North K, Bellad RM, Bose C, et al. Implementing the Dubowitz assessment of

gl bal gestational age in India and Malawi: a cross-sectional study of participants in a training
[omon| cpgts workshop. Journal of Global Health Reports. 2021;5:e2021072. d0i:10.29392/001¢.25975
Research Articles

Implementing the Dubowitz assessment of gestational age in India
and Malawi: a cross-sectional study of participants in a training

workshop

Krysten North' @, Roopa M. Bellad?, Carl Bose®, Sangappa M. Dhaded? Shivaprasad S. Goudar? Veena Herekar? Irving
Hoffman®, Tisungane Mvalo®, Melda Phiri®, Friday Saidi®, Sunil S. Vernekar? Linda Vesel’, Anne C. C. Lee® %, Katherine E.
A. Semrau® "

1 Department of Pediatric Newborn Medicine, Brigham and Women's Hospital Boston MA USA; Harvard Medical School Boston MA USA, 2KLE
Academy of Higher Education and Research's Jawaharlal Nehru Medical College, Belgaum, Karnataka, India, 3 Department of Pediatrics, The University
of North Carolina at Chapel Hill, Chapel Hill, North Carolina, USA, 4 Department of Medicine, The University of North Carolina at Chapel Hill, Chapel
Hill, North Carolina, USA; University of North Carolina Project-Malawi, Lilongwe, Malawi, > Department of Pediatrics, The University of North Carolina
at Chapel Hill, Chapel Hill, North Carolina, USA; University of North Carolina Project-Malawi, Lilongwe, Malawi, 6 University of North Carolina Project-
Malawi, Lilongwe, Malawi, 7 Ariadne Labs at Brigham and Women's Hospital and the Harvard T.H. Chan School of Public Health, Boston,
Massachusetts, USA, 8 Department of Pediatric Newborn Medicine, Brigham and Women's Hospital, Boston, Massachusetts, USA; Harvard Medical
School, Boston, Massachusetts, USA, 2 Ariadne Labs at Brigham and Women's Hospital and the Harvard T.H. Chan School of Public Health, Boston,
Massachusetts, USA; Harvard Medical School, Boston, Massachusetts, USA

Keywords: dubowitz, medical education, prematurity, gestational age, neonate

https://doi.org/10.29392/001¢.25975

Journal of Global Health Reports
Vol. 5, 2021

Background

Accurate assignment of the gestational age of newborns is important for the identification
of prematurity. The Dubowitz assessment is the gold standard among postnatal
examinations used to assign gestational age, but implementation has been limited
because of examination complexity and training requirements. The objective of this study
was to explore factors related to teaching and implementing the Dubowitz examination
that may influence its uptake in India and Malawi.

Methods

This cross-sectional study was conducted in India and Malawi during the preparation for a
low-birthweight infant feeding exploratory study. Twenty trainees participated in a
Dubowitz examination training workshop that occurred over two half-day sessions.
Trainees completed pretraining and posttraining surveys related to their perceptions of
the Dubowitz training, the examination, and factors affecting the administration of the
examination in their setting.

Results

All survey respondents expressed confidence in their ability to perform the Dubowitz
examination after the training. Less than a third expressed concerns about the time
required to learn (30%) or perform the examination (25%). Eighty-five percent of trainees
identified concerns related to parental perception of the examination that may inhibit
implementation. Trainees averaged 14 minutes (standard deviation: 4.5 minutes) to
complete the examination. More than 80% of trainee answers were within one point of
the trainer for 16 of the 22 Dubowitz signs. Trainee composite scores were within *3
weeks of the trainer for 95% of assessments based on Bland-Altman analysis.

Conclusions

The Dubowitz examination at birth is a method to improve identification of premature
infants in the absence of prenatal dating. We found widespread acceptance for the
Dubowitz assessment among participants in training workshops in India and Malawi,
despite the complexity and length of the examination. The high level of trainee-trainer
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concordance on individual examination signs suggests that an acceptable level of
competence is feasible after a short, concentrated workshop. Further investigation into
barriers that hinder implementation such as negative parental perceptions is warranted.

