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ABSTRACT

Objectives To evaluate cervical regeneration at

6 months following excisional treatment for high-grade
cervical intraepithelial neoplasia (CIN), and to investigate
the effect of cone dimensions, age of patients and
technique of excision on the efficacy of the regeneration
process.

Design Prospective observational multicentric study.
Setting Three tertiary care and research centres.
Participants Among the 197 eligible women of
childbearing age, older than 25 years of age, undergoing
for the first time a loop electrosurgical excision
procedure or carbon dioxide laser cervical excision for
a high-grade CIN at the colposcopy-directed cervical
punch biopsy, and with a final diagnosis of high-grade
CIN, 165 completed the 6-month follow-up and were
included in the analysis.

Primary outcome measures The cervical length and
volume regeneration (%) after 6 months from procedure
were determined by three-dimensional ultrasound, and
the correlation of regeneration with cone dimensions,
age and excision technique was evaluated.

Results The mean+SD cervical length regeneration at
6 months was 89.5%+6.3% and the mean+SD cervical
volume regeneration was 86.3%=+13.2%. At the
multivariate analysis, a significant and independent
inverse correlation between excised cone length and
cervical regeneration emerged (r=—0.39, P<0.001).

A significantly negative trend in length regeneration
at 6 months from procedure with an increasing class
of cone length was found (P<0.001). No significant
association was found in relation with patient age

at the time of procedure or with the technique of
excision.

Conclusions Cervical length regeneration at 6 months
from excisional treatments is negatively affected by

an increasing cone length but not from the age of

the patient or the technique of excision. While still
achieving equal clinical efficacy, it is crucial to contain
cone dimensions, in order to favour a greater length
regeneration, reducing the cervical harm and the
potential future obstetric complications.

Strengths and limitations of this study
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» This study uses robust methodology, with power
calculation performed at the onset of the study, and
a large number of patients included in the analysis.

» A small number of patients were lost at follow-up.

» The ultrasounds were performed by three different
operators in the three centres, even though the op-
erator was the same for each patient.

INTRODUCTION
Cervical intraepithelial neoplasia (CIN) is a
potential precancerous lesion in the cervical
epithelium and, as indicated by the European
Guidelines for Quality Assurance in Cervical
Cancer Screening and by the guidelines of
the American Society for Colposcopy and
Cervical Pathology,' * a surgical treatment is
recommended for women diagnosed with
high-grade CIN (CIN2+). Loop electrosur-
gical excision procedure (LEEP) and carbon
dioxide-laser cervical excision (CO, laser)
are currently the most common procedures
used for cervical excisional treatment. These
techniques are usually performed as outpa-
tient procedures under local anaesthesia,
and allow a comprehensive histopatholog-
ical examination of the excised specimen
with precise assessment of both the degree of
abnormality and the excision margins.”
Excisional treatments for the treatment
of CIN have been shown to expose patients
to an increased risk of subsequent obstet-
rical morbidity, especially preterm delivery.*
The risk of such adverse obstetric outcomes
appears to be related to the dimensions of
the excised specimen,’ with the cone length
being of particular importance. It is indeed
reported that a cone length of over 15mm
is associated with a doubling of the risk of
both preterm and very preterm births,’ while
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other cone dimensions seem instead less correlated with
adverse obstetric outcomes.”

Even if the exact pathogenetic link between cervical
excisional treatments and risk of prematurity has not
yet been fully elucidated, the most reliable hypothesis
includes an ‘anatomo-functional’ cervical impairment in
the subsequent pregnancy, with decreased cervical length,
compromised cervical integrity, decreased mechanical
support and higher risk of prematurity.” In fact, cervical
length and cervical length measurement in pregnancy
are of crucial importance, since it is reported that women
with a prior cervical excisional treatment have shorter
midtrimester cervical lengths® and patients who are
identified as having a short cervix in the midtrimester
(<20mm) are at increased risk of delivering preterm.’
It is also reported that other factors, such as an altered
immunological function, modifications in the antimicro-
bial defences of the vaginal microbiome, human papil-
lomavirus (HPV) infection and the CIN itself may have
a further role in determining the risk of prematurity in
subsequent pregnancies.” """

