementation
HCPs described various ways to expand POCUS imple-
mentation. First, each of the HCP cadres trained reported 
informally training others to use POCUS. Overall, 198 
(80%) reported to have trained others through on the job 
training (OJT) activities (Fig. 1).

HCPs were also asked to indicate whether they con-
sulted anyone in case they were unsure of the O-POCUS 
findings. Most 93.6% (233) reported to have sought con-
sultation. Most of those who consulted, sought the advice 
of either midwives or a sonographer.

Barriers to O-POCUS implementation
Participants were asked to indicate some of the chal-
lenges they had experienced in the past month as they 
implemented O-POCUS. Almost three-quarters of the 
respondents reported lack of supplies of paper towel, 
while 60% experienced a lack of gel. Additionally, almost 
half of respondents mentioned a lack of time to perform 
ultrasound or faced challenges due to insufficient staff-
ing. These findings were corroborated by the qualitative 
findings (Table 11).

Maintenance
The maintenance dimension of the RE-AIM framework 
refers to mechanisms to ensure sustained use of POCUS, 
as well as recommendations for its use in other settings.

Sustaining O-POCUS training
For the sustainability of O-POCUS services, HCPs were 
asked the areas they felt they needed further strength-
ening (Table  12). More than half (60%) of the HCPs 
reported the need for further support to strengthen their 
skills related to the five assessments, especially placenta 
assessment, multiple gestation, and measuring of amni-
otic fluid. The same was affirmed by the participants dur-
ing the in-depth interviews.

 	• “More training on to identify the gestation, and also 
maybe more practice on locating the placenta.” (HCP 
06).

 	• “Amniotic fluid you know sometimes you get the 
pouch, and you find that it may be a vessel or fetal 
part there and you cannot measure the pouch. So I 
am not able to say this is the deepest of the pouches.” 
(HCP 44).

 	• “Things to do with placenta, presentation. The one 
that we need more time is the fetal heart, amniotic 
fluid are the sensitive area. But locating multiple 
pregnancies we are okay.” (HCP 46).

Additionally, health facility managers expressed the need 
to train more staff and provide more training and men-
torship to ensure maintenance of the POCUS services.

 	• “We need to train as I said everybody that interacts 
with patients, I should be able to walk in into that 
labor ward and do a POCUS.” (KII-05-Medical 
superintendent).

Table 9  Client-reported satisfaction with O-POCUS services 
as reported in antenatal care surveys (n = 1269) with illustrative 
quotes from ANC respondents
Level of satisfaction Frequency % Client perception of the 

services
Not satisfied 16 1.3 “Their service was good. 

I was pleased… Yes they 
explained everything to me 
and I was happy.” (ANC-06)
“I was happy because I 
have never experienced 
that with my other chil-
dren. I’m just happy I have 
never seen a baby in my 
womb; I have never been 
done scanning before.” 
(ANC-25)
“But here … I was given 
the opportunity to view 
and see how the baby 
was. As the doctor was 
looking at the baby I was 
also looking at the baby, 
how the baby is kicking. 
The doctor was consid-
ering me in everything 
that he was doing and if 
I had any questions I was 
asking. The whole process I 
was involved in.” (ANC-21)

Neutral 100 7.9
Satisfied 737 58.1
Very satisfied 416 32.8
Feelings towards the fetus upon seeing 
it on the screen
Happy 1014 79.9
Unhappy 5 0.4
Anxious 84 6.6
Not sure 94 7.4
Others 72 5.7
Ratings of the services by the clients
Poor 13 1.0
Good 493 38.8
Very good 434 34.2
Excellent 329 25.9
Likelihood of recommending POCUS
Extremely unlikely 23 1.8
Somewhat unlikely 4 0.3
Neutral 97 7.6
Somewhat likely 329 25.9
Extremely likely 816 64.3

Table 10  Provider-reported fidelity in O-POCUS functions 
(n = 249)
Provider able to Frequency %
Turn the machine on and off 246 99
Adjust gain and depth 244 98
Use learning modules in the Butterfly app 187 75
Send/upload images to other providers 154 62
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 	• “Yes, I have one is capacity building, another one is 
that our rural facilities also need training, because 
most of our referral comes from the rural. We need 
them to be trained and given POCUS so that they can 
diagnose early, because they refer mother at a late 
stage when things are not manageable.” (KII-02-Nurse 
manger).

 	• “.So, if we keep on mentoring people and they take this 
message positively, trust me we will have a positive 
impact in terms of the utilization of POCUS.”(KII-06 
Nurse manager).

