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ORIGINAL ARTICLE

Obstetric ultrasound aids prompt referral of gestational trophoblastic disease
in marginalized populations on the Thailand–Myanmar border
Kathryn McGregor a, Aung Myat Min a, Noaeni Karunkonkowita, Suporn Keereechareon a,
Mary Ellen Tyrosvoutis a, Nay Win Tun a, Marcus J. Rijken b, Gabie Hoogenboom a, Machteld Boel a,
Kesinee Chotivanich c, François Nosten a,d and Rose McGready a,d

aShoklo Malaria Research Unit, Mahidol-Oxford Tropical Medicine Research Unit, Faculty of Tropical Medicine, Mahidol University, Mae
Sot, Thailand; bJulius Centrum Global Health, University Medical Centre Utrecht, Utrecht, The Netherlands; cMahidol-Oxford Tropical
Medicine Research Unit, Department of Tropical Medicine, Faculty of Tropical Medicine, Mahidol University, Bangkok, Thailand; dCentre
for Tropical Medicine and Global Health, Nuffield Department of Clinical Medicine, University of Oxford, Oxford, UK

ABSTRACT
Background: The use of obstetric ultrasound in the diagnosis of gestational trophoblastic
disease (GTD) in high-income settings is well established, leading to prompt management
and high survival rates. Evidence from low-income settings suggests ultrasound is essential in
identifying complicated pregnancies, but with limited studies reviewing specific conditions
including GTD.
Objective: The aim of this study is to review the role of ultrasound in diagnosis and
management of GTD in a marginalized population on the Thailand–Myanmar border.
Antenatal ultrasound became available in this rural setting in 2001 and care for women
with GTD has been provided by Thailand public hospitals for 20 years.
Design: Retrospective record review.
Results: The incidence of GTD was 103 of 57,004 pregnancies in Karen and Burmese women
on the Thailand–Myanmar border from 1993–2013. This equates to a rate of 1.8 (95% CI 1.5–
2.2) per 1000 or 1 in 553 pregnancies. Of the 102 women with known outcomes, one (1.0%)
died of haemorrhage at home. The median number of days between first antenatal clinic
attendance and referral to hospital was reduced from 20 (IQR 5–35; range 1–155) to 2 (IQR
2–6; range 1–179) days (p = 0.002) after the introduction of ultrasound. The proportion of
severe outcomes (death and total abdominal hysterectomy) was 25% (3/12) before ultra-
sound compared to 8.9% (8/90) with ultrasound (p = 0.119). A recurrence rate of 2.5% (2/80)
was observed in the assessable population. The presence of malaria parasites in maternal
blood was not associated with GTD.
Conclusions: The rate of GTD in pregnancy in this population is comparable to rates
previously reported within South-East Asia. Referral time for uterine evacuation was signifi-
cantly shorter for those women who had an ultrasound. Ultrasound is an effective method to
improve diagnosis of GTD in low-income settings and an effort to increase availability in
marginalized populations is required.
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Background

The epidemiology of gestational trophoblastic disease
(GTD) in low-income settings is not well described.
Existing studies estimate the rate of GTD to be higher
in South-East Asia compared to high-income coun-
tries [1], although access to diagnosis and treatment
services are likely to be lower [2]. Incidence data vary
worldwide, with rates of 1 in 923 pregnancies in the
U.S [3] and 1 in 500 pregnancies in South-East Asia
[1]. GTD is a spectrum of placental villous tropho-
blast proliferation from hydatidiform mole to gesta-
tional trophoblastic neoplasia, which can progress to
invasion and metastasis, increasing the risk of poor
maternal outcomes.

There is evidence that GTD risk is associated with
low socio-economic status and nutritional deficiencies

in prior generations, and that affected women in South-
East Asia have a higher rate of malignant disease [4–6].
In high-income settings GTD is often recognized early
in pregnancy, initial management (uterine evacuation)
occurs without delay, and careful follow-up ensures
those with persistent disease are treated successfully,
resulting in high survival rates [7]. Conversely, in the
challenging environment of a low-resource setting
where ultrasound services are scarce, local services for
safe uterine evacuation are not available, and particu-
larly when the population is highly mobile and treat-
ment options are limited by the immigration status of
the patient, this condition is life threatening and likely
to be responsible for maternal mortality. From available
data worldwide it is estimated that prior to effective
uterine evacuation and chemotherapy, maternal
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mortality from invasive mole and choriocarcinoma was
high at 15% and 100%, respectively [8–10].

