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Abstract
Background Point-of-care ultrasound (POCUS) is recognized as a key imaging modality to bridge the diagnostic 
imaging gap in Low- and Middle-Income Countries (LMICs). POCUS use has been shown to impact patient 
management decisions including referral for specialist care. This study explored the impact of POCUS use on referral 
decisions among trained healthcare providers working in primary rural and peri-urban health facilities in Kenya.

Methods A concurrent mixed methods approach was used, including a locally developed survey (N = 38) and semi-
structured interviews of POCUS trained healthcare providers (N = 12). Data from the survey was descriptively analyzed 
and interviews were evaluated through the framework matrix method.

Results Survey results of in-facility access to Xray, Ultrasonography, CT scan and MRI were 49%, 33%, 3% and 0% 
respectively. Only 54% of the facilities where trainees worked had the capacity to perform cesarean sections, and 38% 
could perform general surgery. Through a combined inductive and deductive evaluation of interview data, we found 
that the emerging themes could be organized through the framework of the six domains of healthcare quality as 
described by the Institute of Medicine: Providers reported that POCUS use allowed them to make referral decisions 
which were timely, safe, effective, efficient, equitable and patient-centered. Challenges included machine breakdown, 
poor image quality, practice isolation, lack of institutional support and insufficient feedback on the condition of 
patients after referral.

Conclusion This study highlighted that in the setting of limited imaging and surgical capacity, POCUS use by trained 
providers in Kenyan primary health facilities has the potential to improve the patient referral process and to promote 
key dimensions of healthcare quality. Therefore, there is a need to expand POCUS training programs and to develop 
context specific POCUS referral algorithms.
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Background
The use of point-of-care ultrasonography (POCUS) 
has emerged as a key imaging modality in developing 
countries [1]. This involves the use of ultrasound at the 
patient’s bedside by a clinician to answer a specific clini-
cal question [2]. The utility of ultrasound has increased 
as the technology evolves to be more compact, portable, 
cost-effective and versatile. The World Health Organiza-
tion (WHO) estimates that approximately two thirds of 
the world lacks access to diagnostic imaging and has rec-
ommended the use of POCUS to bridge this imaging dis-
parity [3, 4].

Studies from LMICs illustrate that the use of POCUS 
leads to significant changes in the diagnosis and manage-
ment of patients [5–11]. POCUS findings may trigger 
referral if higher-level or specialized care is indicated. 
Conversely, findings may suggest that care at the local, 
lower-level hospital is adequate. A POCUS training pro-
gram was developed for healthcare providers working in 
primary care facilities in rural Kenya [12, 13]. The pro-
gram was coupled with ultrasound donation and scan-
ning was provided free or at a minimal fee to the patient. 
The program started in 2015, and a total of 150 health-
care providers of different cadres (physicians, mid-level 
providers, nurses and radiographers) at 60 facilities were 
trained.

Most of the facilities in which the Kenyan POCUS 
trainees work are small, isolated and under-resourced. 
The majority of their patients live in extreme poverty, 
defined by the world bank as earning $1.90 or less per day 
[14]. POCUS use can help determine if patients’ already 
limited resources need to be mobilized to obtain care at 
a referral center. Similarly, identifying patients that can 
be safely managed at the primary facility or safely dis-
charged has significant cost saving implications.

A mixed methods cross-sectional study on the state of 
the healthcare referral system in Kenya revealed several 
challenges and gaps that could be addressed with POCUS 
[15]. Many patients are referred out of rural primary 
facilities based on perceived disease severity, but without 
definite diagnoses. This problem arises from lack of diag-
nostic equipment and leads to numerous inappropriate 
referrals. Further, lack of money for transportation and 
for diagnostic studies leads many patients to not com-
plete their referrals.

The goal of this study was to use a mixed methods 
approach to understand the context in which the POCUS 
trainees work and how the use of POCUS impacts their 
decisions on whether to refer a patient out or manage 
them at their facility.

Methods
A mixed methods approach was used to evaluate the 
resources available in the healthcare facilities where 
POCUS trainees work and the utility of POCUS use on 
their patient referral decisions.

