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Abstract

Introduction: It is essential to assess the levator ani properly as part of clinical care in
patients presenting with pelvic floor dysfunction. The levator ani deficiency scoring
system is a previously published method to assess levator ani defects with three-
dimensional endovaginal ultrasound. The primary aim of this study was to determine
the intra- and interrater reliability of the levator ani deficiency score in a cohort of
non-instrumentally delivered primiparas.

Material and methods: Primiparas (n=141) were examined at least 1year after vagi-
nal birth. Three-dimensional endovaginal ultrasound volumes were acquired by a sin-
gle examiner using two different automated ultrasound probes. The volumes were
analyzed by two separate raters who were blinded to each other's assessments.
Descriptive statistics were calculated for levator ani deficiency score and categorized
into three levels (mild, moderate, severe). Kendall's tau-b was calculated for intra- and
interrater comparisons.

Results: Intrarater comparisons of levator ani deficiency score and levator ani de-
ficiency category were high (Kendall's tau-b>0.80 for Rater 1; >0.79 for Rater 2).
Interrater comparisons of levator ani deficiency score and levator ani deficiency cat-
egory were also high (Kendall's tau-b>0.9 for assessment 1 and >0.78 for assessment
2). Varying by rater, probe and assessment, 75.9%-80.1% of the study population had
no/mild deficiency, 6.4%-9.2% had moderate deficiency, and 4.3%-6.4% had severe
levator ani deficiency.

Conclusions: The levator ani deficiency scoring system is a feasible method to assess
defects of the levator ani muscle and can be reproduced with high intra- and inter-
rater correlations. Using the scoring system in clinical practice may facilitate concord-
ant assessment between different examiners. However, the system should be used to
support clinical findings and symptomatology and not as a screening tool, as the score

is lacking the category of no levator ani deficiency.

Abbreviations: 3D, three-dimensional; EVUS, endovaginal ultrasonography; LAD, levator ani deficiency; LAM, levator ani muscle; MRI, magnetic resonance imaging.
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1 | INTRODUCTION

Vaginal childbirth affects the levator ani muscle (LAM) and avulsion
of the puborectal and pubo-/iliococcygeal muscles from the pubic
bone is found in 10%-35% of women after vaginal delivery. This may
subsequently lead to pelvic floor dysfunction such as pelvic organ
prolapse and urinary and/or fecal incontinence.™® In addition, the
presence of levator ani deficiency (LAD) such as avulsion impairs re-
sults of prolapse surgery with increased risk of recurrence, and it is
also associated with colorectal conditions such as intussusception.*™
Muscle defects diagnosed in magnetic resonance imaging (MRI) or
ultrasound have mainly been attributed to obstetric history rather
than being related to age or hormonal changes.” Using the term de-
ficiency rather than avulsion or defect suggests that muscle impair-
ment should be assessed and measured on a gradient rather than
applying dichotomous terminology.®

A systematic, repeatable scoring system increases the quality
of information given to patients and is paramount to optimal care.
Several scoring systems for levator assessment have been validated
over the last two decades; however, none used three-dimensional
(3D) endovaginal ultrasound (EVUS). Delancey et al. described
levator ani defects using MRI and scored left and right muscle de-
fects separately, focusing specifically on the severity of a defect.X®
In addition, Dietz et al. described a scoring system using 3D trans-
perineal ultrasound where defects were evaluated by the number
of tomographic slices with muscle discontinuity.! The LAD scoring
system was described by Rostaminia et al. as an assessment of the
appearance of the LAM subdivisions to score LAD by 3D EVUS.1218
To date, the LAD score is the only structured system for endovaginal
3D ultrasound assessment of the levator ani muscle. Moreover, 3D
EVUS is valuable when assessing LAM in women with pelvic floor
dysfunction to help patients make an informed decision regarding
risks and benefits of suggested treatment. '

The purpose of this study was to evaluate the reproducibility
of the LAD score in a cohort of primiparas with non-instrumentally
assisted deliveries and to assess the intra- and interrater reliability.

2 | MATERIAL AND METHODS

2.1 | Study population

The study population was recruited as part of an experimen-
tal cohort study (MIMA, the Midwives’ Management during the
Second Stage of Labor in Relation to Second-Degree Tears - An
Experimental Study) where an intervention in delivery strategy was
compared with standard delivery practice at two delivery clinics

Key message

The levator ani deficiency score is easy to reproduce with
high correlations between different raters allowing for im-

proved clinical communication.

in Stockholm.'® Inclusion criteria were Swedish-speaking women
at gestational age 237 full weeks of pregnancy, with spontaneous
onset or induction of labor. All women included in the original study
(n=597) were invited to a 3D EVUS 1year after delivery.

