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1. Abstract

Cervical intraepithelial neoplasia (CIN) is a precancerous con-
dition common in women of reproductive age. The last decades
the incidence of cervical neoplasia has decreased significantly.
Important role has played the screening program amongst asymp-
tomatic women. The aim of this retrospective study was to esti-
mate the effect of LLETZ on pregnancy outcome among women
that had been treated previously for CIN and compare these results
with the pregnancy outcome among women with preterm deliv-
ery and without history of LLETZ. It appeals that women with
previous LLETZ have increased risk of premature delivery by 1.5
times when they are compared with women without LLETZ in
the past. The same group of women has increased risk of PROM
too. Treated patients should be informed about increased risk of
preterm births and the obstetricians/gynecologists should offer the
most appropriate treatment to optimize the chances of a healthy
pregnancy without compromising a woman’s choices of treatment.

2. Introduction

Cervical intraepithelial neoplasia (CIN) is a precancerous con-
dition common in women of reproductive age [1]. Over the past
30 years, the incidence of invasive cervical cancer has decreased
markedly owing to far-reaching screening programs that have led
to early diagnosis and treatment of cervical intraepithelial neopla-
sia (CIN) amongst asymptomatic women [2]. Effective treatment
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of high-grade lesions is important to prevent cervical cancer, and
only a small proportion of low-grade lesions can and proceed to
higher grades or invasive cancer [3, 4].

Women with abnormal cytology are referred to colposcopy for
further assessment. In the United Kingdom, a majority of women
with low grade cytology will either have no procedure (and be dis-
charged) or have a punch biopsy sample taken at their first colpos-
copy appointment to confirm the presence or absence of disease,
whereas others with high grade cytological abnormalities may be
offered excisional treatment at the first visit [5].

Several techniques have been used in the treatment of pre-invasive
lesions, such as cold-knife conization, laser ablation, laser coniza-
tion, and loop electrosurgical excision procedure (LEEP), known
also as Large Loop Excision of Transformation Zone (LLETZ) [6].
The last technique has become the standard treatment for women
affected by cervical precancerous lesions, mainly based on its low
rate of morbidity, the ability to define the margins of the excised
tissue with a precise histologic diagnosis and the ability to com-
bine diagnosis and therapy in an outpatient clinic [7].

The incidence of CIN peaks among women aged around 30 years
of age, during their reproductive age; consequently, any possible
effect of its treatment on future childbearing should be considered
carefully [8]. An early report showed that there is an association
between cold-knife conization and adverse obstetric outcomes,
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including preterm delivery [9]. Subsequently, several systematic
reviews and large retrospective studies have reported that women
who have undergone LLETZ have a 1.7-3.7 fold increased risk
of preterm delivery, low birth weight, and premature rupture of
the membrane compared with untreated women [1,10-19]. The
largest to date, a Norwegian record linkage study of 57 136 births
before treatment and 15 108 after treatment, found the proportion
of preterm deliveries in each group, respectively, to be 6.7% and
17.2% [20].

By contrast, there is limited data on the fertility and reproduc-
tive performance of women treated by LLETZ [21], Jakobsson et
al. reported that there is not a strong association between cervical
conization or ablation and subfertility [22].

Among women previously treated with LLETZ, cervical length is
often monitored during the second trimester, but there is no preset
reference value for this group of women. It is uncertain whether a
precedent excision treatment leads to a permanent shortening of
the cervix [23-25].

The aim of this study was to estimate the effect of LLETZ on preg-
nancy outcome among women that had been treated previously for
CIN and compare these results with the pregnancy outcome among
women with preterm delivery and without history of LLETZ.

3. Materials and Methods

A retrospective observational study was conducted in a tertiary
center at three maternity units (Heartlands, Good Hope and Soli-
hull Hospitals) from January 2015 to August 2020. Women with
a single pregnancy were included. The women were then divided
into two groups, those with a past history of one previous LLETZ,
group “A” and group “B”, women without previous cervical
treatment. Women with risk factors for preterm birth, like a prior
preterm delivery (<37 weeks) or mid-trimester miscarriage (>13
weeks) were excluded.

