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ABSTRACT

We sought external validation of a prediction model for the probability of a
successful external cephalic version (ECV). We evaluated the performance of the
prediction model with calibration and discrimination. For clinical practice, we developed
a score chart to calculate the probability of a successful ECV. We studied 320 women
undergoing ECV, of which 117 (37%) were successful. The model underestimated the
success rate by 4 to 14%. The area under the receiver operating characteristic curve was
moderate (0.66; 95% confidence interval: 0.60 to 0.72), but the model was able to make
good distinction between women with a higher predicted probability of a successtul ECV
(more than 50%) compared with women with a lower predicted probability of a successful
ECV (less than 20%). Our model to predict the outcome of ECV holds in external
validation. It can be used to support patient counseling and decision making for ECV in

singleton term breech presentations.
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B:eech delivery is associated with an increased
risk of neonatal morbidity and mortality as compared
with cephalic delivery. As a result more cesarean sections
are performed in women who have a fetus in breech
presentation at term,"? with the consequence of addi-
tional risks in subsequent pregnancies due to complica-
tions such as uterine rupture and abnormal placental
implzln’fa'fion.3’4

External cephalic version (ECV) is a relatively
simple and safe maneuver and is proven to be effective in
the reduction of the frequency of breech presentation at
term and consequently the number of cesarean deliveries
for this condition. In the literature, the ECV success
rates vary from 35 to 86%.>

There are many factors thought to be associated
with the success or failure of an ECV attempt. A meta-
analysis showed that clinical characteristics such as non-
engagement of the breech, multiparity, relaxation of the
uterus, a palpable fetal head, and maternal weight less
than 65 kg are related to a successful ECV outcome.®
Ultrasound characteristics related with a successful ECV
outcome are complete breech presentation, posterior
placental localization, and an amniotic fluid index
(AFI) >10 cm.”

Based on this information, we have developed a
model to predict the outcome of a successful ECV in
women with a singleton breech presentation at term.® At
internal validation the model showed a fair discrimina-
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tive capacity and a good calibration, thus allowing to
discriminate between women with a good probability of
a successful ECV and women with a poor probability of
a successful ECV. External validation is a crucial step
before a predictive model can be used in daily practice,
and thus far the model has not been externally validated.’
The aim of this study was to validate the ECV prediction
model with data from an external population.

MATERIALS AND METHODS

Patients

From August 2002 to January 2009, data of conse-
cutive women undergoing ECV at the Medical Centre
Alkmaar were collected. ECV attempts performed in
the Medical Centre Alkmaar between August 2004
and December 2006 were excluded because these data
were used for development of the original prediction
model.

ECV was applied in women with a singleton fetus
in breech presentation at term (36°/, weeks’ gestation
and onward). Exclusion criteria for ECV were women
with a contraindication for vaginal labor, placenta
abruption in the history, uterus anomalies, suspicion of
ruptured membranes, HELLP syndrome (hemolysis;
elevated liver enzymes; low platelet count), preeclampsia
or severe pregnancy-induced hypertension, fetus with
congenital abnormalities, and fetal growth restriction
(estimated fetal weight [EFW] <5th percentile). Before
and after every ECV attempt, a cardiotocography for
half an hour was conducted. All ECV attempts were
performed by either an experienced midwife or gynecol-
ogist, without use of uterine relaxants. After 30 minutes,
the position of the fetus was confirmed by ultrasound.

We collected data on parity, maternal age, body
mass index, ethnicity, gestational age, fetal position,
placental localization (anterior, posterior, in fundo, lat-
eral), EFW, and amniotic fluid. Parity was recorded as
nulliparous or multiparous, where multiparity was de-
fined as having delivered at least once abdominally or
vaginally after 24 weeks’ gestation. Fetal position was
categorized as frank breech versus nonfrank breech. The
AFI was registered by ultrasound and divided in two
groups, normal amniotic fluid and decreased amniotic
fluid (AFI <10 cm). EFW was calculated with the
Hadlock formula, based on ultrasound measurements.'®

Data Analysis

The primary end point of the study was a successful
ECV, defined as by ultrasound confirmed cephalic
presentation 30 minutes after the ECV attempt.
The probability of a successful ECV was calculated
using the formula: probability =1/[1+ exp(—B)],
where B =—5.1+ (multiparty x 1.05) + (EFW <3000

g % 0.13) + (anterior placental localization x —0.32) +
(normal AFT x 0.82).