Table 11  Barriers to O-POCUS implementation as reported by 
health care providers (n = 249) with illustrative quotes
Challenge Frequency % HCP reports on the challenges to 

implementation
Lack of 
paper 
towels

176 71 “Sometimes we use the KY [gel] and 
we are told that it’s not that good for, 
it’s not friendly with the probe. So, we 
have been raising that issue of gel. 
If you can supply us with the quality 
gel.” (HCP 68)
“You might see like 20 and also, there 
is shortage of staff. Sometimes 
you are alone and you are running 
different departments- CWC, ANC, & 
FP. So, you will not be able to scan all 
the mothers who are coming. So, you 
just pick those who are indicated, you 
see if they have a problem.” (HCP 06)
“Maybe now we want to like sort our 
images, how to upload images; I still 
have a challenge in uploading the 
images.” (HCP 66- clinical officer)

Lack of gel 150 60
Lack of time 120 48
Insufficient 
staffing

116 47

Lack of 
network 
services

107 43

Table 12  O-POCUS parameters that require further training as 
reported by health care providers (n = 249)
Areas requiring further training Frequency %
Placenta location 149 60
Multiple gestation 125 50
Amniotic fluid abnormalities 110 44
Fetal presentation 55 22
Fetal heart rate 52 21
None 25 10

Fig. 1  Proportion of health care providers (n = 249) who informally trained others on the job (OJT)
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Resource requirements
Both HCPs and managers expressed the need to supply 
the resources like gel, paper towels and lockable cabinets 
for the security of the equipment to ensure the sustain-
ability of the services.

 	• “What I need for example the provision of 
ultrasound gel, provision of serviette or tissue 
paper to cover the mother, and also bundles and 
all these other things, wipes and the rest. And also, 
room or coach where I will be performing ultrasound 
and scanning.” (HCP 86).

 	• “In the facility, most of our lockers are not lockable, 
they are faulty. And you find the ones, which are 
lockable once they realize there is this machine of 
500000 someone will risk and cut that and go with.” 
(KII-03-KT).

 	• “Yes, it can go on if the county can come in and chip 
in for the resources that we miss like gel, like the 
towels, like the maintenance of the machine. If the 
county can come in and incorporate on the use of 
machine, this is something that we can be using in our 
facility even if the partners can leave.” (HCP 14).

Discussion
This study evaluated the large-scale implementation of 
O-POCUS across eight counties in Kenya using the RE-
AIM framework, providing valuable insights into feasi-
bility, scalability, and implementation challenges. Our 
findings contribute to the growing body of evidence sup-
porting the integration of ultrasound into routine mater-
nal care in LMICs. It highlights the potential benefit from 
scalability of O-POCUS to enable ANC clients’ access to 
ultrasound services as per WHO recommendation [2].

Applying an implementation science framework 
increases our understanding of the challenges and 
facilitators of ultrasound implementation in real-world 
settings. Studies have demonstrated that evaluation 
frameworks, such as RE-AIM, provides a structured 
approach to evaluating the integration of complex inter-
ventions into routine and sustainable use while taking 
into account contextual factors, existing infrastructure 
and resources [20, 21]. Indeed, research related to 
O-POCUS programs in Nepal and Malawi have simi-
larly used the RE-AIM framework to examine barriers to 
adoption and long-term sustainability in their respective 
contexts [22, 23]. Like our study, measures were collected 
through both quantitative and qualitative methods and 
examined topics such as provider confidence, training 
and skill maintenance across the five dimensions.

Reach
We demonstrated that the introduction of O-POCUS 
increased access to ultrasound services by covering 13.8% 

of the 1622 eligible Level 2–4 facilities attending to ANC 
mothers in our selected counties. We showed that the 
majority of surveyed HCPs, including doctors, nurses 
and midwives - after a 5-day training - were comfort-
able using O-POCUS as a component of routine care 
to screen for five obstetrical parameters. Though not 
universal, this training was sufficient to achieve a note-
worthy proportion of facilities in each county that made 
O-POCUS available, including lower-level facilities.

While our study demonstrated increased availability of 
ultrasound services, our findings also suggest that further 
investment in training, equipment, and policy support is 
needed to ensure equitable access. With the advancing 
technology for smaller and mobile ultrasound machines 
and their lower cost, County governments may eventu-
ally be able to procure POCUS equipment as part of 
their long-term goals for improving prenatal care quality 
and increase coverage at lower-level facilities. Therefore, 
more cost-effectiveness studies of ultrasound use in rural 
settings are needed to justify enhancing O-POCUS reach 
and availability.

