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Abstract

Background Point of care ultrasound (POCUS) is a useful

diagnostic tool in medicine. POCUS provides an easy and

reproducible method of diagnosis where conventional

radiologic studies are unavailable. Telemedicine is also a

great means of communication between educators and

students throughout the world.

Hypothesis Implementing POCUS with didactics and

hands-on training, using portable ultrasound devices fol-

lowed by telecommunication training, will impact the dif-

ferential diagnosis and patient management in a rural

community outside the United States.

Materials and methods This is an observational pro-

spective study implementing POCUS in Las Salinas, a

small village in rural western Nicaragua. Ultrasound was

used to confirm a diagnosis based on clinical exam, or

uncover a new, previously unknown diagnosis. The pri-

mary endpoint was a change in patient management.

International sonographic instructors conducted didactic

and practical training of local practitioners in POCUS,

subsequently followed by remote guidance and telecom-

munication for 3 months.

Results A total of 132 patients underwent ultrasound

examination. The most common presentation was for a

prenatal exam (23.5 %), followed by abdominal pain

(17 %). Of the 132 patients, 69 (52 %) were found to have

a new diagnosis. Excluding pregnancy, 67 patients of 101

(66 %) were found to have a new diagnosis. A change in

management occurred in a total of 64 (48 %) patients, and

62 (61 %) after excluding pregnancy.

Conclusion Implementing POCUS in rural Nicaragua led

to a change in management in about half of the patients

examined. With the appropriate training of clinicians,

POCUS combined with telemedicine can positively impact

patient care.

Keywords Point of care ultrasound � Rural medicine �
Telemedicine

Sommario

Background La diagnostica ecografica (POCUS) é un

utile strumento diagnostico in medicina. Fornisce un

metodo semplice e riproducibile di diagnosi, dove studi

radiologici convenzionali non siano disponibili. Anche la

telemedicina é un grande mezzo di comunicazione tra

docenti e studenti di tutto il mondo.

Ipotesi L’implementazione della POCUS con formazione

didattica diretta, utilizzando ecografi portatili, seguita da una

formazione attraverso la telecomunicazione, avrà un impatto

nella diagnosi differenziale e nella gestione del paziente in

una comunità rurale fuori degli Stati Uniti.
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Materiali e Metodi Presentiamo uno studio prospettico

sull’implementazione della POCUS a Las Salinas, un pic-

colo villaggio rurale del Nicaragua occidentale. L’ecogra-

fia è stata utilizzata per confermare la diagnosi clinica, o

per nuove diagnosi. Il punto primario era un cambiamento

nella gestione del paziente. Istruttori internazionali hanno

condotto una formazione didattica pratica locale, poi

seguita da una guida a distanza con telecomunicazione, per

tre mesi.

Risultati Un totale di 132 pazienti sono stati sottoposti ad

esame ecografico. L’esame più comune era per la diagnostica

prenatale (23,5 %), seguito dal dolore addominale (17 %).

Dei 132 pazienti, 69 (52 %) hanno avuto una nuova diagnosi.

Nella diagnosi di esclusione di gravidanza 67 pazienti su 101

(66 %) hanno avuto una nuova diagnosi. Un cambiamento

nella gestione si è verificato in un totale di 64 (48 %) pazienti,

e in 62 (61 %) dopo aver escluso la gravidanza.

Conclusione L’implementazione della POCUS nelle zone

rurali del Nicaragua ha portato ad un cambiamento di

gestione in circa la metà dei pazienti esaminati. Con la

formazione adeguata dei medici, la POCUS, combinata con

la telemedicina, può avere un impatto positivo nella cura

del paziente.

Introduction

As an evolving component of medicine, point of care ultra-

sound (POCUS) spans across multiple specialties and appli-

cations, such as military medical personnel, trauma

evaluation, pediatric emergency departments and neonatal

intensive care units, and even expanding its utility to aero-

space science [1–8]. Recent studies have described POCUS as

being easily taught tomedical personnel with a high degree of

accuracy [1, 9, 10]. Medical schools have integrated ultra-

sound into their teaching curriculum, and students are using it

from basic anatomy to advanced imaging as an adjunct to

diagnosis and physical examination [11, 12]. The use of

POCUS in the pre-hospital setting is also increasing as an aid

to early diagnosis and medical decision-making [13].

