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ABSTRACT

Objective To evaluate whether serial transvaginal sono-
graphic examination of the cervix with the woman in a
standing position improves the prediction of spontaneous
preterm birth (SPB) compared with the conventional pos-
ture.

Methods For both a recumbent and upright maternal
position, the inter- and intraobserver agreement of
cervical length (CL) measurement was calculated. In 363
pregnancies at risk for SPB, we determined prospectively
CL and funnel width (FW) including differences between
the positions and between longitudinal measurements
from 15 weeks onwards. Multivariate logistic regression
analysis, contingency tables and receiver—operating
characteristics (ROC) curves were used. Data were
stratified according to singleton or twin pregnancy,
maternal position, gestational age at examination and
different cut-off values to predict SPB < 36 weeks.

Results The interobserver variability in each position was
similar, with an interclass correlation coefficient (95%
CI) of 0.952 (0.811-0.984) in the recumbent and 0.942
(0.837-0.978) in the upright maternal position. After
exclusion of pregnancies with iatrogenic preterm birth,
15/138 (11%) singletons and 29/153 (19%) twin pairs
were born at <36 weeks. The incidence of funneling
was greater in an upright compared with a recumbent
maternal position by 12.3% in singleton and 13.1%
in twin pregnancies before 25 weeks, and by 13.0%
and 21.6% between 25 and 30 weeks, respectively. This
resulted in an earlier and more accurate prediction of SPB
by transvaginal ultrasound in an upright compared with a
recumbent maternal position, which could be shown by all
applied statistical methods. The influence of posture on the
prognostic value of the CL varied depending on the cut-
off value. Differences in CL or FW between 15-20 and

25-30 weeks predicted SPB better than did differences
between shorter intervals.

Conclusions Evaluation of the cervix with the woman in
the upright position permits earlier detection of funneling.
This may enable earlier and more appropriate intervention
to avoid SPB. Copyright © 2006 ISUOG. Published by
John Wiley & Sons, Ltd.

INTRODUCTION

The uterine cervix is a dynamic anatomical structure.
Its mechanical properties, changing from firm and rigid
to soft and elastic, depend mainly on the regulation
of connective tissue and its extracellulary matrix by
an inflammatory-like mechanism. Ideally, the cervix
dilates gradually towards term and during delivery'; in
spontaneous preterm birth (SPB), it opens prematurely; in
cervical dystocia, it fails to dilate adequately.

The cervix consists predominantly of fibrous connective
tissue with 80% of the total protein content formed
by collagen and 10-15% being smooth muscle fibers?.
Cervical ripening is characterized by a high collagen
solubility and collagenolytic activity, a decrease in total
collagen content and an influx of inflammatory cells
with increasing levels of cytokines and prostaglandins?.
During dilatation, digestion of denatured collagen leads
to further loss of collagen and, consequently, of firmness*.
Local or ascending intrauterine infections are thought to
lead to activation of all the components of the preterm
labor syndrome, whereby functional loss of cervical
integrity is the common terminal pathway’®. Conversely,
cervical shortening and opening of the internal os may
facilitate the ascension of microorganisms, injuries to the
decidua—chorioamnion interface and, finally, membrane
activation and amnionitis’.
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In singleton pregnancies with SPB, a positive microbial
culture retrieved by amniocentesis was observed in
21.6% of cases®. In contrast, microbial invasion of the
amniotic cavity occurred in only 11.9% of twin gestations
presenting with SPB”. Although new results have shown
that subclinical endometrial infection and inflammation
can be a causal factor for SPBS, intra-amniotic infection
does not seem to be the only reason responsible for
a percentage of SPBs in singleton pregnancies nor for
the excessive rate of SPB in twin pregnancies. Uterine
overdistension and the fact that the cervix is aligned
centrally with no support except for the non-resistant
vagina may be another pathogenetic factor involved
mainly in multiple gestations.

