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Abstract

With decreased equipment cost, provision of ultrasound is now feasible in some low resource 

settings. Screening obstetric ultrasound may identify potential pregnancy complications and with 

this knowledge, allow women to plan to deliver at the appropriate level of care. In this paper we 

describe a ten-day course with quality assurance activities to train ultrasound-naïve non-physician 

healthcare professionals at mid-level health facilities to perform screening obstetric ultrasound. 

Those trained will participate in a cluster-randomized controlled trial to assess the impact of 

screening obstetric ultrasound on maternal and newborn outcomes.
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Introduction

Obstetric ultrasound is widely utilized in upper income countries for screening and for 

evaluation of pregnancy complications, but its use in lower income countries has been 

limited. Advances in technology in the last several years have resulted in significant 

reductions in cost, complexity and size of ultrasound equipment. This has increased the 

potential for more widespread use of obstetric ultrasound in low and middle income 

countries (LMIC). Studies have shown that obstetric ultrasound in rural settings in LMIC 

can improve diagnosis of antenatal complications [1–3]. With the shortage of sonographers 

and physicians trained in ultrasound in these settings [4], it may be valuable to train other 

cadres of healthcare personnel in basic obstetric ultrasound screening to serve as medical 

extenders of hospital-based sonographers. By doing so, obstetric ultrasound may reach more 

remote populations and help inform women to deliver at the appropriate health facilities.

Ultrasound training in LMIC has been described in several prior studies [1, 5–11]. These 

training programs have varied in length (5 days to 9 months), subject matter (general 

ultrasound, obstetrics, emergency medicine) and trainee background (physicians, clinical 

officers, nurses, midwives). In this paper we describe an intensive 10 day training program 

in screening obstetric ultrasound followed by a three-month observation and review period, 

targeted to ultrasound-naïve, non-physician healthcare professionals. Those trained will 

participate in a study to assess the impact of screening obstetric ultrasound provided at 

antenatal care in health centers on maternal and newborn outcomes in mostly rural settings.

The details of the study are described elsewhere [12]. Briefly, this cluster-randomized 

controlled trial (RCT) funded by the Bill and Melinda Gates Foundation and GE Healthcare, 

is taking place under the auspices of the Global Network for Women’s and Children’s 

Health Research (the Global Network) and Research Triangle Institute (RTI). The Global 
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Network is a multi-country research network supported by the Eunice Kennedy Shriver 

National Institute of Child Health and Human Development in which virtually all pregnancy 

outcomes in the current study clusters are captured through a Maternal-Newborn Health 

Registry, which was established in 2008 [13]. The study clusters are located in Global 

Network sites in Chimaltenango District, Guatemala; Kafue and Chongwe Districts, 

Zambia; Equateur Provence, Democratic Republic of Congo; Busia and Bungoma Counties, 

Western Provence, Kenya; and Thatta District, Pakistan. For the trial, there are 29 

intervention and 29 control clusters, each with approximately 500 births per year.

At the intervention sites, healthcare workers trained in ultrasound will offer screening 

obstetric ultrasound examinations to patients presenting for routine antenatal visits at 18 to 

22 weeks and again at 32 to 36 weeks. Patients identified with complicated or potentially 

complicated pregnancies (multiple gestation, malpresentation, placenta previa, amniotic 

fluid abnormalities, intrauterine growth restriction) will be informed of their condition and 

advised to seek care at an appropriate study healthcare facility according to established 

referral algorithms. Those patients without complicated pregnancies will be encouraged to 

deliver at the health center or other facility rather than at home, per local guidelines.

Several outcomes will be evaluated for the trial. The primary outcome is a composite of 

maternal mortality, maternal near miss, stillbirth, and neonatal mortality. The secondary 

outcome is the rate of antenatal care utilization and the utilization of health facilities for 

delivery for women with complicated pregnancies. The effectiveness of the training 

component will also be evaluated as described below.

In this paper we describe the training component which was developed for this multi-

country RCT. Trial results will published on completion of the RCT.

Training Component

The training component of the study (ultrasound course, quality assurance, continuing 

education) is funded by GE Healthcare and is overseen by the University of Washington, 

Department of Radiology (UW). In prior discussions with funders it was suggested that UW 

develop a training component and test its effectiveness in pilot projects. Promising results 

could then lead to additional funding. With support from GE Foundation, UW partnered 

with the Ernest Cook Ultrasound Research and Education Institute (ECUREI) in Kampala, 

Uganda, to develop six-week and four-week screening obstetric courses utilized in two pilot 

projects in Uganda [14]. Training for the six-week course took place entirely at the ECUREI 

facility in Kampala. Training for the four-week course took place at ECUREI as well as in 

the field. Forty-four midwives completed training in the two courses.