After cervical damage (such as an excisional procedure),
a regenerative process that originates from epithelial and
stromal tissue repair cells has been described in the liter-
ature."” The efficacy of this process has an important role,
since a good structural and anatomical recovery, with an
adequate restoration of cervical length, could reduce the
risk of subsequent negative obstetric outcomes. However,
the potential influence on the regeneration process of
the factors that could lead to a greater cervical damage
and destruction of reserve cells, such as increasing cone
specimen dimensions, is not yet fully clarified, as well as
the effect of the age of the patient at the procedure or of
the excision technique.

Cervical regeneration at 6months after cervical exci-
sional treatment for CIN has been assessed by ultrasound
examinationM; both two-dimensional and three-dimen-
sional (3D) transvaginal ultrasounds are reported to
be imaging methods with a high accuracy in evaluating
cervical volume and tumour volume.'* '

Thus, the aim of the present study was to evaluate, by
3D transvaginal ultrasound, the regeneration of uterine
cervix at 6months after excisional treatment for high-
grade CIN, and to investigate how cone dimensions and
the age at the procedure may affect the regeneration
process. As secondary objective, we analysed the impact
of different excision techniques (LEEP or CO, laser) on
the regeneration process.

METHODS

A prospective observational multicentric study was
conducted on women of childbearing age who underwent
cervical excisional treatment for high-grade CIN diag-
nosed after colposcopy-directed cervical punch biopsy
at our institutions, starting from January 2015. Exclusion
criteria were: less than 25 years of age, menopausal status,
pregnancy, previous cervical treatment, prior permanent

sterilisation and evidence of invasive cancer. At inclusion,
all eligible patients signed an informed consent granting
their permission to ultrasound examination, cervical
excision treatment and data collection.

The background characteristics recorded at inclusion
from each patient were: age, body mass index (BMI),
number of previous pregnancies, parity, tobacco use, oral
contraceptives (OC) use and HIV infection or immuno-
deficiency. We also reported the type of cervical excision
(type 1, 2 or 8),' the histopathology of the final cone
specimen and the status of ectocervical and endocervical
cone margins.

All women underwent a 3D transvaginal ultrasound on
the day of the procedure to assess baseline (just before
cervical excisional treatment) dimensions and volume
of the uterine cervix. The ultrasound and the excisions
were performed during the proliferative phase of the
menstrual cycle. A repeat 3D ultrasound was conducted
6months after the procedure, with the purpose of eval-
uating cervical regeneration, during the same phase of
the menstrual cycle. The 6-month period was chosen
according to previous studies, reporting that the healing
process is completed by the sixth postoperative month,
with no difference at 1year after the procedure.'” '

All ultrasounds were performed by three examiners
with more than 10 years’ experience in gynaecological
ultrasound and in detecting cervical tumour with a 4-9
MHz 3D transvaginal probe and a Voluson E10 (GE
Healthcare, Milwaukee, Wisconsin, USA). The women
were examined in the lithotomy position with an empty
bladder, with the technique previously described by
Papoutsis ¢t al.'* In the multiplanar display of the cervix,
we measured cervical length in the sagittal view as the
straight distance between the internal and the external
os. The anteroposterior and the transverse diameter were
measured at the midpoint of the cervical length, in the
sagittal view and in the transverse view, respectively.

Cervical volume was calculated with the cylinder
geometric ~ formula:  volume=3.14x[ (anteroposteri-
or+transverse diameter) /4] Zxcervical length. The
cylinder geometric formula for volume determination
was preferred over specific computerised software in
consideration of its greater simplicity and speed of use,
and its comparable accuracy."