Study population
The target population was made up of Medical Offi-
cers (graduates from medical school), Clinical Officers 
(healthcare providers with a three-year diploma in clini-
cal practice), Nurses and Radiographers that had been 
previously trained on POCUS use. Trained provid-
ers working in Level 6 national referral hospitals were 
excluded since they work at the highest level of the refer-
ral process.

Sampling
The survey was deployed electronically to the email 
listserv of all the 150 healthcare providers who had 
received prior POCUS training through our program. 
The sampling approach for the qualitative arm of the 
study was based on four axes that we believe have a sig-
nificant impact on patient management. These are pro-
fessional background (Medical Officer, Clinical Officer, 
Nurse or Radiographer), level of facility in which they 
work, years of clinical practice, extent of POCUS train-
ing and POCUS clinical use. We selected a broad range 
of respondents who closely represented the healthcare 
workforce that is found in Kenyan rural and semi-urban 
healthcare facilities. Interviewees were recruited during 
a POCUS refresher /re-training course in the capital city 
Nairobi in Sept 2017, and during in-facility evaluations in 
January 2018. Interviewees were eligible even if they had 
participated in the online survey.

Data collection
A structured survey that was developed locally follow-
ing a literature review and local POCUS expert feedback 
(Appendix A) was used to collect quantitative data. The 
survey sought to collect demographic information, cadre 
of clinical training, years of clinical practice, healthcare 
facility level and resources available. It also included the 
number of POCUS training and refresher/re-training ses-
sions, frequency of POCUS use and the POCUS modali-
ties used. Finally, it evaluated how frequently the use of a 
specific modality triggers patient referral, and details of 
the referral process itself. The questionnaire and an asso-
ciated consent form were deployed online using Qual-
trics software and emailed to all eligible participants.

Interviews were conducted by three physicians who 
had received masters level training in emergency medi-
cine including specific training on research methods and 
point-of-care ultrasound (GW, GB, BW). The interview-
ers used a semi-structured interview guide (Appendix 
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B) that covered similar points as the questionnaire but 
included probing questions asking for specific cases in 
which the use of POCUS changed the referral plan. The 
interview also examined how POCUS changed day-to-
day patient care, including challenges or opportunities it 
created. Providers who agreed to be interviewed signed 
consent forms or recorded their consent, and the inter-
views were recorded. Interviews were conducted in 
English which is one of the national languages in Kenya 
and is spoken by all healthcare providers who have gone 
through the formal training system.

Data analysis
Data from the survey was analyzed using Excel. Descrip-
tive statistics were used to assess responder demograph-
ics, professional cadre, years of clinical practice, level of 
healthcare facility, duration and frequency of POCUS 
practice. We also analyzed the resources available at the 
POCUS trainees’ facilities and which POCUS modalities 
were performed more frequently.

For qualitative analysis, the framework matrix method 
as described by Gale et al. (2013) was used for content 
and thematic analysis [16]. Recorded interviews were 
transcribed by a professional transcriber. Members of the 
study team read all the transcripts to familiarize them-
selves with the interviews. Two members of the research 
team (GW and SK) re-read the transcripts, performed 
open coding and independently generated an initial set 
of codes. The study team then met to discuss the codes, 
grouped them into categories and created an initial code-
book. Each study member (GW, GB and SK) then re-read 
3–4 transcripts using the initial codebook to check for 

any necessary additions and edits. The team met again to 
generate the final codebook.

A framework matrix was created on excel using the 
final codebook. A tab was created for each category, and 
the codes were placed on the columns. A row was added 
for every participant interview. The study team re-read 
the transcripts and performed indexing using the final-
ized codebook. Relevant and illustrative quotes from the 
interviews were summarized on the cells corresponding 
to the relevant code (Appendix C).

Ethical considerations
This study was granted exemption by the Yale Univer-
sity Institutional Review Board under the category of: 
Research involving interviews, surveys, educational tests 
or observation of public behavior in which participant 
interaction includes providing a response to a non-physi-
cally invasive stimulus or behavioral activities commonly 
performed outside the research context (IRB protocol # 
1,603,017,416). All procedures were performed in accor-
dance with relevant guidelines.