Transvaginal sonography (TVS) has been used to
examine the cervix for approximately 15 years’. It is
recognized that a short cervix detected by TVS with the
woman in a recumbent position is a strong predictor
of SPB for both singleton and twin pregnancies, and
the predictive value depends on the gestational age
at detection, the cut-off value and even additional
clinical symptoms'®. To examine specifically mechanical
properties of a cervix at risk for SPB, transfundal pressure
and straining have been proposed!!12. Serial changes in
cervical length (CL) and funnel width (FW) have been
established for both recumbent and upright maternal
positions; the differences between the positions in both CL
and FW were higher at late compared with early gestation
and in twin compared with singleton pregnancies of
the same gestational age!®!4. The observation that the
structure of the cervix may change dynamically in an
upright position in a few patients showing a dilated
internal os, increasing prolapse of the fetal membranes
and sometimes even membrane dissociation, was the
stimulus to perform TVS in both positions in all our
at-risk patients.

The aim of this study was to determine if serial
transvaginal examinations of the cervix with the mother
in the upright position improves the prediction of SPB
compared with examination of the cervix with the mother
in the conventional recumbent posture.

METHODS

TVS was performed with an ATL 5000 HDI
(Philips, Enthoven, The Netherlands,) ultrasound machine
equipped with a 8.5-MHz transvaginal probe. Before each
examination, the woman was asked to empty her blad-
der. Recognition of the lowermost edge of the maternal
urinary bladder was used to detect the upper limit of the
uterine cervix. The sonographic image was followed in a
sagittal view until the endocervical canal and the cervical
gland area were visualized. Compression of the cervix
was avoided. The length of the closed portion of the
endocervical canal was measured in a position whereby
the anterior and posterior cervix appeared to be equally
thick. Funneling was defined as any opening of the inter-
nal os with protrusion of the membranes into the cervical
canal (Y-, V- or U-shaped) as opposed to a perpendicular
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T-shaped relationship between the cervix and the fetal
membranes (‘no funneling’). FW was measured at the
level of the suspected former internal os. Every examina-
tion was performed with the woman in a supine and an
upright position. For the latter, the patient was asked to
place one foot on a footstool and to guide the transducer
herself into the lower part of the vagina until it could be
directed by the examiner. Thereby both the physician and
the patient could observe whether postural stress affected
the cervix. Before a result was interpreted, the woman
stood or lay in position for at least 1 min.

The inter- and intraobserver agreement in determining
the CL between two observers with different expertise
in TVS (Observer 1 (B.A.): 15 years; Observer 2
(C.R.): 15 days) was assessed in 10 singleton and
10 twin pregnancies. In all patients, 10 consecutive
measurements were performed alternatively by each
of the examiners with the woman in the recumbent
and standing positions. The observers were blinded
to the results during the examination. The intra- and
interclass correlation coefficient (CC) and Cronbach’s
alpha reliability coefficient (RC) with 95% CI were
calculated. Patients were recruited from our outpatient
clinic at a gestational age of 15-30 weeks. In these
patients, an opening of the internal os occurred too rarely
to determine the intra- or interobserver agreement for
measurement of FW.

To detect the predictive value of TVS in different
positions and at different gestational ages data were
collected prospectively between 2001 and 2004 from
186 twin and 177 singleton pregnancies at increased
risk for SPB (history of SPB, uterine abnormality and
early symptoms of SPB such as blood loss or preterm
contractions). The patients were recruited from our
outpatient clinic and were included from 15 weeks
onwards. All measurements were performed by the same
examiner (Observer 1). After delivery, we excluded data
from patients with iatrogenic preterm birth (< 36 weeks)
and from pregnancies in which the dataset did not include
at least three consecutive measurements within different
gestational age-groups (I: 15 to 19 + 6 weeks; II: 20 to
24 + 6 weeks, III: 25 to 29 + 6 weeks).

The primary outcome of the study was spontaneous
preterm delivery < 36 weeks. For cases in which more
than one measurement was performed within one
gestational age-group (i.e. with an interval of less than
5 weeks), only the earliest measurement within this age-
group was considered.

McNemar’s test was used to calculate significant differ-
ences in FW and CL between positions. Stepwise forward
multiple logistic regression analysis was conducted for
CL and FW in both positions, in order to test whether
they were related to a reduced (increasing values of CL)
or an increased (increasing values of FW) risk for SPB
at < 36 weeks. All parameters were analyzed as continu-
ous variables. In addition, differences between gestational
age-groups [ and II, IT and III, and I and III were analyzed.

