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  Original Article  

Preterm birth is a common cause of neonatal 
morbidity and mortality. Preterm newborns often 
have both long- and short-term complications such 
as cerebral palsy, sensory deficit, and respiratory 
illness, comparing to term newborns. Each year, it is 
reported that preterm births are more than 10 percent 
of neonatal births, estimated at 15 million around the 
world. For Thailand, in 2010, there was an incidence 
for preterm birth at around 12%(1).

The National Institute of Health and the 

American College of Obstetrician and Gynecologists 
recommended a single course of corticosteroids 
for pregnant women between 24 and 34 weeks of 
gestation who are at risk of preterm delivery within 
seven days(2,3). The use of tocolytic agents to suppress 
preterm uterine contraction can delay delivery for 
at least 48 hours, and this prolongation enable the 
complete administration of corticosteroids to obtain 
their maximum effect for gestational age of 24 to 34 
weeks(3).

Nowadays, the authors do not have any equipment 
or methods to predict the failure rate of preterm labor 
inhibition with tocolytic drugs. The present study 
aimed to develop a method, which was a scorecard, 
to predict the failure rate of preterm labor inhibition. 
With the scorecard, the authors would be able to 
plan to appropriately refer patients with low success 
rate of preterm inhibition to tertiary centers. Tertiary 
centers are more appropriate for taking care of preterm 
newborns since they have obstetricians, pediatricians, 
and proper equipment. The development process and 
validation are described in the next sections.
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Objective: To develop a risk scorecard for prediction of failure in preterm labor inhibition by selecting the most significant 
risk factors.

Materials and Methods: Retrospective cross-sectional analytic study collected 200 medical records of pregnant women between 
24⁰⸍⁷ and 33⁶⸍⁷ weeks of gestation with the diagnosis of preterm labor who received tocolytic drugs at Chonburi Hospital. The 
200 data were split into train and test datasets. Seventy percent (140) were allocated for training the model. The remaining 30% 
(60) were for testing the model’s accuracy. The present study analyzed risk factors related to failure of preterm labor inhibition 
and selected those with most predictive power. Finally, a risk scorecard was developed using logistic regression.

Results: The significant risk factors were age, previous preterm labor, cervical dilatation, cervical effacement, duration, and 
interval of uterine contraction. Models were created and tested for accuracy of prediction of failure in preterm labor inhibition. 
The final model achieved 90% of AUC, 89% of sensitivity, and 78% of specificity in the test dataset. These four risk factors, which 
are history of previous preterm labor, cervical dilatation, duration, and interval of uterine contraction, were included in the final 
scorecard, and ranged from 0 to100. The score of 0 means high risk and 100 means low risk of failure in preterm labor inhibition.

Conclusion: The authors developed a scorecard that can accurately classify preterm labor patients into two groups, failed and 
successful. The model was tested and proved that it has good AUC, sensitivity, and specificity statistics.
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Materials and Methods
The present study was a retrospective cross-

sectional analytics study and was approved by the 
Chonburi Hospital Ethics Committee for Human 
Research (no.38/2560). The authors collected medical 
records of singleton pregnant women between 24⁰⸍⁷ 
and 33⁶⸍⁷ weeks of gestation with the diagnosis 
of preterm labor who received tocolytic drugs and 
admitted at Chonburi Hospital, Thailand, between 
January 2016 and December 2017.

Preterm labor was diagnosed by ACOG criteria(3) 
(contraction of four times in 20 minutes or eight times 
in 60 minutes plus progressive changes of the cervix).

The authors excluded records with incomplete 
data and obstetric complications for contraindications 
to tocolysis such as oligohydramnios, hypertensive 
disorder in pregnancy, placenta previa, chorioamnio-
nitis, fetal distress, and fetal congenital anomaly.