Registration details

Clinical Trials Registration: NCT04002908 (www.clinicaltrials.gov) and CTRI/2019/02/

017475 (Clinical Trial Registry of India - http://ctri.nic.in).

Prematurity is the leading cause of death in children
younger than five years. The majority of these deaths occur
in low- and middle-income countries (LMICs).! Early iden-
tification of a newborn as premature can be lifesaving be-
cause it may trigger specialized care or referral to a higher-
level facility. Across LMICs, there exist regional,
country-level, and local differences in access to antenatal
and neonatal care. In sub-Saharan Africa (including
Malawi), only 25% of women receive early antenatal care
within the first 3 months of pregnancy, whereas in Southern
Asia (including India), approximately 50% of women have
early antenatal care coverage.2 Country-level differences
exist with regard to the availability of physicians. India has
a significantly more robust workforce with 9.28 physicians
per 10000, whereas Malawi has only 0.36 physicians per
10000 population.3 Despite these differences, the burden of
prematurity is significant in both India and Malawi. India
has the greatest number of preterm births in the world with
more than 3.5 million infants born prematurely each year,
and Malawi has the highest rate of preterm births, with 18.1
preterm births per 1000 live births.# The strategic objectives
of the World Health Organization (WHO) for the care of
small and sick newborns include the expansion of special-
ized care for small newborns and improved data and metrics
for these infants.5

In many LMICs, an accurate estimate of gestational age
may be lacking at the time of birth. The WHO recommends
that pregnant women receive an ultrasound before 24
weeks’ gestation to accurately estimate gestational age.®
Ultrasound in the third trimester is a poor determinant of
an estimated date of delivery because of variation in size
for gestational age.” However, early ultrasound is often not
available because of late prenatal care or limited availability
of ultrasound equipment and trained technicians.8? In the
absence of ultrasound data, last menstrual period (LMP)
is an accepted method of gestational age assignment, but
its accuracy is hampered by low literacy rates, recall bias,
and late prenatal care.l0 Symphysis-fundal height is also
used in certain settings to estimate the gestational age at
the time a mother presents in labor. This method has been
shown to predict gestational age to within *5-6 weeks for
95% of women.1112 This high degree of inaccuracy limits
the practical use of symphysis-fundal height to determine
gestational age. Prenatal gestational age determination is
often inaccurate or lacking completely.

In the absence of accurate antenatal dating, several
methods of assigning gestational age using variables col-
lected during standardized physical examinations at birth
have been developed. Most postnatal dating methods com-
bine the infant’s physical appearance with components of
a neuromuscular examination. Two of the most common
are the Dubowitz and the Ballard examinations, although
many other methods have been proposed but not widely

adopted.13 The Dubowitz examination combines 22 signs
(12 physical and 10 neuromuscular) into a composite score
that is inserted into a linear equation to produce an esti-
mated gestational age between 26 and 44 weeks.14 A meta-
analysis comparing 18 different methods for the determi-
nation of gestational age found the Dubowitz examination
to be the most accurate, dating 95% of pregnancies within
+2.6 weeks of dating based on an ultrasound.!® The Ballard
examination is a simplified version of the Dubowitz ex-
amination that uses 12 physical and neuromuscular signs
to assign gestational age.l® Meta-analysis of studies vali-
dating the Ballard method found that 95% of pregnancies
were dated within 3.8 weeks of ultrasound dating.!5 A di-
rect comparison of the Ballard and Dubowitz examinations
found the Dubowitz examination to produce an estimated
gestational age that correlates more closely with LMP dat-
ing than the Ballard examination.!”

Despite the documented potential to improve the iden-
tification of premature infants, the Dubowitz examination
is not widely used in LMIC settings. Several factors may ac-
count for this. First, the examination components are com-
plex, and preparation of examiners requires trainers with
sufficient expertise, particularly in the neuromuscular/neu-
rological maneuvers. Trainers with this expertise may not
be available in some settings.!® Second, the examination
can be seen as time-consuming, which may inhibit adoption
in busy health centers or hospitals with a shortage of work-
ers and overwhelming workloads. Finally, certain signs re-
quire infant positioning that may appear uncomfortable to
parents. While all of these factors could potentially impede
routine use of the Dubowitz examination, there is little doc-
umentation of the feasibility and acceptability of training
and administering the examination.