Ultrasound is considered a useful tool for identify-
ing hydatidiform mole in pregnancy with studies
reporting an overall sensitivity of 44% [11,12],
although this is up to 95% for complete hydatidiform
moles and as low as 20% for partial hydatidiform
moles [11]. Positive predictive values with ultrasound
imaging range from 48% to 88% [11,12]. Hydropic
abortions have features suggestive of GTD by ultra-
sound, hence it is not relied upon for definitive con-
firmation. Pathologic diagnosis can be made following
examination of surgical specimens, with immunohis-
tochemical techniques where available [1], although
diagnosis during early miscarriage of partial moles
can still be difficult due to lack of morphological
criteria during the first trimester [13]. Recommended
management of GTD pregnancy is surgical, either with
suction evacuation and curettage or with hysterectomy
if childbearing is completed [1]. As serial serum gona-
dotrophin (hCG) measurements are used for monitor-
ing, effective contraception post-evacuation avoids
confusion in the diagnosis of invasive mole or chor-
iocarcinoma in the following 12 months, and hormo-
nal contraception has not been found to be associated
with increased risk of further GTD or to affect hCG
normalization [14].

The Shoklo Malaria Research unit (SMRU), based
in rural areas of Tak Province on the Thailand–
Myanmar border, has been providing antenatal and
birthing services in a marginalized refugee and
migrant population (mostly of Karen and Burmese
origin) for 30 years. The aim of this study was to
undertake a retrospective review of case records of
GTD cases noting the risk factors for GTD, delays in
diagnosis, management and outcomes, particularly
comparing outcomes preceding and following the
introduction of ultrasound. SMRU has a strong inter-
est in pregnancy malaria, particularly in first-trime-
ster malaria [15], and the relationship between
malaria and GTD was also reviewed.

Methods

Study site and population

SMRU was established in 1986 in response to the
increasing incidence of drug-resistant malaria
[16,17], with malaria in pregnancy as one of its
priorities due to the high maternal mortality rates
from this disease [18]. SMRU integrates health care
services with research and has provided free 24-
hour healthcare in the refugee camps since 1986
and for the migrant population since 1996. Maela
refugee camp, home to SMRU’s longest-standing
delivery room, has a current population of 45,000.
Maw Ker Thai and Wang Pha clinics serve

communities of agricultural migrant workers near
the Thailand–Myanmar border. All women are
encouraged to attend antenatal clinics as soon as
they know they are pregnant. The numbers of
women at antenatal clinics have increased yearly,
and now over 90% of local pregnant women attend
[18]. SMRU birth centres have emphasized training
and support of local skilled birth attendants and
more than 75% of women who attend SMRU
antenatal clinics birth in the facilities [19,20].

Routine obstetric ultrasound became available to
SMRU in late 2001 for the refugee population and in
2002 for migrant populations; the quality of the sono-
graphic gestational age estimates has been reported
previously [21,22]. Ultrasound machines that have
been used over the timeframe of the study include the
Toshiba Powervision 7000 machine (Toshiba, Tokyo,
Japan), the Fukuda Denshi UF 4100, and the General
Electric Voluson i (GE Healthcare, Austria), with
2–5 MHz real-time probes. The turnover of locally
trained sonographers has been low and 1–3 have been
consistently available at the 3 SMRU clinics, with a total
of 13 individual operators during the 20 years. Apart
from emergency referrals, images have been reviewed
with the sonographers by the site doctor.

