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Purpose: Missed abortion is a common obstetrical problem with
a high incidence. Evidence supports a change in approach from
the traditional dilatation and curettage to medical; however, few
studies have investigated the prediction success of the medical ap-
proach. This study investigates whether first trimester missed abor-
tion can be successfully terminated using Doppler indices, such as
resistance index (RI) and pulsatility index (PI), as predictors. Mate-
rial and Method: In this prospective study, the sample is made up
of 78 patients, with a first trimester missed abortion range of 6-13
weeks of pregnancy who meets the maternal parameters as well as
transvaginal Doppler indices, RI and PI. The participants were subdi-
vided into3groupsbasedontheir response tosublingualmisoprostol
and weeks needed to terminate as Groups I (43/78), II (26/78), and III
(9/78) aborted in the first, second, and third weeks, respectively. Re-
sults: Age, BMI, andgestational ageofdead fetuswerenot significant
for Groups I, II, and III with P= 0.13, P= 0.13, and P= 0.35, respectively.
Parity anddeliverymodeshowedsignificantdi ferences (P<0.0001)
between group means of PI and RI. PI for Group I plus II and Group
III are 1.53 (0.75-2.70) and 1.58 (1.10-2.10), respectively. RI for Group I
plus II andGroup III are 0.71 (0.50-1.00) and 0.80 (0.69-0.92), respec-
tively. The coe ficient of correlation proves that RI is the primary pre-
dictor of successful termination of a first trimester missed abortion
with a cut-o f value of 0.74 with associated sensitivity and specificity
of 68.7% and 56.7%, respectively. Conclusions: Increased parity and
a history of vaginal delivery, in addition to measured RI, were pre-
dictors of successful termination of a first trimestermissed abortion.
These resultsmaybeused in counselingpatients todecide safest and
most suitable option to terminate a first trimester missed abortion,
depending on their demographic criteria and ultrasound scores.
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1. Introduction
Missed abortion is a common obstetrical condition with

a 20% incidence of all clinically diagnosed pregnancies. It
has received considerable attention in the past two decades

as there is an increased focus on medical rather than surgical
options. This is due to the introduction of new drugs, such as
misoprostol and mifepristone, which have emerged as effec-
tive options for medical termination. Medical termination
carries the advantage of outpatient treatment, lifting much
of the burden on maternity hospitals [1, 2]. Misoprostol, a
synthetic prostaglandin agonist originally used to treat pep-
tic ulcer, was accidentally discovered to be an abortifacient
agent. Compared with a surgical method, it has been the fo-
cus of many studies, regarding its dosing and route of admin-
istration, either alone or in combination with other drugs,
with varying success rates and safety profiles [3, 4]. Treat-
ment failure is a well-acknowledged subject bymost obstetric
practitioners and has been investigated by many researchers;
some relate it to maternal parameters and others to the drug
chosen. Ultimately, those with failed treatment will need
dilatation and curettage [5]. Predicting the causes of treat-
ment failure has gained much interest. The first report (in
the form of a case report in non-conclusive concepts) on the
successful use of Doppler to predict the medical option was
produced in the past few decades. In 2009, an evaluation of
the effectiveness of uterine arteries in predicting pregnancy
outcome was reported in the Journal of Reproduction of Do-
mestic Animals, after which many studies on human repro-
duction emerged, relating pregnancy outcome and the fate of
on-going pregnancy [6].

Fortunately, uterine artery Doppler is easily evaluated in
obstetrics and gynecology (OBG) clinics; the changes in the
normal pattern of uterine artery indices, PI and RI, during
the first trimester were recorded. Doppler study stands out
as a non-invasive investigation with high acceptance rates
and minimal side effects [7]. Little is known about the role
of Doppler in predicting the success of medically terminated
first-trimester abortion, predicting the causes remains a chal-
lenge. We hypothesized that a doppler study, measuring both
resistance index (RI) and pulsatility index (PI), of uterine ar-
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teries, performed before undergoing treatment might pre-
dict the success ofmedically terminated first-trimestermissed
abortions and the time required to complete it. The impor-
tance and originality of this study are that it explores the re-
lationship between Doppler indices in patients with a first
trimestermissed abortion and the success ofmedical termina-
tion, along with carefully selected maternal parameters that
are valuable to clinicians.