The objective of this cross-sectional study was to explore
factors related to the training and perception of the
Dubowitz examination that may influence its implementa-
tion in India and Malawi.

METHODS
STUDY DESIGN

This cross-sectional study included (1) pretraining and
posttraining surveys administered during a Dubowitz exam-
ination training workshop and (2) an analysis of trainer-
trainee agreement for Dubowitz examination results. This
exercise was conducted as part of the training for a larger
prospective cohort study: the Low-Birthweight Infant Feed-
ing Exploration (LIFE) study (ClinicalTrials.gov registry:
NCT04002908, Clinical Trials Registry: India CTRI/2019/02/
017475). The secondary data analysis was exempt from eth-
ical review by the Harvard T.H. Chan School of Public
Health Institutional Review Board.
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TRAINING DESCRIPTION

One of the investigators (KN) led training workshops to
teach the Dubowitz examination to clinicians in India and
Malawi as a component of the overall training for the LIFE
study. The site in Malawi was a research center that is af-
filiated with a government, university hospital in Lilongwe.
The site in India was a research center that is affiliated with
a university hospital in Belgaum, Karnataka State, although
some trainees traveled from Odisha State. The training was
conducted over the course of two half-day sessions in each
location. The first half-day session included a classroom-
based format in which individual signs of the Dubowitz ex-
amination were explained with the use of pictures and
manikins. The second session focused on hands-on skills
in which trainees practiced the Dubowitz components with
live late-preterm or term neonates in small groups super-
vised by the trainer and independently.

PRETRAINING/POSTTRAINING SURVEYS

Before the training, participants completed a survey regard-
ing their clinical background and history of using various
gestational age dating methods. Immediately after the
training, participants completed a second survey to evalu-
ate the components of the workshop and the feasibility of
implementing the Dubowitz examination within their lo-
cal context. Responses to the surveys were anonymous. For
data analysis of the pretraining and posttraining surveys,
we generated basic descriptive statistics on demographics
and multiple-choice responses. We collated the responses
to open-ended questions and examined them for themes.

STANDARDIZATION EXERCISE

At the end of the skills session, trainees completed a stan-
dardization exercise in which they independently com-
pleted a Dubowitz examination with one to three infants.
The examination was independently performed by the
trainer who served as the comparison for trainer-trainee
agreement using a Bland-Altman analysis. These results are
plotted on a scatterplot with circles indicating the correla-
tion between the average of pairs and difference between
the two values. The circle size is weighted to indicate the
number of repeated responses by trainer-trainee pairs with
an identical delta and average estimated gestational age.
We also conducted Bland-Altman analysis with physician-
only and nurse-only subgroups.

For each individual examination component, we calcu-
lated the percentage of trainee results that were within one
point of the trainer. We also calculated the average time
trainees took to complete the full examination. Examina-
tions that were incomplete were not included in the analy-
sis of individual signs or composite scores. We conducted
data analyses using Stata 15 (StataCorp, College Station,
Texas) and Microsoft Excel.

RESULTS
TRAINEE CHARACTERISTICS

Twenty trainees participated in the Dubowitz workshop in

Table 1. Trainee demographics (N=20).

Country n (%)
India 7 (35)
Malawi 13(65)
Role
Nurse 10(50)
Physician 7 (35)
Nonclinical researcher 2(10)
Clinical officer* 1(5)
Years of experience in role
0-5 6(30)
6-10 3(15)
11-15 3(15)
>15 8 (40)
Prior experience with Ballard or Dubowitz
Yes 9(45)
No 9 (45)
Not known 2(10)

*Clinical officers are nonphysician practitioners.