A scan at the first antenatal visit and again at 22 weeks
is offered to all pregnant women, with complicated preg-
nancies undergoing more frequent ultrasound monitor-
ing as required. Ultrasound was used as the primary
source of dating pregnancies before 24 weeks’ gestation
but when this was not reliable (e.g. GTD or blighted
ovum) the last menstrual period was used. Symphysis
fundal height (SFH) was systematically recorded for
women as this was used prior to the introduction of
ultrasound. Data on ultrasound and SFH for more than
10,000 pregnancies with normal viable singleton deliv-
eries were used to create local SFH growth charts [23].
Local ultrasound staff are not trained in congenital
anomaly scanning. Women with GTD suspected by
sonography are counselled and promptly referred to the
Thailand public hospital system for care within their
facilities. The main reasons for referral are the high risk
of severe haemorrhage associated with uterine evacua-
tion [1], and lack of referral networks across toMyanmar.

Review of pregnancy records

Records of pregnant women who received antenatal care
from 1993 to 2013 were reviewed. These records were
previously coded for pregnancy outcome as delivered,
miscarried (includes GTD) and lost to follow-up (before
pregnancy outcome was known). All miscarriage cases
were reviewed, GTD being identified separately, and data
were extracted from these records including: fundal
height measurements [23], the time from first antenatal
visit to treatment (recorded in days), actual treatment
received, follow-up, and final diagnostic category of GTD
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where available. Detailed case notes, in particular the
histopathological reports from the Thailand
Government Hospital system, were not available to
SMRU but hospital caseworkers recorded basic data on
discharge before women returned to the field sites. Only
womenwith a histopathologically confirmed diagnosis of
GTD have been included in this review. Unfortunately,
information on the type of molar cases from complete to
partial mole was limited. Obviously some women were
referred as suspected GTD but did not have positive
histopathology results.

Statistical analysis

Data were analysed using SPSS for Windows™
(Version 20, SPSS Inc.). Continuous normally distrib-
uted data were described by their means and com-
pared with the Student’s t-test, while non-normally
distributed data were described by their median and
compared with the Mann–Whitney U test.
Confidence intervals (CI) were calculated using the
method described by Robert Newcombe [24].
Percentages were calculated for categorical data and
compared using the χ2 test or Fisher’s exact test. For
cross-tabulations Bonferroni correction was used to
adjust for pairwise comparisons within each row.

Factors associated with a GTD pregnancy were com-
pared by univariate analysis and odds ratios (OR) were
calculated with a 95% CI. To assess independent risk
factors associated with GTD a multivariate logistic
regression model was fitted using the variables that
were significantly associated with GTD from the uni-
variate analysis. A two-sided p-value of less than 0.05
was deemed to be statistically significant. Due to colli-
nearity between age and parity, and parity and a history
of miscarriage, these were omitted from the final model.

In this setting the risk of malaria is not stable across
the duration of pregnancy [15]. It is more likely to be
detected earlier in pregnancy and more likely to be
detected at the first antenatal screen. For this reason
the proportion of women with malaria was confined to
a fixed window, before a gestational age of 16 weeks.

Results

There were 57,004 records available for analysis. Of these
women 41,445 (72.7%) delivered, 5347 (9.4%)miscarried
including 103 cases of GTD and 10,212 (17.9%) were lost
before the outcome of pregnancy was known. The inci-
dence of GTD was 103 of 57,004 pregnancies between
1993 and 2013: 1.8 (95% CI 1.5–2.2) per 1000.

Demographic characteristics and risk factors
associated with GTD

The median (IQR) gestational age at presentation was
significantly lower in women with GTD compared to

no GTD: 11.3 (8.0–15.6) weeks (n = 99) vs 13.6 (8.8–
21.9) weeks (n = 55,524), p < 0.001; as were the hae-
matocrit (mean ± standard deviation): 32.8 ± 5.4%
(n = 88) and 33.8 ± 4.3% (n = 52,093) respectively,
p = 0.024; and the body mass index (BMI) (mean ±
standard deviation) in women who presented in the
first trimester: 19.8 ± 3.0 kg/m2 (n = 59) and
21.0 ± 3.0 kg/m2 (n = 18,479), p = 0.003, respectively.
Not all women had a palpable S.F.H or reliable estimate
of gestational age. The proportion of first SFH mea-
surements that reached the 90th centile or higher for
gestational age between weeks 10 and 16, was signifi-
cantly higher for women with GTD compared to with-
out GTD: 80.0% (20/25) vs 33.6% (3270/11,077),
p < 0.001; OR 7.9 (95% C.I 3.0–21.1).

