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Key message:

The antepartum assessment of maternal pelvimetry may improve the prediction of obstructed labor.
Our demonstration that an accurate measurement of the OC is achievable by standard transabdominal

ultrasound may usher in a new era for the clinical use of antepartum pelvimetry in obstetrics
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ABSTRACT

Objectives: The obstetric conjugate (OC) represents the shortest anteroposterior diameter of the
birth canal and it reflects the capacity of the pelvic inlet to allow the passage and the engagement of
the fetal head. The antepartum evaluation of this parameter may be attempted at digital examination
to predict the risk of cephalopelvic disproportion but the accuracy of clinical pelvimetry is notoriously
poor. The aim of our study was to describe the sonographic measurement of the OC at transabdominal

2D-ultrasound

Methods: This is a prospective cohort study conducted at a tertiary University hospital. A non-
consecutive series of pregnant women with uncomplicated singleton pregnancies attending at the
antenatal clinic for routine booking from 34 weeks of gestation onward were included. The ultrasound
probe was longitudinally placed above the level of the symphysis and the interpubic
fibrocartilaginous disk was visualized. Then the promontory was identified as the most prominent
segment of the sacral vertebral column. The OC was measured as the distance between the inner edge
of the interpubic disk and the promontory. The intra- and interobserver repetability of this
measurement was calculated using the intraclass correlation coefficient (ICC) and the Bland-Altman

method.

Results: 119 women were considered eligible for the study purpose. Overall, 111/119 (93.3%)
women were included in the analysis with a median gestational age of 36.0(35.0-37.0) weeks. The
mean OC measurement was 11.4+0.93 mm for the first operator and 11.4+0.91 mm for the second
operator. The overall interobserver ICC was 0.95(95% CI 0.92-0.96) while the overall intraobserver
ICC was 0.97(95%CI 0.96-0.98). The degree of reliability was also analyzed for women with a BMI
>30 and for women with a gestational age >37 weeks. The inter and intra-observer ICCs were
respectively 0.97(95% CI 0.90-0.98) and 0.98(0.95-0.99) in the former group and 0.96(95% CI 0.93-
0.98) and 0.97(95%CI 0.95-0.98) in the latter one

Conclusion: Our study demonstrated that among pregnant women at term gestation the sonographic

measurement of the OC is feasible and reproducible

http://www.aogs-online.com
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431 86 INTRODUCTION

5

6 87  Pelvimetry is the biometric evaluation of the birth canal and it has been historically used to identify
7

g 88 those women at higher risk for labor dystocia due to cephalo-pelvic disproportion. The clinical
9

10 89  pelvimetry is based on the measurement of the main diameters of maternal pelvis either at external
11 90  or at internal digital examination. Among them the obstetric conjugate which is the linear distance
13 91  between the sacral promontory and the internal edge of the pubic bone may be assessed at vaginal
15 92 examination!. This is the shortest anteroposterior diameter of the birth canal and it is believed to
93  reflect the capacity of the pelvic inlet to allow the passage and the engagement of the fetal head?.
18 94  Traditionally it is reported that the digital palpation of the promontory is suspected to herald a

20 95 narrower inlet of the birth canal and to anticipate the occurrence of cephalopelvic disproportion?.

23 96  However, the digital measurement of the obstetric conjugate at vaginal examination and the clinical
97  prediction of a narrow pelvic inlet is considered to be inaccurate and of limited reproducibility’*.
26 98  Also, the combination of vaginal findings with more objective maternal anthropometric parameters
28 99  such as height, BMI, shoulder diameter, lower limbs length has been investigated and has shown to

30100 yield a poor sensibility and specificity in predicting the risk of obstructed labor>-7.

gg 101  The use of imaging techniques (X-ray, MRI and CT) has been claimed to provide accurate
34102 measurements of pelvic diameters with a low intra and inter-observer variability$-10. However, the
36103  routine use of imaging techniques in the antepartum assessment of pelvic capacity is highly
38104  controversial and not supported by rigorous randomized controlled trials. A recent Cochrane review
105 found that women who undergo an X-ray pelvimetry may be more likely to have a CS and concluded
41106 that there is not enough evidence to support the use of X-ray pelvimetry for deciding on the mode of
43107  delivery'!. Lastly, concerns have arisen regarding the fetal risks from radiation exposure and cost-

44 . . . .
45108  benefit analysis especially in low-resource settings®!2.