Effectiveness
Our findings on effectiveness align with previous reports 
which highlighted the ability to train non-radiology 
health professionals in LMICS in O-POCUS [11, 13, 22, 
24, 25]. Specifically, our findings compare with studies 
in Uganda, Liberia and Malawi where midwives were 
trained on ultrasound for a short period of time and were 
able to diagnose high-risk maternal conditions [22, 26, 
27]. Like those studies, most of the trained HCPs in this 
project were midwives/nurses who are the anchors of the 
primary health care system in LMICs and the first line of 
obstetric care.

A systematic review similarly found that short, inten-
sive POCUS training programs are effective in equip-
ping HCPs with essential ultrasound skills, particularly 
in obstetrics and emergency medicine [28]. In align-
ment with that review, our study showed that more than 
three-quarters of the trained HCPs reported high levels 
of confidence in being able to identify the five high-risk 
conditions, suggesting that brief but structured train-
ing can enhance competency [29]. However, mentorship 
duration, resource availability, and clinical exposure may 
play a role in variations in confidence levels, as has been 
suggested across previous studies in both high and low-
income settings [30, 31].

Our effectiveness measures confirm use of O-POCUS 
impacted HCP decision-making. In addition to providing 
information to initiate referral, O-POCUS also provided 
a quick method to exclude findings, which would oth-
erwise lead to unnecessary referral. Ordinarily, women 
would need to wait for radiologists/sonographers, but 
using O-POCUS accelerated the process and reduced 
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waiting times. This finding is supported by previous stud-
ies where midwives reported that O-POCUS improved 
their clinical decision-making while providing maternal 
care [22, 32]. We note, however, that accuracy of ante-
natal ultrasound for detecting abnormalities shows wide 
regional variations, with detection rates ranging from 
16.7% in Africa to 47.3% in Europe [33]. Our study did 
not address screening or diagnostic accuracy, emphasiz-
ing the need to evaluate training quality and subsequent 
impact on clinical outcomes.

Adoption
Although HCPs were largely satisfied with this program, 
there were notable challenges that impacted adoption. 
High workload, transfer of trained HCPs and staff short-
age were the main health system barriers for the adop-
tion of O-POCUS. When trained providers were absent 
from work or transferred to another facility, O-POCUS 
services were interrupted. A study from Rwanda similarly 
documented the insufficient number of trained HCPs 
as a barrier to provision of obstetric ultrasound [34]. 
With few HCPs available at primary care level, adding 
O-POCUS services on top of routine service provision 
increased workload to the already overstretched staff. 
Likewise, studies have shown some resistance to being 
asked to perform ultrasound examinations without addi-
tional re-numeration despite being motivated to [23, 35], 
a sentiment that was not conveyed in this study. Provi-
sion of routine O-POCUS services, therefore, requires 
training of sufficient number of HCPs on the O-POCUS 
technology along with assigning additional staff in the 
ANC clinics and labor wards [36].

Our qualitative findings on adoption are largely in 
keeping with the published literature, with concerns 
about inadequate staffing, workload and the migratory 
workforce [35, 37–39]. Interestingly, to our knowledge, 
this is the first study to suggest that the introduction of 
ultrasound may have a specific role in improving team 
dynamics by improving inter-professional communica-
tion and coordination of care. O-POCUS has been shown 
to be a promising task shifting/sharing approach mov-
ing sonographic imaging from radiology departments to 
frontline healthcare providers [40]. In addition, we report 
the role of on job training (OJT) in enhancing O-POCUS 
implementation and sustainability and acceptability 
by the trained HCPs in passing on knowledge to their 
untrained colleagues at the workplace. However, further 
research is required to assess the quality, effectiveness, 
and sustainability of the OJT.

Despite the modest proportion of women reporting an 
antenatal ultrasound in our study (48.5%), ANC and PNC 
clients generally held positive views about O-POCUS ser-
vices, similar to previous studies on clients’ perspectives 
and experiences with ultrasound. In a study in Tanzania, 

no woman declined ultrasound and some reported enjoy-
ment of the ultrasound [43]. A study in a rural Botswana 
district hospital reported that pregnant women showed 
signs of trusting the ultrasound results more than their 
own bodily sensations to confirm a live fetus [42]. Fur-
ther, most of the interviewed ANC and PNC clients 
reported that they would recommend O-POCUS ser-
vices to others, similar to other studies [7, 43]. The dis-
semination of information about the availability of free 
O-POCUS services played a great role; clients who had 
not used ANC services previously were motivated to use 
the service when they heard about the O-POCUS service 
availability indicating the need for community awareness 
and sensitization to increaseuptake.