The national colposcopy database was used to identify the cohort
of women who underwent treatment for CIN. These cases were
linked to the Badger net (Electronic Maternity Record). The data
linkage was performed by using the woman’s unique identifica-
tion number existing in both registers. The colposcopy database
is supported and monitored by NHS England. All women having
colposcopy are registered on the database.

The primary outcome was preterm birth before 37 weeks. Sub-
group analysis was carried out to identify preterm delivery be-
tween 32 and 37weeks of gestation, 28 and 31 weeks and extreme-
ly preterm deliveries, less than 28-weeks of gestation.

A total of 746 pregnant women underwent an excisional cervical
treatment (LLETZ) prior to their pregnancy were eligible and so
included in our analysis. From these, 99 had had a premature de-
livery. These were compared with 5175 women that attended our
maternity units, had premature delivery but didn’t have any previ-
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ous history of a LLETZ. Additionally, variables like maternal age
at birth, body mass index, previous deliveries, birth weights, cae-
sarean section as mode of delivery and maternal smoking during
pregnancy for this particular group of women with premature
births was analyzed. Finally, we ascertained the depth of loop ex-
cision tissue in cases with premature deliveries.

For the statistical analysis Graph Pad was used. Categorical vari-
ables were presented as frequencies and percentages. The categor-
ical outcomes were presented as unadjusted odds ratios. As data
was normally distributed continuous variables were presented as
a mean with standard deviation and compared using student’s test.

4. Results

Between 2015 and 2020, 55 324 women attended the Materni-
ty Units across our three maternity sites for delivery. Over this
five-year study period, the number of women who had a subse-
quent delivery following one large loop excision of the transfor-
mation zone (LLETZ) was 1.4%(746/55324), compared to 98.6%
(54578/55324), who delivered without a history of LLETZ. Group
A included the 99 out of 746 (13%) women with premature deliv-
ery and a LLETZ, while group B referred to 5157 women (9.4%),
with premature births but no previous cervical treatment.

The main indication for LLETZ was CIN in histology results. More
specifically, 72% of women had CIN3 at histology (537/746), fol-
lowed by history of CIN2 in 14% of cases (102/746). Both inade-
quate colposcopy and CGIN were 7% each (52/746 and 52/746) of
loops in the cohort of patients.

During the study period, women with history of LLETZ appeared
to have 1.5 times an increased risk of preterm delivery compared
to women (5157/55324) who did not have the treatment. Specif-
ically, the risk for the first group is 13%, but for the second only
9% (OR 1.5 (95% CI 1.2 to 1.84). The risk of preterm birth in our
treated women is twice the UK national data of preterm delivery in
the general population (7%).

Of the 746 patients from the group A, 87/746 (12%) delivered be-
tween 24-37 weeks’ gestation, whereas 12% (12/746) ended up
with a 2™ trimester miscarriage (<24 weeks’ gestation) (Table 1).

Women who underwent LLETZ were successful in achieving
term delivery (37 weeks) in 85% (633/746), compared to 91%
(49403/54578) women who had term delivery without a history of
LLETZ during the same period. (OR 0.67, 95% CI 0.55 to 0.82).

We have studied the demographic characteristics and pregnancy
outcome for the subgroup of women who had premature delivery,
between group A and B (Table 2).

The subgroup analysis for the population with prematurity deliv-
ery shows that women who underwent LLETZ followed by sub-
sequent delivery had a significantly higher mean age (36.1 years),
and higher parity (2.6) compared with the rest, who had a mean
age of (35.6 years), and parity of (2.4). They also had a signifi-
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cantly higher body mass index (BMI). Demographics of the two
groups of women who had preterm birth are summarized in (Table
2). This table also presents the mean birth weight for fetuses and
it is obvious that the mean birth weight is lower for women with
history of LLETZ treatment.

