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Abstract N
Background: The aim of the study was to evaluate the diagnostic accuracy of cervical elastography in predicting preterm delivery |
(PTD).

Methods: \We searched the PubMed, EMBASE, and Cochrane databases to identify relevant studies that applied ultrasound (US)
elastography to assess cervical stiffness and predict PTD. All the studies were published before December 11, 2018, and only studies
published in English were collected. The cervical length (CL) was considered a comparator, and the Quality Assessment of Diagnostic
Accuracy Studies-2 (QUADAS-2) tool was applied to assess the quality of the included studies. Summary receiver operating
characteristic (SROC) modeling was performed to evaluate the diagnostic performance of cervical elastography in predicting PTD.
Subgroup analyses were also performed.

Results: Seven studies, including 1488 pregnant women, were included in this meta-analysis. Cervical elastography showed a
summary sensitivity of 0.84 [95% confidence interval (Cl): 0.68, 0.93], a specificity of 0.82 (95% ClI: 0.63, 0.93), a diagnostic odds
ratio of 25 (95% Cl: 7, 93), and an area under the curve (AUC) of SROC of 0.90 (95% ClI: 0.87-0.93). CL measurement showed that
the AUC of SROC was 0.60 (95% Cl: 0.56-0.64). The results of subgroup analysis showed that the summary sensitivity and
specificity were different in the QUADAS-2 score subgroups.

Conclusion: Cervical elastography is a promising and reliable method to predict PTD. Cervical elastography showed better
diagnostic performance to predict PTD than CL measurement.

Abbreviations: ARF| = acoustic radiation force impulse, AUC = area under the curve, Cl = confidence interval, CL = cervical
length, DOR = diagnostic odds ratio, FN = false negative, FP = false positive, LR = likelihood ratio, PTD = preterm delivery, QUADAS-
2 = Quality Assessment of Diagnostic Accuracy Studies-2, SE = strain elastography, SROC = summary receiver operating
characteristic, SSI = supersonic shear imaging, SWE = shear wave elastography, SWS = shear wave speed, TDI = tissue Doppler
imaging, TN = true negative, TP = true positive, US = ultrasound.

Keywords: cervical elastography, meta-analysis, pregnant women, preterm delivery

1. Introduction

Preterm delivery (PTD) is defined as birth occurring fewer than
37 complete weeks of gestational age and is responsible for 75 %
of all neonate deaths.!!! Premature babies are at a higher risk for
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cerebral palsy, delayed development, and hearing and sight
problems. Despite numerous efforts to decrease the rate of
PTD, the World Health Organization has estimated that 11%
of all births are preterm./*! Obstetricians must identify patients
at high risk for PTD. New approaches to detect and treat PTD
could decrease 35% of neonatal deaths!>* and severe compli-
cations such as long-term neurodevelopmental disorders,
respiratory distress syndrome and sepsis.[*®! Existing methods
to evaluate the risk of PTD include clinical examination,
modified Bishop score calculation, and the cervical length (CL)
measured by ultrasound (US). The CL evaluated by US is
the most effective way to identify women at high risk for
PTD8! because US is an objective, more reliable, and easier
method than clinical examination and modified Bishop score
calculation.”!

Extracellular matrix changes in collagen organization, the
water content, and proteoglycan concentration are the mod-
ifications in biomechanical properties that make a cervix soft or
hard."®" As pregnancy progresses, collagenolytic activity
increases in cervical tissue, and this activity is more significant
in patients with cervical insufficiency.!'"! Moreover, such changes
in the cervix may be identified before the cervix begins to
shorten."? However, conventional US cannot detect the changes
in cervical stiffness.
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US elastography is an imaging technique that can visualize the
change in the stiffness of an examined region. Traditionally,
elastography is mainly used to observe the size, location, region,
and stiffness of breast, thyroid, prostate tumors. Recently, some
physicians have used this new tool to assess cervical lesions.!"?
Stanziano et al"* found that cervical ultrasound elastography,
by identifying cervical tissue inhomogeneity, may be helpful to
predict embryo transfer ease in infertile women candidates to
embryo transfer or intracytoplasmic sperm injection. Many
radiologists or obstetricians have applied this technique to
predict labor induction success.'>'®! A recent meta-analysis
reported that, in women treated by medical induction of labor,
cervical elastography seemed to be a promising approach to
predict the successfulness of labor induction and vaginal
delivery.”! In addition, many clinical studies have applied this
method to predict PTD and have reported preliminary results.!'”~
23 Therefore, searching and collecting currently available studies
must be performed to assess the diagnostic performance of
cervical elastography in predicting PTD. Currently, no system-
atic review and meta-analysis have assessed the diagnostic
accuracy of cervical elastography in predicting PTD. Thus, we
investigated whether cervical elastography is useful in predicting
PTD.