46

47 . . . . . . . ..
48109 The assessment of the pelvic cavity size although not advisable on a routine basis might be of clinical
gg 110  utility especially among women who seem at higher risk of cephalopelvic disproportion such as those

51111  carrying a large for gestational fetuses or requiring a trial of labor after CS (TOLAC)!3:14,

52

53

54112 A pioneer study had proposed to use of 2-Dimensional (2D) transabdominal ultrasound for measuring

55 .. .

56113 the OC and predicting of the risk of CD due to obstructed labor'>. More recently some Authors have
;73 114  reported the antepartum assessment of the OC thanks to the use of the tomography!6. However, the
59115 available data is still limited and the reliability of the sonographic assessment of the OC is still to be

116  proven.

http://www.aogs-online.com
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The aim of our study was to describe the sonographic measurement of the OC at transabdominal 2D-

ultrasound and to assess its reproducibility in a group of women close to term of gestation.

METHODS
Study design and population study

This is a prospective cohort study conducted at the tertiary care Maternity Hospital of the University
of Parma from December 2020 to February 2021.

A non-consecutive series of pregnant women with uncomplicated singleton pregnancies attending at
the antenatal clinic for routine booking from 34 weeks of gestation onward were considered eligible

for the study purposes.

Inclusion criteria were: age between 18 and 45 years, singleton gestation with fetus in cephalic

presentation, absence of indications to scheduled CS delivery.
Exclusion criteria were: low lying placenta, uterine fibroids, history of pelvic bone fractures.

With the woman lying supine with a moderately repleted bladder, the ultrasound probe was
longitudinally placed on maternal abdomen above the level of the symphysis. This structure was
sonographically visualized as a hypoechoic oval with an internal echogenic core representing the
interpubic fibrocartilaginous disk. Then the promontory was identified as the most prominent
segment of the sacral vertebral column. The OC was measured as the distance between the inner edge

of the interpubic disk and the promontory (fig 1).

For the study purpose two ultrasound machines equipped with a transabdominal multifrequency 2D
convex transducer were employed. The standard 3™ trimester setting was used for each examination.
In order to have the widest view of the maternal pelvis, the ultrasound probe sector was increased to
a maximum of 120° while the probe frequency was turned down at 2.5 mHZ to increase the

penetration of the ultrasound beam.
To assess the intra- and interobserver reproducibility of the sonographic measurements, all the
ultrasound examinations were performed twice by the operator 1 (N.V.) and once by operator 2

5
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1

2

z 144  (C.L.). Operator 1 had >10 years’ experience in prenatal ultrasound while operator 2 was a resident
5 145  with <2 years’ experience.

6

7 . . . . .

g 146  The ultrasound measurements of the OC were not used for clinical purposes and the clinicians who
?O 147  were in charge of the management of the women were blinded to the values obtained by the study

1 ; 148  investigators

13
14149  Clinical data regarding pregnancy, labor and neonatal outcomes were obtained in all pregnancies

16150  from medical records.
17

18
19151  Statistical analysis

20

21
27152 The Shapiro-Wilk test was used to assess the normality of the distribution of the data. Mean+Standard

23
24

25154  distributed, respectively. The agreement between the two examiners and between the two

153  Deviation (SD) or median [IQR] were used to describe continuous data normally and non-normally

27155  measurements made by the first examiner, were expressed using intraclass correlation coefficients
28 . . .-

29156 (ICCs) for single measurements and 95% confidence intervals (CI). The systematic differences were
2(1) 157  also computed by means of the paired Student t test. As far as the repeatability is concerned, in order

32158 to assess systematic bias between intra-, interobserver measurements, differences between values
33
34159  were plotted against means of the measurements as described by Bland and Altman and the limits of

35
36

37161  statistically significant. Statistical analysis was performed by using SPSS 21.0.

160 agreement were evaluated together with their 95% CI'718, A p-value<0.05 was considered as

39
40162  Ethical approval

41

42

43163  The study was approved by our local Ethics committee (270/2018/OSS/AOUPR, 24/04/2018).

44

45

46164 RESULTS

47

48 . . . .