In our study women with preterm delivery, who underwent LLETZ
treatment were nearly twice more likely to be smokers compared
to women who delivered preterm with no history of LLETZ (12%
vs 5%, P=<0.001). They appear to be less likely to have a delivery
by caesarean section (42% vs 46%, P=<0.001) though (Table 2).

Review Article

The mean depth of the loop for women in our population is 15 mm.
Specifically, the mean loop depth for women who delivered be-
tween 32 and 37 weeks was 9mm, for these that delivered between
27 and 31weeks was 17mm. Women who delivered between 24
and 28 weeks had a mean loop depth 12mm and those with preterm
delivery in the second trimester (13-24weeks) had a mean loop
depth 22mm (Table 3).

Preterm rupture of membrane (PROM) occurred in 20% (20/99) of
patients who had preterm delivery following a history of LLETZ.
This is after excluding infection as a potential result for PPROM.

Table 1: Preterm delivery in women who had LLETZ compared to women who did not

| Pregnancy outcome

X X . Deliveries with history of|Deliveries with no history of L. .
Time of delivery (in weeks) Statistical comparison

LLETZ (746) LLETZ (55324)

32-37 (3" Trimester) 59 (7.9%) 2254 (4.1%) Odds ratio 2, 95% CI 1.55 to 2.66)
27-31(3" Trimester) 13 (1.7%) 1400 (2.6%) Odds ratio 1, 95% CI 0.41 to 1.25)
24-26 (2™ trimester) 15 (2%) 1267 (2.3%) Odds ratio 0.9, 95% CI 0.55 to 1.54)
13-24 (2" Trimester) 12 (1.6%) 254 (0.5%) Odds ratio 3.7 (95% CI 2.04 to 6.75)
Total number of preterm deliveries 99 (13%) 5157 (9.4%) Odds ratio 1.5 (95% CI 1.2 to 1.84)

Table 2: Characteristics of patients presenting with spontaneous preterm delivery

Preterm deliveries with history|Preterm deliveries without history e .
Statistical comparison
of LLETZ (99) of LLETZ (5175)
Patient characteristics
Mean Age in years (SD) 36.1 (4.2) 35.6 (3.0) P=<0.001
Mean Body mass index (SD) 32.8 (4.0) 27.1 (3.0) P=<0.001
Mean Parity (SD) 2.6 (0.5) 2.4 (0.5) P =<0.001
Mean birth weight in grams (SD) 3055 (650) 3445 (467) P=<0.001
Caesarean section (%) 42 (42%) 2374 (46%) P=<0.001
Smoking (%) 12 (12%) 245 (5%) P =<0.001
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Table 3: Loop depth in preterm deliveries

. . . Deliveries with history of X
Time of delivery (in weeks) Mean loop depth in mm (SD)
LLETZ (746)
32-37 (3™ Trimester) 59 (7.9%) 9(7)
27-31(3" Trimester) 13 (1.7%) 17 (11)
24-26 (2" trimester) 15 2%) 12 (8)
13-24 (2™ Trimester) 12 (1.6%) 22 (17)
Total number of preterm deliveries |99 (13%) 15 (10)

5. Discussion

LLETZ is a safe and effective method for the treatment of CIN.
LLETZ is classified as a technique with minimal diathermy dam-
age of surrounding tissue, minimal bleeding, simple procedure,
minimal invasion, short operative time and low cost. It has already
been acknowledged that the specimens obtained by LLETZ are
significantly smaller and contain less of the cervical canal when it
is compared with conization [26, 27].

As we know, connective tissue, smooth muscle, blood vessels, and
elastic fibers, which comprise the cervix, are considered to play an
important role in pregnancy and delivery. Excessive tissue excision
leads to a loose cervix or cervical incompetence, which can result
in a higher rate of premature birth, miscarriage and also increases
the risk of infection. Some bacteria associated with preterm birth,
such as Bacteroides fragilis and group B Streptococcus, release
phospholipase A2 or proteolytic enzymes associated with uterine
contractions and premature rupture of the membranes [28].