2.2 | Ultrasound technique

All participants underwent gynecological examination including a
360° 3D high-resolution EVUS performed with two different probes
by the same urogynecologist (Rater 1). Examinations were performed
in an office setting, with the patient in dorsal lithotomy position, hips
flexed and abducted. The probe was inserted in a neutral position to
minimize pressure on surrounding structures. Images were rendered
during rest and stored digitally for analysis. A BKmedical Flexfocus
machine was used.

In order to test for equal reliability of the LAD score regardless
of probe, the 3D EVUS was performed with two separate probes
that were chosen because they are the most commonly used in our
clinical settings. Probe 1 (BK 2052 6-16 MHz) has an internal auto-
mated motorized system allowing an acquisition of 60 mm consisting
of 300 transaxially aligned 2D images of 0.2mm each. Probe 2 (BK
8838 6-16 MHz) has a built-in automatic linear array 360° acquisi-
tion of 1440 2D images of 0.25° each. Both transducers allow 3D
acquisition of 2D images without any movement of the probe within

the cavity. A set-up of 9 MHz was used for both probes.

2.3 | Scoring of LAM

Volumes were assessed offline and independently by two assessors;
ER (Rater 1) with 4 years of experience in ultrasound assessment, and
MS (Rater 2) with 15years of experience. Both raters were blinded
to patient history, clinical data and one another's assessments.

LAM was divided into three subgroups based on published work
by Rostaminia et al.: the puboperinealis/puboanalis (PP/PA), the pu-
borectalis (PR) and the pubococcygeus/iliococcygeus (PV), as shown
in Figure 1A.*3 These were evaluated bilaterally in the specific axial
plane that visualized the full length of each of muscle pair, and were
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(A)

Op : full muscle bulk

(B)

1p : <50% defect
2p : >50% defect
3p : total avulsion

FIGURE 1 (A)Schematic image of levator ani subsections (A) and scoring system (B). The puboperinealis/puboanalis (PP/PA), puborectalis
(PR), and pubococcygeus/iliococcygeus (PV) are shown respectively in (A). (B) The scoring system in one of the three subdivisions of

the levator ani muscle (puboperineal/puboanal muscle). (B) Schematic image of levator ani subsections (A) and scoring system (B). The
puboperinealis/puboanalis (PP/PA), puborectalis (PR), and pubococcygeus/iliococcygeus (PV) are shown respectively in (A). (B) The scoring
system in one of the three subdivisions of the levator ani muscle (puboperineal/puboanal muscle).

scored (0=no defect, 1=minimal defect with <50% muscle loss,
2=major defect with >50% loss, 3=total absence) on each side
based on thickness and detachment from the pubic bone (Figure 1B).
A maximum score of 9 points per side indicated total absence of
muscle, resulting in a cumulative LAD score between 0 and 18. The
LAD score was categorized into mild (0-6 points), moderate (7-12
points) and severe (13-18 points).

An EVUS volume was deemed interpretable if it included the
pubic symphysis and levator ani plate in an anterior-posterior array,
and all LAM subdivisions. If non-interpretable, the volume was not
scored and resulted in a missing value. Examples of interpretable
EVUS for both probes are shown in Figure 2.

To allow for both intra- and interrater comparisons, each rater
scored the same volume on two separate occasions (assessments
1 and 2). Volumes of the same patient using different probes were
scored in a random order. Time elapsed between assessments of the
same volume was at least 4weeks. A maximum of 10 examinations
were scored during each sitting.

2.4 | Statistical analyses

LAD scores were summarized for each rater assessment and probe
separately and categorized into the previously mentioned catego-
ries (mild, moderate and severe). Descriptive statistics for LAD score
and LAD category were presented. Because LAD score was non-
normally distributed, the mean and median along with mean abso-
lute deviation were presented.