June and July 2019, seven from India and 13 from Malawi
(Table 1). All participants were members of the research
team for the LIFE study, and the majority (90%) had a clin-
ical background: 50% of the participants were nurses, and
35% were physicians. Most trainees in Malawi were nurses
(10 of 13), whereas most trainees in India were physicians
(5 of 7). More than half (55%) had more than 10 years of ex-
perience in their role, and 45% had prior experience with ei-
ther the Dubowitz or Ballard examination.

PRETRAINING SURVEY

In the pretraining survey (Table 2), we asked participants to
identify methods of both prenatal and postnatal gestational
age assignment that they had previously used. Most par-
ticipants (85%) reported using LMP to estimate gestational
age. More than half of the participants (55%) reported ever
using any type of postnatal examination. Forty-five percent
had used symphysis-fundal height to estimate gestational
age, all in Malawi.

When asked for participants’ opinions of which methods
most accurately assessed gestational age in the absence of
optimal prenatal dating, most trainees identified the ex-
amination of an infant after birth (60%). Less common an-
swers included third-trimester ultrasound (20%), LMP re-
call (20%), and birthweight (10%). No trainees identified
symphysis-fundal height as an accurate dating method.

The nine trainees who had previously used the Ballard or
Dubowitz examinations identified challenges they had en-
countered. More than half (56%) had encountered parental
discomfort during the administration of the examination.
Nearly half (44%) also reported excessive crying by the ba-
bies. The same proportion (44%) reported feeling that they
were either insufficiently trained or lacked confidence in
their ability to accurately perform the examination

Journal of Global Health Reports 3



Implementing the Dubowitz assessment of gestational age in India and Malawi: a cross-sectional study of participants in a...

Table 2. Pretraining and posttraining survey results (N=20 unless otherwise specified).

Pretraining

Last menstrual period
Examination of infant after birth
Symphysis-fundal height
Ultrasound, first trimester
Ultrasound, second trimester
Ultrasound, third trimester
Birthweight

experience)* (n/N)
Discomfort by mothers

Baby cries too much

Provider concerns related to hurting the baby
Baby becoming too cold
Insufficient provider training
Posttraining

Confidence performing the examination
Not at all confident
Slightly confident
Moderately confident
Very confident

Length of training
Too short
Just right
Too long

Perceived challenges related to examination/training*
Takes too much time to learn
Takes too much time to perform
Too complex
Afraid of hurting the baby
Other

Baby cries too much

Pain caused to baby

Harm to baby

Long duration of examination
Other

Methods used to estimate gestational age in clinical practice*

Past challenges encountered with use of Dubowitz or Ballard examination (among trainees with previous

Provider lack of confidence in conducting the examination

Perceived challenges related to parental acceptance of the examination*

n (%)

17 (85)
11(55)
9 (45)
9 (45)
8(40)
9 (45)
5(25)

5/9 (56)
4/9 (44)
3/9(33)
3/9(33)
1/9(11)
1/9(11)

0(0)
0(0)
11(55)
9 (45)

6(30)
14(70)
0(0)

6(30)
5(25)
3(15)
2(10)
1(5)

14(70)
13(65)
8 (40)
8(40)
3(15)

*Respondents could select more than one answer.

POSTTRAINING SURVEY

After training, all participants reported confidence in their
ability to complete the examination (Table 2). The majority
(70%) reported that the length of the training was appro-
priate; however, when asked for recommendations to im-
prove the training, 70% suggested adding components to
the training to make it longer and more in-depth. Most
recommended more hands-on practice, particularly with

preterm infants.

Nearly all trainees (89%) believed that they would use the
Dubowitz examination in their clinical practice in the fu-
ture and that it would not cause disruptions in workflow.
Most trainees (58%) did not think that the Dubowitz ex-
amination would be limited because of the physical space
in their work environment. Some concerns were expressed
about the time required to learn and complete the examina-
tion. Thirty percent of participants reported that the train-
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ing took too much time, and 25% reported that it took
too long to perform the examination. Eighty-five percent of
trainees anticipated that parents may have a negative per-
ception of the examination, including concerns that the ex-
amination would cause distress or pain to their child.

