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Abstract

Background: Previous studies have showed that the early diagnosis of threatened preterm labor decreases neonatal
morbidity and mortality, avoids maternal morbidity induced by antepartum bed rest and unnecessary treatment, and
reduces costs. Although there are many diagnostic tests, none is clearly recommended by international guidelines.
The aim of our study was to compare seven diagnostic methods in terms of effectiveness and cost using a decision
analysis model in singleton pregnancy presenting threatened preterm labor, between 24 and 34 weeks of gestation.

Methods: Seven diagnostic strategies based on individual or combined use of the following tests: cervical length,
cervical fibronectin test, cervical interleukin test and protein in maternal serum, were compared using a decision
analysis model. Effectiveness was expressed in terms of serious adverse neonatal events avoided (neonatal morbidity
and mortality) at the hospital discharge. The economic analysis was performed from the health care system perspec-
tive. Deterministic and probabilistic analyses were performed to test the robustness of the model.

Results: At 24-34 weeks of gestation, the association of cervical length and qualitative fibronectin was the most effi-
cient strategy dominating all alternatives, reducing the perinatal death or severe neonatal morbidity rate up to 15%

more uncertainty.

the high, lifetime costs induced by prematurity.

and the costs up to 31% according to the gestational age. This result was confirmed by the deterministic sensitivity
analyses. The probabilistic analysis showed that the association of cervical length and qualitative fibronectin domi-
nated cervical length <15 mm in more than 90% of the simulations. The comparison with the other tests revealed

Conclusions: A test using cervical length and qualitative fetal fibronectin appears to be the best diagnostic strategy.
Decisions regarding its generalization and funding in France in this population of women should take into account
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Background

The main consequence of threatened preterm labor
(TPL) is preterm birth, which is the leading cause of
neonatal mortality and severe morbidity. Preterm birth
is defined as birth before 37 weeks of gestation, but it
is generally stratified in three groups according to the
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gestational age; 24—27 (extremely preterm), 28—31 (very
preterm) and 32-34 (moderate preterm) weeks [1].

In developed countries, spontaneous preterm birth
occurs in 6-13% of pregnancies [1]. TPL is considered
as the cause of preterm birth in 45% of cases, the other
causes being premature preterm rupture of the mem-
branes in 25% and maternal or fetal infections in 30%
of the cases [2]. TPL is also one of the main causes of
hospitalization during pregnancy, and leads to sub-
stantial costs estimated at $820 million in the United
States of America [3]. Treatment consists of prolonging
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pregnancy with tocolysis, reducing neonatal mortality
and morbidities in cases of preterm delivery by inject-
ing corticosteroids, and sometimes transfer to a spe-
cialized center [4]. Studies show that 75-95% of women
with threatened preterm labor do not deliver within
7 days, and 40% will even deliver at term [5, 6]. Further-
more, 44% of these women have at least two subsequent
admissions for preterm labor, thus leading to additional
costs [6]. Therefore, it appears important to identify
true TPL early in order to decrease neonatal morbid-
ity and mortality, avoid maternal morbidity induced by
antepartum bed rest [7] and unnecessary treatment,
and to reduce costs.

According to the literature, diagnostic tests such as
cervical length measurement, qualitative cervicovaginal
fetal fibronectin (fFN), and cervicovaginal interleukin-6
(IL-6) have been proven to increase accuracy when pre-
dicting premature birth [8—14]. However, no diagnostic
strategy is clearly recommended by international guide-
lines [15-17]. Cervical length measurement has proven
to be a more efficient strategy than medical exami-
nation for predicting preterm birth in symptomatic
women [14, 17], but currently neither cervical length
measurement nor qualitative cervicovaginal fFN can
be recommended, and further investigation is required
[18].