2. Methods

2.1. Literature search strategy

We systematically searched the PubMed (National Institutes of
Health’s National Library of Medicine, Bethesda, MD),
EMBASE (Elsevier BV, Amsterdam, The Netherlands), Cochrane
(The Cochrane Collaboration, John Wiley & Sons, Inc,
Hoboken, New Jersey) databases to identify relevant studies
that applied US elastography to predict PTD. The following
keywords were used: “cervix uteri,” “cervix,” “elasticity,”
“elasticity imaging techniques,” “elastography,” “preterm
birth,” and “premature birth.” Our search only included English
language published papers. The starting date of the search was
not specified and was continually updated until December 11,
2018. All the searched results were exported to a bibliography
manager.

2.2. Inclusion criteria

All the studies, including subsets of studies, investigated the
diagnostic accuracy of cervical elastography in PTD and satisfied
all the following inclusion criteria:

1. The number of patients who underwent cervical US
elastography should not exceed 20. No age constriction for
the study participants was considered.

2. The diagnosis of PTD was based on birth occurring fewer than
37 complete weeks of gestational age.

3. The studies were prospective or retrospective.

4. The study results showed sufficient detail to evaluate the
diagnostic accuracy of cervical US elastography.

In this meta-analysis, the number of true positives (TPs), false
positives (FPs), false negatives (FNs), and true negatives (TNs)
was collected when analyzing the diagnostic performance of
cervical elastography in PTD. US elastography can be used alone
or combined with other diagnostic approaches (e.g., CL and
modified Bishop score).
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2.3. Exclusion criteria
The studies satisfied all the following exclusion criteria:

1. Studies with a sample size fewer than 20 patients.

2. Literature including editorials, letters, review papers, com-
ments, and conference proceedings.

3. Studies about no human subjects.

4. Articles that were not written in English.

5. Studies that could not extracted the number of TPs, FPs, FNs,
and TN.

6. Studies with overlapping patients and data.

Two independent reviewers (XX and SC) selected the
published studies. Consensus agreements were reached after
consultation when 2 reviewers had different opinions.

2.4. Index and comparator tests

In this meta-analysis, cervical US elastography was considered as
the index test. Although different elastography methods or
commercial ultrasound scanners were adopted by physicians
from different centers, we considered all eligible elastography
approaches because they are all ultrasound-based methods to
assess cervical tissue characterization. The primary methods that
physicians use to assess cervical tissue can be broadly divided into
2 categories: strain elastography (SE) and shear wave elastog-
raphy (SWE).

SE needs mechanically induced or passive internal physiologi-
cally induced or active external displacement of the tissue surface
to generate elastograms. The main SE methods used in this meta-
analysis were the following: tissue Doppler imaging (TDI)
(Toshiba Medical Systems, Tokyo, Japan), which was originally
used for cardiac imaging, has been largely applied in liver, breast
and cervix disease.*!! When pressure is applied on the anterior
lip of the cervix, tissue movement can be tracked by TDI, where
TDI-Q (Q-Quantification) software (Toshiba Medical Systems)
can estimate tissue stiffness. Elastoscan (Samsung Medison), a
cervical elastography method in which tissue movements could
be represented on a color map, allowing visual evaluation of
stiffness."®1”! Another method is real-time SE (Hitachi Medical
Systems, Tokyo, Japan) that evaluates tissue stiffness by
calculating the tissue displacement in the axial direction of the
ultrasound beam.!!”*4

SWE, including acoustic radiation force impulse (ARFI) imaging
and supersonic shear imaging (SSI), needs acoustic radiation force
impulses to generate elastograms. SWE is a quantitative method to
assess tissue stiffness using shear wave speed (SWS) or Young
modulus. ARFI (Siemens Healthcare, Erlangen, Germany) is a
technique that uses short-duration pushing pulses to cause tissue
displacement and ARFI-based (eSie Touch EI and Virtual Touch
tissue quantification) elasticity models to generate SWS to assess
tissue stiffness.””! SSI (SuperSonic Imagine, Aix-en-Provence,
France), which refreshes at up to several times per second, also uses
SWS to assess tissue stiffness./*?!