Results
Characteristics of survey respondents
A total of 38 respondents completed the online survey. 
Most were male (n = 28, 73.7%), identified as clinical offi-
cers (n = 19, 50%), and worked at sub-county hospitals 
(n = 16, 42.1%). Most of the respondents reported 0–4 
years of clinical practice (n = 18, 47.4%), and had 1 prior 
POCUS training session (n = 18, 47.4%). The characteris-
tics of the respondents are shown on Table 1.

Resource availability
The survey sought to investigate the resources avail-
able to the POCUS trainees as this was a key determi-
nant of their decision to manage a patient in their own 
facilities or to refer them out for any concerning POCUS 
findings. We looked at availability of different imaging 
modalities, surgical capacity and availability of inpatient 
wards. Table 2. Shows the percentage of respondents who 
reported the presence of the specified resource either at 
their facility or at a specified distance away.

Among trainees who reported performing > 10 bed-
side ultrasounds over the past month, 2nd /3rd trimester 
ultrasound was the most frequently performed (41.9%) 
followed by first trimester ultrasound (36.7%) E-FAST 
(7.1%) and echocardiography (0%). Obstetric POCUS 
was the modality that frequently triggered patient refer-
ral, with low lying placenta / placenta previa identified as 
the diagnosis that led to the most frequent referrals.

Characteristics of the interviewees
Interviews were conducted with 12 healthcare provid-
ers. Most were male (n = 7, 58.3%), identified as clinical 

Table 1 Characteristics of survey respondents (N = 38)
Characteristics N (%)
Gender Male 28 (73.7)

Female 10 (26.3)
Clinical Designation Clinical Officer 19 (50.0)

Nurse 12 (31.6)
Medical Officer 5 (13.1)
Radiographer 2(5.3)

Years of Clinical Practice 0–4 18 (47.4)
5–9 12 (31.6)
≥ 10 8 (21.0)

Number of POCUS Training 
Sessions

One 18 (47.4)

Two 11 (28.9)
Three or More 9 (23.7)

Facility Type County 2 (5.3)
Sub-County 16 (42.1)
Health Center 10 (26.3)
Clinic 2 (5.3)
Dispensary 3 (7.9)
Other (non-designated) 5 (13.1)
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officers (n = 7, 58.3%), and worked in sub-county hos-
pitals (n = 7, 58.3%). Most of the interviewees reported 
0–4 years of clinical practice (n = 6, 50%) and had 1 prior 
POCUS training session (n = 6, 50%). The characteristics 
of the Interviewees are shown on Table 3.

Analytical framework
The analytical framework was developed through a 
combined inductive and deductive analysis. The initial 
process was inductive, where emerging themes were 
identified from the transcribed interviews. However, in 
grouping the emerging themes into categories, we found 
that the themes could be organized through the frame-
work of the six domains of healthcare quality as described 
by the institute of medicine [17]. These domains include 
Safety, Timeliness, Effectiveness, Efficacy, Equitability 
and Patient- centeredness. Table  4 shows the categories 
and codes that form the thematic analytical framework.

Safety
Providers reported that POCUS use improved their abil-
ity to assess safety of labor and delivery and to evaluate 
life-threatening conditions such as ectopic pregnancy. 
They recognized POCUS as instrumental in determining 
if resulting diagnoses were within their capacity to man-
age. Of note in the survey, 92% of the respondents said 
they had inpatient maternity wards, but only 54% of those 
had the capacity to perform cesarean sections. This raises 
significant safety issues whereby a pregnant woman may 
be admitted to a facility that has no capacity to perform a 
cesarean section if needed.

“It (POCUS) helps us in fact because if the baby is 
not in the right position and we don’t have a theater, 
definitely we will refer that patient for further man-
agement.” (Interviewee #7).
“Actually, it is quite a lot in terms of making diag-
nosis especially in obstetric care. Like if you want to 
know if the patient is stable in your facility and she 
can deliver in your facility, you go through the ultra-
sound to ensure the patient, the precision is okay. We 
ensure even the fetus is okay, the fetal heart rate and 
we are able now to admit the patient. If we see any 
abnormalities, we refer very fast to the nearby facil-
ity because at the moment we do not have a theater 
in the facility.” (Interviewee # 9).