Contingency tables were established in order to
calculate sensitivity, specificity, positive and negative
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Table 1 Intra- and interobserver correlation coefficients (CC) and Cronbach’s alpha reliability coefficients (a-RC)
Intraobserver
Observer 1 Observer 2 Interobserver

Pregnancy type CL CC (95% CI) a-RC CC (95% CI) a-RC CC (95% CI) a-RC
Singleton re 0.990 (0.978-0.997) 0.990 0.979 (0.951-0.994) 0.982 0.930 (0.706-0.983) 0.941

st 0.981 (0.956-0.994) 0.982 0.981 (0.957-0.994) 0.982 0.930 (0.706-0.983) 0.940
Twin re 0.993 (0.985-0.998) 0.993 0.991 (0.979-0.997) 0.991 0.963 (0.776-0.992) 0.975

st 0.995 (0.988-0.998) 0.995 0.987 (0.971-0.996) 0.986 0.963 (0.766-0.992) 0.957
Total re 0.990 (0.982-0.995) 0.991 0.990 (0.982-0.995) 0.990 0.952 (0.811-0.984) 0.966

st 0.991 (0.984-0.996) 0.992 0.984 (0.971-0.993) 0.984 0.942 (0.837-0.978) 0.951

CL, cervical length; re, recumbent; st, standing.

predictive values (PPV and NPV), positive and negative
likelihood ratios (LR) and the diagnostic odds ratio (DOR;
ratio of positive LR to negative LR) to determine the risk
of SPB at < 36 weeks. The DOR was used to discriminate
the power of a test. In the case of ‘zero entries’, the DOR
was calculated by adding 0.5 to all cells of the contingency
tables'’. Receiver—operating characteristics (ROC) curves
were calculated for several cut-off values of CL and FW
to predict SPB at < 36 weeks. The Statistical Package for
Social Sciences (version 12.0, SPSS, Chicago, IL, USA)
was used for all evaluations.

RESULTS

There was excellent intra- and interobserver agreement
for CL measurements obtained by both investigators for
both recumbent and upright maternal positions in both
singleton and twin pregnancies (Table 1).

After exclusions, the main study population consisted
of 138 singleton pregnancies at risk for SPB (Table 2)
and 153 twin pregnancies. The mean maternal age
was 32 years for singleton and 31 years for twin
pregnancies. The mean gestational age at delivery was 38
(range, 24.1-42.2) weeks for singletons and 36 (range,
26.4-40.0) weeks for twin pairs, and their respective rates
of SPB at < 36 weeks were 15/138 (10.9%) and 29/153
(19%) (Table 2).

The incidence of funneling in the upright compared
with the recumbent maternal position was greater by
12.3% in singleton and by 13.1% in twin pregnancies
between 20 and 25 weeks, and by 13.0% and 21.6%,
respectively, between 25 and 30 weeks (Table 3).

Table 2 Characteristics of the study population: 138 singleton
pregnancies at risk of spontaneous preterm birth (SPB) and 153
twin pregnancies

Singleton Twin
pregnancies pregnancies
Characteristic (n=138) (n=153)
Maternal age (years, 32 (23-42) 31 (16-40)
mean (range))
Gravida I (n (%)) 14 (10.1) 73 (48.0)
History of SPB* (< 36 66 (47.8) 13 (8.5)
weeks) (7 (%))
Ovulation stimulation 1(0.7) 9(5.9)
(n (%))
IVE/ICSI (1 (%)) 5(3.7) 49 (32.0)
Spontaneous delivery 15(10.9) 29 (19.0)

< 36 weeks (1 (%))
Birth weight (g, mean (range))
Child 1 3008 (850-4500)
Child 2

2443 (650-3720)
2416 (1060-3780)

*Only valid for multigravid pregnancies. ICSI, intracytoplasmic
sperm injection; IVF, in-vitro fertilization.

Results of the stepwise forward multiple logistic
regression analysis are shown in Table 4. We only show
results obtained between 20 and 25 weeks (Group II),
including differences between measurements of Groups
I and II, since this period is most frequently used for
risk estimation of SPB. When absolute measurements of
FW or CL were integrated in the regression model, a
long cervix decreased and a wide FW increased the risk
of SPB. The results were only significant in the upright
position (Table 4). When comparing differences of FW
and CL between both positions, only A FW and not A CL

Table 3 Proportion of patients with funneling in the recumbent and standing positions

Proportion of funneling (n (%)) in
singleton pregnancies (n = 138)

Proportion of funneling (n (%)) in twin
pregnancies (n = 153)

Gestational age (weeks) Recumbent Standing P Recumbent Standing P
II (20 to 24 + 6 weeks) 3(2.2) 20 (14.5) <0.001 12 (7.8) 32(20.9) <0.001
I (25 to 29 + 6 weeks) 11 (8.0) 29 (21.0) <0.001 25 (16.3) 58 (37.9) <0.001

Differences between the two positions in each time interval were assessed with McNemar’s test.