The present study collected three types of 
tocolytic drugs given to patients, which were                 
1) intravenous terbutaline, 2) oral nifedipine, and 
3) intravenous terbutaline and oral nifedipine but 
not at the same time. Physicians applied a drug to 
a patient and if the uterine contraction did not stop, 
they decided whether to apply another drug. The use 
or sequences of the drug depended on the physician’s 
opinion. The loading dosage of the intravenous 
terbutaline was 0.25 mg then 10 μg/minute and 
increase 5 μg/minute every 15 minutes to a maximum 
of 25 μg/minute. The loading dosage of nifedipine 
was 10mg every 15 minutes for three dosages then 
10 to 20 mg every four to six hours. A single course 
of antenatal corticosteroids (four dosages of 6 mg 
intramuscular dexamethasone every 12 hours) was 
given to all patients.

The authors analyzed 15 risk factors for the 
present study. Those were also found in previous 
studies(4,5). They were age, gestational age, numbers 
of gestation, previous preterm delivery, body mass 
index (BMI), cervical dilatation, cervical effacement, 
membrane rupture, interval of uterine contraction, 
duration of uterine contraction, white blood cell count, 
neutrophil, white blood cell in urine, rectovaginal 
swab culture, and tocolytic drug. The present study 
aimed to develop a scorecard to predict one target 
factor i.e., result of preterm labor inhibition (success 
or failure) and to prove the model could be applied 
to unknown dataset (test dataset).

Statistical analysis
The authors applied the Vapnik-Chervonenkis 

(VC) inequality(6) to determine the number of data 

points needed for the present study.

P[|Ein – Eout| > ε] ≤δ

In this inequation, Ein is a percentage of error 
generated from the train dataset, Eout is a percentage 
of errors generated from the test dataset, ε is an 
approximation or desired error bound, and δ is the 
probability bound or 1 minus confidence interval (CI). 
The authors wanted to train a predictive model that 
could predict the train data nearly as good as the test 
data. The Ein and Eout should be closed for most of the 
time. For example, the inequation could be interpreted 
this way, when ε=0.1 and δ=0.05, it meant with a CI 
of 95%, the Ein and Eout were less 10% away from 
each other. In practice, the upper bound of δ could 
be simplified to Nde–N where N was the number of 
data points needed to train a model, and d was VC 
dimension, which was numbers of risk factors plus 
one for logistic regressions. The Nde–N was small when 
N was more than 10 times VC dimension. The authors 
had 15 factors. After selecting only the significant 
factors, the final model would contain less than 10 
factors. With this assumption, the authors collected 
200 medical records split into train (70%) and test 
(30%) datasets. Finally, the authors had 140 records to 
train the model and 60 to test the model. The authors 
used chi-square statistic to select the factors that are 
relevant to target factor (i.e., result of preterm labor 
inhibition). The authors used the GLM module(7) in 
R software(8) to train the logistic regression models. 
The authors tested the models using area under curve 
(AUC) of receiver operating characteristic (ROC), 
sensitivity, and specificity. The authors translated the 
developed model into scorecards that ranged from 0 
to 100. The score of 100 means high probability of 
success.

Results 
The characteristics of the train dataset separated 

into success and failure groups and p-values are shown 
in the Table 1. 

The present study secondary outcome was to 
compare the differences in risk factors between the 
groups of success and failure in preterm inhibition. 
The authors observed that Apgar scores at 1 and 
5 minutes after birth were indifferent between 
success and failure groups. However, the numbers 
of newborns with endotracheal tube intubation (ETT) 
and birth weight (BW) were significantly different 
across the groups. The secondary factors were tested 
by unequal variances t-test(9). Table 2 shows the 
statistics of the tests. The success group received a 
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complete course of dexamethasone, which possibly 
reduced the rates of ETT.

The authors completed the model development 
process by building models with all possible subsets 
of the six significant factors. The final model 

(Model-1) contained four risk factors, which were 
cervical dilatation, interval of uterine contraction, 
duration of uterine contraction, and previous preterm 
delivery. There were two more sample models. 
Model-2 had all significant six factors, which were 
cervical dilatation, interval of uterine contraction, 
duration of uterine contraction, cervical effacement, 
age, and previous preterm delivery. Model-3 had all 
the factors of Model-2 except for the previous preterm 
delivery factor. The statistics showing in Table 3 
suggested that Model-1 was the best in term of AUC 
and sensitivity. In this case, the sensitivity was more 
important than the specificity because including 
false positive patient was safer than rejecting false 
negative patients.