The sagittal view of the cervix was successively centralised
in the 3D sector in order to acquire 3D volume data set.
Two 3D volume data sets containing cervix were acquired
for each patient and the set with the best tissue contrast
resolution and identification of the cervical contour was
selected for further processing for each patient.

The excised specimen dimensions, all determined as
a single fragment, were measured (in mm) with a ruler
before fixation in formalin and, according to the 2011
International Federation of Cervical Pathology and
Colposcopy Colposcopic Terminology,'® were defined as
length (distance from the distal to the proximal margin),
thickness (distance from the stromal margin to the
surface of the excised specimen) and circumference (the
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perimeter of the excised specimen). The volume of the
excised cone (in cm”) was calculated by the fluid displace-
ment technique based on Archimedes’ principle before
fixation in formalin."*

Length regeneration at 6 months after cervical exci-
sional treatment (%) was defined as the cervical length
at 6months (L, ) minus the cervical length immediately
after the procedure (defined as the difference between
ultrasound-determined baseline cervical length and cone
length, L)) divided by cone length (V_ )x100, with the
following formula: length regeneration (%)=[(L, -
L)/L,.,.]x100. The same method was used to deter-
mine volume regeneration. The percentage of excised
length (cone length/baseline cervical length) and the
percentage of excised volume (cone volume/baseline
cervical volume) were also calculated.

All cervical excisional treatments were performed in
an outpatient setting under local anaesthesia and strict
colposcopic guidance. LEEPs were performed in two
centres (Woman's Health Sciences Department, Univer-
sita Politecnica delle Marche, Ancona, and Division of
Gynecologic Oncology, Department of Obstetrics and
Gynaecology, Catholic University of the Sacred Heart,
Rome) with 1.5-2.0 cm rounded loops, chosen according
to the type of the transformation zone and the area of
cervical tissue to remove. Laser excisions were performed
in one centre (Gynaecological Oncology Unit, Centro
di Riferimento Oncologico—National Cancer Institute,
Aviano) with a hand-directed CO, laser (Sharplan CO,-
Laser System, Laser Ventures, Woodstock, Georgia, USA)
with a maximum power output of 40 W, used in contin-
uous mode. The beam spot diameter ranged from 0.5 to
Imm with an irradiance ranging from 2500 to 3500 W/
cm®, guided by a micromanipulator.

In order to evaluate the correlation between back-
ground characteristics, cone dimensions or excision
technique (LEEP or CO, laser) and length or volume
regeneration, we first performed a univariate analysis
between length or volume regeneration and age, BMI,
number of previous pregnancies, nulliparity, OC use,
tobacco use, cone length, cone volume, percentage of
excised length, percentage of excised volume, status of
endocervical margins and excision technique. All the
variables that were significant in the univariate analysis
were included in a linear multivariate model.

The relation between cone length and length or volume
regeneration was investigated by identifying four classes of
the initial study population: ‘cone length 1-9mm’, ‘cone
length 10-14mm’, ‘cone length 15-19mm’ and ‘cone
length 220mm’, according to pre-existing literature.”’
The relation between age and length or volume regen-
eration was also investigated by identifying five classes
within the initial study population: ‘age 25-29 years’, ‘age
30-34 years’, ‘age 35-39 years’, ‘age 40-45 years’ and ‘age
45 or more years’. The length or volume regeneration at
6 months of each class of cone length or age at the proce-
dure were determined and compared with the one-way

analysis of variance (ANOVA) test with the Tukey-Kramer
test as post-hoc test.

The effect of the excision technique was analysed by a
univariate analysis comparing the two subgroups (LEEP
or CO, laser) in terms of baseline characteristics, types
of cervical excision, histological features and sono-
graphic cervical characteristics. An analysis of covariance
(ANCOVA) was subsequently run to determine the effect
of LEEP or CO, laser on cervical length or volume regen-
eration after controlling for the variables (covariates)
that were significant in the univariate analysis.