UW, at the request of the Millennium Promise, its partner in Isingiro District in Uganda, 

refined the curriculum to a 10-day course to be conducted at local health facilities and 

followed by a three month period of observation and review. The aim of this approach was 

to reduce travel and lodging expenses and limit the time in which trainees were away from 

their health centers. Two rounds of training using this targeted approach were conducted in 

the Isingiro District, first by a UW trainer with a local sonographer and then by the local 

sonographer alone. Based on on-site practical testing by one of the authors (RN), trainees 
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from these later rounds of training tested favorably compared with those from earlier, longer 

trainings in Kampala. For the five-country Global Network Study, UW elected to conduct 

trainings at referral hospitals rather than at a central institute and to use the targeted 10-day 

curriculum, followed by a three month observation and review period at intervention cluster 

health centers.

The objectives of the course are to teach trainees to perform screening obstetric ultrasound 

in conjunction with routine antenatal care and to use the results to refer patients to routine 

follow-up or to a higher level of care. Elements of training include didactic and hands-on 

instruction, distribution of printed materials, an algorithm approach to follow-up adapted to 

the local environment, extensive quality assurance activities, and educational outreach visits. 

Applying lessons learned in prior trainings, the course focuses only on topics necessary to 

conduct screening ultrasound, emphasizes practical scanning skills and communication with 

the patient, and incorporates local sonographers in the training.

At the outset, we established that one-third of course time would be devoted to didactic 

sessions and two-thirds to practical scanning. We also decided to tightly “script” each day, 

which would include a detailed daily schedule, speaker notes for each PowerPoint slide, and 

explicit instructions for each practical scanning session. We felt that it was important to plan 

for trainee attrition during the study. By including a trainer/sonographer from each site in the 

initial trainings and providing that sonographer with a detailed training blueprint, we felt we 

would adequately equip that sonographer to become the primary trainer for future courses.

Curriculum Development

The curriculum was developed by a team consisting of an academic radiologist, a private 

practice radiologist, a sonographer/instructor, and a curriculum consultant from the 

International Training and Education Center for Health (I-TECH). Each member of the team 

was experienced in teaching or writing training programs for low-income settings. The team 

first generated a list of topics that would be necessary to achieve the objectives of the 

course. Foundational topics included patient communication, safety, and comfort; infection 

prevention and control; care and security of the equipment; ultrasound physics and 

instrumentation; and anatomic planes and introduction to tomography. The topics for 

screening obstetric ultrasound included cardiac activity, fetal number, fetal position, 

amniotic fluid volume, gestational age, placenta and cervix, fetal growth and well-being, and 

gross anomalies. Although not part of the screening program, we recognized that patients 

with complications in the 1st trimester who presented to the study intervention centers would 

benefit from ultrasound. We therefore included in the course identification of early fetal 

demise, blighted ovum, ectopic pregnancy, incomplete abortion, and molar pregnancy.

The topics were organized into individual lectures and the team then determined specific 

points to be covered and images and graphics necessary to help convey those points. One 

member of the team produced a PowerPoint slide set for each topic, which was reviewed by 

the other members of the team. The team collaborated on speaker notes for each slide in the 

set. The slide set was then sent to the I-TECH consultant who edited the text and added 

graphics to reinforce the material. The slide set was again reviewed and edited until a final 
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version was agreed upon. Each resulting lecture consists of learning objectives, key terms, 

and the lecture material with speaker notes, a summary, and questions for review. Case 

studies added at the end of the course were designed to stimulate group discussions on 

appropriate patient management by synthesizing clinical and ultrasound findings. The topics 

covered in the case studies were management of placenta previa, breech presentation, fetal 

demise, blighted ovum, and ectopic pregnancy.

As noted above, we considered the hands-on sessions to be the most important element of 

the training. These sessions were designed to add skills in a step-wise fashion with both 

supervised and independent scanning. Using an iterative process similar to that used for 

developing the lectures, 25 hands-on sessions were written. Each session consisted of 

objectives, trainer demonstration, trainee practice activities, and detailed instructions for the 

trainer. Whenever possible, these sessions corresponded with specific lectures.

In addition to scanning skills, hands-on sessions were designed to facilitate effective 

communication between sonographer and patient. This included explanation of the 

ultrasound procedure, communication of the results, recommendations for follow-up, and 

rationale for referral to a higher level care if necessary. There was also emphasis on 

effective collaboration between sonographer and midwife so communication to the patient is 

clear and consistent.