CL measurement is considered a comparator test in several
literature sources; however, in this meta-analysis, no comparator
test was considered for eligibility.

2.5. Quality assessment

Two viewers (JW and MY) used the Quality Assessment
of Diagnostic Accuracy Studies-2 (QUADAS-2) to assess
the quality of published studies.”>! Consensus agreements
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Records found through database searching (n=128):
EMBASE (n=68) , Pubmed(n=54), Cochrane(n=6)

'

Records after duplicate removal(n=42)

Excluded(n=67):

Screened records(n=86)

Letters/editorials/abstracts(5)
Review/conference articles(10)
Not in the field of interest(48)

_’

I

No human subjects(4)

Studies considering PTD(n=19)
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Cannot extract data(12)

Studies included in the anlysis(n=7)

Figure 1. Flow chart of the literature search and selection.

were reached after consultation when the 2 reviewers had
different opinions. To assess publication bias, Deeks funnel plot
was applied./®!

2.6. Statistical analysis and data synthesis

Data were analyzed by STATA 14 (StataCorp LP, College
Station, TX). TPs, TNs, FPs, and FNs for the diagnostic accuracy
of cervical elastography were extracted or calculated from the
source literature directly. We also obtained the sensitivity,
specificity, positive and negative likelihood ratios (LRs),
diagnostic odds ratio (DOR), and the 95% confidence intervals
(CIs) of each study. The I* index was used to determine the
heterogeneity among the studies. An I* index value >50% and a
P value <.10 were considered statistically significant signs for
heterogeneity.[*”! When heterogeneity was noted, the Spearman
correlation coefficient between the sensitivity and FP rate was
calculated. A Spearman correlation coefficient >0.6 indicated a
considerable threshold effect.””! Summary receiver operating
characteristic (SROC) was plotted to obtain area under the curve
(AUC). Subgroup analysis was performed to identify the cause
of heterogeneity. The following subgroups were considered:
elastography mode (SE vs SWE), ultrasound examination
approach (transvaginal US vs transabdominal US), QUADAS-
2 score (5 vs 6), and pregnancy trimester (only second trimester vs
others). Results were considered statistically significant at P <.05
for subgroup analysis

3. Results

3.1. Search results

Figure 1 describes the selection process. The literature search of
EMBASE, PubMed, and Cochrane database initially identified
128 articles, of which 42 were removed due to duplicates. Next,
67 articles were excluded after reviewing the titles and abstracts.
After viewing the full-text of the selected 19 articles, 12 studies
were excluded because we could not extract the number of
TPs, FPs, FNs, and TNs. Finally, we included 7 studies in our
meta-analysis.[17~23!

3.2. Characteristics of the included studies

Table 1 summarizes the general characteristics of 7 included
studies. In this meta-analysis, besides cervical elastography, we
also extracted CL data to compare the diagnostic accuracy of
these 2 methods. Table 2 summarizes the cervical elastography
and CL data. These 7 included studies, published between 2014
and 2018, enrolled 1488 pregnant women for cervical ultrasound
examination: 2 studies were conducted in the USA,!*”*?! 2 studies
were conducted in India,”?®**! and the remaining 3 studies were
conducted in Europe.'®'”?! The median age of pregnant
women in 7 included studies range from 23 to 33. All the studies
were prospective, and PTD and at-term pregnancies were
included. In those included studies, physicians applied different
ultrasound devices to assess cervix stiffness. Two studies used the
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Data of the included studies.

Elastography Cervical length
References Year P FP FN N TP FP FN N
Agarwal et al?” 2018 13 2 1 18 8 7 6 13
Agarwal and Agarwal®® 2018 29 4 1 26 19 16 11 14
Hernandez-Andrade et all'” 2014 20 118 1 50 7 10 14 158
Hernandez-Andrade et al®? 2018 15 150 16 447 6 22 25 575
Kobhing et al?" 2014 10 18 7 108 2 13 15 113
Wozniak et al'% 2014 30 8 5 290 NA NA NA NA
Wo#niak et all'® 2015 37 14 8 42 NA NA NA NA

FN=false negative, FP =false positive, NA=not specified, TN=true negative, TP =true positive.