The sample size was determined considering the
volume regeneration as the primary outcome measure;
data from previous literature reported a volume regen-
eration of 71%-98%"' " ' with an SD of 20%. Setting
a 9%-wide 95% CI (with alpha=0.05and beta=0.20)
and an estimated dropout rate of 20%, the determined
minimum sample size was 197 women. Therefore, we
started recruiting eligible women in January 2015, until
reaching 197 cases.

Statistical software SPSS V.20 (SPSS, Chicago, Illinois,
USA) was used for data analysis. All continuous variables
were tested for normality with the D’Agostino-Pearson
test. Normally distributed variables were expressed as
mean+SD, while skewed variables were reported as median
and IQR. The t-test or the Mann-Whitney U test was used
for comparison as appropriate. Qualitative variables were
expressed as proportions and were compared with % or
Fisher’s exact test as appropriate. Correlation between
continuous, normally distributed variables was deter-
mined with Pearson’s correlation coefficient, while the
Spearman’s correlation coefficient was used for compar-
ison between continuous non-normally distributed vari-
ables. A P<0.05 was considered statistically significant.

RESULTS

From January 2015 to February 2017, according to the
study inclusion and exclusion criteria, 197 eligible
women, diagnosed with high-grade CIN at the colpos-
copy-directed cervical punch biopsy, underwent cervical
excisional treatment (94 LEEP and 103 CO, laser) in
our institutions. Of those, 10 (5.1%) were excluded due
to histology (three adenocarcinoma in situ and seven
microinvasive cervical cancer), and 22 (11.2%) did not
complete the follow-up. Data on the 165 women who
completed the follow-up are presented in this paper.

The mean+SD age of the study population was 35.4+7.0
years and the mean+SDBMI was 22.4+3.7kg/m* The
median (IQR) number of previous pregnancies was 1
(0-2), with 76 (46.1%) nulliparous women. Fifty-four
(32.7%) patients reported tobacco use and 45 (27.3%)
OC use. Table 1 reports the types of cervical excisions
and the histological features in the entire study cohort.
The mean+SDcone length was 12.2+4.3mm and the
mean+SD cone volume was 2.6+1.9 cm”.

The sonographic cervical characteristics at baseline
(before cervical excisional treatment) and at6 monthsafter
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Table 1 Types of cervical excision and histological features

Study cohort

Characteristic (n=165)
Type of cervical excision

Type 1 70 (42.4)

Type 2 57 (34.6)

Type 3 38 (28.0)
Cone length (mm) 12.2+4.3
Cone volume (cm®) 2.6+1.9
Final histology of the cone specimen

Negative 10 (6.1)

CIN1 19 (11.5)

CIN2 61 (36.9)

CIN3 75 (45.5)
Positive endocervical margin 26 (15.8)
Positive ectocervical margin 7(4.2)

Data are mean+SD or n (%) as appropriate.
CIN, cervical intraepithelial neoplasia.

procedure are reported in table 2; the mean +SD cervical
length  regeneration was 89.5%+6.3%and  the
mean +SD cervicalvolume regeneration was 86.3%+13.2%.
There was no detectable lesion at ultrasound.

No significant association was found between length
or volume regeneration and nulliparity (90.0%+6.2%
vs  89.1%+6.4%, P=0.3739and 86.8%+10.2% vs
85.8%+15.4%, P=0.6254, respectively), OC use
(90.5%+5.2% vs 89.1+6.7%, P=0.23and 86.6%+9.9%
vs 86.1%+14.3%, P=0.86, respectively), tobacco use
(89.0%+6.3% vs 89.8+6.3%, P=0.46and 85.4%+17.9% vs
86.7%+10.3%, P=0.58, respectively), positive endocer-
vical margins (88.3%=7.2% vs 89.8+6.1%, P=0.27and
87.6%+11.0% vs 86.0%+13.6%, P=0.57, respectively) and
technique of excision (LEEP vs CO, laser: 90.0+6.0% vs
89.0+6.0%, P=0.30and 88.3%=10.9% vs 84.5%+14.8%,
P=0.07, respectively).