This was also true for surgical decision-making. Many 
interviewees reported limited general surgery capacity, 

Table 2 Diagnostic imaging, surgical and in-patient care 
capacity

At facility 1-10 km 
away

11-
20 km 
away

> 20 km 
away

Ultrasound (not POC) 33.3% 25.0% 22.2 19.4
X-ray 48.7% 21.6% 13.5 16.2
CT Scan 2.9% 8.6% 22.9 65.7
MRI 0.0% 5.7% 14.3 80.0
C-Section capacity 54.1% 13.5 16.2 16.2
General Surgery 37.8% 16.2 18.9 27.0
Maternity ward 91.9% 5.4 2.7 0.0
Surgical ward 36.1% 13.9 25.0 25.0
Adult medical ward 83.8% 10.8 2.7 2.7
Pediatric ward 80.6% 8.3 5.6 5.6
POC = Point-of-Care, Km = Kilometer

Table 3 Characteristics of the interviewees (N = 12)
Characteristics N (%)
Gender Male 7 (58.3)

Female 5 (41.7)
Clinical Designation Clinical Officer 7 (58.3)

Nurse 2 (16.7)
Medical Officer 2 (16.7)
Radiographer 1 (8.3)

Years of Clinical Practice 0–4 6 (50.0)
5–9 2 (16.7)
≥ 10 4 (33.3)

Number of POCUS Training Sessions One 6 (50.0)
Two 5(41.7)
Three or More 1 (8.3)

Facility Type County 2 (16.7)
Sub-County 7 (58.3)
Health Center 3 (25.0)
Clinic 0
Dispensary 0

Table 4 Analytical categories and codes based on participants 
interviews
Category Code
Safety Determine if patient can be safely man-

aged at facility
Lack of operating theatre / Surgeon
Avoid misdiagnosis
Decreased mortality

Timeliness Less wasting of time
Reduced delays

Effectiveness Decreased diagnostic uncertainly
Avoid over/ under treatment

Efficiency Increased clinician level efficiency: work 
faster, make decisions faster
Increased facility level efficiency
Increased clinician confidence and 
self-efficacy

Equitability Reduced cost of care/cost saving
Improved access for low SES status patients

Patient-Centeredness Patient reassurance
POCUS brings care to patient particularly 
the very sick/injured
Patient appreciation of POCUS
Community appreciation of POCUS
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leading to frequent referrals. In the survey, only 38% of 
the respondents had surgical capacity. Cases triggering 
surgical referral included fluid collection at the spleno-
renal recess, hemothorax, and intra-abdominal fluid 
collection.

“And trauma cases also, it’s very important because 
you might delay the patient. Especially if there’s 
hemothorax or internal bleeding. The more you 
stay with the patient, the more you might lose the 
patient. So, ultrasound has really helped us in terms 
of the referral system to work faster, to make deci-
sions very fast.” (Interviewee #9).

Diagnostic imaging was significantly limited within the 
facilities where the interviewees worked. None of the 
interviewees had access to CT scan or MRI, X-ray ser-
vices were inadequate, and patients had to wait in line 
for a long time. Some of the facilities had radiographers 
capable of performing ultrasound, but their hours were 
restricted.

“A patient came with lower abdominal pains, 
spot(ing) maybe. We have a resident sonographer 
but he was not in, so I had to do the point-of-care 
ultrasound and we found that there is free fluid in 
the pelvis…. We had to refer outright because we 
don’t have a theater in our own facility.” (Interviewee 
#11).

Timeliness
Almost all of the interviewed providers discussed the 
time-saving benefits of POCUS use for the patient, pro-
viders and the referral process as a whole. They empha-
sized the benefits of having a diagnosis to direct care and 
expedite transport to an appropriate facility.

“But at least before I referred, I established what 
was the problem so at least when I’m referring, I’m 
referring directly to a specific health facility where he 
or she (can be) dealt with a lot faster.” (Interviewee 
#11).