Implementation
In general, the intervention was implemented as 
designed, and there were few challenges reported with 
POCUS equipment. Supply challenges included shortage 
of gel, paper towels and a few cases of unstable electric-
ity, as reported elsewhere (37). Unique to this study, plans 
for remote image review for quality assurance purposes 
were complicated by HCPs who were unable to update 
the Butterfly IQ + app for image submission. Addition-
ally, inability to update the app sometimes led to inter-
ruption of service provision. Consequently, this caused 
delays in providing feedback and in some cases made 
the O-POCUS services unavailable in some facilities. 
This could partly be mitigated by the use of technology 
such as WhatsApp which is cheap and readily available 
and a popular means of communication between HCPs. 
The use of WhatsApp in healthcare projects is well-
established [44] as a way to learn and share ideas; thus, 
more intentional use of WhatsApp for O-POCUS quality 
assurance and implementation aligns with the concept of 
embedding initiatives into pre-existing systems [45] and 
may warrant further research.

Maintenance
This study’s findings echo existing evidence for success-
ful O-POCUS machine maintenance beyond use for 
research purposes in LMICs [46]. To maintain high qual-
ity and accurate use of POCUS, the machine must be set 
with appropriate lighting, temperature, electrical supply 
and IT requirements [47]. This will require compliance 
with maintenance protocols [48] and consistent avail-
ability of supplies, including gel and supplies for cleaning. 
Furthermore, easy and robust operability, maintenance 
service and storage must be thoroughly considered. To 
ensure local capacity for maintenance, for example, it 
may also be important to train in-house mechanics to 
take primary responsibility over minor repairs [48].

Our study results are in agreement with other previous 
studies which have reported that with adequate training 
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materials, short intensive training courses provide signifi-
cant acquisition of knowledge and practical skills for all 
levels of health workers in LMICs (49,50). There is also 
evidence that follow-up refresher trainings can be effec-
tive for retention of knowledge and skills [49, 50] though 
the sustainability of these courses after donor funding is 
expended is not adequately documented. However, stan-
dardization of training, ongoing education and assess-
ment of practitioners performing POCUS is needed to 
establish its widespread uptake successfully. Measures 
such as establishing a national O-POCUS curriculum to 
carry out crucial short courses for non-radiology/sonog-
raphers in collaboration with different specialties of 
HCPs are imperative. A longitudinal follow up of the per-
formance of the trained HCPs to assess skills retention 
and routine use of O-POCUS to make clinical decisions 
as well as evaluate impact of O-POCUS on clinical out-
comes and the health care system delivery over time were 
beyond the scope of this work but highly recommended.

To ensure sustainability, maintenance, quality assur-
ance, and successful implementation of O-POCUS ser-
vices and programs, focused regulation is needed. The 
basic ultrasound skills gained by non-radiologist provid-
ers are meant to aid them in performing routine clinical 
duties in the absence of radiologists or sonographers but 
require regulation to prevent misuse by going beyond 
the scope of POCUS training. Currently in Kenya, there 
is no formal regulation or supervision for the O-POCUS 
non-radiology/sonography HCP trainees outside their 
formal professional bodies, such as the Nursing Council 
of Kenya, Kenya Medical Practitioners, Pharmacists and 
Dentists Council (KMPDU), and Clinical Officers Coun-
cil of Kenya. These bodies are not mandated to supervise 
cadres trained in O-POCUS. As O-POCUS continues 
to be implemented, adequate regulation by professional 
bodies for non-radiology professionals trained in POCUS 
is important. For example, issues such as overuse and 
misuse of O-POCUS, miscommunication between the 
providers and patients, liability related to incorrect 
patient diagnosis and care management, and concerns 
about fetal sex determination remain important areas of 
investigation and regulation.

Strengths and limitations
To the best of our knowledge, this is the first study to 
evaluate large-scale implementation of O-POCUS in 
in a rural setting with limited health resources in Sub-
Saharan Africa. The study included a large sample rep-
resenting diverse geographic contexts, levels of health 
facilities and HCP cadres. This study is also among the 
few that examined the challenges to the implementation 
of O-POCUS services at primary health facilities in rural 
Kenya, in contrast to earlier studies that have primarily 
focused on tertiary settings.