Intra- and interrater assessments were compared for both
probes. A schematic overview is presented in Figure 3. Correlations
were calculated using Kendall's tau-b, a non-parametric rank-based
correlation allowing for ties between ratings (as several volumes
could receive the same LAD score) and suitable for underlying ordi-
nal data. Assuming perfect correlation, Kendall's tau-b equals 1. This
occurs when all pairs are concordant, meaning volume x is ranked

lower than volume y by both raters. Conversely, if all pairs are discor-
dant (ie Rater 1 has ranked volume x higher than volume y, but Rater
2 has ranked volume x lower than volume y), Kendall's tau-b would
equal -1. In case of an equal number of discordant and concordant
pairs, the value is equal to 0. We considered a value of Kendall's
tau-b >0.8 to be a satisfactory cut-off in clinical settings.'®

A P-value of <0.05 was considered statistically significant. All
statistical analyses were performed using IBM SPSS Statistics, ver-
sion 27.0.

2.5 | Ethics statement

Ethical approval was obtained from the Regional Ethics Committee
(Dnr: 2013/859-31/2 on June 4, 2013 and 2017/472-32 on March
3, 2017). Participants gave written informed consent and could
withdraw from the study at any time.

3 | RESULTS

From April 2015 to June 2016, 275 women accepted the invitation.
Of these, 31 were excluded due to novel pregnancies and 103 were
lost to follow-up (12 due to migration; 91 after not making an ap-
pointment following two reminders), leaving 141 primiparas to be ex-
amined 1-2years after non-instrumentally assisted vaginal deliveries.

General descriptive characteristics (age, body mass index at time
of examination, time since vaginal delivery) are presented in Table 1.
The variables “age” and “time since vaginal delivery” were missing in
7 (5%) and 13 (9.2%) cases, respectively. For body mass index, weight
or height information was missing in 16 (11.3%). Table 2 shows the
distribution of LAD score and LAD category by rater assessment
and probe (intra-rater assessments). The proportion of missing ul-
trasound volumes ranged from 6.4% to 10.6% depending on probe
and rater.
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FIGURE 2 (A)Example of an (A) (B)
interpretable endovaginal ultrasound
volume; levator ani muscle intact. (B)
Example of an interpretable endovaginal
ultrasound volume, LAD score 8p. Blue
arrows indicating bilateral PP/PA defect
(3 p each side) and green arrow indicating
left-sided PV-defect (2 p).

FIGURE 3 Schematic overview of the
comparisons. Continuous lines represent > Rater 1, assessment 1 < > Rater 1, assessment 2 <.
intra-rater comparisons, results of which ; Probe 1 Probe 1
are shown in Table 3. Dashed lines A A
represent interrater comparisons, results '
of which are shown in Table 4. . Y Y
iy Raterl, assessment I < - Rater 1, assessment 2 (1
E E Probe 2 Probe 2 E E
E i Rater 2, assessment 1 | J Rater 2, assessment 2 E E
e Probe 1 N " Probe 1 -
E _____ » Rater 2,assessment 1 | > Rater 2, assessment 2 | . __ B
Probe 2 Probe 2
TABLE 1 Background characteristics o .
for the study population, including 0l Min Max NLEDERER)
percentage with available data for each Age 134 (95.0) 21.00 45.00 30.58 (3.91)
variable, range and mean (including BMI 125 (88.7) 17.40 35.90 22.83(3.36)
standard deviation). . .
Time from delivery 128 (90.8) 13.09 26.45 18.82(2.80)

to examination
(months)

The mean LAD score for the first assessment by Rater 1 using
probe 1 was 1.89, with mean absolute deviation 2.97. Categorizing
the scores by Rater 1, 107 (75.9%) were mild, 12 (8.5%) moderate
and 7 (5%) severe. In general, the proportions of examinations di-
vided into the three categories were similar between probes and
raters. Table 3 shows the intra-rater correlations of the LAD score
and LAD category.

Overall, LAD score correlations were high, with Kendall's
tau-b>0.78 for all intra-rater comparisons. Specifically, they ranged
from 0.79 (for Rater 2, probe 2, assessment 1 vs 2) to 1.00 (for Rater

1, probe 1, assessment 1 vs 2). Correlations between LAD categories
ranged between 0.80 (Rater 2, probe 1, assessment 1 vs 2) to 1.00
(Rater 1, probe 1, assessment 1 vs 2). All comparisons were statisti-
cally significant (P<0.01).

Finally, Table 4 displays a high interrater correlation of LAD score
between the two raters in the first assessment (Kendall's tau-b >0.9,
P <0.01), with a perfect correlation (Kendall's tau-b =1.00, P<0.01)
for the LAD category. For the second assessment, interrater correla-
tions for the LAD score were 0.78 for probe 1 compared with 0.81
for probe 2.
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TABLE 2 Descriptive statistics: mean, median, mean absolute deviation (MAD) and range for LAD score, percentages of LAD category,
for each rater assessment and probe.