49165  During the study period, 119 women were considered eligible for the study purpose. In five cases the
50
51

52167  case was excluded due to a previous trauma involving the sacrum, while in the remaining two cases

166  sacral promontory was not clearly visualized due to shadowing cast from the engaged fetal head, one

54168  the correct visualization of the most prominent part of the inner symphysis surface was not possible
55

56 169  due to diastasis (figure 2). Overall, 111/119 (93.3%) women at a median gestational age of 36.0 (35.0-
;73 170  37.0) weeks were included in the final analysis. The main characteristics of the study population are

59171  summarized in Table 1
60
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The median maternal age was 33.0 [29.0-36.5], the median OC measurement was 11.4+0.93 mm for
the first operator and 11.4+0.91 mm for the second operator (Table 1). No significant relationship
was found between the differences of the mean values of the two measurements made twice by the
same operator (intraobserver) (p=0.79) and of the measurements made by the first and the second

operators (interobserver) (p=0.62) (Table 2).

The overall interobserver ICC was 0.95(95% CI 0.92-0.96) while the overall intraobserver ICC was
0.97(95%CI 0.96-0.98); the Bland-Altman graphs demonstrate the degree of intra and inter-observer
concordance (Figure 3 a and b). The degree of reliability was also analyzed for women with a BMI
>30 at the enrollment and for those with a gestational age >37 weeks. The inter and intra-observer
ICCs were, respectively, 0.97(95% CI 0.90-0.98) and 0.98(0.95-0.99) for the first group and
0.96(95% CI1 0.93-0.98) and 0.97 (95%CI 0.95-0.98) for the latter group thus indicating a substantial
good degree of reliability (Table 2).

DISCUSSION

Our study demonstrated that among pregnant women close to term gestation the measurement of the
OC at TA 2D-ultrasound is feasible and reproducible. In particular, we found that the sonographic
OC had an overall high intra-observer and interobserver agreement; and that this was not impacted
by the more advanced gestational age and increased maternal BMI. We have also provided original
data on the ultrasound measurement of the OC in a population of singleton pregnancies > 34 weeks

and this may offer the opportunity to build specific references charts.

The development of the ultrasound technique has enormously improved our ability to recognize the

bony structures of the birth canal.

Compared to X-ray and MRI pelvimetry the ultrasound evaluation of the OC has many advantages
as fetal safety, low costs and the possibility to be performed at bedside evaluation also in low-

resources settings!®-29,

While pubic symphysis may be easily visualized at both transperineal and transabdominal
ultrasound?'-?2, the sonographic demonstration of the sacrum promontory is much more challenging
especially at advanced gestational ages when the interposition of the fetal head may not allow the
correct visualization of this structure. In our series we found that if transabdominal ultrasound is

performed between 34-36 weeks the promontory can be visualized in most cases. In addition, using

http://www.aogs-online.com
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1

2

z 201  our approach the whole inner margin of the pubic symphysis is visualized leading to the correct
5 202  measurement of the OC.

6

7

g 203  To our knowledge, Katanozaka et al.!> firstly described the measurement of the OC by means of
?O 204  transabdominal ultrasound. More specifically, they investigated 209 women and found that the OC

1; 205  assessed by ultrasound normally ranged from 10.7 to 15.1 cm; those women with an OC <12 c¢cm had

13206  a higher rate of Cesarean Section due to labor dystocia compare to those women with an OC >12 cm
14

15207  (50% vs 5.7% p<0.001). Interestingly, they also reported a positive correlation between ultrasonic
16
17

18209  and useful procedure in the prediction of dystocia. The most important limit of this study was that the

208 OC and X-Ray OC (r = 0.91; p < .0001) thus concluding that ultrasonic OC measurement is a safe

20210 authors measured the antero-posterior diameter between the upper bone of the pubic symphysis and
21 . . .

25211 the promontory of the sacrum, and this was improperly defined OC while it corresponded to the
;i 212 anatomic conjugate'. Due to the technical limitations of the ultrasound equipment that were available
25213  at that time they were not able to visualize the most prominent part of the inner symphysis surface

27214  which is one of the reference landmarks for the correct measurement OC. Furthermore, the authors

2 . . . . . .

Zg 215  did not evaluate the inter and intraobserver agreement of their method in the sonographic assessment
2(1) 216  of the conjugate.