Despite the strengths, the findings of the study should 
be viewed in light of some limitations. First, the use of 
purposive sampling for in-depth interviews of HCPs 
and key informants and convenience sampling for cli-
ents limits generalizability. Second, self-reporting of self-
confidence and use of O-POCUS may have led to some 
over reporting, as observed in other LMICs [23, 33]. A 
more objective assessment, such as independent and 
concurrent verification of O-POCUS findings, could 
not be adopted given the core focus was on the imple-
mentational aspects rather than on rigorous evaluation 
of screening accuracy and impact on clinical outcomes. 
Third, as a cross-sectional study, the findings share the 
limitations of a descriptive design limiting inferential 
ability. In addition, the study may or may not repre-
sent other clients such as those who sought care at pri-
vate clinics, or those who received care during the other 
weeks of the survey month or in other seasons if ANC 
and PNC trends differ between the week of the survey 
and other weeks. However, the potential for such differ-
ences is small because vast majority of the clientele in 
rural areas is relatively uniform and consistently utilize 
public health facilities. Finally, the study’s focus on select 
counties may also limit generalizability to others because 
facilities within counties were randomly selected but the 
counties were not.

Conclusions
Our study found that large-scale implementation of 
O-POCUS services to the remote areas of eight counties 
in Kenya was largely successful and feasible. This model 
for task sharing among HCPs can be used to increase 
access to diagnostic imaging in resource-limited settings. 
However, our findings emphasize the need of refresher 
trainings and increased mentorship for quality assurance. 
Shortage of qualified human resources, increased work-
load, transfers of trained HCPs, lack of POCUS essential 
supplies must be addressed before transition to scale. 
Nonetheless, the lessons learnt from this study could 
provide a policy framework to guide state- and nation-
wide implementation of POCUS services, as well as influ-
ence similar programs in other LMICs.

Supplementary Information
The online version contains supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​9​1​3​-​0​2​5​-​1​3​2​1​2​-​8.

Supplementary Material 1

Supplementary Material 2

Supplementary Material 3

Supplementary Material 4

Supplementary Material 5

Supplementary Material 6

https://doi.org/10.1186/s12913-025-13212-8
https://doi.org/10.1186/s12913-025-13212-8


Page 13 of 14Githemo et al. BMC Health Services Research         (2025) 25:1016 

Supplementary Material 7

Acknowledgements
We acknowledge the participants who took part in this study and the research 
assistants who were instrumental in collecting evaluation data. We thank 
Global Ultrasound Institute and Butterfly Network without whom this work 
would not be possible.We also acknowledge the Bill and Melinda Gates 
Foundation for funding this project.

Author contributions
The Kenyatta University (KU) team designed the study and the data collection 
tools together with the University of California San Francisco (UCSF) team. GG, 
AW, JM, LO, SB, SG, GG, GO collected qualitative data and participated in data 
analysis. GG, GO AW and JM drafted the manuscript; NS and DW contributed 
study design, data interpretation and writing the manuscript.RG contributed 
to data synthesis and analysis All authors reviewed the manuscript.

Funding
This O-POCUS implementation project was funded by the Bill & Melinda Gates 
Foundation (BMGF). The POCUS equipment was supplied and maintained by 
Butterfly Network. Global Ultrasound Institute (GUSI) provided training and 
quality assurance of the O-POCUS examinations. BMGF, Butterfly Network, and 
GUSI were not involved with the study design, execution, or interpretation of 
this evaluation study.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
The study was approved by the Kenyatta University Ethics and Research 
Committee (PKU/2563/1689) and research permit was granted by the National 
Commission for Science, Technology and Innovation (NACOSTI/P/22/19185). 
Informed consent was obtained from the participants and all responses were 
kept anonymous and confidential. All methods in the study were performed 
following all ethical guidelines and regulations relating to the protection of 
research participants.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1School of Health Sciences, Kenyatta University, Nairobi, Kenya
2Institute for Global Health Sciences, University of California, San 
Francisco, USA

Received: 24 June 2024 / Accepted: 14 July 2025

References
1.	 Doig M, Dizon J, Guerrero K, Parange N. Exploring the availability and impact 

of antenatal point-of‐care ultrasound services in rural and remote communi-
ties: A scoping review. Australas J Ultrasound Med. 2019;22(3):174–85.

2.	 World health Organization. WHO Recommendation on Antenatal care for 
positive pregnancy experience. WHO Recommendation on Antenatal care for 
positive pregnancy experience. 2016.

3.	 Shah SP, Epino H, Bukhman G, Umulisa I, Dushimiyimana JMV, Reichman A 
et al. Impact of the introduction of ultrasound services in a limited resource 
setting: rural Rwanda 2008. BMC Int Health Hum Rights. 2009;9(1).