2. Materials andmethods
2.1 Study design

This is a prospective cohort observational study that eval-
uates Doppler indices, PI and RI, in patients with a first
trimester missed abortion, as a predictor of the termination
success by misoprostol.

2.2 Sample and sampling technique
Participants who met the selection criteria and were will-

ing to participate in the study were identified through their
first trimester missed abortion diagnosis, ranging from 6-13
weeks, which was determined based on their last menstrual
cycle, or the criteria for diagnosis endorsed by the Royal Col-
lege of Obstetricians and Gynecologists.

2.3 Study site and setting
This study was conducted in the OBG department of Al-

Yarmouk Teaching Hospital, Baghdad/Iraq; a tertiary treat-
ment center that receives thousands of patients every month.
This hospital has a variety of specialties, such as general
surgery, cardiology, orthodontics, pediatrics, neuropsychol-
ogy, maternity, and family medicine.

2.4 Data collection procedure
The Department of Obstetrics and Gynecology at Al-

YarmukTeachingHospital ethics committee provided ethical
approval for the study and verbal consent was sought from
all participants. The data were collected from March 2019
to March 2020. A total of 100 patients were recruited; how-
ever, 22 patients were excluded based on the exclusion cri-
teria; 78 patients participated in the study. Complete blood
count, blood group and rhesus factor, fasting and random
blood sugar, blood urea, serum fibrinogen, coagulation pro-
file, and thyroid hormone (T3, T4, and TSH) tests were con-
ducted on all participants. To understand the prediction cri-
teria of our sample, we recordedmaternal parameters, such as
age, parity, mode of delivery (vaginal or caesarian), andmean
gestational age of the dead fetus. Doppler study was per-
formed on all participants before they embarked on the study
regimen. We confirmed the diagnosis and excluded other gy-
necological problems, such as molar pregnancy and uterine
fibroid, and others listed in the exclusion criteria. Doppler
examination studies were performed by the same radiologist
to decrease inter-observational differences. The examination
was conducted by placing the patient in a supine position, us-
ing vaginal probe 8-4 MHZ, logic P5 TOSHIBA machine. A
sagittal plane to the uterus that shows the cervix and its inter-
nal os was implemented. The vaginal transducer was gently

introduced and tilted from side to side. We identified uter-
ine arteries at the internal os level with the aid of a color flow
mapping. Subsequently, pulsed wave Doppler at a sampling
gate gaged at 2 mm covered the entire vessel. We ensured an
angle of insonation< 30◦. The mean PI and RI of the left (L)
and right (R) arteries were calculated when 3 similar consec-
utive waveforms were obtained, and the mean of the R and L
arterymeasurements was calculated. The values of the PI and
RI were measured and recorded for R and L uterine arteries,
and the mean of every participant was determined, provided
the difference was< 5%.

2.5 Inclusion criteria
Pregnant women in their first trimester, in gestational

age of 6-13 weeks, diagnosed with missed abortion and ad-
mitted to the outpatient department for voluntary termina-
tion. These were invited to participate in this study after its
aim and workflow were explained. A detailed history was
recorded, and examinations were performed.