The model was evaluated with discriminative
capacity and calibration. Missing data of the predicted
variables were imputed (“filled in”), because deleting
them would lead to a loss of statistical power in multi-
variable analysis and, more seriously, potentially biased
results.!t We generated a single imputed data set, using
the first step of the “aRegImpute” multiple imputation
function in Splus 8.0. This is an efficient implementa-
tion of Bayesian multiple imputation, a recommended
state-of-the-art method.!?

Discriminative capacity of the model was assessed
by receiver operating characteristics (ROC) analysis.
Sensitivity was defined as the percentage of correctly
predicted successful ECV attempts as compared with all
successful ECV attempts, whereas specificity was de-
fined as the percentage correctly predicted unsuccessful
ECV attempts as compared with all unsuccessful ECV
attempts.

Calibration was evaluated by measuring the
agreement between the predicted ECV success rates
and the mean observed ECV outcomes. A calibration
plot was constructed with the predicted and the observed
successful ECV rate as calculated from the model in five
different categories. Women were qualified for a cat-
egory based on their prognosis: the first 20% with the
lowest predicted chance in the first category, the sub-
sequent 20% in the second category, and so on. In case of
a perfect calibration, all predictions and observations
would be on the line of equality (X=Y).

Finally, we developed a prognostic score chart
to make the prediction model useful in clinical prac-
tice. The scores were derived from the B coefficients of
the initial model. The variable EFW was categorized
into practical useful groups, based on the spline func-
tion that visualized the association of the probability of
a successful ECV and EFW.2 By categorizing EFW, a
more precise prediction with smaller confidence inter-
vals can be calculated and this is preferable above a
dichotomous approach of EFW. The score per group
was calculated as the mean probability of success
within this group.

RESULTS

We included all 320 women who underwent a first ECV
attempt for breech position within the study period, of
which 117 (37%) were successful as the fetus was in
cephalic position after the procedure. Baseline character-
istics are summarized in Table 1. All the ECV attempts
performed within the study period were eligible for
inclusion in the analysis. None of the ECV attempts
were complicated by an adverse event, and no emergency
cesarean sections were needed as all fetal heart rate
recordings after the attempts were reassuring. Within
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Table 1 Baseline Characteristics and Successful Outcome of ECV

Missing Presence of the Successful
Data Characteristics (n=320) ECV (%)
Gestational age, mean (range) 0 365/, (35%/,-40°%/,) 117 (37)
Gestational age <37 wk 205 69 (34)
Gestational age >37 wk 115 48 (42)
Parity, mean (range) 0 0.52 (0-5)
Nulliparous 198 (62) 48 (24)
Multiparous 122 (38) 69 (57)
Maternal age (y), mean (range) 0 31 (18-42)
BMI (kg/m?), mean (range) 62 22 (17-41)
EFW (g), mean (range) 0 2702 (15650-4589)
EFW <3000 (%) 266 (83) 93 (35)
EFW <3000 (%) 54 (17) 24 (44)
Gestational age (d), mean (range) 0 258 (250-283)
Ethnicity (%) 0
Caucasian 308 (96) 110 (36)
Non Caucasian 12 (4) 7 (58)
Placental localization (%) 0
Posterior 103 (32) 42 (41)
Anterior 92 (29) 21 (23)
Fundal 72 (23) 30 (42)
Lateral 53 (17) 24 (45)
Fetal position 0
Frank breech 46 (14) 20 (43)
Complete breech 251 (78) 90 (36)
Incomplete breech 23 (7) 7 (30)
Amniotic fluid (%) 1
Decreased amniotic fluid 123 (38) 35 (29)
Normal amniotic fluid 196 (62) 82 (42)

BMI, body mass index; ECV, external cephalic version; EFW, estimated fetal weight.

this study period, the developed prediction model was
not used in the study population as it was not published
yet at the end of the study period.