Referral algorithms and corresponding flowcharts were developed by the team to be used at 

the 18 to 22 week screening, the 32 to 36 week screening, and for first trimester bleeding. 

The screening algorithms included follow-up of malpresentation, placenta previa or low-

lying placenta, multiple gestation, fetal anomalies, polyhydramnios, second and third 

trimester bleeding, oligohydramnios and IUGR, and fetal demise. The first trimester 

algorithm included follow-up of ultrasound findings such as empty uterus with adnexal 

mass, empty uterus with echogenic or large amount of free fluid, gestational sac less than 20 

mm without a yolk sac, gestational sac greater than 20 mm without a yolk sac, gestational 

sac greater than 25 mm without a fetal pole, and fetus with no cardiac activity. Basic 

algorithm flowcharts were incorporated into the lectures and case studies. For the Global 

Network study, these algorithms were then tailored by each of the five sites to be consistent 

with local practice and to accommodate the challenges of referral.

Finally, a trainer’s guide and a participant handbook were written. The trainer’s guide 

contained all lectures and hands-on sessions, detailed training instructions, assessment tools, 

supplemental charts, algorithms, and suggestions on teaching approaches and tips for the 

adult learner. The participant handbook contained daily instructions, slides from the lectures 

with space for notes, supplemental charts, and the referral algorithms.

These materials were used in two rounds of training in Uganda with midwives who had no 

previous ultrasound experience. The first training was conducted by one of the curriculum’s 

authors along with a local sonographer. Detailed notes on areas of potential revision were 

taken during the training. The curriculum team then discussed areas of concern and made 

revisions as necessary. They included clarifying slide wording, adding additional images, 

simplifying physics concepts, changing the order of presentation of some topics, modifying 

Nathan et al. Page 5

Ultrasound Q. Author manuscript; available in PMC 2015 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



the trainer’s manual, adding review questions for each lecture, modifying some of the 

instructions for hands-on sessions, and supplementing instructions on patient comfort and 

safety. The local sonographer in Uganda conducted a second round of training and 

submitted notes on additional potential revisions which the curriculum team incorporated for 

the version to be used in the Global Network study.

Site Assessment

Prior to training at the Global Network study sites, the UW-Global Network team undertook 

on-site assessments of each of the training facilities, the study referral hospitals, the study 

health centers, and the health system within which the study was to be implemented at the 

five study sites. The training facilities were evaluated for the adequacy of the training 

environment, the availability of outpatients and inpatients for hands-on training, and the 

accommodations for the trainers and trainees. At the referral hospitals, the UW team 

evaluated the availability and willingness of a trained and experienced sonographer to 

participate in the study, the availability and willingness of an obstetrician to participate in 

the study, the level of obstetric care provided, and the current system of patient referral from 

a health center to the referral hospital. Referral hospitals were encouraged to include 

sonographers from their facilities to participate in the trainings as well. The intention was for 

the referral sonographers to gain a firm understanding of the ultrasound course and study 

approach and to build relationships with the trainees serving as their medical extenders. The 

health centers were evaluated for level of care, current staffing levels, existing infrastructure, 

extent of antenatal care provided, number and timing of antenatal visits, number of health 

center deliveries, and referral system. Elements of the health system that were explored 

included willingness to facilitate training and implementation at the referral hospital and 

health center levels, awareness of potential changes in referral patterns as a result of the 

intervention, and participation in community sensitization of the intervention.

Continued Training and Quality Assurance

Although the ten-day course is designed to provide a strong background in basic screening 

obstetric ultrasound, we recognize that proficiency is achieved through performing more 

ultrasound scans than can be accomplished during the initial training period. We have 

therefore incorporated a three-month pilot period immediately following the course and 

before the beginning of the study to give the trainees the opportunity to scan more patients 

and to receive feedback and additional training. After completion of the course, the trainees 

return to their health centers to begin scanning patients. During this pilot period screening 

ultrasound exams are periodically supervised directly by the local study sonographer, while 

all exams are reviewed remotely after the scans are completed.