LAD score LAD category
Moderate, Severe, n Missing,
Mean Median MAD Range Mild, n(%) n (%) (%) n (%)
Assessment 1
Rater 1, probe 1 1.89 0 297 0-17 107 (75.9) 12(8.5) 7 (5.0 15 (10.6)
Rater 1, probe 2 1.82 0 2.87 0-16 113(80.1) 11(7.8) 8(5.7) 9(6.4)
Rater 2, probe 1 1.67 0 2.77 0-16 110(78.0) 13(9.2) 6(4.3) 12(8.5)
Rater 2, probe 2 1.77 0 2.87 0-16 112 (79.4) 11(7.8) 8(5.7) 10(7.1)
Assessment 2
Rater 1, probe 1 1.88 0 2.94 0-17 107 (75.9) 12(8.5) 7 (5.0) 15 (10.6)
Rater 1, probe 2 1.78 0 2.86 0-16 112 (79.4) 10(7.1) 9 (6.4) 10(7.1)
Rater 2, probe 1 1.55 0 2.54 0-17 113(80.1) 9(6.4) 8(5.7) 11 (7.8)
Rater 2, probe 2 1.66 0 2.76 0-17 113(80.1) 9 (6.4) 9(6.4) 10(7.1)
n (% of total study  LAD LAD TA!3 LE 3 Kendall's jcau-b correlations
population) e Pl gy el for intra-rater comparisons of LAD score
and LAD category, by probe and rater
Rater 1 assessment.
Probe 1, assessment 1 vs 2 126 (89.4) 0997 <0.01 1.000 <0.01
Probe 2, assessment 1 vs 2 131 (92.9) 0944 <0.01 0.996 <0.01
Probe 1 vs 2, assessment 1 125 (88.7) 0.800 <0.01 0.840 <0.01
Probe 1 vs 2, assessment 2 124 (87.9) 0.816 <0.01 0.837 <0.01
Rater 2
Probe 1, assessment 1vs 2 122 (86.5) 0.860 <0.01 0.801 <0.01
Probe 2, assessment 1 vs 2 127 (90.1) 0.787 <0.01 0.863 <0.01
Probe 1 vs 2, assessment 1 124 (87.9) 0.832 <0.01 0.831 <0.01
Probe 1 vs 2, assessment 2 126 (89.4) 0964 <0.01 0.848 <0.01
n (% of total study  LAD 13D TA B LE 4 Kendall-s. tau-b correlations
3 for interrater comparisons of LAD score
population) score P-value category P-value and LAD category, by probe and rater
Assessment 1 assessment.
Probe 1, rater 1 vs 2 124 (87.9) 0.902 <0.01 1.000 <0.01
Probe 2, rater 1 vs 2 131(92.9) 0.966 <0.01 1.000 <0.01
Assessment 2
Probe 1, rater 1 vs 2 123 (87.2) 0.782 <0.01 0.813 <0.01
Probe 2, rater 1 vs 2 127 (90.1) 0.814 <0.01 0.860 <0.01

4 | DISCUSSION

Our results show that the LAD scoring system is reproducible and

performs well in settings other than that for which it was originally

created.

As expected, the rate of LAD in our low-risk population consist-

ing of primiparas was low. Only 6%-9% fulfilled the criteria for mod-
erate LAD and 4%-6% for severe LAD. This is in line with previous
research of the prevalence of levator ani defects after childbirth.%1¢

Van Delft et al. studied LAM avulsion postpartum, reporting a

prevalence of approximately 21% avulsions among 191 patients ex-
amined at 36 weeks of pregnancy and 3months postpartum. They
showed that many partial levator avulsions diagnosed in the early
postpartum period displayed a regression of symptoms and ultra-
sound findings during the first year after childbirth, and the authors
therefore advised expectancy from diagnosing avulsions by ultra-
sound until 1year after delivery.”’

We found high intra- and interrater correlations for all assess-
ments and probes, using both the raw LAD score and the LAD
category. The fact that we were able to achieve similar results as
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Rostaminia et al. in an independent setting further strengthens the
merits of the method.