At the univariate analysis of continuous variables asso-
ciated with length or volume regeneration, only cone

Table 2 Sonographic cervical characteristics

Study cohort

Characteristic (n=165)
Baseline cervical length (mm) 29.7+7.6
Baseline cervical volume (cm?) 15.3+8.4
Excised length (%) 43.5+17.3
Excised volume (%) 20.2+16.8
Cervical length at 6 months (mm) 28.4+7.6
Cervical volume at 6 months (cm®) 14.9+8.3
Length regeneration (%) 89.5+6.3
Volume regeneration (%) 86.3+13.2

Data are mean+SD as appropriate.

8

length and the percentage of excised length showed
a significant negative correlation with cervical length
regeneration (see online supplementary table 1).

Therefore, these two variables were included in the
multivariate linear regression: a significant and inde-
pendent negative correlation with length regeneration
emerged only for cone length (r=-0.39, P<0.001). Online
supplementary figure 1 reports the correlation line
between cone length and cervical length regeneration in
the whole study population.

The length and volume regeneration at 6 months after
procedure according to the four classes of cone length
are presented in table 3.

Atthe one-way ANOVA test, asignificantly negative trend
in length regeneration at 6 months after procedures with
an increasing class of cone length was found (P<0.001)
(figure 1), while no significant difference was found in
volume regeneration. In particular, women with a cone
length <I5mm presented a significant higher length
regeneration than women with a cone length 215mm
(90.7%+5.9% vs 86.9%+6.5%, P<0.001).

No difference emerged instead in cervical length or
volume regeneration according to the five classes of age
at the procedure (table 4).

Of the 165 patients included in the final analysis, 78
were subjected to LEEP and 87 to CO, laser excision.
The comparison between the two subgroups is reported
in online supplementary table 2. At the univariate anal-
ysis, there was no difference in terms of length or volume
regeneration between the two subgroups (90.1%=6.0% vs
89.0%+6.6%, P=0.27and 88.3%+10.9% vs 84.5%+14.8%,
P=0.06, respectively). A significantly higher cone length,
cone volume, percentage of excised length and percentage
of excised volume were found in the CO, laser subgroup;
those four characteristics were considered as covariates in
the ANCOVA, while length or volume regeneration were
considered as dependent variables and the technique of
excision as an independent variable. After adjustment for
covariates, there was no statistically significant difference
in length regeneration or volume regeneration between
the two techniques: F(1, 159)=0.02, P=0.90, partial n2<0.01
for length regeneration and F(1, 159)=1.80, P=0.18, partial
Nn2=0.01 for volume regeneration. In the LEEP subgroup,
a significant increase in both cervical length regenera-
tion (91.4%+5.2% vs 86.0%+6.5%, P<0.01) and volume
regeneration (91.2%+6.8% vs 79.3%+15.8%, P=0.01) was
found in women with a cone length <15mm in compar-
ison to women with cone length 215 mm. In the CO, laser
subgroup, women with a cone length <19 mm presented
a significant higher length regeneration in comparison
to women with a cone length >219mm (89.6%+6.3% vs
82.7%+7.3%, P<0.01). No difference in volume regener-
ation was found.

DISCUSSION
In the present study, we found significant values of cervical
regeneration 6months after excisional treatments for

4

Ciavattini A, et al. BMJ Open 2018;8:2020675. doi:10.1136/bmjopen-2017-020675

saibojouyoal Jejiwis pue ‘Buluresy | ‘Buiuiw elep pue 1xa) 01 pale|al sasn 1o} Buipnjoul ‘1ybliIAdoo Aq paloaloid
*1sanb Aq G202 ‘2T yoJelN uo jwod fwa uadolway/:dny woly papeojumoq "8T0Z YdJeN 6T U0 G29020-2T02-uadolwag/9eTT 0T se paysiignd isiiy :uado rINg


https://dx.doi.org/10.1136/bmjopen-2017-020675
https://dx.doi.org/10.1136/bmjopen-2017-020675
https://dx.doi.org/10.1136/bmjopen-2017-020675
http://bmjopen.bmj.com/