Samsung Medison V20 Prestige imaging system (Samsung
Medison, Seoul, South Korea).®'”! Two studies used the
Acuson  S2000 (Siemens Medical Solution, Erlangen,
Germany).l?%! One study used the SuperSonic Imagine imaging
system (SuperSonic Imagine).”*?! The other studies used the
Hitachi HI Vision 900 imaging system (Hitachi Medical
Cooperation, Tokyo, Japan)!'”! and Toshiba Aplio XG imaging
system (Toshiba Medical Systems Europe, Zoetermeer, The
Netherlands).”?" All the included studies provided cutoff values.
Other detailed information is presented in Tables 1 and 2.

3.3. Quality assessment of the included studies

Figure 2 shows the quality assessment of the included studies
using QUADAS-2. The same reference standard was used in all
the included studies. The index test results were blinded in all
cases. The 7 included articles were prospective studies with
appropriate exclusion criteria such as cervical surgery (cerclage)
and chromosome abnormalities. One study only enrolled
pregnant women with PTD syndrome.*®! Agarwal and Agar-
wal’s!?®! design was an observational case control study.
Wozniak et al'*® studied pregnant women with a short cervix
(CL<25mm) and those with a low risk for PTD (CL>25
mm)."®! The remaining studies included pregnant women
regardless of PTD syndrome or a short cervix. Because no
cervix elastography standard has been published to date to
predict PTD, no threshold value of the included 7 studies was
prespecified. The quality of all the included studies was moderate,
and all satisfied at least 5 of the 7 items.

3.4. Bias risk assessment

Studies included in this meta-analysis adopted different US
systems and elastography methods to assess cervical stiffness,
which may cause heterogeneity. However, the authors of the
included 7 studies believed that cervical elastography could
predict PTD and agreed to pursue this technique in obstetrics.
The P value of Deeks asymmetry test was .73, indicating that no
significant publication bias exists among the included 7 studies
(Fig. 3).

3.5. Main analysis

In this meta-analysis, the sensitivity and specificity of each
included study ranged from 48% to 97% and 30% to 97%,
respectively. Higgins I* statistics showed considerable heteroge-
neity in this meta-analysis (=96, 95%). The Spearman
correlation coefficient of sensitivity and 1-specificity was

—0.571 (P=.18). The forest plot of sensitivity and specificity
also showed no threshold effect (Fig. 4). The proportion of
heterogeneity likely due to the threshold effect was 0.01. Cervical
elastography showed a summary sensitivity of 0.84 (95% CIL:
0.68, 0.93), a specificity of 0.82 (95% CI: 0.63, 0.93), a positive
likelihood ratio (+LR) of 4.7 (95% CI: 2.1, 10.7), a negative
likelihood ratio (—LR) of 0.19 (95% CI: 0.09, 0.42), and a DOR
of 25 (95% CI: 7, 93). In sensitivity analysis, 1 study caused
considerable heterogeneity.!'”! After excluding that study, I* was
reduced from 96, 95% to 55, 95%, and the recalculated
sensitivity and specificity were 0.81 (95% CI: 0.64, 0.92) and
0.88 (95% CI: 0.78, 0.94). Subgroup analysis revealed that the
QUADAS-2 score was a significant factor affecting study
heterogeneity (Table 3). The diagnostic accuracy of CL
measurement in predicting PTD was also analyzed to compare
cervical elastography. The CL showed a summary sensitivity of
0.36 (95% CI: 0.20, 0.55), a specificity of 0.86 (95% CI: 0.65,
0.95),a +LR of 2.5 (95% CI: 1.3,4.7),a —LR of 0.75 (95% CI:
0.63, 0.89), and a DOR of 3 (95% CI: 2, 6). The AUC values of
SROC of elastography and CL were 0.90 (95% CI: 0.87-0.93)
and 0.60 (95% CI: 0.56-0.64) (Fig. 5).