These diagnostic methods have been assessed in
several medico-economic analyses based on decision
analysis models, whose results showed they could be
accurate enough to be cost-effective [19-23]. How-
ever, newer diagnostic tests, such as quantitative fetal
fibronectin or proteins in maternal serum, which have
also shown significant results, were not included in
previous cost-effectiveness studies [24, 25]. Subse-
quent antepartum hospitalizations were not taken into
account either. Given the large number of strategies to
consider and the lack of consensus regarding the opti-
mal strategy to recommend, the objective of this study
was to compare seven diagnostic methods in terms of
cost and effectiveness using a decision analysis model
in singleton pregnancy presenting threatened preterm
labor.

Methods

Study population

A Medline literature research was performed. It was
restricted to studies written in English or in French
from 2004 onwards, and included “preterm labor, cervi-
cal length, fetal fibronectin, preterm birth” as key words.
Most of the published studies considered (1) women with
a singleton pregnancy, (2) hospitalized for TPL between
24 and 34 weeks gestational age with symptoms indicat-
ing threatened preterm delivery based on the presence of
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regular uterine contractions and intact membranes with
possible cervical change but without advanced cervi-
cal dilation (<3 cm), (3) with a preterm delivery (PTD)
occurring within 7 days of the initial hospitalization, and
(4) without severe maternal disease such as severe ges-
tational arterial hypertension, pre-eclampsia, eclampsia,
premature preterm rupture of the membranes, and pla-
centa previa, or cases of termination of pregnancy for
maternal and fetal medical reasons.

Only the studies using these inclusion criteria were
taken into account in our study.

General description of the model

A cost-effectiveness analysis was conducted using a
decision analysis model. Seven diagnostic tests among
women presenting with TPL were compared until hospi-
talization discharge. The choice between the seven tests
was represented by a decision node. All clinical events
in each strategy were then associated with estimated
conditional transition probabilities. At the end of each
alternative strategy of the decision tree, two payoffs were
assigned corresponding to the total cost of care and the
effectiveness. The decision tree was built and analyzed
using TreeAge Pro 2017 software (TreeAge Software,
Inc., Williamstown, MA).

Description of strategies
Cervical length (CL) measured by transvaginal ultra-
sonography defined as positive if CL <25 mm was con-
sidered as the reference strategy (S,.;) because it appears
to be the strategy the most widely used by French health
care providers.

Other alternatives were:

S,: a qualitative rapid fetal fibronectin (fFN) test,
defined as positive if fFN > 0.05 pg/ml;

S;:  a quantitative fetal fibronectin test, defined as pos-
itive if fFN > 200 ng/ml;

Sy a cervical interleukin-6 test (IL-6), defined as posi-
tive if IL-6 > 210 pg/ml;

S:: a combination test associating CL measured
by transvaginal ultrasonography, plasma on
activation normal T-expressed and secreted
regulated (RANTES) and plasma interleu-
kin-10, defined as positive if CL<18 mm,
plasma RANTES>49 293 pg/ml and plasma
interleukin-10> 48 pg/ml;

S¢¢ CL measured by transvaginal ultrasonography,
defined as positive if CL <15 mm;

S;: a test associating CL and qualitative fetal fFN,
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defined as positive if CL<15 mm or if CL is
16-30 mm and qualitative fetal fFN > 0.05 pg/ml.

Description of the decision tree

For each compared strategy, in case of positive results
corresponding to the probability of delivering within
7 days, women were hospitalized and treated. Treatment
was defined as the administration of tocolytic agents and
steroids, combined with the transfer of women to a peri-
natal center depending on the GA (Fig. 1). The possibil-
ity that a woman presented a positive result but did not
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deliver within the first 7 days was also modelled. In this
case, a state-transition Markov model was used to simu-
late the probability of giving birth until 37 weeks gesta-
tion (Fig. 2). Four health states and one absorbing state
were modelled: home monitoring, new hospitalisation,
delivery with severe neonatal morbidity, delivery without
severe neonatal morbidity and delivery with death of the
new-born. At each new cycle of one week, the women
could move from one state to another through prede-
fined transition probabilities either until preterm deliv-
ery or until delivery at 37 weeks. A similar follow-up was
modelled in case of negative test results.
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Delivery < 7 days

Severe neonatal morbidity

a
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No severe neonatal
morbidity

positivity rate
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Model parameters

Two types of transition probabilities have to be distin-
guished: parameters which had to be estimated using
data issued from the literature research, and those
which were directly introduced into the model, based on
national validated sources.