Its ease of use and reproducibility make it feasible to

diffuse into smaller, rural communities with otherwise

limited diagnostic resources [14, 15]. Further characteris-

tics of POCUS, including a focused and goal-directed

evaluation, an easily learned, quickly performed, and

reproducible exam make it an ideal diagnostic tool to teach

medical personnel in underserved areas of the world [16].

Telemedicine has become an integral part of the

expanding medical community and a viable means of dis-

seminating information to rural or difficult to access

communities [17]. Telemedicine has helped expand ultra-

sound access and utility to even the most distant places in

earth and aerospace including the international space center

[18]. Little, however, has been described in the experience

of combining POCUS training along with telemedicine in

the rural community.

The aim of this study was to evaluate the feasibility of

implementing a focused POCUS curriculum followed by

telecommunication and the impact on patient care in a rural

community setting.

Methods

This was a two-phase observational prospective study

implementing POCUS in the community of Las Salinas,

Table 1 Elements of the ultrasound curriculum examination

Examination Specific elements

Echocardiography Global LV size and systolic function

Wall motion abnormalities

Global RV size and systolic function

Assessment for pericardial fluid/tamponade

Basic color Doppler assessment for severe

valvular regurgitation

Hemodynamic

evaluation

IVC size and respiratory variation

Detection of aortic dissection

Pulmonary edema

Pleural

ultrasonography

Presence of absence of pneumothorax

Detection of pleural effusion

Lung

ultrasonography

Detection of pneumonic process

(consolidation)

Pulmonary edema

Diaphragmatic dysfunction

Abdominal

ultrasonography

Intra-abdominal fluid collection

Normal and abnormal kidney (Presence of

kidney stones, cysts, masses)

Normal and abnormal liver and spleen

parenchyma (Presence of parenchyma mass

or cyst)

Liver and spleen laceration

Normal and abnormal gallbladder (Presence of

sludge, stones, or cholecystitis)

Pancreatitis and pancreatic pseudocyst

Normal aorta and aortic aneurysm (Presence of

para-aortic lymph nodes)

Aortic dissection

Obstetricts and

gynecology

Normal pregnancy

Fetal viability

Complicated pregnancy

1. Ectopic pregnancy

2. Placenta previa

3. Placenta abruption

Vascular Guidance of vascular access
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Nicaragua. Las Salinas is a small rural village with the

closest major hospital over 7 h away by car. The Las

Salinas one-room medical clinic was staffed by a charge

nurse and nursing assistant to serve patients that traveled

up to several hours to the clinic for medical care. The clinic

has basic medical equipment; however, there is no medical

imaging readily available. Any necessary ultrasound

requires travel to a hospital where the price of imaging is

per frame and the images are very limited.

The first phase of the study provided instruction in

POCUS. The instructor team consisted of experienced

ultrasonographers from different parts of the world (ultra-

sound mission group) accompanied by a local humanitarian

mission, Mission of Grace, that provided personnel and

equipment. An ultrasound machine (Sonosite, Titan, Seat-

tle, WA, USA) was donated to the village clinic by the

mission group. Three laptop computers were also donated

by Mission of Grace to the project where they were sta-

tioned in Las Salinas.

Training was provided during daily morning didactic

sessions and practical ultrasound workshops, followed by

afternoon ultrasound scans of patients from the community.

Table 1 demonstrates components of the ultrasound

examination included in training. An ultrasound instructor

proctored each patient encounter. The clinic trainees were

provided with an ultrasound manual outlining the elements

of the POCUS examination translated into Spanish, Fig. 1

[19]. The Nicaraguan personnel trained were two post-

graduate physicians rotating in rural medicine, a head

clinic nurse, as well as a nursing assistant. As the Nicara-

guan clinicians evaluated each patient, a working diagnosis

was established. Each patient was then evaluated using

POCUS. The initial diagnosis was either confirmed or a

new diagnosis was obtained based on the ultrasound find-

ings. These new findings may or may not have lead to a

change in management. A change in management was a

new medical decision that was previously unplanned and

was based on the ultrasound findings.

Phase II of the study took place over the subsequent

3 months via telemedicine communication network. The

ultrasound images from Nicaragua were viewed real-time

on a computer screen using epiphany technology through

Epiphan VGA2USB (Ottawa, Ontario, Canada) by one of

the ultrasound instructors. The instructors provided remote

guidance via voice-over IP service Sky-Peer-to-Peer

(Skype, 2003) once a week for 3 months for about

60–90 min each session. Examinations were initially gui-

ded by remote personnel until the clinicians in Nicaragua

became adept in the examination. At that point, the ultra-

sound reviewer was able to grade the examination on a

scale of 1–10 based on proficiency, where 1 was not pro-

ficient to 10 being highly proficient. Documentation of the

ultrasound exam was done on a standardized work flow

sheet. A sample examination worksheet can be seen in

Fig. 2a along with examples of images through telecom-

munication in Fig. 2b. The report sheet was listed in

Spanish for clinicians in Nicaragua and translated into

English.