DUBOWITZ STANDARDIZATION FINDINGS
TRAINER-TRAINEE AGREEMENT: INDIVIDUAL SIGNS

Trainees independently completed the Dubowitz examina-
tion on 23 infants for trainer-trainee comparisons. For each
individual sign, we calculated the trainer-trainee agree-
ment as the percentage of trainee scores falling within one
score point of the trainer (Figure 1). We found greater than
80% agreement for 16 of the 22 signs (male/female genitalia
considered separately). For five signs, 100% of trainee val-
ues were within a single point of the trainer. These signs
were female labia, ear recoil, breast size, scarf sign, and skin
texture. The four signs with the lowest rate of agreement
were popliteal angle (74%), head lag (73%), male testes
(70%), and edema (61%).

TRAINER-TRAINEE AGREEMENT: COMPOSITE SCORE

Bland-Altman analysis comparing trainee to trainer gesta-
tional age scores demonstrated 95% limits of agreement of
-3.7 to 2.7 weeks with no significant bias (Figure 2). On
subgroup analysis, physicians performed similarly to nurses
(physicians: 95% CI -3.9 to 2.1 weeks; nurses: 95% CI -3.4
to 3.0 weeks). Most infants included in this analysis were
late preterm (34-36 weeks’ gestation) or term (>37 weeks’
gestation) with a range of paired average values between
34.4- and 39.4-weeks’ gestation; the mean difference was
not significant. The average time for a trainee to complete
the composite examination was 14 minutes.

DISCUSSION
PRINCIPAL FINDINGS

The Dubowitz examination is a tool that can improve the
classification of infants as preterm in the absence of prena-
tal care. We found that clinicians could be trained to per-
form the Dubowitz examination with a reasonable level of
competency and that trainees did not perceive the time or
complexity of the training to pose a significant barrier to
implementation. After the training, all trainees reported
confidence in their ability to complete the examination.
Most reported that the training was of appropriate length.
The predominant potential barrier to the administration of
the Dubowitz examination by trainees was the perception
of negative parental reactions to the examination. Although
we expected that trainees would identify the complexity of
the examination as a potential barrier to implementation,
only a minority of trainees reported that the examination
was too complex (15%) or time-consuming (30%) to teach
health workers.

At the end of the training, trainer-trainee agreement for
individual signs was high, with more than 80% of trainee
scores falling within one point of the trainer for most signs.
Almost all (95%) of the trainee estimates of gestational age

Female labia
Ear recoil
Breast size
Skintexture
Scarf sign
Foot surface 96%
Leg recoil 96%
Square window 96%
Heelto ear 96%
Arm recoil 94%
Skin color 91%
Ear shape 91%
Ankle iflexi 91%
Lanugo 87%
Ventral i 87%
Nipple form 83%
Posture 83%
Skin opacity 78%
Popliteal angle 74%
Head lag 73%
Male testes m————————————  7(%,
Edema mss——— 61%

50% 60% 70% 80% 90%

100%
100%
100%
100%
100%

100%

Figure 1. Trainer-trainee agreement on individual
Dubowitz score signs: percentage of trainee scores
within one point of trainer by individual sign
(n=23).
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Figure 2. Bland-Altman plot of trainer-trainee
agreement between the estimated gestational ages
of trainer and trainee.
Each dot represents a paired measurement that is averaged and plotted against
the difference in values. Larger circles are weighted to indicate repeated pairs of

trainee/trainer responses (occurred three times in this dataset). The 95% limits
of agreement were -3.7 to 2.7 weeks.

were within +3 weeks of the reference pediatrician’s esti-
mate. It is possible that the distribution of composite scores
would improve further if future trainings targeted the in-
dividual signs associated with the lowest levels of trainer-
trainee concordance.

STRENGTHS AND LIMITATIONS OF THE STUDY

Strengths of this study include (1) the combination of a
posttraining skills assessment with the survey exploring po-
tential barriers to implementation of the Dubowitz exami-
nation and (2) the inclusion of participants in select study
facilities in both India and Malawi. Other studies have fo-
cused primarily on the accuracy of the Dubowitz examina-
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tion compared with other methods of gestational age as-
signment, not on questions related to training.
Furthermore, we found no previously published qualitative
studies related to the feasibility of implementing the
Dubowitz examination in a clinical setting in LMICs. The
information from our study contributes to these gaps in the
literature.