The parameters estimated from literature data con-
cerned the probability of having a positive diagnostic test
or not. It was estimated from a contingency table, based
on an incidence of 9.7%, defined by the median of data
issued from the literature and the sensitivity and specific-
ity for each of the seven diagnostic tests (Table 1). It was
therefore possible to estimate the probability of having a
preterm delivery or not within 7 days in case of positive
test (true and false positive situation respectively) and
negative test (false and true negative situation) (Fig. 1).

Data directly based on national validated sources
included:

+ The probability of serious neonatal adverse events
issued from the results of the EPIPAGE-2, a national
cohort [26]. These events were defined as perinatal
death or severe neonatal morbidity (severe bron-
chopulmonary dysplasia, severe necrotizing entero-
colitis, severe retinopathy of prematurity, severe cer-
ebral abnormalities on cranial ultrasonography).

« The probability of subsequent hospitalizations after
discharge. It was issued from the data collected
by a national medico-administrative database, the
PMSI (Programme de médicalisation du systéme
d’'information). This database is used to determine
the activity-based payment for hospitals in France.
The reliability and validity of the PMSI data have
already been assessed [27].

The parameters used in the model, the ranges over
which they were tested and their sources are shown in
Table 1.

Analysis

Effectiveness

The effectiveness endpoint was the number of serious
adverse events concerning the new-born, including either
perinatal death or severe neonatal morbidity. We consid-
ered a score of 1 for death or severe neonatal morbidity
and 0 otherwise.

Costs

The economic analysis was performed from the French
healthcare system perspective. Only direct medical costs
were taken into account. Costs were expressed in Euros
(€) for the year 2012. Costs were not updated given the
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stability of prices in France (average annual variation of
the consumer price index less than 1% between 2012 and
2017) [28].

The mothers’ and the newborns’ hospitalization was
identified using their associated Diagnosis Related
Groups (DRG). Their costs were estimated using the
National cost survey sample named ‘Echelle nationale
des cotits’ (ENC) [29]. The ENC estimates production
costs of hospitalisation from a sample of public and pri-
vate care centers. They were categorized in medical cost
(consumable, diagnostic test, drugs, human resources)
and structure cost (laundry, restauration, global logistics,
depression and maintenance). Home follow-up care costs
were estimated from the reimbursement of the national
insurance health system concerning midwife consulta-
tion. All economic data are presented in Table 2.

Cost-effectiveness analysis

All strategies were compared with each other. Strategies
were ranked from the least to the most costly. Strategies
that were more costly and less effective (i.e. presenting a
higher number of serious adverse events) than the next
alternative were excluded by simple dominance. Strate-
gies presenting a higher incremental cost-effectiveness
ratio (ICER) than that of the next most effective alterna-
tive were excluded by extended dominance. ICER was
calculated according to the following formula:

ICER = (Mean Costtest n — Mean Costiest n—1)

/(Mean effectivenessiest , — Mean effectivenessiest n—1)

Four cost-effectiveness analyses were performed: one
for each GA group (24-27, 28-31 and 32-34 weeks), and
one for the whole period of 24-34 weeks GA, which was
obtained by adjusting the cost and effectiveness results of
each GA group by the proportion of mothers in each of
these periods. As the time frame was less than one year,
costs and effectiveness were not discounted.

Sensitivity analyses

Three deterministic sensitivity analyses were performed
to test the robustness of the model. The first analysis con-
cerned the incidence of preterm birth which was fixed at
5% and then at 15%.