Fig. 1 Sample part of the ultrasound curriculum translated into Spanish
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Data analysis

Analysis was performed using SAS 9.2 (Cary, NC, USA).

Patient symptoms and diagnosis were used as descriptive

variables. These were given as a number (%) for categor-

ical variables and as Mean ± standard deviation (Min,

Max) for continuous variables.

The proportion of patients who had a change in the

management and the proportion of patients who had a new

diagnosis after the ultrasound were calculated, along with

95 % confidence intervals for each. These were calculated

with all patients included and also with the exclusion of

pregnant patients. The exclusion of pregnant patients was

based on the fact that most women knew they were preg-

nant upon presentation and wanted a prenatal examination,

including the sex of the child. There was no new diagnosis

in this group of patients.

Results

Throughout Phase I and II, a total of 132 patients were

examined using POCUS. Pregnancy was the most common

reason for patients presenting to the clinic prior to an

ultrasound exam (23 %), followed by abdominal pain

(17 %). After POCUS was performed, no pathology was

identified in 43.9 % of patients, while ovarian cyst (6 %)

and kidney stone (5 %) were the most common findings

identified. The most common additional symptoms and

diagnosis are described in Table 2.

Fifty-two percent of patients had a new diagnosis after

POCUS was performed, with a confidence interval of

44–61 %. New diagnosis led to change in management in

48 % (CI 40–57 %) of the patients, described in Table 3,

Fig. 3. After excluding patients who were presented for

prenatal checkup, the estimate of patients who had a new

diagnosis after POCUS was 66 % (CI 57 %–76), and 61 %

Fig. 2 a Worksheet used by the ultrasound examiners in Nicaragua

and reviewed by the ultrasound instructors across the globe. b Sample

from the telemedicine communication demonstrating a gallbladder

containing a stone with shadowing

Table 2 Patient characteristics and ultrasound examinations

Variable Level N (%)

Most common complaints/

symptoms (N = 132)

Pregnancy 31 (23.48)

Abdominal pain

(generalized)

23 (17.42)

Pelvic pain 22 (16.67)

Back pain 13 (9.85)

Epigastric pain 7 (5.30)

Flank pain 7 (5.30)

Most common US diagnosis

(N = 132)

Normal 58 (43.94)

Ovarian cyst 8 (6.06)

Kidney stone 7 (5.30)

Fibroid 6 (4.55)

Gall stones 5 (3.79)

Fatty liver/kidney

stones

4 (3.03)

GB sludge 3 (2.27)

Table 3 All patients examined using point of care ultrasound (PO-

CUS), with the new diagnosis and change in management. N = 132

Variable Level N (%) 95 % Confidence

interval

New diagnosis No 63 (47.73) 39.21–56.25 %

Yes 69 (52.27) 43.75–60.79 %

Change in

management

No 68 (51.52) 42.99–60.04 %

Yes 64 (48.48) 39.96–57.01 %
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underwent a change in management (CI 52–71), as dem-

onstrated in Table 4.

Seventy (52 %) of the 132 examinations were rated by

the remote examiner. The scores ranged from 5 to 8.5 on a

1–10 rating scale. The average rating was 6.85 overall. The

average rating for the first 6 weeks of the examinations was

6.54, and the average rating for the second 6 weeks of the

exams rated was 7.17. Figure 4 demonstrates the trend in

improvement of the performance score as the number of

examinations reviewed increased.

Discussion

Curriculum and didactics are being implemented in emer-

gency medicine, medical schools, and critical care pro-

grams throughout the United States and internationally

with a high degree of accuracy and retention [1, 9, 10, 20–

22]. Many programs are also being offered for postgraduate

studies and for clinicians in the field. Mandavia et al. [9]

looked at junior residents with limited previous knowledge

of ultrasonography. After a two-phase didactic and prac-

tical training curriculum, residents were 94.6 % accurate in

making a diagnosis based on POCUS findings. This dem-

onstrated the ability of POCUS to be taught to clinicians

with limited previous experience.