A higher proportion of teenagers and women aged
40 years or more with GTD was noted, but this was
only statistically significant for older women (Table 1).
As expected in women of older age, higher parity and
numbers of miscarriage were identified (Table 2) but
these factors were collinear. There was no significant
effect of smoking observed. On multivariate analysis
being 40 years of age or more and being underweight
(first trimester BMI < 18.5 kg/m2) were both signifi-
cantly and independently associated with a raised risk
for GTD: adjusted odds ratio (AOR) 2.56 (95% CI
1.28–5.13) and 3.82 (95% CI 2.41–6.06), respectively
(Table 2).

Diagnosis

Twelve of the 103 GTD cases (11.7%) were diagnosed
before ultrasound became routinely available.

Most women, 83.5% (76/91), with ultrasound diag-
nosis had the classical ‘vesicular pattern’ or ‘grape-like’
appearance at the ultrasound scan at the first antenatal
visit. Partial mole was observed in 6.6% (6/91) of
women: five by the presence of a fetus on ultrasound
(all without a fetal heartbeat) and one from one of the
six histological reports available.

There were 21 women who had a pregnancy test
done of whom 23.8% (5/21) had a negative test result
and one of whom had a serum hCG available and
confirmed as > 200,000 IU/L.

Table 1. Proportion of GTD by five-year age groups.
Age category in years GTD (n = 103) No GTD (n = 56,869)a

<15 0b (0.0) 54 (0.1)
15–19 18 (17.5) 9298 (16.3)
20–24 23 (22.3) 15,934 (28.0)
25–29 25 (24.3) 13,323 (23.4)
30–34 15 (14.6) 9634 (16.9)
35–39 11 (10.7) 6237 (11.0)
40–44 8 (7.8)c 2144 (3.8)
45–49 3 (2.9)c 245 (0.4)

Notes: aAge missing for 32 women; bnot included in comparison as value
is zero; cp < 0.05 adjusted for pairwise comparisons within each row
using Bonferroni correction.
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Length of time to referral

Of the 88.3% (91 of 103) of women with an early
ultrasound there was a significantly shorter median
number of days, 2 (IQR 2–6; range 1–179), to referral
into the Thailand public hospital system compared to
the period before ultrasound was routinely available,
20 (IQR 5–35; range 1–155) days (n = 11, excludes
one maternal death before referral), p = 0.002. From
the period where ultrasound was available and
despite equal availability of ultrasound in both mar-
ginalized groups, the median time to referral was
longer for migrant women, 3 (IQR 2–13; range
1–179) days, compared to refugee women, 1 (IQR
1–2; range 1–115) day, p < 0.001.

The presentation of range, rather than just IQR,
demonstrates a high number of days from the date of
the first antenatal visit until referral into the Thailand
public hospital system despite ultrasound availability.

Outcome of pregnancy

There were no notes on the outcome for one migrant
woman diagnosed with GTD by ultrasound and she
has not been included in further analysis. Of the 102
remaining women, one died (1.0%) of haemorrhage
at home in a village outside the camp during the time
before ultrasound had become available and without
receiving any treatment. On review the fundal height
was large for gestational age. Mortality in women
diagnosed with GTD without an ultrasound scan
was 9.3% (95% CI 6.8–10.0) (1/12) and zero amongst
the 90 women who were scanned.

Initial treatment for women with documented
follow-up (after excluding the woman who died)
included 94.1% (95/101) with uterine evacuation
and 5.9% (6/101) with total abdominal hysterectomy
(TAH). A total of 9.9% (10/101) of women had TAH
as a further four women received this operation after
local recurrence following uterine evacuation. There
was a trend for more women to receive a TAH

before ultrasound was available, but this was not
significant.

Invasive disease confirmed by histology and/or
chest radiograph was diagnosed in 11.9% (12/101)
of cases. There were five cases where chemotherapy
from the Thailand public hospital was documented in
SMRU case records, but this is most likely an
underestimate.