Copyright © 2006 ISUOG. Published by John Wiley & Sons, Ltd.
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Table 4 Stepwise forward multiple logistic regression analysis of cervical length (CL) and funnel width (FW) parameters obtained by
transvaginal sonography of the cervix which either reduce (CL) or increase (FW) the risk of spontaneous preterm birth

Singleton pregnancies

Twin pregnancies

Implied variables P OR

95% CI P OR

95% CI

CLstII
FW st II
CLrell
FW re II

FW A st-re Il
CL A re-stII

CLstII
FW st Il
CLrell
FW re II
CL A rel-II
CL A stI-1I
FW A re II-1
FW A st II-1

0.010 0.920

0.026 1.080

0.010 0.920

1.010-1.150

0.860-0.980

0.001 1.080 1.030-1.130

0.006 1.110 1.030-1.190

0.860-0.980

0.001 1.080 1.030-1.130

All variables implied in three different combinations of the regression model are listed in the left column; parameters reaching significance
within a certain combination of variables for either singleton or twin pregnancies are printed in bold. I, 15 to 19 + 6 weeks; II, 20 to 24 + 6

weeks; OR, odds ratio.

significantly predicted SPB (Table 4). When all absolute
values and differences between positions and longitudinal
measurements were considered, the results resembled the
first step: only absolute values of CL and FW in the
upright position significantly predicted SPB (Table 4).

Sensitivity, specificity, PPV, NPV, LR and DOR
were analyzed for all described intervals, but only
results from examinations performed between 20 and
25 weeks (Group II) are shown in Table 5. Again, the
prediction of SPB was improved by considering FW
in the upright compared with the recumbent maternal
position, independent of the cut-off values. This was
not observed for CL. The implementation of calculations
of differences between both positions and different
longitudinal measurements of either CL or FW did not
seem to improve the prediction of SPB within our study
population up to 25 weeks.

ROC analysis was therefore performed only for
absolute measurements (Figures 1 and 2). In contrast
to the logistic regression model, CL between 20 and
25 weeks reached significance in both the recumbent (area
under the curve (AUC), 0.665; P = 0.043 for singleton,
and AUC, 0.673; P = 0.005 for twin pregnancies) and
the standing (AUC, 0.690; P = 0.020 for singleton, and
AUC, 0.666; P = 0.007 for twin pregnancies) maternal
positions, without systematic differences between upright
and supine positions (Figure 1a and b). ROC analysis
demonstrated that FW between 20 and 25 weeks for
the standing maternal position was a better predictor of
SPB than was FW for the recumbent maternal position,
independent of the cut-off value (Figure 2a and b).

Between 25 and 30 weeks, all areas under the curve for
CL and FW increased in comparison to the earlier period,
demonstrating better prediction of SPB (Figures 1c, 1d, 2¢
and 2d), although the prediction of SPB by CL still did not

Copyright © 2006 ISUOG. Published by John Wiley & Sons, Ltd.

reveal systematic differences (Figure 1c and d). For FW,
the prediction of SPB depended on the cut-off values: a
small opening of the internal os detected in the recumbent
maternal position may be more indicative of SPB
compared with the same value in the standing position.
This explains the crossing of the ROC curves. However,
the AUCs were still larger for the upright vs. the recumbent
position (AUC, 0.768; P = 0.002 vs. AUC, 0.674; P =
0.040 for singleton pregnancies and AUC, 0.736; P <
0.001 vs. AUC, 0.655; P = 0.012 for twin pregnancies).

DISCUSSION

Preterm ripening of the cervix reflects a change in its
biochemical and mechanical properties' ~*. Screening for
SPB by TVS is not yet routine in the clinical setting'®.
Accordingly, all examinations of singleton pregnancies in
this study were performed only in those at risk for SPB.
Twin pregnancies carrying a six- to eight-fold risk for SPB
were analyzed separately.