2.6 Exclusion criteria
1. Multiple pregnancies, molar pregnancy, and ectopic

pregnancy.
2. Patients with maternal chronic diseases, such as dia-

betes, hypertension, and chronic arterial disease.
3. Known contraindication to misoprostol, for example,

asthma.
4.Congenital uterine abnormality, uterine fibroid or

polyp, adenomyosis, and endometriosis.
5. Patients with anemia or known blood dyskaryosis or on

anticoagulant drugs.
6. Patients who tested positive for TORCH screen and

anticardiolipin and antiphospholipid antibodies.
7. Patients who were diagnosed with congenital malfor-

mation of the fetus, whether dead or alive.
All participants were assigned medical treatment that was

administered on an outpatient basis: 600 µg misoprostol
tablets were administered sublingually in a dose of 2-3 tablets
every 4 hr (a total of 6 tabs per day) along with a mild anal-
gesic for a 3-day course. In the follow-up phase of the study,
participants were asked to return to the hospital if they expe-
rienced severe bleeding to assess whether complete abortion
had occurred or further surgical intervention was needed.

Complete abortion was defined by a history of the passage
of clots and tissues, a vaginal examination revealing a closed
os; a confirmation pelvic ultrasound (not Doppler) was used
as proof that complete abortion had taken place. Those pa-
tients were given antibiotics and analgesics and sent home.

After a 1-week treatment period, some patients commit-
ted abortion (good responders); others fail to abort (poor re-
sponders) andwere offered a second and third course depend-
ing on their response. The patients were stratified into 3
groups based on their response to treatment; Group I (43/78)
were the good responders who aborted within the first week
and Groups II (26/78) and III (9/78) were the poor respon-
ders who aborted within the second, and third weeks, respec-
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tively. By the end of the third week, for those who failed to
respond to medication, elective termination by curettage was
done under general anesthesia Fig. 1.

3. Statistical analysis
Statistical analysis of data was performed using SAS (Sta-

tistical Analysis System-version 9.1). The test of normality,
using the Shapiro-Wilk test, showed that the data were not
normally distributed; therefore, the means were compared,
using the Mann-Whitney test. Chi-square test or Fisher test
(as applicable) was used for the descriptive measures. P <

0.05was considered statistically significant. The criterion be-
tween RI and PI was assessed by using the partial least square
curve (PLS) and the coefficient marker of matrix mathemat-
ics. Thus, the eigenvalue was used for multiple independent
parameters, such as PI and RI and the dependent parameter,
the gestational age of the dead fetus. Positive eigenvalues
above 1 indicate a correlation between the two studied pa-
rameters, especially the higher positive values. On the other
hand, eigenvalues below 1 or in the negative range indicate
that there is no correlation between the two measured pa-
rameters.

A receiver operating characteristic curvewas used to iden-
tify the validity of the marker (RI) as an indicator of preg-
nancy loss. The marker cut-off value was generated accord-
ing to the area under the curve. The analysis was performed
using MedCalc Software. The sensitivity (a probability that
the test will be positive when the infection is present).

The specificity (a probability that the test will be negative
when the infection is absent).

MedCalc Statistical Software version 16.4.3 (MedCalc
Software bvba, Ostend, Belgium; https://www.medcalc.org;
2016) SAS.2010.SAS/STAT Users Guide for Personal Com-
puter. Release 9.13.SAS Institute, Inc., Cary, N.C., USA.

Finally, Poisson regression was used to measure the risk
ratio of surgical intervention.

4. Results
A total of 78 patients with a confirmed first-trimester

abortion participated in this study; some of theirmaternal pa-
rameters are presented in Table 1. The age, BMI, and gesta-
tional age of dead fetus were not statistically significant with
P = 0.13, P = 0.13, and P = 0.35, respectively; however, parity
and delivery mode were significant with P < 0.0001 and P <

0001, respectively, which were also significant for all partici-
pants and the individual groups. The differences in themeans
of PI and RI are highlighted in Table 2; it can be seen that PI
for Group I plus II and Group III are 1.53 (0.75-2.70) and 1.58
(1.10-2.10), respectively. On the contrary, RI forGroup I plus
II and Group III are 0.71 (0.50-1.00) and 0.80 (0.69-0.92), re-
spectively. Closer inspection of the table shows that RI has
a better predictive value than PI with P = 0.02 and P = 0.62,
respectively.