Pregnancy and prenatal visits were the most common

patient encounters in Las Salinas. Patients presented to the

clinic for a prenatal examination and to learn the sex and

health of the fetus. Obstetric ultrasound is one component

of the ultrasound examination that is teachable and repro-

ducible [15]. Kimberly et al. [15] trained midwives in rural

Zambia with a focused maternal ultrasound curriculum.

They demonstrated an overall improvement in ultrasound

skills of the midwives with a 17 % change in management

based on ultrasonographic findings.

As ultrasound machines are becoming smaller and more

portable, the utility of POCUS will continue to expand to

remote places throughout the world where other imaging

modalities are not readily available [14, 15, 23, 24]. Shah

et al. [14] chose two rural hospitals in Rwanda to partici-

pate in a pilot ultrasound training program. A pre-study

survey of local physicians identified the needs assessment

of various ultrasound scans so didactic lectures could be

tailored accordingly. Prior to the study intervention, the

majority of physician ultrasound experience was in

obstetrics and the average number of hours previously

trained in ultrasound was\4. Barriers to obtaining ultra-

sound services included distance, cost of transfer, lack of

monitoring, time for transfer, and price. Lectures and

proctored curriculum were then implemented for a 9-week

period, and an ultrasound machine was provided to each

hospital. Afterward, one physician at each site was

entrusted with the takeover of the ultrasonography program

and its upkeep, which was found to be essential for the

continuation of the program. Web-based teaching tools

were also found to be valuable for ongoing quality assur-

ance. Thus, ultrasound was concluded to be a teachable

skill, useful for diagnosis and patient care in a rural setting.

Table 4 All patients examined (excluding pregnant patients) using

point of care ultrasound (POCUS) with the new diagnosis and change

in management. N = 101

Variable Level N (%) 95 % Confidence

interval

New diagnosis No 34 (33.66) 24.45–42.88 %

Yes 67 (66.34) 57.12–75.55 %

Change in

management

No 39 (38.61) 29.12–48.11 %

Yes 62 (61.39) 51.89–70.88 %

Fig. 4 Upward trend in performance score for the Nicaragua medical

personnel using point of care ultrasound

Fig. 3 Cumulative change in management of 132 patients examined

using point of care ultrasound by Nicaragua medical personnel and

reviewed by expert ultrasonographers
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A previous lack of international standardized ultrasound

training prompted Neri et al. to propose an international

ultrasound curriculum for critical care [20]. A modified

international ultrasound curriculum was the basis for the

ultrasound training to the Nicaraguan clinicians (Table 1).

After the Nicaraguan trainees underwent Phase I, they were

able to successfully scan patients and provide a diagnosis

to guide their management with proctored help during

Phase II. Over the course of the project, the influence of

POCUS on identifying diagnosis was over 60 %. The

ability and proficiency for using POCUS had an overall

trend to improvement over the study period (Fig. 4).

Implementing an ultrasound program into a resource-

limited area, like Las Salinas, leaves many logistic con-

cerns. First and foremost, is there electricity to power the

ultrasound machine? In a study by Blavais et al. [23],

battery-powered ultrasound machines (Sonosite 180 Plus)

were taken into the Amazon jungle with the premise of

changing patient management. Of the 25 patients scanned,

28 % underwent a change in management. We identified a

62 % influence of POCUS leading to a change in man-

agement. The increase is multi-factorial; particularly the

implementation of an ultrasound curriculum and the addi-

tional telemedicine reviews that improved performance of

POCUS.

Internet connection is also an obstacle, although most

remote areas are using wireless technology and it is

becoming more accessible. Sustainability of the ultrasound

machine is another concern. A person needs to be assigned

to maintain some degree of upkeep. The machine needs to

stay clean and de-contaminated. There is also care that

goes into keeping it protected from theft and vandalism.

With logistics being a barrier to any rural ultrasound pro-

gram implemented, POCUS with telemedicine is a well-

established tool for diagnostic evaluation and can be

helpful in areas where other imaging is not readily avail-

able and wireless technology is becoming more accessible.

Conclusion

Ultimately, with appropriate didactic teaching and practical

application and telemedicine, POCUS can be disseminated

throughout rural areas of the world and implemented into

everyday practice. Its use as a diagnostic adjunct to phys-

ical examination in places where other imaging modalities

are not available can be invaluable. Training in POCUS for

rural clinicians may provide the confidence for new diag-

nosis and even lead to a change in management in over half

of the patients examined.
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