32

33217  Beside this single report on the ultrasound evaluation of the OC, the assessment of other anatomical
35218 landmarks for the evaluation of maternal pelvimetry has been attempted with the aim to predict the

36 .
37219 risk of obstructed labor.

38
39
40
j; 221  transperineal 2D ultrasound and found that its width was inversely correlated with the risk of cesarean
43222  of delivery in a group of women with prolonged 2" stage of labor?2. A significant positive correlation

220 Some Authors have reported the sonographic measurement of the pubic arch angle (PAA) at

jg 223 was found by the same research group between the 2D sonographic measurement of the PAA and the
j? 224  OC measured on three-dimensional computed tomography?. In 2015, a study by Ghi et al.>*
48225  demonstrated the reproducibility of a new 3-D transperineal ultrasound technique supported by a
50226  specific contrast-enhancing technique in the measurement of the Subpubic arch angle (SPA) among
g; 227  a group of women at term gestation. Subsequent studies evaluated the usefulness of the antenatal
gi 228  assessment of this parameter in predicting the likelihood of an obstetric intervention. Youssef et al.?>
55229  among 145 nulliparous with uncomplicated pregnancies demonstrated that the SPA was significantly
5? 230 narrower in the women submitted to obstetric intervention compared with those undergoing

28531 spontaneous vaginal delivery (116.8 + 10.3° vs. 123.7 + 9.6°, p < 0.01). Another study on 368

60
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nulliparous women at term found that a narrow SPA was associated with a higher risk of persistent

Occiput Posterior position at delivery and of operative delivery also?®.

Similarly, the clinical usefulness of antepartum US pelvimetry has been assessed in particular

conditions such as in women carrying a suspected LGA fetus.

In 2017 a study on 129 nulliparous at higher risk of having a LGA fetus found that the SPA was
narrower among those women who underwent to unplanned obstetric intervention (vacuum delivery
or cesarean section) due to prolonged or arrested labor compared with those who achieved a
spontaneous vaginal delivery (107.9 13.4 vs 120.7 9.4 p<0.001); in addition, they found a smaller
SPA to be independent predictor of operative delivery (OR 1.09 95%CI 1.05-1.13)?’.

The clinical usefulness of antepartum pelvimetry in anticipating the labor outcome has been

suggested also by the use of non-ultrasound imaging techniques.

A randomised controlled trial of magnetic-resonance pelvimetry on 235 women with breech
presentation at term showed that the emergency cesarean-section rate was significantly lower in the
study group (pelvimetry results were reported to the responsible obstetricians, who used them as the
basis for decisions on whether to schedule elective cesarean or trial of labor) than in the control group
(pelvimetry results were not disclosed until 8 weeks post partum, and decisions about obstetric
management were made on the basis of clinical factors)?®. More recently, a large study conducted in
the Frankfurt maternity on 365 women with fetuses in breech presentation has demonstrated that an
increasing OC assessed by MRI pelvimetry was significantly associated with an increasing rate of
successful vaginal deliveries; based on this data it is claimed by the Authors that the OC may be used

to counsel the women carrying a breech fetus on the mode of delivery 2°.
Clinical implication and future research

The WHO guidelines recommend against the routine use of antenatal pelvimetry 3°. On note, this
recommendation is based on the Cochrane systematic review including 5 RCTs comparing X-ray

pelvimetry with no pelvimetry, 2 of them including women candidate to TOLAC.

This systematic review found that women undergoing X-ray pelvimetry were more likely to have a
CS (risk ratio (RR) 1.34, 95% CI1.19 to 1.52) compared to women receiving clinical pelvimetry or
no pelvimetry. In addition, no significant differences were found between groups for the following
clinical outcomes: perinatal mortality (RR 0.53, 95% CI 0.19 to 1.45), perinatal asphyxia (RR 0.66,
95% CI1 0.39 to 1.10), and admission to special care baby unit (RR 0.20, 95% CI 0.01 to 4.13)'1.

http://www.aogs-online.com
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1

2

z 262  However, as mentioned above, the growing interest towards the antepartum assessment of pelvic
5 263  diameters seems justified by the reports showing that pelvimetry impacts the prediction of labor
6 . . .

7 264  outcome’!3¢. Of course, our demonstration that an accurate measurement of the OC is achievable by
g 265  standard transabdominal 2D ultrasound may usher in a new era for the clinical use of antepartum
10266  pelvimetry in obstetrics.