Of the 94.1% (95/101) of women with uterine
evacuation, 5.3% (5/95) had recurrence of GTD.
The follow-up of these patients and systematic
recording of hCG levels into the primary record
held by SMRU were poor as they were routinely
recorded into the patients’ handheld medical record
books, which were not available for this review.

Recurrence in a new pregnancy

For recurrence in a new pregnancy, women with
tubal ligation (n = 11) and TAH (n = 10) were
removed from the denominator as new pregnancy
was prevented, leaving 80 women. After post-uterine
evacuation and apparent cure, 2 women (2.5%) were
diagnosed as GTD on their subsequent pregnancy:
one at 12 months and one at 16 months post-treat-
ment. Both were treated with repeat uterine evacua-
tion without chemotherapy. We were unable to
confirm the incidence of recurrent pregnancy without
GTD in the remaining 78 women so this figure may
underestimate recurrence.

Contraception

TAH provided definitive contraception in 9.9% (10/
101) of women. Contraceptive uptake after initial treat-
ment of GTDwas not documented in 18.8% (19/101) of
cases. Of the 72 remaining women, 40.3% (29/72)
declined contraception, 22.2% (16/72) took the oral
contraceptive pill, 15.3% (11/72) had a sterilization
(tubal ligation), 11.1% (8/72) opted for condoms, 9.7%

Table 2. Patient demographics in women with GTD and non-GTD pregnancies.
GTD n (%) Non-GTD n (%) Odds ratio univariable (95% CI), p-value Adjusted odd ratio (95% CI), p-value

Age category (years)
< 40 92 (89.3) 54,480 (95.8) Reference Reference
≥ 40 11 (10.7) 2389 (4.2) 2.73 (1.46–5.10), p = 0.004 2.56 (1.28–5.13), p = 0.008

Parity
Parity ≤ 4 84 (81.6) 50,394 (88.7) Reference Omitted
Parity > 4 19 (18.4) 6423 (11.3) 1.78 (1.08–2.92), p = 0.029

History of miscarriage*
No miscarriage 42 (56.0) 27,427 (65.4) Reference Omitted
At least one miscarriage 33 (44.0) 14,533 (34.6) 1.48 (0.94–2.34), p = 0.089

Smoker
Non-smoker 67 (71.3) 34,844 (72.8) Reference Not applicable
Smoker 27 (28.7) 13,047 (27.2) 1.08 (0.69–1.68), p = 0.735

Underweight BMI < 18.5 kg/m2

Normal or overweight 38 (64.4) 15,192 (82.2) Reference Reference
Underweight 21 (35.6) 3287 (17.8) 2.55 (1.50–4.36), p = 0.001 3.82 (2.41–6.06), p < 0.001

Notes: Missing data: age n = 32; parity n = 84; smoking n = 9019; BMI in trimester one n = 9980.
*Primigravida cannot have a history of miscarriage and was therefore excluded. OR and AOR values in bold were significant p<0.05.
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(7/72) opted for medroxyprogesterone and one (1.4%;
1/72) had an intra-uterine device placed.

Malaria and GTD

In women with GTD who had a known gestational
age, 76.8% (76/99) had their first antenatal visit
before 16 weeks. The proportion of malaria at the
first antenatal visit in women less than 16 weeks’
gestational age was compared. In women with GTD
compared to without GTD the proportion of P.falci-
parum infection was 1.3% (1/76) vs 2.4% (780/
32,173); for P.vivax infection 2.6% (2/76) vs 2.5%
(815/32,173); and for malaria smear negative 96.1%
(73/76) vs 95.0% (30,578/32,173); with no significant
difference for all comparisons.

Discussion

The incidence of GTD in this population, 1.8 (95% CI
1.5–2.2) per 1000, is comparable to previously reported
data for South-East Asian women with an estimated
rate of 1.7 (1.4–2.1) to 2.3 (1.8–2.9) per 1000 pregnan-
cies depending on the inclusion criteria used [25]. In
this cohort one pregnant woman died from complica-
tions of GTD. She presented before routine ultrasound
scanning was introduced and there have been no deaths
since that time from GTD [18].