Some studies reported that women affected by CIN could have a
tendency to a higher frequency of health problems when compared
to the general population because of lifestyle choices. Consequent-
ly, their increased risk of preterm delivery might be related to these
factors [25, 29, 30].

Our study indicated smoking habits is a significant predictive risk
factor of preterm delivery among the treated women. This could
be due to the fact that smoking plays a role in persistence of HPV
infection through the impairment of the immune syste [31]. There
is agreement that treated women are more likely to experience a
preterm delivery not only due to the loss of cervical tissue with the
decreased mechanical support that it provides [1, 10, 19-23] but
also for the changes in the immune system [21] and altered vagi-
nal environment of women during pregnancy [32]. These changes
play a very important role by promoting the persistence of HPV,
favoring the development of frequent ascending infections and
consequent premature labour and delivery.

In our study, we observed that women with a second trimester de-
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livery had the loop with the biggest mean depth. Paradoxically
women with preterm labour between 27 and 31 weeks had a loop
with bigger mean depth than women who had delivery between
24 and 26 weeks. There are studies reporting similar information;
which proves that the depth of the loop excision itself can’t predict
the severity of prematurity [12, 18]. There are more factors than
the cervical length to define the outcome of a pregnancy and fur-
ther study is necessary in order to understand the physiology and
identify all the factors involved.

There is consensus that the incidence of premature births increases
with the depth of excision. The latest review by Kyrgiou et al. [38]
reports a 1.54 risk of preterm delivery when the depth of the loop
is <10-12 mm, which increases to 4.91 when it is >20 mm. The
findings of the 71 studies included in the meta- analysis of Kyr-
giou et al. indicate that the risk is increased by both excisional and
destructive procedures, but that women who undergo excisional
procedures are more likely to experience obstetric sequelae [38].
Our study also confirms that depth of treatment is a statistically
significant risk factor for preterm birth. The risk was increased for
excisions more than 12 mm in depth. It has been suggested that
the impact of treatment on the risk of preterm birth might not be a
consequence of treatment but rather a product of other confound-
ers present in women with cervical disease [39].

In our study, 20% of women with history of previous LLETZ and
premature delivery developed PROM. In this group of study wom-
en with history of any kind of infection had been excluded, since
infection is recognized as a main reason for PROM [10]. Literature
agrees that women with LLETZ have a 2 fold (6.1%) higher risk of
PROM, while without LLETZ it is only 3.4% [40].

One of the strengths of this study is the fact that data have been
collected through the national colposcopy database and the local
electronic system “badger net”. As result, is very unlikely to miss
or get inaccurate data. The retrospective type of this study is one of
its limitations. In addition, if women with previous LLETZ had a
preterm birth in a different hospital, won’t be included in our data.
However, it is unlikely we missed a statistically significant number
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of patients given the fact that all maternity hospitals in Birming-
ham use the same electronic maternity system (Badger net). Sim-
ilarly, the risk of missing any pregnancy complication relevant to
the loop like PPROM should be negligible.

We did not adjust our analyses for potential confounding variables
because extensive clinical and demographic data were not elec-
tronically recorded over the study period.

The findings of previously published meta-analyses are discor-
dant, as the parameters compared were different when analyzing
the depth of excision associated with the treatment techniques, and
the quality of the meta-analyses themselves [18, 33-38].

The cervix has been traditionally considered to regenerate rapidly.
Treatments for CIN are considered safe, easy, without impairing
pregnancy outcomes. However, the procedure of LLETZ clearly
predisposes to preterm birth. We found almost a two-fold risk for
preterm birth after LLETZ by using internal controls. Human pap-
illomavirus infections are increasing, and women conceive and
deliver when older, which translates into increasing numbers of
parturient with a history of LLETZ. Therefore, unnecessary “see
and treat” procedures should be avoided.