The second analysis concerned the diagnostic perfor-
mances of the tests. The maximum values of sensitivities
and specificities were first simultaneously tested, and a
similar analysis was then performed with their minimum
values.

Probabilistic analyses
A Monte Carlo simulation was also performed. The
Monte Carlo analysis draws a cost-effectiveness plane
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Table 1 Values, ranges, distributions and references for parameters used in the decision tree
Variables Value Range® Distribution References
Incidence of preterm birth (%) 0.097 0.05-0.15 - [8,10, 13, 24, 25]
Diagnostic performances
CL <25 mm sensitivity 0.78 0.68-0.87 beta [14]
CL <25 mm specificity 0.71 0.67-0.74 beta [14]
CL< 15 mm sensitivity 0.6 0.53-0.67 beta [14]
CL <15 mm specificity 09 0.89-0.92 beta [14]
Qualitative fFN sensitivity 0.75 0.66-0.83 beta [8, 20]
Qualitative fFN specificity 0.76 0.73-0.79 beta [8,20]
Quantitative fFN sensitivity 0.59 0.36-0.95 beta [24]
Quantitative fFN specificity 0.94 0.91-0.97 beta [24]
Cervical IL-6 sensitivity 0.83 0.53-1 beta [10]
Cervical IL-6 specificity 0.94 0.89-0.99 beta [10]
Combination CL < 18 mm, plasma RANTES, plasma IL-10 sensitivity 0.74 0.63-0.85 beta [25]
beta
Combination CL < 18 mm, plasma RANTES, plasma IL-10 specificity 0.86 0.79-0.93 beta [25]
beta
CL< 15 mm or CL 16-30 mm and qualitative fFN sensitivity 0.89 0.83-0.95 beta [13]
CL<15mm or CL 16-30 mm and qualitative fFN specificity 0.7 067-0.73 beta [13]
Probability of perinatal death
If preterm birth [24-27] GA 0.392 0.35-044 beta [29]
If preterm birth [28-31] GA 0.078 0.05-0.10 beta [29]
If preterm birth [32-34] GA 0.033 0.009-0.057 beta [29]
If preterm birth [24-34] GA 0.109 0.09-0.13 - [29]
Probability of severe neonatal morbidity [29]
If preterm birth [24-27] GA 0.303 0.25-0.36 beta [29]
If preterm birth [28-31] GA 0.085 0.059-0.11 beta [29]
If preterm birth [32-34] GA 0.016 0-0.034 beta [29]
If preterm birth [24-34] GA 0.07 0.054-0.086 - [29]
Probability of subsequent hospitalization
If preterm birth [24-27] GA 0.13 - - PMSI
If preterm birth [28-31] GA 0.17 - - PMSI
If preterm birth [32-34] GA 0.27 - - PMSI
Probability of home follow-up
If preterm birth [24-27] GA 0.94 - - PMSI
If preterm birth [28-31] GA 0.938 - - PMSI
If preterm birth [32-34] GA 0916 - - PMSI

GA gestational age, CL cervical length, fFN fetal fibronectin, IL interleukin, PMSI Programme de medicalization du systéme d'information

@ Range used for univariate sensitivity analyses

divided into four quadrants [30]: the northeast (NE)
quadrant contained situations where incremental costs
and effects were both positive (AE>0 and AC>0), indi-
cating that the new test was dominated by the alternative
test (because in our study, a high level of effectiveness
corresponded to a high level of severe neonatal events
for the newborn). The southwest (SW) quadrant con-
tained the opposite situation where the new test domi-
nated the alternative (AE <0 and AC<0). The northwest
(NW) quadrant corresponded to the situation where

incremental costs were positive and incremental effects
negative (AE<0 and AC>0), indicating that a trade-off
needed to be made and an ICER had to be calculated.
Finally, in the southeast (SE) quadrant, we find a situation
with negative incremental effects as well as cost savings
(AE>0 and AC<0) [31]. The distribution of transition
probabilities and costs were sampled in 5000 consecutive
iterations (Table 1).
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Table 2 Values, ranges, distributions and references for economic parameters used in the decision tree (costs 2012, €)