Table 1. The characteristics between success and failure groups

Factor Success group (n=92, 66%)
Mean±SD

Failure group (n=48, 34%)
Mean±SD

p-value

Cervical dilatation (cm) 1.66±1.14 4.00±2.24 <0.001

Interval of uterine contraction (minute) 3.68±0.75 2.88±0.73 <0.001

Duration of uterine contraction (second) 42.93±7.99 49.06±4.57 <0.001

Cervical effacement (%) 64.18±22.93 77.81±17.71 <0.001

Age (year) 29.33±6.71 25.90±6.99 0.005

Previous preterm delivery; n (%) 0.031

Unknown (1st gestation) 38 (41) 20 (42)

Yes 11 (12) 12 (25)

No 43 (47) 16 (33)

Tocolytic drug; n (%) 0.151

Nifedipine 25 (27) 13 (27)

Terbutaline 48 (52) 31 (65)

Both 19 (21) 4 (8)

Gestational age (week) 30.76±2.38 30.18±2.43 0.176

Rectovaginal swab culture; n (%) 0.878

No growth 28 (30) 14 (29)

Escherichia coli 26 (28) 10 (21)

Gram post bacilli 18 (20) 14 (29)

Other 20 (22) 10 (21)

White blood cell 14,736.41±4,877.02 15,767.29±4,757.79 0.233

White blood cell in urine 5.29±11.18 6.04 ±11.61 0.362

Neutrophil (%) 81.06±8.35 81.78±9.56 0.660

Body mass index (kg/m²) 25.37±5.17 24.83±5.25 0.574

Membrane rupture; n (%) 0.498

Yes 38 (41) 17 (35)

No 54 (59) 31 (65)

Numbers of gestation 1.93±1.05 1.96±1.11 0.901

SD=standard deviation

Table 2. Secondary outcome statistics

Factor Success group Failure group p-value

Apgar at 1-minute 7.13 7.10 0.472

Apgar at 5-minute 8.39 8.28 0.348

ETT 20% 42% 0.003

BW (g) 1,817.37 1,489.79 <0.001

ETT=endotracheal tube intubation; BW=birth weight
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The authors converted the logistic regression 
model of the final into a scorecard as shown in     
Table 4. The authors designed this table so odds will 
be doubled when the score increases by 10 using the 
formula below(10). The authors initially gave a base 
score of 50 for everyone.

ln(odds) = ln2
 (score – 50) 10

The authors selected a threshold score of 60. 
If a patient’s score was lower than 60, the authors 
predicted it as a failure inhibition, otherwise it was 
a success.

The score of 60 or above suggested that there 
was a 67% or more chance that it was a successful 
inhibition. A score for a patient consisted of a base 
score and subscores. The list of four subscores for the 
final model is shown in Table 5.

The following example, which was pulled from 
an actual data point, illustrates how to calculate a 
patient’s risk score to predict preterm labor inhibition 
failure, as shown in Table 6. The example patient got a 
score of 47. When mapping the score to the designed 
score table, it shows that the patient had a low chance 
of 35% of successful inhibition. The actual result of 
the example was also a failure.

The authors also evaluated the developed models 

with the test dataset. The statistics for the test data 
are shown in Table 7. The final model (Model-1) still 
performed well with the test data. Figure 1 is the final 
model ROC for the test dataset.

For the final model, the statistics for the train and 
the test dataset were close, which meant the model 
could predict unknown data nearly as good as known 
data or even slightly better.