In comparison, Santoro et al. presented a method of assessing
LAD by ultrasound using the probe identified as probe 1 in our
study. Interrater comparisons were studied across different medi-
cal specialties; overall, interrater repeatability was good to excellent
for levator ani injuries.*® However, in that study the measurements
focused on the dimensions of the levator ani hiatus as well as ano-
rectal angle and urethral thickness. The study neither assessed the
muscle bulk of the LAM nor is applicable in cases of muscle avul-
sion, as there is no identifiable perimeter of the hiatal measurements
in those cases. In general, LAD category (rather than LAD score) is
used to guide the choice of intervention in clinical settings.*’

Our findings draw the attention to the limitation of the LAD
score in a low-risk population given that the score has only three
categories, with mild LAD also covering cases with a score of 0. In
our opinion, this is a weakness of the scoring system and should be
acknowledged if used in a population with unknown status of pel-
vic floor dysfunction. We suggest the addition of a fourth category
of “no LAD”, as this might improve its usability in heterogeneous
samples. In a clinical setting, the LAD score should only be used in
women with clinical findings of LAD to further strengthen the diag-
nosis. Currently, no gold standard exists for diagnosis and classifica-
tion of levator ani defects across imaging modalities. Vergeldt et al.
suggested focusing on correlation to clinical outcome rather than
comparison of rating systems of different modalities, increasing the
value for individual patients.20 Nevertheless, introducing a consis-
tent scoring method (such as the LAD score) is useful for consistent
clinical care and in supporting structured learning and knowledge
transfer.X?

With imaging techniques becoming increasingly accessible in of-
fice settings, the challenge arises of how to interpret and compare
descriptions of LAM defects in different modalities. There is a gen-
eral consensus that distinguishing major defects is of the highest
clinical relevance, as they are associated both with the development
of pelvic organ prolapse as well as the degree of its severity.>2%?2
Both MRI and transperineal ultrasound findings have been shown to
correlate with clinical findings in terms of digital palpation of pelvic
floor muscle contraction.?® Moreover, 3D EVUS has been suggested
to be comparable in assessing normal and abnormal LAM anatomy
and it is arguably a superior method for assessment of the individual
muscle portions.?*?° This is in line with 3D endoanal ultrasound being
widely considered the gold standard of diagnostics of the anal sphinc-
ter complex. The fact that it is possible to reproduce the LAD scoring
system with both high intra- and interrater correlations is promising
for the clinical utility of this method to assess pelvic floor deficiencies.

The main strengths of the study are the sample size (which is
larger than the study on which it is based), the structured technique
of scoring LAD, and two raters blinded to each other's results, which
reproduced the high reliability of the LAD scoring system. Raters
were also blinded to potential patient symptoms and obstetric his-
tory, with the exception of of primiparous women 1year after vagi-
nal delivery. This warrants assessments not influenced by the raters’

expectations due to preexisting knowledge of maternal or obstetric
risk factors of LAD.?%?” Not only were previous findings confirmed
- we have also introduced a higher level of technical stringency by
clearly separating evaluations of different probes.

We did not include data on clinical symptoms or examination
beyond the ultrasound volumes, as this lay beyond the scope of the
current study. Scores could therefore not be correlated to these out-
comes and it will be necessary to test the method on a wider range of
clinical patients, including a larger proportion of women with prior in-
strumental delivery and higher risk of severe injuries. Until then, there
is a potential issue of generalizability to a more heterogeneous pop-
ulation. The endovaginal approach to 3D ultrasound has previously
been shown to have good to excellent correlation with symptomatic
pelvic organ prolapse and anatomical findings.®*328-3 This is planned
to be investigated in a subsequent study by our research group.

In addition, the study population consisted of a homogeneous
group, which implies few potential confounding factors in terms of
differences in background factors such as parity and menopausal
status, or in anatomical factors such as prolapse status but with
only few LAD, which might result in artificially higher correlations.3!
Though it could be argued that, by extension, the results of this
study are less generalizable to a clinical population, the purpose of
this study was not to study the predictive value of LAD score in de-
tecting pelvic floor injuries (as this has been previously established),

but rather to investigate its reproducibility.®

5 | CONCLUSION

The LAD score is a feasible, repeatable, transferable, consistent and
applicable scoring system. LAD score is not a singular method that
provides a complete clinical evaluation; rather it should always be
complemented by a clinical examination and assessment of the pa-
tient. It may be an important tool in the study of pelvic floor dys-
function in general and may enhance clinical evaluation.
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