In total, 4.8% of the data points were missing and
subsequently imputed. Of the four prognostic factors,
0.3% was missing and imputed. The predicted proba-
bility of a successful ECV ranged from 6 to 66%, with a
median of 25%. The ROC curve is shown in Fig. 1. The
area under the ROC curve was 0.66 (95% confidence
interval 0.60 to 0.72). Calibration of the model is shown
in Fig. 2. The maximum difference between the pre-
dicted and observed probability was 14% (Table 2). For
all categories, a slight underestimation of ECV success
was seen. However, there was no overlap in the con-
fidence intervals of the group with a poor predicted
probability (less than 20%) and the group with a good
predicted probability (more than 50%), thereby indicat-
ing a reliable distinction between these prognostic
groups. The Hosmer-Lemeshow test resulted in a
p value of 0.30, which points out that there was a good
fit of the model.

0,9

0,6 -

07

0,6

0,5 4

Sensitivity

04

0,3 4
m— Predicted probability

Sl AUC= 0,86

0.1 4

D,{l T T T T T T T T T 1
60 01 02 03 04 05 08 07 08 08 10
1 - Specificity
Figure 1 Receiver operating curve. AUC, area under the
curve.
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Figure 2 Calibration plot demonstrating the association
between the chance of a successful external cephalic version
(ECV) as predicted by the logistic model and the observed
chance of a successful ECV.

DISCUSSION

We assessed the external validity of our previously
developed prediction model of successful ECV for
breech presentation at term in a retrospective cohort
(n=2320). In this study, we demonstrated that the
predictive model by Kok et al had a fair discriminative
abili'fy.8 The calibration was fairly good. In external
validation, the calibration is almost always less perfect
compared with the calibration of the model in the
original population, which the model was based on,
due to different intercorrelations in the study popula-
tions. Nevertheless, this model holds on external vali-
dation and it can make a good distinction between
women with a poor probability of a successful ECV
(less than 20%) and a good probability of a successful
ECV (more than 50%). External validation of prognostic
models is a vital step, which needs to be performed
before the model can be used in clinical practice.13 Thus
far, four studies have developed a prediction model to
predict a successful ECV outcome.**” One study tested
their model on a second data set, but this study did not
address the calibration or the discriminative capacity of
the model.'”

The success rate of 37% is at the lower range of
success rates reported in the literature, but similar
to the success rate of the population on which the
prognostic model was developed.”® The centers in
these studies use limited exclusion criteria for ECV.
Even though the probability of a successful ECV is
expected to be low, women are still offered an ECV,
for instance in case of an engaged breech or an anterior
located placenta.'®?

Our study has several limitations. First, we ex-
ternally validated an already existing model. As a con-
sequence, other factors known to be predictive of ECV
success that were not included in the original model,
such as engagement of the breech and palpation of the
fetal head, could not be taken into account. Besides, the
end point of the model is a cephalic presentation after
ECV and not the ultimate goal: a successful vaginal
delivery of a child in cephalic presentation. Future
studies should evaluate if addition of these factors
improve the performance of the model that we validated.

Second, data for the external validation were
acquired from just one hospital. Therefore, it can be
debated if the model fits the overall population of
women with a breech presentation. We do think this
model can be used for the average woman with a breech
presentation as the original model was developed on a
population from multiple centers.