Discussion
The present study compared the means of factors 

between the two groups, the success inhibition group 
and the failure inhibition group. For continuous 

Table 3. The models statistics in train dataset

Dataset Model-1 train Model-2 train Model-3 train

AUC 88% 87% 88%

Sensitivity 83% 81% 78%

Specificity 75% 88% 87%

AUC=area under curve

Table 4. Scorecard table

Score Odds Probability of success

<10 0.05 5%

10 to 19 0.09 8%

20 to 29 0.16 14%

30 to 39 0.30 23%

40 to 49 0.55 35%

50 to 59 1 50%

60 to 69 2 67%

70 to 79 4 80%

80 to 89 8 89%

90 to 99 16 94%

100 32 97%

Table 5. Subscores for the factors

Factor Examination Subscore

Cervical dilatation ≤1 17

2 4

3 –4

≥4 –24

Interval of uterine contraction <3 –12

3 –3

≥4 10

Duration of uterine contraction <40 14

40 to 49 8

≥50 –4

Previous preterm delivery Unknown (1st gestation) 0

No 2

Yes –4

Table 6. Score calculation example

Factor Examination Score

Cervical dilatation 2 4

Interval of uterine contraction 3 –3

Duration of uterine contraction 50 –4

Previous preterm delivery Unknown 0

Base score 50

Total score 47

Table 7. The models statistics in test dataset

Dataset Model-1 test Model-2 test Model-3 test

AUC 90% 85% 83%

Sensitivity 89% 68% 73%

Specificity 78% 90% 82%

AUC=area under curve

___
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factors, the authors used unequal variances t-test. For 
categorical factors, the authors used the chi-square 
statistic. With p-values less than 0.05, it suggested 
that the means were different between the two groups.

There are four factors that are obviously different 
between the two groups according to their highly 
significant p-values. They are cervical dilatation, 
interval of uterine contraction, duration of uterine 
contraction, and cervical effacement. This similar 
finding was found in Kiatsuda et al(4) and Theplib and 
Phupong(5). In addition, there are two more factors, 
which are age and previous preterm parity, considered 
different according to their p-values. Other factors are 
indifferent according to the test statistics.

The present study found four risk factors for the 
final model. They were cervical dilatation, interval of 
uterine contraction, duration of uterine contraction, 
and previous preterm delivery. Although, some 
of them were not the best in term of p-value, they 
collaboratively produced the best logistic regression 
model.

The designed scorecard ranges from 0 to 
100, i.e., lowest to highest chance of success. The 
authors proposed a threshold score of 60, since it 
achieved good results in term of sensitivity (89%) 
and specificity (78%) in test data. Nevertheless, 
a threshold can be selected through discussions 
between tertiary and secondary centers. For example, 
a secondary center may not suitable for handling 
preterm births. A higher threshold score can be 
selected based on their agreement with a tertiary 
center to reduce unnecessary patient referrals to the 
tertiary center and effectively refer only cases with 
high possibility of failure in preterm inhibition.

The secondary outcome mentioned in the result 
section is also found in the previous study(11,12). The 
failure group were born within 48 hours after received 
the drugs. On the other hand, the success group may 
have continued their pregnancies until term. This is 
probably be the rationale behind the BW test results. 
The present study was a retrospective cross-sectional 
analytics study. Limitations of this study were related 
to medical records collection. Each physician probably 
had different practice in taking care of preterm labor 
patients, such as first line of tocolytic drugs and 
dosages. In addition, there was no record related to 
side effect of tocolytic drugs such as hypotension, 
hyperglycemia, and tachycardia. Patients may have 
reacted differently to these side effects, which could 
lead to success or failure inhibition result.

Conclusion
The present study developed a predictive 

scorecard for prediction of failure in preterm labor 
inhibition. The developed scorecard was validated 
against samples hold out for validation, test dataset. 
The results confirmed that the scorecard developed 
can be used on incoming patients. 

What is already known on this topic?
The use of tocolytic agents to suppress preterm 

uterine contraction can delay delivery for at least 48 
hours, enough time to complete the administration 
of corticosteroids to obtain their maximum effect for 
preterm labor. However, there is no method to predict 
the failure rate of preterm labor inhibition. 

What this study adds?
This study develops the predictive model to assist 

in decision making on referring a patient from primary 
or secondary center to tertiary centers if there was a 
high chance of failure inhibition.

With the scorecard, obstetricians can appropriately 
inform pediatricians if there was an imminent preterm 
labor. Therefore, they have time for preparations. 
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