Many described the traditional referral process as slow, 
requiring significant back-and-forth between medical 
officers, nurses, radiologists, and often consuming an 
entire day or more. These delays can contribute to patient 
morbidity and mortality.

“Without the ultrasound, I could first send her to a 
radiologist, who could make a diagnosis, have an 
imaging done, come back with the result, then from 

the result, we refer. So, there is going back and forth.” 
(Interviewee #3).
“So how much time would it have taken for the right 
diagnosis to be made?” (Interviewer).
“That could take roughly a whole day… Even two, 
depending on the readiness of the patient too, 
because sometimes financially they are not able, so 
they will tell you “Let me first go get finances”. It can 
take even a whole month. Sometimes you even lose 
the patient.” (Interviewee #3).

Also highlighted were the financial difficulties that 
arise when patients are sent to a referral hospital with-
out a specific diagnosis. Not only do they incur the cost 
of transportation, but they also have to wait in line and 
pay for medical consultation, wait at the cashier’s desk 
to submit payment for recommended tests then wait for 
diagnostic testing. This process is often labor intensive 
and consumes significant time.

“I think it assists the referral process. Because you 
know when you send a patient, let’s say to MTRH, (a 
referral hospital) to have investigations done, a lot of 
time is spent waiting because they have to queue for 
this, queue for the other. Queue for finances, yeah, so 
it cuts that time.” (Interviewee #4).

Effectiveness
Providers indicated that prior to POCUS use, their only 
tools were patient history and physical exam, resulting in 
increased referrals due to diagnostic uncertainty.

“[Without POCUS], I would have done it in my own 
way, clinically. Using physical examination, touch-
ing the patient, examining and continue referring.” 
(Interviewee #6).

Thus, POCUS use decreases their diagnostic uncertainty, 
leads to changes in the patient management plan and 
allows them to better allocate resources and intervene 
earlier.

“Yeah exactly, we were thinking of lots of things 
because in both cases the mothers were reporting 
that there was no fetal movement like they are used 
to. So, they were thinking that maybe they have lost 
their baby, and maybe they were having an abortion. 
We were in a mix up but at least when we did the 
ultrasound, we were able to tell that the baby was 
okay. To confirm.” (Interviewee #10).
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In addition, providers reported that POCUS use 
decreased over or under-diagnosis and led to more 
appropriate referrals.

“And again, it has reduced our referral - we used to 
refer a lot of patients for ultrasound. Nowadays we 
don’t refer, and it’s good we have been making the 
right diagnosis, and at least confirming the viability 
of the baby.” (Interviewee #10).

Efficiency
Providers commented that POCUS makes them more 
efficient, enabling them to evaluate patients faster, and to 
expedite referrals when needed.

“The fact that it was revealed was internal bleed-
ing, of course that one will put people on toes. This is 
not a light matter. It quickened or it helped people to 
understand that this is a real emergency. The service 
or the attention changed pace.” (Interviewee #8).

POCUS use prompted providers to re-organize clinical 
operations to better optimize patient care.

“The only challenge is that we have a lot of people 
we see during the day so we have to look for one day 
whereby all the antenatal cases are put then we 
check all the ladies and then we write what we have 
seen in the ultrasound so that it can make it easier 
for the midwives to know if they’ll continue with the 
care or if they don’t and to answer the question that 
made them ask for the ultrasound. So we choose one 
day in a month to do all that or two days, depending 
on the number that have been booked.” (Interviewee 
#7).

POCUS trained healthcare workers were able to make 
immediate triage decisions, even when a trained sonog-
rapher was not available.

“The difference, we would have maybe waited for the 
sonographer to come because it was in the evening. 
Or maybe the patient would have waited until the 
following day, or we would have referred the patient 
altogether…without a diagnosis.” (Interviewee #11).

POCUS resulted in increased confidence and self-efficacy 
among practitioners.

“Actually, my diagnosis now is perfect, also con-
fidence in my work, even confidence from my staff. 
They know I’m doing ultrasound. Wanaambia wag-
onjwa tuna daktari anaweza…Kupima, anaweza 

kuangalia mtoto venye ako ndani. (They are telling 
patients that we have a doctor who can see and eval-
uate the baby inside) So I feel it has helped me a lot.” 
(Interviewee #9).