The PLS curve in Fig. 2 shows the correlation between
Doppler indices, PI and RI, as independent variables and the

gestational age of the dead fetus as a dependent variable in the
successful termination of abortion. Surprisingly, RI was the
only parameter to reach a statistically significant correlation
with the gestational age of the dead fetus with an eigenvalue
of 2.77, contrary to that of PI (-0.8), ascribe as a successful
predictor.

Receiver operating curve (ROC) analysis was used to cal-
culate the cut-off value for RI; the result was 0.74, any reading
below this number is more likely to have a successful medical
induction of abortion, as shown in Fig. 3.

As shown earlier, not all the patients aborted within the
first week; some failed and continued to the second and third
weeks; hence those who aborted in the first week were con-
sidered the reference group. A risk ratio was calculated with
the aid of Poisson regression to accurately predict the risk of
surgical intervention specific to each group; as shown in Ta-
ble 3, the risk ratios were estimated to be 1.3 and 4.7 for the
second and third weeks, respectively.

5. Discussion
Unique adaptations in placental morphology and func-

tion have increasingly been acknowledged andwell described
with Doppler-derived hemodynamic parameters. PI and RI
are commonly used to monitor fetal well-being in clinical
practice, but whether they significantly influence the type of
termination of missed abortion have not been adequately in-
vestigated.

Increased parity is among the maternal parameters that
best predict good responders. Prior studies by Kim et al. por-
trayed such association, which is contrary to that of Reeves
et al. and Ehrnstén et al., who stated that the possibility of
a successful outcome decreases as gestational age and parity
advance since the stretching of uterine muscles and loss of
muscle integrity lead to poor response to medical termina-
tion. This relationship was most striking in ≥ para 5 pa-
tients; this may explain the apparent contradiction with the
current study as the mean parity was 4 in our patients [8–
10]. This study shows there is a strong relationship between
predicting good responder and vaginal delivery. This agrees
with the results of Kim et al., who declared that vaginal deliv-
ery was associated with higher and more rapid success rates.
Caesarian delivery tends to alter the success of a good respon-
der because the scarred site will be considered a weak point
in disturbing uniform myometrium and its contractility, not
to overlook the increased penetration by trophoblasts to the
myometrium, making it difficult to expel [8, 11]. Maternal
age and gestational age of the dead fetus are not statistically
significant; the same finding was reported in a study by Kim
et al. In contrast, earlier findings by Ehrnstén et al. suggested
that most distinct factor for surgical intervention risk was a
9-week gestational age or more at the time of treatment; the
study results do not support this. This inconsistency may be
due to the larger sample size. Moreover, the mean age of the
participants was (8.4) weeks less than the cut-off value pro-
posed by Ehrnstén L et al. [8, 10].
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Fig. 1. The study flow chart showing how patients were enrolled and excluded, and the divisions of the study sub-groups.

From the PLS curve and its generated eigenvalue, the RI
but not the PI stands out as significantly correlated to the suc-
cess ofmedical terminationwith a cut-off value of 0.74; below
which medical treatment will be successful, and above which
medical treatment will most likely fail, with increased haz-
ards of surgical intervention. It is promising when this fig-
ure is compared with the one expressed by Sonek et al. where

both RI and PI correlate with the success rate; this may be
explained by the larger sample size used in their study [12].
There are similarities between the results of this study and
the results of Guedes-Martins et al. that described the use
of PI and RI as a predictor of medical management of incom-
plete abortion. Their results suggested that retained products
of conception will affect PI and RI, causing both to increase,
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Table 1. The demographic data in all participants under study and for each group individually (I, II, and III) what was
significant was highlighted with * whichwas parity and delivery mode, they were significant in overall

and for each group individually.
All n (%) 78 (100) Group I 43 (55.2) Group II 26 (33.3) Group III 9 (11.5)