Value Range Distribution References
Weekly home follow-up 42 - - NIHS
[24-271 GA
Prenatal hospitalization for TPL 1445 532-2736 Gamma NCSS
Preterm labor 2877 1327-11,570 Log-normal NCSS
Preterm labor hospitalization 2890 1332-11,594 Log-normal NCSS
Perinatal death 1867 323-80,068 Log-normal NCSS
Neonatal hospitalization without morbidity 27,295 1380-78,887 Log-normal NCSS
Neonatal hospitalization with morbidity 58,775 2406-79,591 Gamma NCSS
[28-31]1 GA
Prenatal hospitalization for TPL 1762 532-5370 Gamma NCSS
Preterm labor 3606 1318-11,525 Log-normal NCSS
Preterm labor hospitalization 3639 1328-11,626 Log-normal NCSS
Perinatal death 1235 323-18,976 Log-normal NCSS
Neonatal hospitalization without morbidity 19,748 1380-79,394 Log-normal NCSS
Neonatal hospitalization with morbidity 40,419 2150-79,690 Gamma NCSS
[32-34] GA
Prenatal hospitalization for TPL 2113 532-11,625 Gamma NCSS
Preterm labor 4482 1334-11,625 Log-normal NCSS
Preterm labor hospitalization 4517 1343-11,821 Log-normal NCSS
Perinatal death 1606 323-57,387 Log-normal NCSS
Neonatal hospitalization without morbidity 10,907 1380-61,756 Log-normal NCSS
Neonatal hospitalization with morbidity 20,331 1380-36,321 Gamma NCSS

GA gestational age, TPL threatened preterm labor, NIHS National Insurance Health System, NCSS National Cost Survey Sample

Results
Baseline cost-effectiveness analysis
Results showed that at 24-34 GA, cervical

length <15 mm, or a positive qualitative fetal fibronectin
test when CL was between 16 and 30 mm (S;) was the
least costly and the most effective strategy (because it is
associated with the lowest number of neonatal serious
adverse events) and dominated the reference strategy
(CL<25 mm) and all other alternatives (Table 3). The
rate of perinatal death or severe neonatal morbidity was
decreased in a range varying between 9 and 15% (from
2.33 to 4.2 serious neonatal adverse events avoided per
1000 new-borns) and cost saving of between 25 and 31%
(from €1107 to €1481 per mother—child) depending on
the strategies compared.

Similar results were found for each gestational age
group (24-27; 28-31; 32-34). Results also showed that
the earlier the prematurity, the higher the number of
avoided serious adverse neonatal events when strategies
were compared (Additional file 1: Supplement A).

Deterministic sensitivity analyses

Results issued from the deterministic analyses concern-
ing the incidence of preterm birth confirmed the effi-
ciency of the association of CL and qualitative fEN (S,)

compared with the other strategies. Results issued from
the analyses using the minimum and the maximum val-
ues of the diagnostic test performances also confirmed
this result (Table 4).

Probabilistic analysis

Table 5 indicates the proportion of points for each GA,
representing pairs of incremental costs and effectiveness
in each of these four quadrants. These points were issued
from the comparison between the most efficient strategy,
identified with the baseline cost-effectiveness analysis of
this work, and the six other diagnostic tests.

The results showed that when the association of CL and
qualitative fFN was compared with CL <15 mm (S;), most
of the pairs of incremental costs and effectiveness were
contained in the SW quadrant of the cost-effectiveness
plane (AE<0 and AC«<0, i.e. showing a higher effective-
ness and cost-savings associated with CL and qualitative
fFN): at 24-27 GA, the probability that the association of
CL and qualitative fFN dominates CL <15 mm was esti-
mated to be 90%; at 28—31 and 32-34 GA, the analysis
depicted a probability of 92 and 96% respectively.