The area under the ROC curve of 0.66 indicates a
low outcome in assessing the accuracy of a diagnostic test
to accurately predict in whom ECV will be successful
and in whom it will fail. However, this outcome is to be
expected in the assessment of a prognostic test, such as
our model. ROC analysis presumes to express the
capacity to distinguish between a successful and a non-
successful ECV. However, the probability of a successful
ECV is never 0% or 100% and even seldom above 60%,
which inevitably will affect the area under the curve. In
predicting the outcome of a successtul ECV, it is more
important to separate the patients with a minimal
probability of success from those with a good probability
of a success. Therefore, the calibration is more important
than the discrimination.?® This is supported by a cost-
effectiveness analysis of ECV by Tan et al, who calcu-
lated from a society’s perspective that an estimated

probability of successful ECV less than 32% costs

Table 2 Predicted Chance of a Successful ECV versus Observed Chance of a Successful ECV: Calibration

Predicted No. of Patients Mean Predicted No. of Successful Mean Observed Predicted Minus
Chance (%) per Group Chance (%) ECVs Chance (%) Observed Chance (%)
6-16 68 12 18 26 -14

16-23 60 19 14 23 -4

23-30 68 26 22 32 —6

30-41 66 36 29 44 -8

41-66 58 51 34 59 -8

ECV, external cephalic version.
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Table 3 Prognostic Score Chart

Parameter Score
Parity
Nullipara 0
Multipara 4
Placenta localization
Anterior 0
Nonanterior
Amniotic fluid
Normal 3
Decreased amniotic fluid 0

(amniotic fluid index <10)
Estimated fetal weight (g)

<2000 9
2000-2500 12
> 2500 14

Prognostic index (total)* min 9, max 22

*Encircle the prognostic score for each parameter and total them in
bottom row. Use the curve in Fig. 3 to estimate the chance of a
successful ECV. For example, a multipara with posterior placenta
localization, normal amniotic fluids, and an estimated fetal weight of
3250 g has a prognostic index of: 441+ 3+ 14 =22 (Table 3). This
score corresponds to a 60% chance of a successful ECV.

more to society and has poorer quality-adjusted life years
(QALYs) for the patient. With a probability of success-
ful ECV between 32% and 63%, ECV costs more than
cesarean delivery but with greater associated QALY such
that the cost-effectiveness ratio was less than $50,000/
QALY. If the probability of successful ECV was greater
than 63%, the computer modeling indicated that a trial
of ECV is less expensive and with better QALY's than a
scheduled cesarean.?’

In clinical practice, this prediction model can also
be used as a paper score worksheet (Table 3 and Fig. 3).
The scores were derived from the B coefficients (B) of
multivariable analysis, in which P = 0dds ratio. Varia-
bles were categorized into practical useful groups. The
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Figure 3 Prognostic score versus chance of successful

ECV (95% confidence interval). ECV, external cephalic ver-

sion.

score per group was calculated as the product term of the
group mean, the B coefficient, and divided by the factor
0.26. For example, the variable EFW was grouped per
100 g into EFW <20 (<20 x 100 =2000 g), 20 to 25
(2000 to 2500 g), >25 (> 2500 g). The mean EFW in
the 20 to 25 group was 2350 or 23.5 x 100 g and the
was 0.13. All women in this group get an additional
score of 12 points (23.5 x 0.13/0.26). The sum of all
scores of the different variables resulted in a prognostic
index. The prognostic index versus the probability of a
successful ECV is plotted on a graph (Fig. 3). Once the
prognostic index is known, the probability of a successful
ECV can be derived from this chart.

The question whether one should withhold ECV
to women with a poor predicted probability of success
(less than 30%) is still a question under debate. The
model underestimates the probability of success in all
five groups. This should be taken into account when
deciding on a cutoff point to determine when to with-
hold an ECV attempt, so as to avoid exclusion of too
many patients who would have otherwise had successful
ECV. In view of the low complication rate of the
procedure, one might advocate that even with low
success rates, one should attempt ECV. However, it is
unknown whether complication rates are similar
throughout the entire population or maybe higher in
patients with lower success rates. Further research is
needed to detect such differences within patient groups
to further validate decision making on offering ECV to a
selected population.

In conclusion, in this study we performed the vital
step in the development of a prediction model, namely
external validation. This study demonstrates that the
model can distinguish between women with a poor or
good probability of success with ECV. It allows the
clinician to identify women who could benefit from
ECV. This model can support clinical decision making.

NOTES
Presented at the 30th annual meeting of the Society
for Maternal-Fetal Medicine, poster presentation on

February 4th, 2010.
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