Age (Years) 20-24 20 (25.6) P = 0.13 10 (23.3) P = 0.25 8 (30.7) P = 0.29 2 (22.2) P = 0.72
25-34 34 (43.5) 19 (44.2) 10 (38.6) 5 (55.6)
35-44 24 (30.7) 14 (32.5) 8 (30.7) 2 (22.2)

Parity 010 (12.8) P < 0.0001* 4 (9.3) P < 0.0001* 4 (15.4) P < 0.001* 2 (22.2) P = 0.18
≥ 1 68 (87.2) 39 (90.7) 22 (84.6) 7 (77.8)

BMI ≤ 24 32 (41) P = 0.13 13 (30) P = 0.33 15 (57.7) P = 0.006* 4 (44.4) P = 0.88
25-29 28 (35.9) 16 (37) 9 (34.6) 3 (33.4)
≥ 30 18 (23.1) 14 (33) 2 (7.7) 2 (22.2)

DeliveryMode CS26 (33.3) P < 0.0001* 13 (30.2) P < 0.0001* 8 (30.7) P = 0.006* 5 (55.6) P = 0.30
NV 40 (51.3) 25 (58.1) 13 (50) 2 (22.2)
NVCS 2 (2.6) 1 (3.3) 1 (3.8) 0 (0)
Null 10 (12.8) 4 (9.4) 4 (15.5) 2 (22.2)

Meanest Gestational
age for dead fetus

8.78 ± 2.48 8.42 ± 2.28 9.11 ± 2.71 9.27 ± 2.70 P = 0.35

Table 2. Comparison of the average (min-max) pulsatility (PI) and resistance (RI) indices in the uterine arteries between
groups (I + II) and III, the testing was done once for all participants before embarking into the study, only RI stand out

as a reliable predictor with ameaningful P-value 0.02.
Group I+II (n = 69) Group III (n = 9) P-value

PI 1.53 (0.75-2.70) 1.58 (1.10-2.10) 0.62
RI 0.71 (0.50-1.00) 0.80 (0.69-0.92) 0.02*

*P is significant at 0.05.

Fig. 2. Partial PLS curve for generating a coefficient of correlation,
Eigenvalues; both doppler indiceswere challenged to detect themost
meaningful correlation, it was illustrated as RI to be a significant
predictor for successful termination.

necessitating further surgical intervention. The researchers
used bothmifepristone andmisoprostol for treatment; differ-
ent settings, drugs, and another type of abortion were used.
In addition, in line with this conclusion, Hameed et al. used
color Doppler imaging instead of PI and RI inmanaging cases
of incomplete abortion [13, 14].

The use of PI and RI were the focus of many studies that
investigated their effect on predicting pregnancy and deliv-

Fig. 3. Receiver operation curve ROC for RI, it was generated to as-
sess the validity of RI as a marker for termination success, a cut off
value of RI of 0.74 was concluded with its associated sensitivity and
specificity of 68.7, 56.7 respectively.

ery outcomes rather than predicting abortion outcomes as in
this study. RI was studied; its reference value was established
before and in early pregnancy. Women who were deemed to
havemissed abortionwere classified; for every 0.1 increase in
RI, there is an associated 18.7 increase in the risk of abortion
[1, 15].