More uncertainty was observed concerning the com-
parison between CL and qualitative fFN and the five
other strategies (S..p S, S3 S, and Sg): at 24-27 GA,

ref?
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Table 3 Cost and effectiveness of seven diagnostic strategies for threatened preterm labor at 24-34 weeks gestational

age
Strategies in order of decreasing cost effectiveness Cost per mother—child, Neonatal serious adverse  ICER? €

€ events
S;:CL<15 mm or CL [16-30 mm] and qualitative fFN 3237 0.0233 -
S5: Quantitative fFN 4344 0.0256 1,304 (dominated)
S,: Qualitative fFN 4385 0.0260 425,034 (dominated)
Sert CL<25 mm 4400 0.0262 1,034 (dominated)
S, IL-6 cervical 4415 0.0264 380,000 (dominated)
Ss: Combination CL < 18 mm, RANTES plasma, IL-10 plasma 4431 0.0266 1,818 (dominated)
Se: CL< 15 mm 4718 0.0275 352,619 (dominated)

CL cervical length, fFN fetal fibronectin, IL interleukin

2 Incremental cost-effectiveness ratio expressed in terms of cost per additional serious adverse event. For example, the ICER 481,304 € should be interpreted as
following: S; is associated to an added cost of 481,304 € per additional neonatal adverse event compared to S,

the proportion of pairs of incremental results was split
between the SW quadrant and the NW quadrant range
between 49 and 71% according to the strategies. At
28-31, this proportion varied between 48 and 73%. At
32-34, the range was 55-84%. Moreover, the association
of CL and qualitative fFN (S,) was dominated (NE quad-
rant) by S, S,, S5 in almost half of the cases and whatever
the GA (Table 5 and Additional file 2: Supplement B).

Discussion

Summary of key findings

The results showed that among seven diagnostic strate-
gies in singleton pregnancy presenting TPL between the
GA of 24 and 34 weeks, CL less than 15 mm or a posi-
tive qualitative fEN when CL was between 16 and 30 mm
(S;), was the most efficient diagnostic strategy and led
to a reduction in neonatal morbidity and mortality and
significant cost savings compared to all other alternative
strategies (with a cost savings of 1481€ per mother—child
and 4.2 serious neonatal adverse events avoided per 1000
new-borns). The deterministic and probabilistic analyses
confirmed the domination of the association of CL and
qualitative fEN over the other tests and especially over
CL<15 mm which was the least effective and the most
costly strategy. This can be explained by the fact that this
strategy had a poor sensitivity compared to the combina-
tion of strategies.

Comparison with other studies

To the best of our knowledge, relatively few cost-effec-
tiveness analyses on this topic have been performed.
Most of the studies did not include the combination of
CL and qualitative fFN [20-23], except the study con-
ducted by van Baaren et al. in the Netherlands who
found that testing fFN in women with CL between 10
and 30 mm was the most efficient strategy [19]. Both our

decision analysis models provided arguments in favor of
this strategy for the international medical community
[15].

The previous observational studies showed that CL
combined with fFN could improve the identification
of women with a low risk of delivering spontaneously
within 7 days [8, 32—34] and thus reduce costs and the
number of hospitalizations [21]. The clinical trial con-
ducted by Ness et al. also showed that CL combined with
fFN was also associated with reduced evaluation time in
triage for women with CL > 30 mm [36]. In consequence,
this strategy (CL less than 15 mm or a positive qualitative
fFN when CL was between 16 and 30 mm (S,)) could be
easily applied in current obstetrics practice whatever the
type of center. However, it requires the application of the
standardized protocol described by Schmitz et al. [35], as
clinicians must sample qualitative fFN and then measure
CL by transvaginal ultrasound before making a decision.