8 Open Access

Table 3 Cervical length and volume regeneration in relation with the four classes of cone length

Length Volume
Cone length n regeneration P value regeneration P value
1-9mm 43 91.9+4.6 <0.001 85.0+20.4 0.074
10-14mm 70 90.0+6.4 90.0+5.8
15-19mm 44 88.0+5.9 83.0+12.2
>20mm 8 80.3+6.3 82.2+12.1

Data are mean+SD as appropriate.

high-grade CIN, with a mean+SDlength regeneration
of 89.5%+6.3% and a mean+SDvolume regeneration of
86.3%=13.2%. A significant and independent association
with cone length (r=-0.39, P<0.001, see online supple-
mentary figure 1), after adjusting for confounders,
emerged. More specifically, a negative trend in length
regeneration in relation to an increasing class of cone
length was observed (table 4). No association was instead
found with the age at the procedure or with the tech-
nique of cervical excision (LEEP or CO, laser).

To our knowledge, this is the largest study about
cervical regeneration 6 months after excisional treatment
for high-grade CIN, and uses robust methodology, with
power calculation performed at the onset of the study,
and a small number of patients lost at follow-up. Never-
theless, some limitations need to be acknowledged, such
as the fact that the ultrasounds were performed by three
different operators in the three centres, even though the
operator was the same for each patient.

The additional cervical tissue removed during coagu-
lation for haemostasis cannot be quantified and could
be a further limit, even if we did not routinely ablate the
cervical crater and we moderately used coagulation, only
in case of a single bleeding vessel.

Moreover, our study does not consider data on preg-
nancy outcomes, in particular regarding the risk of
prematurity, since very few women in our cohort became
pregnant during the observation period.

The results of the present study have good generalis-
ability, since the study population is well representative of
the population of non-pregnant women of childbearing
age which undergoes cervical excision for high-grade CIN
before having finished their reproductive projects, and it
was composed of a sufficient number of patients, deter-
mined at the onset of the study, with a reduced dropout
rate. Moreover, the ultrasound determination of cervical
dimensions and the measurement of cone dimensions
could be easily performed in common practice. Future
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Figure 1

Cervical length regeneration according to the classes of cone length.
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Table 4 Cervical length and volume regeneration in relation with the age at the procedure

25-29 30-34 35-39 40-44 >45
Age (years) (n=36) (n=41) (n=44) (n=30) (n=14) P value
Length regeneration  89.6+6.1 90.1+5.4 89.6+6.6 89.1+7.8 88.0+5.7 0.864
Volume regeneration 87.5+7.7 89.0+7.9 83.9+20.0 84.6+13.4 86.1+9.0 0.420

Data are mean+SD as appropriate.

studies may also investigate the cervical regeneration
pattern in women with previous cervical excision which
had been excluded from the present analysis.

Our findings are consistent with the current liter-
ature, which reports a cervical length regeneration
of 78%-94.5%and a cervical volume regeneration of
81%-98%, with a negative correlation with increasing
cone dimensions. In particular, Founta et al reported in
2010 that the proportional deficit at 6 months is deter-
mined mainly by the proportion of the excised volume,*'
and Papoutsis et al noted in 2012 that cervical regener-
ation at 6months is dependent on the percentage of
initial volume excised, with a reduction of 1.37% for each
increase in excised cervical volume of 1%." Our data
showed a significant inverse correlation between length
regeneration and cone length, but not with cone volume
or with the percentage of excised volume.

This is the first study reporting the effect of different
techniques of excision of cervical regeneration. LEEP
and CO, laser seem to grant similar levels of regenera-
tion, even if cone specimens obtained from CO, laser
procedures presented higher length and volume, as has
also been reported by Phadnis et alin 2010.** The inverse
correlation between cone length and length regenera-
tion was maintained in both subgroups, while a different
cut-off was identified (15mm vs 19 mm). This could mean
that CO, laser could determine good levels of regenera-
tion even for greater cone specimen, up to a cone length
of 19mm.