4. Discussion

This meta-analysis found that cervical elastography showed a
summary sensitivity of 0.84 (95% CI: 0.68, 0.93) and specificity
0f 0.82 (95% CI: 0.63, 0.93), as well as a recalculated sensitivity
of 0.81 (95% CI: 0.64, 0.92) and specificity of 0.88 (95% CI:
0.78, 0.94), to predict PTD. The DOR and AUC were 25 (95%
CI: 7, 93) and 0.90 (95% CI: 0.87-0.93), respectively, indicating
that cervical elastography is useful to predict PTD. Compared
with CL measurement, which showed an AUC of 0.60 (95% CI:
0.56-0.64), cervical elastography is likely a better choice to
predict PTD.

How to predict PTD with high sensitivity and specificity is a
major challenge in the current field of obstetrics. Many modalities
are used to predict PTD, but they are inaccurate in more than half
of the cases.!*®! Many overlapping pathophysiology mechanisms
cause PTD that are more associated with the remodeling of the
uterus cervix. During pregnancy and labor, the cervix changes
dynamically and can be roughly described as cervical softening,
dilatation and effacement. Cervical dilatation and effacement can
be observed directly on ultrasound imaging. Existing studies and
current obstetricians use 25 mm as a criterion for premature risk
that may cause underestimation in approximately 63% of PTD
patients whose CL is >25 mm.!"”?°! Thus, many studies have
observed cervical softening through cervical elastography with
promising results.
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Figure 2. Quality Assessment of Diagnostic Accuracy Studies-2 (QUADAS-2) criteria for the included studies.

Both SE and SWE produce satisfactory reproducibility and
repeatability elasticity measurements.*®*!! However, when
assessed by SE, the compression is not standardized, making
quantification of tissue stiffness impossible.'*?! In addition, when
assessed by SWE, placing a transducer next to the cervix likely
causes a change in cervical stiffness.®?! SWE has overcome the
limitation of SE by automatically generating acoustic forces to
create shear waves that can be measured directly and used as an
estimation of elastography by Young’s modulus.**! However,
SWE and SE use different mechanisms to generate elastograms.
Some studies have found that, in the differentiation of benign and
malignant breast lesions, the diagnostic accuracy for SWE is

similar to that of SE.®****/ In our study, subgroup analysis also
showed no significant difference between cervical SE and SWE to
predict PTD (P=.94). However, due to the limited number of
published studies, biases can affect the interpretation of the
results.

The meta-analysis results proved that the cervical elastography
approaches are promising. In our meta-analysis, many elastog-
raphy methods, including ARFI, SSI, strain ratio calculation, and
TDI-Q, have been used, likely leading to the loss of data
reliability. We cannot perform metaregression due to the limited
number of published studies. However, many physicians have
performed studies comparing different elastography systems for
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clinical applications, and their results showed high intraobserver
and interobserver correlation.®" Anesa et al’*®! found out that
different systems had a coefficient of variation in the range 0.00 to
0.21 for all 4 phantoms, equivalent to low variance and high
repeatability when using shear wave elastography assessing liver
fibrosis.
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When observing the cervix through abdominal US, a full
bladder is needed for better imaging of cervix. A full bladder or
maternal body habitus may affect the transabdominal visualiza-
tion of the cervix.?”38 Bladder fullness also can impact
transabdominal CL.®*! In some studies, when measuring CL,
transabdominal measurement does not reflect the transvaginal
measurement accurately.***!! Thus, when assessing cervical
stiffness, the cervix condition may be affected by the compression
of bladder fullness. However, subgroup analysis showed no
significant difference in transvaginal US and transabdominal US
when assessing the elastography of the cervix (P=.12). The
compression caused by a full bladder may not sufficiently impact
cervix stiffness. Nevertheless, future studies are needed to
determine whether transvaginal US and transabdominal US
produce different results in assessing cervical stiffness.