Strengths and limitations

The main strength of our study is that it was based on
reliable data from three official and validated sources:
the Epipage 2-cohort which provided neonatal morbid-
ity and mortality data, PMSI which is a national medico-
administrative database, and the National cost sample
survey which provided costs issued from public and pri-
vate care centers [29]. These data gave us the opportunity
to provide detailed results according to GA. The strati-
fied cost-effectiveness analysis showed that the strategy
combining CL with qualitative fFN had a positive eco-
nomic and medical impact according to GA groups: at
24-27 weeks GA, the number of serious adverse neonatal
events was much higher compared to 28-31 and 32-34
GA with an overall cost not exceeding €1500 per mother
child. This overall cost should be traded-off with the
cost of complications associated with high prematurity
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Table 4 Deterministic sensitivity analyses

Cost per mother—child, € Neonatal serious adverse ICER?, €

events

Minimum values of sensitivity and maximum values of specificity
S;:CL< 15 mm or CL [16-30 mm] and qualitative fFN 3040 0.0219 -
S,: Qualitative fFN 4359 0.0258 338,205
Ss: CL< 18 mm, plasma RANTES and plasma IL-10 4382 0.0260 327317
Siert CL<25 mm 4388 0.0261 320,952
S,: Cervical IL6 4465 0.0269 285,000
S5 Quantitative fFN 4492 0.0269 290,400
Se: CL<15 mm 4592 0.0264 344,889
Maximum values of sensitivity and minimum values of specificity
S;:CL<15 mm or CL [16-30 mm] and qualitative fFN 3300 0.0236 -
S,: Qualitative fFN 4381 0.0260 450417
Ss: CL< 18 mm, plasma RANTES and plasma IL-10 4414 0.0264 397,857
Sper: CL< 25 mm 4427 0.0265 388,621
S, Cervical IL-6 4465 0.0269 353,030
S5 Quantitative fFN 4473 0.0270 345,000
Sg: CL<15mm 4653 0.0268 422,813
Incidence of preterm birth of 5%
S;:CL< 15 mm or CL [16-30 mm] and qualitative fFN 1927 0.0119 -
S5 Quantitative fFN 3517 0.0168 324,490
Srert CL<25 mm 3560 00172 308,113
S, Cervical IL-6 3560 0.0172 308,113
S,: Qualitative fFN 3587 0.0175 296,429
Ss: CL< 18 mm, plasma RANTES and plasma IL-10 3604 0.0177 289,138
Se: CL<15 mm 3719 0.0143 746,667
Incidence of preterm birth of 15%
S;:CL< 15 mm or CL [16-30 mm] and qualitative fFN 4121 0.0337 -
Srer CL<25 mm 5414 0.037 391,818
S5 Quantitative fFN 5437 0.0373 365,556
Ss: CL< 18 mm, plasma RANTES and plasma IL-10 5443 0.0374 357,297
S,: Qualitative fFN 5452 0.0374 359,730
S, Cervical IL-6 5514 0.0381 316,591
Se:CL<15 mm 5636 0.0295 —360,714

CL cervical length, fFN fetal fibronectin, IL interleukin

? Incremental cost-effectiveness ratio expressed in terms of cost per additional serious adverse event compared to S,. A positive ICERs correspond to an added cost
per additional neonatal adverse event compared to S,. All strategies with a positive ICER are dominated by S,. The negative ICER corresponds to added costs to avoid

one additional serious adverse event compared to S,

[36, 37] and the cost of follow-up for these children over
a longer period of time. The national sources of data
also provided enough robust parameters to be able to
implement a Markov model in our decision tree to take
into account the complexity of mother—child manage-
ment and to avoid underestimating the costs associ-
ated with subsequent hospitalization after discharge.
Another strength was the selection for which, contrary
to the study conducted by van Baaren, only the studies
including the same criteria of inclusion population were
included in our analyses, therefore limiting the selection
bias.