—_
N —

13267  Following the creation of nomograms of the true OC based on 2D ultrasound, it will be necessary to
14

15268  assess if this measurement impacts the labor outcome and more specifically if a shorter OC is
16
17

18270  This approach may turn particularly useful among those groups who seem at higher risk of obstructed

269  associated with an increased risk of cesarean section due to cephalo-pelvic disproportion especially.

20271  labor such as women with diabetes or those carrying a LGA fetus?’. In addition, women who are
21 cire . . .
55272 willing to undergo a trial of labor after cesarean might also benefit from the antenatal evaluation of

23773 the OC.
24

25
;? 274  Besides the assessment of the risk of obstructed labor, a correlation between the pelvic diameters

28275  assessed at postpartum MRI and the five types of Levator ani muscle (LAM) injury has been recently

9
30276  reported®’. Based on these experiences, the antenatal sonographic evaluation of the OC may be

31
32
33

34278 Strengths and limitations

36
37279  The prospective design and the originality in describing the transabdominal ultrasound technique to

277  finalized at the prevention and prediction of major perineal injuries.

39280 evaluate the true OC represent the main strengths of the present study. Furthermore, potential

40 . . . .
41281  confounders as maternal BMI or advanced gestational ages have been considered in the analysis.

42
43
44

jg 283  are to be acknowledged among the main study limitations.

282  The small number of women and the fact that this data have not been validated in clinical practice

47

48 284

49

50

51285 CONCLUSION

52

53

54286  In conclusion, our study has provided original data on the OC values measured at transabdominal 2D

55
56287  ultrasound. It is still to demonstrate if the use of the antepartum evaluation of the OC alone or in
;73 288  combination with other fetal parameters might help the clinician in identifying women at high risk

59289  for and adverse labor outcome. Further studies on larger low-risk population or in women with
60

http://www.aogs-online.com



Page 11 of 20 Acta Obstetricia et Gynecologica Scandinavica

290
2901

oNOYTULT D WN =

30301

2
33302

34
35
36303
37
38
39304
40
41
42
43
44 306
45
46
47 307
48
49
50308
51
52
53309
54
55
56310
57

305

58
59311
60

specific risk factors are required to investigate the clinical usefulness of this new ultrasound

parameter.
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Table 1. Maternal characteristics and Obstetric conjugate (OC) measurements obtained twice by

operator 1 and once by operator 2

N=111

Maternal age (years)

33.0 [29.0-36.5]

Caucasian 83(74.8)
Nulliparous 52(46.8)
Gestational Age (weeks) 36.0[35.0-37.0]
Gestational Age >37 weeks 35(31.5)

BMI at the enrollment (Kg/m2) 23.7[20.4-27.0]
BMI>30 Kg/m? 15(13.5)

Mean value operator la (mm) 11.4+0.93
Median value operator 1b (mm) 11.4+0.94
Median value operator 2 (mm) 11.4+0.91

Numbers are expressed as median [IQR] or meanzSD or n(%)
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Table 2. Summary of intra- and interobserver reliability measurements of the Obstetric Conjugate

Acta Obstetricia et Gynecologica Scandinavica

Interobserver Intraobserver
Mean difference +SD -0.02+0.42 0.008+0.32
Limits of agreement -0.80 to 0.84 -0.62 t0 0.63
Systematic difference 0.62 0.79
(p-value)
Overall ICC 0.95(0.92-0.96) 0.97(0.96-0.98)
ICC for BMI>30 Kg/m? 0.97(0.90-0.98) 0.98(0.95-0.99)
ICC for GA>37 weeks 0.96(0.93-0.98) 0.97(0.95-0.98)

ICC=Interclass Correlation Coefficient; BMI=Body Mass Index; GA= Gestational Age
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Figure 1. Ultrasound evaluation of the Obstetric Conjugate (OC). The ultrasound probe is
longitudinally placed above the level of the symphysis and the interpubic fibrocartilaginous disk
(S) is visualized. Then the promontory (P) was identified as the most prominent segment of the
sacral vertebral column. The OC is measured as the distance between the inner edge of the

interpubic disk and the promontory
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Figure 3. Bland-Altman plots of inter-(a) and intra(b)-observer variation in the measurement of the
Obstetric Conjugate
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