The gestational weeks of pregnant women included in our
study varied. Most studies comprised second-trimester pregnant
women.'71?21221 Iy this meta-analysis, we could not identify
which trimester showed the best diagnostic accuracy when
assessing cervical stiffness. Although Kébbing et al’s®! study
selected 182 pregnant women between 11 and 36 gestational
weeks, and found out that, when assessing cervical stiffness to
predict PTD, the third-trimester group had a better diagnostic
performance (sensitivity: 0.88; specificity: 0.70) than the second-
trimester group (sensitivity: 0.57; specificity: 0.50). Which
gestational week is optimal to identify pregnant women with a
high risk of PTD remains uncertain. In addition, during the
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Figure 4. Couple forest plot of sensitivity and specificity of cervical elastography to predict preterm delivery.
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Table 3
Subgroup analysis.
Meta-analytic summary estimates
Covariates Subgroup Sensitivity (95% Cl) Specificity (95% CI) P
Elastography mode SE 0.84 (0.68—1.00) 0.80 (0.60-1.00) 94
SWE 0.85 (0.66—1.00) 0.85 (0.65-1.00)
Ultrasound examination approach Transvaginal US 0.77 (0.63-0.92) 0.79 (0.61-0.97) 12
Transabdominal US 0.96 (0.89-1.00) 0.90 (0.72-1.00)
QUADAS-2 score 6 0.70 (0.48-0.93) 0.66 (0.41-0.92) .02
5 0.90 (0.80-0.99) 0.90 (0.81-1.00)
Pregnancy trimester Second trimester only 0.81 (0.60-1.00) 0.78 (0.53-1.00) 77
Others 0.87 (0.72-1.00) 0.85 (0.69-1.00)

Cl=confidence interval, QUADAS-2 = quality assessment of diagnostic accuracy studies-2, SE=strain elastography, SWE = shear wave elastography, US = ultrasound.

evaluation, which intervention would have a better effect on the
PTD outcome should be considered.

Our meta-analysis showed considerable heterogeneity in the
diagnostic performance of cervical elastography in predicting
PTD, which affected the interpretation of our results. Thus,
sensitivity analysis and subgroup analysis were performed. The
sensitivity analysis showed that heterogeneity was reduced (I*:
from 96, 95% to 55, 95%), and the recalculated sensitivity and
specificity were 0.81 (95% CI: 0.64, 0.92) and 0.88 (95% CI:
0.78, 0.94). Hernandez-Andrade et al’s study,’'”! which was
excluded in our sensitivity analysis, used dichotomous variables
to identify a hard cervix with a lower risk of spontaneous PTD,
whereas other studies identified the soft cervix with a higher risk
of PTD.I"®221 After sensitivity analysis, the recalculated
sensitivity and specificity showed that cervical elastography is
a good method to predict PTD.

The subgroup analysis results showed that the QUADAS-2
score was a significant factor affecting study heterogeneity. The
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Figure 5. Summary receiver operating characteristic (SROC) curve of the
diagnostic performance of cervical elastography and cervical length to predict
preterm delivery.

difference between 2 QUADAS-2 score groups is likely due to
patient sampling. One study only enrolled pregnant women with
clinical signs of PTD.*%! Agarwal and Agarwal’s!*?! design was
an observational case control study with a group of pregnant
women with clinical signs of PTD and another group of pregnant
women with no PTD symptom. Wozniak et al''®l studied
pregnant women with a short cervix (CL <25mm) or a low risk
for PTD (CL >25mm).""”! The remaining studies, which were in
the higher QUADAS-2 score group, included pregnant women
regardless of PTD symptoms and CL. That pregnant women with
PTD symptoms or with short CL are more likely to have a prior
PTD may have caused heterogeneity in our study.*®?!
Sensitivity and subgroup analysis may partly explained
the heterogeneity; however, some of the heterogeneity was
unexpected.

5. Limitation

Our study had several limitations. First, only 7 studies were
included in our study; thus, the sample size was relatively small
and insufficient. The incongruence discussed above should be
considered and evaluated in a future study. Second, considerable
heterogeneity was found in our study, and interpretation should
be cautiously made. Patient sampling (pregnant women with
clinical signs and a short CL) may be the main cause for
heterogeneity. Third, due to limited studies, other factors (i.e.,
ethnic group, PTD history, age, and ultrasonic diagnostic device)
that may affect the diagnostic performance of cervical elastog-
raphy were not discussed in this study. Given the limited number
of studies included in the analysis, the findings from our meta-
analysis should be used with caution and those finding should be
confirmed in future research.

Despite these limitations, in this meta-analysis, we aimed to
evaluate whether cervical elastography could predict PTD. In
addition to the currently available studies and evidence, our study
is crucial to help obstetricians advance their daily clinical
practice.

6. Conclusion

Cervical elastography is a promising method to predict PTD.
Cervical elastography showed better diagnostic performance to
predict PTD compared with CL measurement. Future multicenter
studies with a large sample size are required to confirm these
findings.
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