Trainees scan patients at their health centers during routine antenatal visits at 18–22 weeks 

and again at 32–36 weeks. If they have questions on a scan they can consult the study 

sonographer on her mobile phone, send the entire study to the study sonographer on flash 

drive, send the patient to the referral hospital if deemed appropriate, or show the study saved 

on the ultrasound machine hard drive when the study sonographer meets with the trainee 

(see below).
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After the trainees complete the initial training course the study sonographer travels to the 

study health centers regularly to observe each trainee performing screening ultrasound 

studies. The study sonographer observes all aspects of the screening ultrasound examination, 

including how the trainee communicates with the patient, how the ultrasound scan is 

integrated into antenatal care provision at the health center, and what the patient’s 

understanding and impressions of visit are. These observations are repeated throughout the 

pilot period and scanning skills test are given to each trainee by the study sonographer at the 

end of week 2, week 4, week 8, and week 12. On the basis of these tests and observations, 

the study sonographer will meet with trainees as necessary for remedial training.

For each 2nd and 3rd trimester patient scanned the trainees save to the ultrasound machine 

hard drive images of biparietal diameter, head circumference, abdominal circumference, 

femur length, amniotic fluid volume, placental position, sagittal fetal presenting part with 

the cervix, and the OB report page which includes all biometry measurements. They will 

save images of the cervical length to 32 weeks gestational age if obtainable and placenta-

cervix distance if 2 cm or less. The images saved for symptomatic first trimester patients 

include uterine and adnexal content and biometry as appropriate.

The images are downloaded to a flash drive at each intervention health center. At least once 

a week the flash drives are collected, returned to the referral hospital with reliable internet 

access, and uploaded to a quality assurance website developed for the study by RTI. Both 

local study sonographers and UW reviewers have access to the website and share the quality 

assurance duties. Reviewers rate the components of each study (fig 1.) for acceptability, 

write comments as indicated, and assign an overall rating (satisfactory, unsatisfactory, or 

suboptimal but satisfactory) by established criteria. The studies with accompanying 

comments are available for review by the study sonographers and trainees. For the pilot 

period, each study is reviewed and rated. Observations and data on each trainee are used to 

evaluate performance. At least once a month the training team (study sonographer, local 

study coordinator, and UW reviewers) discuss trainee performance and devise additional 

training as needed.

If trainees pass the scanning skills test within 20 minutes at the end of the pilot period and 

their performance is otherwise satisfactory, they will become field sonographers and begin 

the study. As in the pilot period, website review will continue for each field sonographer, 

but the frequency of image review by random sampling will be individualized by consensus 

of the training team. The study sonographer will complete a performance review for each 

field sonographer once a month during the study.

At approximately six months following a site training a UW trainer will visit the study site. 

The trainer will give a refresher on those components of the screening exam which have 

proved to be the most challenging. In addition he will expand on some concepts that were 

covered briefly in the 10 day course (intrauterine growth restriction, incompetent cervix, 

anomalies). He will tour the health centers to observe not only the ultrasound screenings, but 

how they are integrated into routine antenatal care, and what patients’ impressions and 

understanding of the antenatal visit are.
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Conclusion

Our approach to training healthcare workers in screening obstetric ultrasound is comprised 

of several components, including didactic and hands-on instruction, distribution of printed 

materials, an algorithm approach to follow-up adapted to the local environment, extensive 

quality assurance activities, a three month pilot period, and continuing education visits. We 

have aimed to reduce cost by training locally and by limiting to 10 days the time that 

trainees are required to be away from their posts. In the long term, pre-service training could 

substantially reduce the costs by training students who are not yet incorporated into the 

health care system. The pre-service model is also likely to be a more sustainable option than 

in-service training [15]. If a country were to decide to adopt this approach, establishing pre-

service obstetric ultrasound courses for midwife or nurse/midwife schools should be a 

priority [16].

Whether conducted as in-service or pre-service, certification should be an integral part of the 

training process. Certification sets minimum standards of individual competencies and 

requirements for training, testing, and continuing education [17, 18]. As of now, there is no 

general agreement on certification of healthcare personnel in screening obstetric ultrasound 

in LMIC.

Finally, strategies similar to ours have been used effectively in other maternal and child 

health and infectious disease training programs in LMIC [19–21]. But overall, there is little 

evidence on the effectiveness of various educational strategies for healthcare workers in 

LMIC [22]. Before scaling up a training program it is important for stakeholders to be aware 

of the costs and benefits of different approaches. Training programs should include rigorous 

evaluations to aid decision-makers in allocating funds to those programs that have the 

greatest likelihood of success. The partners of this study are planning to include an 

economic analysis of our approach to aid in the decision to take our approach to scale in 

LMICs. In addition, the Global Network study and an economic analysis of its approach 

may also help ultrasound manufacturers determine the price point for inexpensive ultrasound 

units that are simplified, durable and targeted for limited obstetric ultrasound in rural LMIC 

settings.
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