As for those deemed to be experiencing pregnancy-
induced hypertension (PIH), intrauterine growth restriction
(IUGR) were reported to have higher Doppler indices dur-
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Table 3. The risk ratio for failed induction of abortion byMisoprostol was given after being calculated with Poisson
regression, wewere able to predict the risk of having surgical interference by taking group I [the good responders]

as a reference value. Themore participants take time to abort the more likely theywill need surgery.
Number of D and C Risk Ratio 95% Confidence Interval

First week Reference group
Second week 1.355 0.32-5.59
Third week 4.77 1.13-19.54

ing the pre-pregnancy and early pregnancy states. This was
the basis for the therapeutic trial of added aspirin and pro-
gesterone drugs that decrease their levels close to the level of
the general population [16–18]. Trayanov et al. compared RI
levels in patients with threatened abortion and normal pop-
ulation reporting no statistical differences. Surprisingly, this
was not observed in the study by Khong et al. that reported
a high and significant RI upon a comparison between nor-
mal population and patient deemed to have a first trimester
missed abortion and later on PETand IUGR [16, 19]. It
should be highlighted that there are discrepancies in RI val-
ues that have been reported in different literature. This can
be attributed to the differences in study design, sample size,
and, most importantly, the criteria for selecting enrolled sub-
jects. A deeper insight reveals that the outcome will be more
meaningful if enrolled subjects were selected from the high-
risk group rather than the general population. Furthermore,
if these subjects were combined with maternal characteris-
tics, the validity will be substantially higher [20]. To explain
the study results, a search was made for factors that influence
the RI, thereby causing the RI to rise and producing a poor
respondent who is resistant to medical termination.

The RI is calculated as the ratio between the mean pres-
sure and the mean volume of blood flow. Consequently, an
increase in blood viscosity or an increase in the resistance or
a reduction in the radius of blood vessels will be a probable
cause [7]. A wide range of causative factors is implicated,
keeping in mind the possibility of interference from multi-
ple factors. RI values represent changes in the entire system
and are unlikely to be altered by a single factor. Some of these
causative factors include oxidative stress, hypoxia, alteration
in placental gene expression and endothelial injury, failure of
the secondwave devascularization of spiral arteries in placen-
tal bed, and local release of vasoactive substance [19, 21].

The ROC analysis produced a cut-off point of 0.74 for RI,
with associated sensitivity and specificity of 68.7 and 56.7,
respectively. The relatively low sensitivity and specificity
reached can be explained by the sample distribution. Groups I
and II had relatively comparable numbers while group III had
a markedly low number. This discrepancy in the distribution
led to sampling bias. Moreover, sampling was made from
one center; more diverse patients frommultiple centers could
have added the variance needed to achieve better sensitivity.
Another probable factor is the heterogeneity of the causes of
a first trimester abortion, and heterogeneity in the modified
pattern of vascularity of the myometrium during early preg-

nancy, which affects artery indices. A bigger sample size and
amore strict gestational age would have addedmore credibil-
ity to the results and not compromised them. It is advisable
to overcome these challenges as they limit the validity of the
conclusions reached.

We established the risk of surgical intervention on a poor
responder. Those who aborted in the first week (good re-
sponders) were considered as the reference group. From that
group, based on theweeks, a Risk Ratiowas generated to pre-
dict the need for surgical intervention. It was clear that the
more time elapses, the higher the risk was since it increased
from 1.4 to 4.6 in the second and third weeks, respectively.
The novelty of this study is that most of the earlier studies
addressed the estimated RI in relation to the prosperity and
health of on-going pregnancy. So far, very little attention has
been paid to the role of Doppler in predicting response for a
medical termination among patients with missed abortions.
To the best of our knowledge, this is the first study, at least
in Iraq, to correlate maternal and Doppler attributes in de-
signing predictive module for patients with missed abortion.
This study may serve as a base for further research that will
address the implication of the RI in the termination of preg-
nancies at a higher gestational age.

6. Conclusions
Abortion is commonly practiced. There is a challenge to

its management, whether to operate or to wait for a medi-
cal termination. Doppler indices were proposed as a means
to predict a patient’s fitness for the best medical option.
The main finding of this study is that the RI measurement
may serve as an effective predictor of successful termination,
along with increased parity and vaginal delivery. These find-
ings may help patients to make the best and the most appro-
priate choice, guided by their clinician, based on their demo-
graphic characteristics and Doppler indices.
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