Like all research, our study had some limitations. Be-
cause this was conducted in preparation for a separate
study, the number of trainees was limited. This small sam-
ple size may have limited our ability to detect results that
were manipulated as a result of intrahospital or regional
trends. Nearly half of the trainees had prior experience per-
forming either the Dubowitz or the Ballard examination,
although several reported that they had received only ab-
breviated training. The assessment of trainer-trainee agree-
ment was conducted immediately after the training but ide-
ally would also be conducted at a later time to assess skill
retention. Infants examined in this workshop were late
preterm or full term; therefore, the results may not be ap-
plicable to a population that was extremely or moderately
preterm.

DIFFERENCES IN RESULTS FROM OTHER STUDIES

Trainees did not express concern about the complexity of
the Dubowitz examination or the belief that it could be
harmful to the examined infants. This is contrary to the
opinion expressed elsewhere in the literature. Other au-
thors have identified the complexity of the Dubowitz exam-
ination as the impetus for creating simplified postnatal as-
sessments, such as the New Ballard.19-22 These simplified
methods of gestational age calculation are typically short-
ened at the cost of examination validity.!> Only 25% of
trainees in our study were concerned that the examination
would take too long for health workers to perform in a clin-
ical setting.

One hindrance to widespread implementation may be
the time required to conduct the examination. On average,
trainees required 14 minutes for completion, a time that
could be prohibitive in a busy clinical setting. We anticipate
the time required to perform the examination may decline
with practice, which would be consistent with other studies
of the Dubowitz examination in which the average time
ranged from 5 to 8 minutes.23

Another reported barrier to Dubowitz implementation
was the concern that the examination may harm or cause
discomfort to the infant. The Dubowitz examination has
been deemed by some researchers and clinicians to be ex-
cessively disturbing to an infant.24 Certain neuromuscular
signs, such as ventral suspension, have been considered
particularly concerning.2% In our survey, only a small per-
centage (10%) of trainees were concerned that they may
harm the infant being examined.

IMPLICATIONS FOR CLINICIANS AND POLICYMAKERS,
UNANSWERED QUESTIONS, AND FUTURE RESEARCH

Our results suggest that examiners can be trained to an ad-
equate level of proficiency after a brief workshop. Particular
focus on the individual signs with the lowest trainer-trainee

agreement in subsequent training sessions (edema, testes,
head lag) may improve agreement on composite scores.
Nearly all participants in this study were either physicians
or nurses, so these results related to the reliability after
training may not be applicable to all cadres of health work-
ers.

Contrary to the literature justifying simplified algo-
rithms of postnatal gestational age assignment, examina-
tion complexity may not be a significant barrier to imple-
mentation; other barriers such as time requirements or
parental concern may need to be addressed. The majority of
trainees believed that parents would find the examination
to be excessively distressing to an infant. Future implemen-
tation efforts could include strategies to address parental
concerns and minimize disturbance to infants. Our assess-
ment of potential barriers to implementation included
trainees only. Future studies could include other stakehold-
ers such as traditional birth attendants, parents, or commu-
nity health workers. Focus-group discussions and in-depth
interviews are a fruitful method of obtaining insight on
feasibility and acceptability among clinicians and parents
alike.

CONCLUSIONS

In settings in which prenatal care is limited or delayed, the
Dubowitz examination is a valuable tool for gestational age
assignment; however, implementation has not been wide-
spread. We demonstrate that clinicians can be trained to a
sufficient level of reliability in a short session. Subsequent
training workshops could be strengthened by placing
greater focus on certain signs with lower rates of trainee-
trainer agreement. The time required to perform the ex-
amination may not be a barrier to implementation in cer-
tain settings. However, parental concerns may be a barrier.
Strategies to better understand parental attitudes and over-
come this potential barrier should be included in future
studies. Future research should also target other stakehold-
ers important to the adoption of the Dubowitz examination.
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