4.	 Kotlyar S, Moore CL. Assessing the utility of ultrasound in Liberia [Internet]. 
Available from: www.onlinejets.org.

5.	 Kobal SL, Lee SS, Willner R, Aguilar Vargas FE, Luo H, Watanabe C et al. 
Hand-carried cardiac ultrasound enhances healthcare delivery in developing 
countries. Am J Cardiol. 2004;94(4).

6.	 Kolbe N, Killu K, Coba V, Neri L, Garcia KM, McCulloch M et al. Point of care 
ultrasound (POCUS) telemedicine project in rural Nicaragua and its impact 
on patient management. J Ultrasound. 2015;18(2).

7.	 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).

8.	 Blaivas M, Kuhn W, Reynolds B, Brannam L. Change in differential diagnosis 
and patient management with the use of portable ultrasound in a remote 
setting. Wilderness Environ Med. 2005;16(1).

9.	 Mulowooza J, Santos N, Isabirye N, Inhensiko I, Sloan NL, Shah S et al. 
Midwife-performed checklist and ultrasound to identify obstetric conditions 
at labour triage in uganda: A quasi-experimental study. Midwifery. 2021;96.

10.	 Mubuuke AG, Erem G, Nassanga R, Kiguli-Malwadde E. Point of care obstetric 
ultrasound training for midwives and nurses: implementation and experi-
ences of trainees at a rural based hospital in Sub-saharan africa: a qualitative 
study. BMC Res Notes. 2023;16(1).

11.	 Wanjiku GW, Bell G, Kapadia S, Wachira BW. Impact of point-of-care ultra-
sound use on patient referral decisions in rural kenya: a mixed methods 
study. BMC Health Serv Res. 2024;24(1).

12.	 Ginsburg AS, Liddy Z, Khazaneh PT, May S, Pervaiz F. A survey of barriers and 
facilitators to ultrasound use in low- and middle-income countries. Sci Rep. 
2023;13(1).

13.	 Wachira J, Matheka DM, Masheti SA, Githemo GK, Shah S, Haldeman MS et 
al. A training program for obstetrics point-of-care ultrasound to 514 rural 
healthcare providers in Kenya. BMC Med Educ. 2023;23(1).

14.	 Lukhele S, Mulaudzi FM, Sepeng N, Netshisaulu K, Ngunyulu RN, Musie M et 
al. The training of midwives to perform obstetric ultrasound scan in Africa for 
task shifting and extension of scope of practice: a scoping review. BMC Med 
Educ. 2023;23(1).

15.	 Matiang’i M, Joosse K, Ngunju P, Kiilu C, Harkx R, Hangelbroek M, et al. Barri-
ers and enablers that influence utilization of ultrasound screening services 
among antenatal women in Kajiado and Kisii counties Kenya. Open J Clin 
Diagn. 2021;11:01.

16.	 Holtrop JS, Estabrooks PA, Gaglio B, Harden SM, Kessler RS, King DK et al. 
Understanding and applying the RE-AIM framework: clarifications and 
resources. J Clin Transl Sci. 2021;5(1).

17.	 Mbugua S, MacQuarrie KLD. Maternal health indicators in high-priority coun-
ties of kenya: levels and inequities. DHS Furth Anal Rep No 110. 2018.

18.	 Summary Report of the Assessment of UNFPA’s Advocacy Campaign to End 
Preventable Maternal and New‐Born Mortality in Kenya [Internet]. Available 
from:http:​​​//countryoffi​ce.un​​fpa​.o​rg/​ken​y​a/​20​​14/​08​/13/10333/counties 

19.	 Onsongo LN, Bett SC, Gachuiri GW, Njuguna SN, Masika JW, Otieno GO, et al. 
Perspectives of health care providers on obstetric point-of-care ultrasound in 
lower-level health facilities in Kenya. Midwifery. 2025Jan;1:140.

20.	 Kwan BM, McGinnes HL, Ory MG, Estabrooks PA, Waxmonsky JA, Glasgow RE. 
RE-AIM in the Real World: Use of the RE-AIM Framework for Program Planning 
and Evaluation in Clinical and Community Settings. Front Public Health. 2019 
Nov;22:7.

21.	 Glasgow RE, Battaglia C, McCreight M, Ayele R, Maw AM, Fort MP, et al. Use of 
the reach, effectiveness, adoption, implementation, and maintenance (RE‐
AIM) framework to guide iterative adaptations: Applications, lessons learned, 
and future directions. Frontiers in Health Services. 2022;2.