The regeneration process after cervical excisional treat-
ments seems to originate both from epithelial repair cells
(derived from reserve cells of the cervical canal)'®* and
from stromal repair cells (derived from myofibroblasts) 1
Thus, it could be argued that an increasing cone length,
more than an increasing cone volume, might imply a
greater involvement of the cervical canal, with greater
destruction of cervical reserve cells® and consequent
inability to regenerate and repair properly.

Since the age at the procedure does not seem to signifi-
cantly affect cervical regeneration, the clinician should
be aware that performing a cervical excisional treatment
in women of different age seems to grant similar levels of
length and volume regeneration, and other factors, such
as the colposcopic impression, the extension of lesion,
the type of transformation zone and the desire of future
pregnancies, should be taken into account, in order to
properly tailor the excision and reduce the amount of
healthy tissue removed.

The efficacy of the regeneration process after cervical
excisional treatment may play a key role in determining
the risk of prematurity in the subsequent pregnancies.
In fact, it is reported that women with a prior cervical
excision have shorter midtrimester cervical lengths®
and women who are identified as having a short cervix
in the midtrimester (<20mm) are at increased risk of
delivering preterm.’ Although this causal link has not
yet been fully clarified, available evidence indicates that
cervical excisional treatments are associated with an
increased risk of prematurity and perinatal morbidity
in a future pregnancy, with a direct relation between
the amount of excised tissue and the risk of preterm
birth,®*#°

Thus, considering the importance of the ‘anatomo-func-
tional’ integrity of the uterine cervix and how it can be
affected by cervical excision treatments, an increased
cervical recovery decreases cervical impairment and the
possibility of future adverse obstetric outcomes.

The study from Castanon et al’ reported that women
with a ‘large’ cervical excision (length 15-19mm) had a
higher risk of preterm delivery than those with smaller
excision (absolute risk 2.04, 95% CI 1.41 to 2.96). In our
study, we found the same cut-off of cone length (=15mm)
for a significantly lower regeneration. Therefore, this
association strengthens the conclusion that cervical
regeneration after cervical excision could be a signifi-
cant pathogenetic factor for the risk of prematurity in the
subsequent pregnancies.

Although the relation between anatomical impair-
ment caused by cervical excision treatment and adverse
obstetric outcomes is supported by current literature,
other factors, such as an altered immunological function,
modifications in the antimicrobial defences of the vaginal
microbiome, HPV infection and the CIN itself may play
a key role.” """ It cannot therefore be excluded that
women with high cervical regeneration may still be at risk
of prematurity in a future pregnancy.

In conclusion, cervical length regeneration at 6 months
after excisional treatment for high-grade CIN seems to be
influenced by cone length, with significantly lower levels
for an increasing ‘class’ of cone length, but not from the
age of the patient at the procedure or from the tech-
nique of excision. Cone dimensions appear therefore to
adversely affect both cervical regeneration and the risk
of subsequent obstetric outcomes; it is therefore crucial,
while still achieving equal clinical efficacy, to perform
cervical excisional treatments under colposcopic guidance
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to properly tailor the excision, reducing the amount of
healthy tissue removed, and to contain cone dimensions
(especially cone length), with the aim of minimising the
harm on the cervix and the ‘anatomo-functional’ impair-
ment, favouring a greater cervical regeneration, with
lower risk of future adverse obstetric outcomes.
Ultrasound-determined cervical regeneration and cone
length determination could be useful in clinical practice
to appropriately counsel women who will undergo cervical
excisional treatment for high-grade CIN about the risk of
prematurity in a subsequent pregnancy. Women with a
history of cervical excisional treatment with greater cone
lengths could represent a group of patients in which
greater attention needs to be given to prevention and
diagnosis of preterm birth in a subsequent pregnancy,
potentially due to their lower cervical regeneration.
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