Sonographic measurements of the cervix predict SPB
better than does digital examination!”. Transabdominal
ultrasound requires a full bladder, which may influence
the results falsely'®. Transperineal-derived images have
been shown to be inadequate in more than 50% of cases,
while patient acceptability was similar compared with
TVS'Y, which was introduced 15 years ago in singleton
and later in multiple pregnancies®2%-21,

The stimulus to perform this study was the observation
of a ‘dynamic opening of the internal os’ during or
immediately after standing in high-risk patients?2. Clinical
examination in the upright position was performed during
the 19 century because it allowed “discrete’ examination
of the pelvis and cervix. At that time, women usually wore
a long skirt. The perception of what is acceptable may
vary between times and cultures. Even though the fashion

Ultrasound Obstet Gynecol 20065 27: 377-386.
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Figure 1 Receiver—operating characteristics curves for cervical length (CL) in both the recumbent (re, dashed line) and the standing (st, solid
line) maternal positions for different periods of examination: II, 20 to 24 + 6 weeks (a,b) and III, 25 to 29 + 6 weeks (c,d), separate for 138
singleton (a,c) and 153 twin (b,d) pregnancies. Areas under curves (AUC) are indicated in the figure.

has changed, we have never had difficulties in explaining
to our patients why we perform TVS in both positions.
Until now maternal postural challenge during TVS has
been performed by only a few groups!':?%23. Instead,
transfundal pressure was introduced by Guzman et al.'!
in the US as a ‘challenge test’ for the cervix during
TVS. They compared it with TVS in the standing
position in patients at risk for SPB and pregnancy loss,

Copyright © 2006 ISUOG. Published by John Wiley & Sons, Ltd.

concluding that transfundal pressure was more effective
in eliciting cervical changes. Our experience differed as
we observed a series of patients without funneling under
transfundal pressure but with funneling when standing
(Figure 3). We agree with Guzman et al. that in some
patients CL increases in the standing position but we
did not observe this in patients at risk for SPB unless
contractions arose in the recumbent position. Patients may

Ultrasound Obstet Gynecol 20065 27: 377-386.
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Figure 2 Receiver—operating characteristics curves for funneling width (FW) in both the recumbent (re, dashed line) and the standing (st,
solid line) maternal positions for different periods of examination: II, 20 to 24 + 6 weeks (a,b) and III, 25 to 29 + 6 weeks (c,d), separate for
138 singleton (a,c) and 153 twin (b,d) pregnancies. Areas under curves (AUC) are indicated in the figure.

even experience transfundal pressure as uncomfortable,
although this differs between examiners. The upright
position, however, is a natural posture for the patient
during daytime.

In order to prove that TVS can be learned within a
short audit period a young researcher was selected as
the second examiner for calculation of the intra- and
interobserver agreement. It has been stated that even

Copyright © 2006 ISUOG. Published by John Wiley & Sons, Ltd.

among experienced observers there may be substantial
intra- and interobserver variability in CL and FW
measurement’*2%. Our results showed good agreement
between the two observers; both intra- and interobserver
variation were even lower in the group with a short
CL (data not shown), for whom diagnostic accuracy is
crucial as compared with those with a long endocervical
canal.
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Figure 3 Transvaginal sonography of the cervix within one patient;
a) cervix in the recumbent position, b) cervix in the upright
position (after 1 min), c) cervix with transfundal pressure.

With regard to the detection of SPB we are aware
of the potential weaknesses of our statistics. Within our
stepwise forward multiple logistic regression model, the
close relationships between covariates and the relatively

Copyright © 2006 ISUOG. Published by John Wiley & Sons, Ltd.

Arabin et al.

low incidence of the outcome of interest (SPB) were
limiting factors causing susceptibility to overestimation
and type-1 error. We therefore added calculations of
diagnostic indices and ROC analysis. Nevertheless, we
are aware of the fact that even calculations of LR, DOR
and ROC analysis can be biased as obstetricians are rarely
blinded to TVS results. Their intention to prevent SPB in
patients with pathological results is ethically justified but
can increase the false-positive rate if the treatment is
successful. However, these errors are part of many studies
dealing with the diagnosis of SPB.