Equitability
Multiple providers stated that POCUS is a free resource 
for patients at their facilities. This contributes to more 
equitable access to diagnostic studies. Patients are able to 
save on resources that would have been spent if POCUS 
was not available and incorrect diagnoses were made. 
Costs of misdiagnosis and inappropriate referrals include 
ambulance use, time and expense of nurses attending 
patient transport, and cost of consultation and diagnostic 
services at the referral hospital.

“Yeah because our point-of-care, we don’t charge 
anything. We just do it. And it helps us to reduce 
their cost. Because once we send them outside, they 
have to pay.” (Interviewee #3).
“With ultrasound care we are able to use even the 
NHIF (National Hospital Insurance Fund- low-cost 
national insurance) so it’s really helping patients.” 
(Interviewee #12).
“It saves money because in our hospital, we could 
not use money for transportation with the ambu-
lance, also the patient would not travel all that far, 
spending the time and money, money they will spend 
in the other hospital, which they would have used in 
their homes, their children, yeah.” (Interviewee #6).

Patient-centeredness
Providers felt that POCUS use allowed them to provide 
care that was responsive to patients’ needs and values. 
For example, one provider reported that POCUS use 
allowed them to relieve patient distress and to provide 
reassurance in ways that they were not able to confidently 
do before.

“Even these kinds of patients who come are feeling a 
lot of pain. You know in their mind they feel like… 
could it be that something is ruptured inside? But 
then after you do the E-FAST (Extended Focused 
Assessment with Sonography for Trauma) and you 
find that there is no internal bleeding. There is no 
pneumothorax. There is no hemothorax. You get? 
Somebody relaxes. It reassures the patient. Actually, 
that one is good for any sick person, the reassurance 
bit of it. So you find, had we not had this machine, 
how can you be sure or how can you be confident to 
tell the patient that all is well?” (Interviewee #8).
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Another benefit was the POCUS machine portability, 
allowing providers to bring the machine to the patient.

“There are some patients, maybe they have involved 
themselves in a serious accident and they cannot 
be moved in an easy way. The portable ultrasound 
helps you to go and just perform it right at the bed-
side… It is so easy to just come and do the scan at 
the bed there. I see it has really helped. It has really 
helped. Plus, the fact that it is portable. You charge 
it, then you move around with it.” (Interviewee #8).

POCUS use was associated with increased community 
appreciation. Providers reported that patients responded 
positively and were more confident in the care that they 
received.

“Our community is really welcoming of ultrasound. 
They are very much in need of ultrasound” (Inter-
viewee #6).

One provider indicated that word-of-mouth advertising 
about POCUS increased patient volumes (mostly in pre-
natal clinics) and that patients asked specifically for an 
ultrasound.

“They know I’m doing an ultrasound. Wanaam-
biwa wagonjwa tuna daktari anaweza…Kupima, 
anaweza kuangalia mtoto venye ako ndani. 
(Patients are told that there is a doctor who can…
evaluate and check how the fetus is doing inside) So I 
feel it has helped me a lot.” (Interviewee #9).
“And then (they) come to disturb you, “I need an 
ultrasound.” (Interviewee #1).

Challenges of POCUS use
Trainees expressed several challenges related to POCUS 
use. Some reported ultrasound machine related difficul-
ties such as machine breakdown and poor image quality. 
Others reported lack of institutional support and opposi-
tion from other clinical staff since POCUS use was not 
standard of care. The lack of protected time to attend 
POCUS training and the fact that facilities were very 
busy prevented trainees from fully incorporating POCUS 
into their daily work. Practice isolation also came up as a 
theme, where many trainees did not have access to con-
sultants to discuss concerning or indeterminate POCUS 
findings. Future work will explore these challenges in 
depth.

Referral process
Once the decision is made to refer the patient out of 
the facility, the providers described the process and the 
resource mobilization required.

“What generally we do is that we have to inform 
the patient verbally that our findings are this and 
this, we are referring you to a specialist who we do 
not have in our facility, you are going to a specific 
facility…and then we write a formal note to refer 
that patient, which we had to escort with the nurse 
because there must always be a nurse to go with the 
patient to wherever we are referring to. And then, we 
have to call that referral facility so that they have to 
receive this patient who is coming.” (Interviewee #3).