Our analysis does present some limits. Firstly, our pop-
ulation did not include all preterm births because women
presenting either a disease associated with a high risk of
preterm birth or multiple pregnancy were excluded from
our analyses because these medical situations do not
require the use of diagnostic tests for TPL. Moreover,
the data on diagnostic performance used for our study
was all derived from observational studies, which can be
prone to bias. Then the choice of the reference strategy
in our baseline cost-effectiveness analysis. Currently, no
diagnostic strategy is clearly recommended by interna-
tional guidelines, and our choice to have taken cervical
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Table 5 Probabilistic analysis (5000 iterations): proportions (%) of pairs of incremental cost and incremental severe
adverse neonatal events associated with CL<15 mm or CL [16-30 mm] and fFN qualitative compared to each of the six

other strategies

AE<0and AC<0? AE<0and AC>0° AE>0and AC<0¢ AE>0
and AC>0¢
Strategies [24-27] GA
Se: CL<15mm 90 1 0 9
S, CL<25 mm 24 47 0 29
S,: Qualitative fFN 20 47 0 33
S5 Quantitative fFN 26 23 0 51
S, Cervical IL-6 41 18 0 41
Ss: CL< 18 mm, plasma RANTES and plasma IL-10 27 24 0 49
Strategies [28-31] GA
Se: CL<15mm 92 0 3 5
S, CL<25 mm 28 45 0 27
S,: Qualitative fFN 24 45 0 31
Ss: Quantitative fFN 28 20 0 52
S, Cervical I-6 44 17 0 39
Ss: CL< 18 mm, plasma RANTES and plasma IL-10 28 23 0 49
Strategies [32-34] GA
S CL<15mm % 0 3 1
St CL<25 mm 59 25 3 13
S,: Qualitative fFN 54 26 3 17
Ss: Quantitative fFN 43 12 5 41
S;: Cervical IL-6 55 10 3 31
Ss: CL< 18 mm, plasma RANTES and plasma IL-10 45 14 5 36

GA gestational age, CL cervical length, fFN fetal fibronectin, IL interleukin

@ The southwest quadrant (SW) represented the proportion where CL < 15 mm or CL [16-30 mm] and fFN qualitative dominated the alternative strategies

® The northwest quadrant (NW) represented the proportion where CL< 15 mm or CL [16-30 mm] and fFN qualitative was more effective but more costly

¢ The southeast quadrant (SE) represented the proportion where CL< 15 mm or CL [16-30 mm] and fFN qualitative was less effective and less costly

4 The northeast quadrant (NE) represented the proportion where CL< 15 mm or CL [16-30 mm] and fFN qualitative was less effective and more costly

length as the reference strategy may be controversial.
However, this choice had no effect on our results because
all the other strategies were dominated.

Another limit concerns the strategies modelled: even
if we modelled the use of new diagnostic tests such as
quantitative fetal fibronectin or proteins in maternal
serum, the combination of quantitative fFN and CL was
not included in the model due to a lack of data.

For the economic analysis, only direct medical costs
in public hospitals were taken into account, which raises
the question of the transferability of the results to other
countries where the organization and the financing of
care is different. We also made the choice not to perform
a cost-utility analysis because the main goal of our work
was to assess the clinical consequences associated with
threatened preterm labor. Prematurity is associated with
long-term neuro-motor, sensory and cognitive disabili-
ties. Given the economic consequences linked to these
impairments, an analysis using Quality Adjusted Life
Year (QALY) would have been relevant. Unfortunately,

the medical and economic data required for this type of
analysis were not available and would have required con-
ducting further studies.

Conclusion

The strategy that combines CL with qualitative fFN,
defined as positive if either CL<15 mm or if CL is
16-30 mm and qualitative fEN is positive, appeared to
be the most efficient strategy. Our findings could lead
to a significant reduction of medical costs. Furthermore,
this decision analysis provides arguments for establish-
ing new guidelines, and informing the daily practice of
clinicians in regional perinatal networks. Indeed, our
suggested strategy is based on current obstetric prac-
tices, and represents no additional costs compared to the
most used diagnostic test at the moment in France. This
test can be implemented whatever the level of maternity
center, which would make it easier to move women at
high risk of delivery towards a center equipped to opti-
mize the health of premature newborns.
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