Several authors have demonstrated an association
between a single (‘snapshot’) measurement of a short
cervix and SPB in low- and high-risk patients®-26=2%, The
diagnostic accuracy also depends on the gestational age,
the applied cut-off values, whether there are additional
symptoms of SPB, and whether the pregnancies are
singleton or multiple!®. In our study, we did not
differentiate between ‘symptomatic’ or ‘asymptomatic’,
but between different positions, which is easier to define
and categorize. Although short values of the CL at early
gestation (< 20 weeks) have a high predictive value for
SPB, reflected by the LR, the sensitivity is low due to the
low incidence of such early cervical changes.

Longitudinal examinations have been performed in
high-risk patients!314. Guzman et al.3® established rates
of CL shortening from 15 weeks onwards to demonstrate
that a rapid change reflects the degree of incompetence. In
patients with an incompetent cervix, shortening between
20 and 24 weeks varied from 4.9 to 8 mm, which is the
rate between 15 weeks to term in normal pregnancies.
Accordingly, we analyzed the mean differences of CL
in the recumbent position within our gestational age
Groups II and III. Among mothers who later presented
with SPB, the mean change was 7.2 mm in singleton
and 7.9 mm in twin pregnancies. Mothers without SPB
only revealed changes of 2.3 mm and 4 mm, respectively.
However, the calculation of differences of CL between
time interval I and II or between II and III detected
only a small percentage of SPB and did not improve the
detection rate of SPB either by the multivariate regression
model or by our contingency tables. This might depend
on characteristics of our study population. Only when
longitudinal differences between Groups I and III (25
and 30 weeks) were calculated, were the sensitivity, LR
and DOR higher for longitudinal differences compared
with single values of CL in Group III (data not shown).
It may be interpreted with caution that longitudinal
measurements of the CL are still of value in at-risk
populations not only to detect any risk as early as
possible but also to detect individual change rates for
longer intervals.

Our main results between 20 and 25 weeks suggest hat
a single examination in both positions can exclude or
predict SPB with a higher accuracy than can examining
a patient in a recumbent position once or even several
times. This may have an impact on public health concepts.
The fact that patients can correlate sonographic pictures
with their own complaints helps to convince them when
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lifestyle changes, hospitalization or intervention3!~33 are

indicated or not necessary.

Until now, results of interventional studies have been
based on conventional TVS. However, in some patients
with singleton pregnancies at risk for SPB and even more
so in twin pregnancies, an upright maternal position may
allow earlier recognition of an opening of the internal os,
protrusion of membranes or even a dissociation of amnion
and chorion®*. In such pregnancies, a cerclage might
actually induce the risk of preterm premature rupture of
membranes (PPROM)3S and SPB as suggested for twin
pregnancies by a recent meta-analysis®®. However, there
will still remain patients with a reasonable indication for
a cerclage, as shown by a meta-analysis using individual
patient-level data3®, although the membranes may still
descend to the level of the suture, indicating an increased
postoperative risk for SPB3”. An opening of the internal
os and descent of membranes after vaginal cerclage
are recognized earlier with the woman in an upright
position®4,

Rust et al.3® published a matched control study of
patients with the same CL either with or without
funneling. The group with funneling had a higher risk
of readmission (67.1% vs. 43.2%), chorioamnionitis
(23.2% vs. 2.4%), abruption (13.4% vs. 1.2%) and
PPROM (23.4% vs. 6.1%); the neonates in the
‘no funnel’ group delivered later and had decreased
morbidity and mortality. It was recommended that future
intervention studies should control for the influence of the
discontinuation of the internal os.

It has been reported that prolonged standing provokes
uterine contractions to compensate for the decreased
venous return in order to maintain normal maternal
hemodynamics®®. The increase of FW in the upright
position may be caused by an interaction of uterine
contractility, overdistension, downward pressure and
mechanical or biochemical processes of the tissue and
membranes at the internal os’.

This study underlines the significance of clinical reports
of a dilated internal os and the impact of public health
measures to reduce physical stress on the rate of SPB
within a given population®®*!. Since the mechanical
properties of the cervical tissue in SPB resemble the
changes at term, TVS in both positions may be indicated
in patients around term to predict the course of induction
and of delivery. Future trials may investigate whether TVS
in both positions is advantageous as a routine approach
in patients at risk for cervical incompetence and SPB or
for cervical dystocia and even to control for intervention
to prevent SPB or to induce labor.
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