Our interviewees described the similar process of writ-
ing a formal referral note and calling the receiving facil-
ity. In the survey, 94% of the respondents reported that 
they have a formal referral protocol. The interviewees 
reported that in the best of circumstances they use an 
ambulance staffed by one of their nurses to transport 
the patient. Challenges include patients’ inability to pay 
for ambulance transport and frequent lack of fuel. One 
facility indicated that they have had to borrow an ambu-
lance from a nearby (larger) county hospital. In the sur-
vey, 26% of the respondents reported that they always, 
29% often, 40% sometimes and 5% never used an ambu-
lance for patient transfers. The requirement to use a staff 
nurse to transport a patient, mostly due to lack of trained 
emergency medical technicians (EMTs) or paramedics, 
exacerbates staff shortages at primary facilities. Distance 
to the closest referral facility also affected the degree of 
resource mobilization and choices available to complete 
a referral. A provider whose facility is in a peri-urban 
area indicated that they have several higher-level facilities 
close by, and therefore had more options for transport 
e.g. taxi that are not financially prohibitive. On the other 
hand, a more remote facility sends patients approximately 
100 km to the closest referral hospital, necessitating the 
use of an ambulance and a staff nurse in cases with high 
risk for deterioration. The stability of the patient was also 
discussed as a factor determining resource mobilization. 
Other providers brought up a strike that had taken place 
in government / public referral hospitals, causing patients 
to be referred further out to private referral hospitals that 
were more expensive. Thus, we see the impact of patients’ 
stability, ability to pay, distance to the closest referral hos-
pital and potential staffing deficiencies at referral facili-
ties affecting the choice of transportation and monitoring 
along the way. The significant degree of resource mobi-
lization required to complete a referral underscored the 
importance of using POCUS, and its cost saving potential 
if inappropriate referrals can be avoided.
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The providers reported that once the patient is referred 
out, they rarely get an update on their condition. One 
community hospital had a thorough follow up process, 
but others only had sporadic updates on the patients’ 
condition. Whenever available, patient follow up par-
ticularly where the outcome was positively influenced 
by POCUS, helped to further reinforce and encourage 
POCUS practice.

“The new case I’ve faced there is a young man who 
got an accident. Upon doing a FAST scan, we found 
that there is a fluid collection at the spleno-renal 
recess. And having that history in mind then that 
one automatically qualified to be internal bleeding. 
So, because we do not have people who can perform 
such an operation there and I found the medical offi-
cer was not around and so, he was referred to the 
county hospital and he was done an operation. The 
spleen had ruptured. He was done a spleen… I don’t.” 
(Interviewee #8).
“Splenectomy?” (Interviewer)
“Yeah. A few months later he came back for just 
checkup then he reminded me that he was once there 
and I did the scan. He was very happy. And I’m also 
even more happy than him.” (Interviewee #8).

Discussion
To examine how POCUS use affects their referral deci-
sions, healthcare providers focused on provider and 
patient outcomes. The themes that emerged from the 
qualitative evaluation were clustered around and can be 
contextualized through the six domains of healthcare 
quality as defined by the institute of medicine [17]. These 
emerging themes were further supported by the survey 
data that illustrated the context in which the healthcare 
providers work and the environment in which the new 
technology (POCUS) has been introduced.

The most recurrent of these themes was ensuring 
patient safety in the face of limited diagnostic imaging 
and surgical capacity. Other studies in resource-limited 
settings support POCUS use to screen patients with 
potentially high-risk pregnancies [18, 19]. A study in 
the Philippines showed that the performance of focused 
obstetrics by trained community healthcare workers may 
have possibly averted 6.3% maternal deaths and 14.6% 
neonatal deaths at the time of delivery [20].

Timeliness came up as a theme; providers emphasized 
that the usual process of determining patient disposition 
is long in the context of high patient volumes and lim-
ited resources. Studies have shown that non-experts in 
low resource settings can be trained to use POCUS as 
a screening tool and to provide early linkages to care 

for patients with rheumatologic heart disease and other 
structural heart diseases [21–28].