Routine ultrasound at the first antenatal visit reduced
the referral time for definitive treatment with uterine
evacuation significantly. Local sonographers have been
trained in gestational age assessment and non-classical
scans still resulted in diagnostic indecision, leading to
rescanning or in some cases measurement of hCG. In
this setting, where advanced laboratory facilities are not
available on site, quantitative hCG results arrive at field
clinics 3–7 days after blood samples are taken.
Ultrasound at SMRU was originally introduced to
improve the assessment of gestational age which has
proved particularly difficult in this area where literacy
rates are low [26], and an accurate last menstrual period
is difficult to obtain [21,22]. In the absence of access to
timely hCG assessment, locally available obstetric ultra-
sound services in low-resource settings are likely to
improve outcomes by giving real-time information
about a broad array of pathologies, including GTD
[27]. This study adds to evidence from low-income
countries that obstetric ultrasound is essential to identify
andmanage complicated pregnancies, and that provision
of training and equipment in these settings should be
encouraged [28]. Efforts to improve sonographer recog-
nition of non-classical GTD if machines have the capa-
city for colour Doppler could also improve earlier
diagnosis. This may be especially important in the
migrant women who are highly mobile and hence the
opportunistic chance to confirm GTD at a single ultra-
sound scan should be maximized.

Compared to previous observations, similar risk fac-
tors associated with GTD have been identified includ-
ing high maternal age and high parity. The association
between GTD and being underweight, which has not
previously been described, may reflect the fact that
women in this population often reach institutional
care after being unwell for a prolonged period of time.
Smoking in this population was not significantly asso-
ciated with the risk of GTD but data may be con-
founded by the high rate of household smoke
exposure due to the use of charcoal for cooking [29].
SFH above the 90th centile can be helpful in the diag-
nosis of GTD but confirmatory testing with ultrasound
or hCG measurement is needed as a next step, both of
which can be challenging in a rural environment if
ultrasound is not locally available [22]. Measurement
of urine hCG may not suffice as this test may be nega-
tive when serum hCG is very high, as observed in a
limited number of cases in this data-set [30].

Areas of improvement in clinical practice include
the need for a greater effort in effective contraception
and enhanced communication with subsequent
health authorities to obtain detailed discharge infor-
mation. Low uptake of contraception could result
from miscommunication as this marginalized popu-
lation do not speak Thai, so careful explanation of
this condition to the woman in her own language is
required. Post-evacuation hCG documentation in this
cohort was poor and is a definitive action point for
future service provision, particularly with the propor-
tion of 2.0% repeat GTD, which is higher than
reported rates elsewhere of 1% [31,32].

As far as we are aware this is the first time the risk of
GTD and malaria has been compared and there was
limited power to show an association despite systema-
tic screening for malaria in this population [15].

The lack of availability of the histopathological diag-
nosis of complete or partial mole in this study is the
main limitation of this report. There may be case ascer-
tainment bias as monitoring and referrals are likely to
have improved since the introduction of ultrasound,
beyond the merits of the investigation itself, as educa-
tion and awareness improve amongst staff and infra-
structure and referral systems strengthen over time. In
addition there is incomplete documentation of che-
motherapy and follow-up for those returning from the
Thailand Health System. The low rate of post-evacua-
tion hCG results would underestimate recurrence and
mortality. Nevertheless reporting outcomes of GTD in
marginalized populations is important to understand
their risk, and for programmatic improvement to
reduce pregnancy-related maternal mortality.

Conclusion

In women who had an ultrasound scan offered
early in pregnancy there was no maternal mortality
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and a significantly reduced time to referral for
definitive management of GTD. Ultrasound use in
marginalized populations and in rural areas should
be encouraged.
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Paper context

Evidence linking the use of obstetric ultrasound to
reduced maternal mortality in limited-resource settings
is lacking. This study demonstrates a significant reduc-
tion in referral time for definitive management of molar
pregnancy, and a trend for lower mortality and morbid-
ity, following introduction of ultrasound, in a challen-
ging low-resource setting with a highly mobile
population. Improving access to obstetric ultrasound in
these settings to aid identification and management of
complicated pregnancies is likely to improve outcomes.
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