22.	 Viner AC, Malata MP, Mtende M, Membe‐Gadama G, Masamba M, Makwakwa 
E, et al. Implementation of a novel ultrasound training programme for mid-
wives in Malawi: A mixed methods evaluation using the RE‐AIM framework. 
Frontiers in Health Services. 2022;2.

23.	 Kim ET, Singh K, Moran A, Armbruster D, Kozuki N. Obstetric ultrasound use 
in low and middle income countries: A narrative review. Vol. 15, Reproductive 
Health. BioMed Central Ltd.; 2018.

24.	 Bell G, Wachira B, Denning G. Programme pilote de formation en échogra-
phie sur le lieu de soins au Kenya. African Journal of Emergency Medicine. 
2016;6(3).

25.	 Tefera M, Mezmur H, Jemal M, Assefa N. Midwives’ experiences of perform-
ing obstetric ultrasounds in antenatal care in eastern Ethiopia: Qualitative 
exploratory study. Women’s Health. 2024;20

26.	 Brunette W, Hicks M, Hope A, Ruddy G, Anderson RE, Kolko B. Reducing 
maternal mortality: An ultrasound system for village midwives. In: Proceed-
ings - 2011 IEEE Global Humanitarian Technology Conference, GHTC 2011. 
2011

http://countryoffice.unfpa.org/kenya/2014/08/13/10333/counties


Page 14 of 14Githemo et al. BMC Health Services Research         (2025) 25:1016 

27.	 Bentley S, Hexom B, Nelson BP. Evaluation of an obstetric ultrasound curricu-
lum for midwives in Liberia. Journal of Ultrasound in Medicine. 2015;34(9).

28.	 Eppel F, Hunstig F, Bélard S, Kreuels B. Concepts for point-of-care ultrasound 
training in low resource settings: a scoping review. Vol. 17, Ultrasound Jour-
nal. Springer-Verlag Italia s.r.l.; 2025.

29.	 Kemei J, Etowa J. Continuing Professional Development: Perspectives of 
Kenyan Nurses and Midwives. Open J Nurs. 2021;11(03).

30.	 Karanja, Linah Oule J, Karanja A, Sinivuo S, Assigned by - R. Factors Promoting 
Effective Nurse Student Mentorship in Clinical Learning Environments in Fin-
land. A Literature Review Bachelor of Health and Welfare Degree Programme 
in Nursing ii Description Permission for web publication: x Title of publication 
Factors Promoting Effective Student Nurse Mentorship in Clinical Learning 
Environments in Finland. A literature review Degree programme Degree 
Programme in Nursing. 2021.

31.	 Toh RQE, Koh KK, Lua JK, Wong RSM, Quah ELY, Panda A, et al. The role of 
mentoring, supervision, coaching, teaching and instruction on professional 
identity formation: a systematic scoping review. BMC Med Educ. 2022 Dec 
1;22(1).

32.	 Soni NJ, Lucas BP. Diagnostic point-of-care ultrasound for hospitalists. Vol. 10, 
Journal of Hospital Medicine. 2015.

33.	 Goley SM, Sakula-Barry S, Adofo-Ansong N, Isaaya Ntawunga L, Tekyiwa 
Botchway M, Kelly AH, et al. Investigating the use of ultrasonography for the 
antenatal diagnosis of structural congenital anomalies in low-income and 
middle-income countries: A systematic review. BMJ Paediatr Open. 2020 Aug 
20;4(1).

34.	 Holmlund S, Ntaganira J, Edvardsson K, Lan PT, Sengoma JPS, Åhman A, 
et al. Improved maternity care if midwives learn to perform ultrasound: A 
qualitative study of Rwandan midwives’ experiences and views of obstetric 
ultrasound. Glob Health Action. 2017;10(1).

35.	 Shah S, Bellows BA, Adedipe AA, Totten JE, Backlund BH, Sajed D. Perceived 
barriers in the use of ultrasound in developing countries. Crit Ultrasound J. 
2015;7(1).

36.	 Holmlund S, Lan PT, Edvardsson K, Phuc HD, Ntaganira J, Small R, et al. Health 
professionals’ experiences and views on obstetric ultrasound in Vietnam: A 
regional, cross-sectional study. BMJ Open. 2019;9(9).

37.	 Kim ET, Singh K, Moran A, Armbruster D, Kozuki N. Obstetric ultrasound use 
in low and middle income countries: A narrative review. Vol. 15, Reproductive 
Health. BioMed Central Ltd.; 2018.