The use of POCUS was associated with increased effec-
tiveness in that providers were able to make diagnoses 
that they were not able to confidently make before, bol-
stering feelings of their own self-efficacy. Previous stud-
ies have shown that the use of POCUS in low-resource 
settings has led to increased diagnostic accuracy and 
resulted in new treatment interventions that were not 
previously considered [29, 30].

POCUS trained providers felt that they were more effi-
cient, both on a personal and facility level. The ability to 
provide POCUS to patients at no cost or minimal cost 
allowed providers to provide equitable and cost-effec-
tive care. The study by Marin-Gomez FX et.al. shows 
that POCUS use not only saves time and money, but also 
reduces fuel use and emission of air pollutants [31].

The ability to use ultrasound at the patients’ bed-
side engendered patient-centered care, contributed to 
patient reassurance and led to increased community 
appreciation of the care received. The use of POCUS 
in primary or general care has been associated with 
enhanced patient experience, increased reassurance and 
patients’ trust that they have been thoroughly examined 
[32]. Healthcare providers reported that POCUS use was 
associated with increased healthcare utilization. Previous 
studies have demonstrated that the use of POCUS boosts 
antenatal care attendance [33, 34].

In interrogating the referral process, we found that 
the link between rural providers and the referral hospi-
tals was largely one sided, and that rural providers don’t 
always get feedback on the condition of the patient 
post-referral. Further, rural providers did not always get 
feedback as to whether their POCUS results and risk 
stratification of patients made a difference in how the 
patients were triaged and managed at the referral hospi-
tal. Thus, more needs to be done to improve the contin-
uum of care between rural facilities and referral hospitals 
with attention to POCUS use [19].

This study has some limitations and potential sources 
of bias. Firstly, the number of survey respondents was 
low, with only a quarter of all eligible participants return-
ing a completed survey. Despite the small number of 
survey respondents, they represented various regions in 
the country, and the sample was representative in terms 
of cadre and level of facility from which all our POCUS 
trainees were drawn. The survey and interviewee sam-
ples were also matched in terms of cadre, facility level, 
years of clinical practice and number of previous POCUS 
training sessions. These samples are representative of the 
overall rural POCUS training cohort.

Another limitation is that in the semi-structured inter-
views providers gave their recollection of memorable 
cases whose management was altered by POCUS use. 
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We found that they reported cases that they believe were 
positively impacted by POCUS, but not instances where 
POCUS use may have harmed a patient, especially if a 
POCUS result was mis-interpreted. POCUS trainees 
undergo regular quality assurance and evaluations every 
3 to 4 months, but the possibility of ultrasound image 
misinterpretation cannot be completely ruled out. Fur-
thermore, since they do not routinely get feedback on the 
health status of the patients they referred out, trainees 
might not be aware of times that they might have made 
a wrong diagnosis or an inappropriate referral. Focus 
groups were not conducted, and it is possible that they 
could have added more richness to the data. However, the 
emerging themes were recurrent in the interviews and 
were additionally supported by survey responses. Lastly, 
within our program, POCUS exams are performed for 
free or at a minimal fee to patients. In the future when 
POCUS becomes standard of care, the services may 
be billed as a procedure as is currently the case in high 
income settings [35]. While not as costly as a radiology 
performed study, this might create additional barriers for 
patient care.

Conclusion
This study showed that POCUS use plays a key role in 
assisting non-radiologist healthcare providers in rural, 
under-resourced facilities to make patient manage-
ment decisions that involve referral to larger facilities. 
The study illustrated the significant diagnostic imaging 
and surgical capacity limitations in the facilities where 
POCUS trained providers work. In this context, POCUS 
use can improve the diagnostic and referral process and 
as a result improve key dimensions of healthcare qual-
ity. Further work could focus on a closer evaluation of 
patient cases managed with POCUS to determine which 
cases are routinely referred versus managed at the rural / 
peri-urban facilities. This process could lead to the devel-
opment of POCUS referral algorithms that are agreed 
upon between the rural and referral hospitals, and as a 
result improve the care continuum between them.
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