38.	 Maw AM, Galvin B, Henri R, Yao M, Exame B, Fleshner M, et al. Stakeholder 
perceptions of point-of-care ultrasound implementation in resource-limited 
settings. Diagnostics. 2019;9(4).

39.	 Veselid L, Nimako K, Jones RM, Munson M, Little S, Njogu H, et al. Implement-
ing the intergrowth-21st gestational dating and fetal and newborn growth 

standards in peri-urban Nairobi, Kenya: Provider experiences, uptake and 
clinical decision-making. PLoS One. 2019;14(3).

40.	 Arnold MJ, Jonas CE, Carter RE. Point-of-care ultrasonography. Am Fam Physi-
cian. 2020;101(5).

41.	 Rijken MJ, Gilder ME, Thwin MM, Kajeechewa HML, Wiladphaingern J, Lwin 
KM, et al. Refugee and migrant women’s views of antenatal ultrasound on the 
thai burmese border: A mixed methods study. PLoS One. 2012;7(4).

42.	 Tautz S, Jahn A, Molokomme I, Görgen R. Between fear and relief: How rural 
pregnant women experience foetal ultrasound in a Botswana district hospi-
tal. Soc Sci Med. 2000;50(5).

43.	 Firth ER, Mlay P, Walker R, Sill PR. Pregnant women’s beliefs, expectations 
and experiences of antenatal ultrasound in Northern Tanzania. Afr J Reprod 
Health. 2011;15(2).

44	 Eke OF, Henwood PC, Wanjiku GW, Fasina A, Kharasch SJ, Shokoohi H. Global 
point-of-care ultrasound education and training in the age of COVID-19. Int J 
Emerg Med. 2021;14(1).

45	 Imamura M, Kanguru L, Penfold S, Stokes T, Camosso-Stefinovic J, Shaw B, 
et al. A systematic review of implementation strategies to deliver guidelines 
on obstetric care practice in low-and middle-income countries. Vol. 136, 
International Journal of Gynecology and Obstetrics. 2016.

46	 Haldeman MS, Kunka E, Makasa M, Birkland B. Resident perception on the 
impact of point-of-care ultrasound in clinical care at a family medicine train-
ing program in Zambia. Ultrasound Journal. 2022;14(1).

47	 Chinene B, Mutandiro L, Mushosho E, Khumbula L, Zanga A, Banhwa J, et al. 
Role of Radiographers in the Provision of Diagnostic Medical Ultrasound Ser-
vices in Zimbabwe: Past, Present and Way Forward. Med J Zambia. 2024;50(3).

48	 Henwood PC, Mackenzie DC, Rempell JS, Murray AF, Leo MM, Dean AJ, et 
al. A practical guide to self-sustaining point-of-care ultrasound education 
programs in resource-limited settings. Ann Emerg Med. 2014;64(3).

49	 Sippel S, Muruganandan K, Levine A, Shah S. Review article: Use of ultrasound 
in the developing world. Int J Emerg Med. 2011;4(1).

50	 Becker DM, Tafoya CA, Becker SL, Kruger GH, Tafoya MJ, Becker TK. The use 
of portable ultrasound devices in low- and middle-income countries: A sys-
tematic review of the literature. Vol. 21, Tropical Medicine and International 
Health. 2016.

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


	﻿Evaluation of large-scale implementation of obstetric point of care ultrasound in eight counties in Kenya using RE-AIM framework
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study design
	﻿Study setting
	﻿Sampling techniques and sample size
	﻿Data collection
	﻿Data management and analysis
	﻿Ethics statement

	﻿Results
	﻿Demographic characteristics of the health care providers (HCPs)
	﻿Demographic characteristics of the antenatal and postnatal clients

	﻿Reach
	﻿Device deployment and HCPs trained
	﻿Clients who received O-POCUS

	﻿Effectiveness
	﻿Level of confidence in performing O-POCUS
	﻿Impact of POCUS on clinical management or referral decisions
	﻿Proportion of antenatal clients attending clinic before 24 weeks

	﻿Adoption
	﻿HCP-reported frequency of O-POCUS scans performed
	﻿Client satisfaction with O-POCUS services

	﻿Implementation
	﻿Provider perceived fidelity in providing O-POCUS
	﻿Payment for O-POCUS services
	﻿Facilitators to POCUS implementation
	﻿Barriers to O-POCUS implementation

	﻿Maintenance
	﻿Sustaining O-POCUS training
	﻿Resource requirements

	﻿Discussion