6. Conclusion

Our data confirm that women who have undergone excisional

treatment for CIN2 and above have an increased risk of preterm

delivery and PROM. We could identify smoking as an important

impact factor that could change the vaginal environment influenc-

ing the viral load. Treated patients should be informed about in-

creased risk of preterm births and the obstetricians should offer the

most appropriate treatment to optimize the chances of a healthy

pregnancy without compromising a woman’s choices of treatment.

We propose that there is a need for multicenter studies making it

possible to calculate a “risk score”. This could potentially provide

women with personalized risk assessments to support physicians

offering adequate counselling concerning the potential obstetric

sequelae of a cervical excision.

References

1. Kyrgiou M, Koliopoulos G, Martin-Hirsch P, Arbyn M, Prendiville
W, Paraskevaidis E. Obstetric outcomes after conservative treatment
for intraepithelial or early invasive cervical lesions: systematic re-
view and meta-analysis RID B-6887-2009 Lancet. 2006; 367: 489-
98.

2. Quinn M, Babb P, Jones J, Allen E. Effect of screening on incidence
of and mortality from cancer of cervix in England: evaluation based
on routinely collected statistics. BMJ. 1999; 318(7188): 904-8.

3. Moscicki A, SchiffmanM, Kjaer S, Villa LL. Updating the natural
history of HPV and anogenital cancer. Vaccine. 2006; 24: 42-51.

4. Wright TC Jr, Massad LS, Dunton CJ, Spitzer M, Wilkinson EJ, Sol-
omon D, et al. 2006 consensus guidelines for the management of

women with cervical intraepithelial neoplasia or adenocarcinoma in

clinicsofsurgery.com

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Review Article

situ. Obstet Gynecol. 2007; 197: 340-5.

Lancucki L, ed. Cervical screening programme, England: 2005-06.
NHS Information Centre, 2006.

Prendiville W, Cullimore J, Norman S. Large loop excision of the
transformation zone (LLETZ). A new method of management for
women with cervical intraepithelial neoplasia. Br J Obstet Gynae-
col. 1989; 96(9): 1054-60.

Wright Jr TC, Cox JT, Massad LS, Carlson J, Twiggs LB, Wilkinson
EJ, et al. 2001 consensus guidelines for the management of wom-
en with cervical intraepithelial neoplasia. Am J Obstet Gynecol.
2003;189(1):295-304

Herbert A, Smith JA. Cervical intraepithelial neoplasia grade III
(CIN III) and invasive cervical carcinoma: the yawning gap revis-
ited and the treatment of risk. Cytopathology. 1999; 10(3): 161-70.

Andia D, Mozo de Rosales F, Villasante A, Rivero B, Diez J, Pérez
C. Pregnancy outcome in patients treated with cervical conization
for cervical intraepithelial neoplasia. Int J Gynecol Obstet. 2011;
112(3): 225-8.

Arbyn M, Kyrgiou M, Simoens C, Raifu AO, Koliopoulos G, Mar-
tin-Hirsch P, et al. Perinatal mortality and other severe adverse preg-
nancy outcomes associated with treatment of cervical intraepithe-
lial neoplasia: meta-analysis RID B-6887-2009. BMJ. 2008; 337:
al284.

Khalid S, Dimitriou E, Conroy R, Paraskevaidis E, Kyrgiou M,
Harrity C, et al. The thickness and volume of LLETZ specimens
can predict the relative risk of pregnancy-related morbidity. BJOG.
2012; 119(6): 685-91

Sadler L, Saftlas A, Wang W, Exeter M, Whittaker J, McCowan L.
Treatment for cervical intraepithelial neoplasia and risk of preterm
delivery. JAMA. 2004; 291(17): 2100-6.

Samson SL, Bentley JR, Fahey TJ, McKay DJ, Gill GH. The effect
of loop electrosurgical excision procedure on future pregnancy out-
come. Obstet Gynecol. 2005; 105(2): 325-32

Jakobsson M, Gissler M, Sainio S, Paavonen J, Tapper AM. Preter-
mdelivery after surgical treatment for cervical intraepithelial neo-
plasia. Obstet Gynecol. 2007; 109(2 Pt 1): 309-13.

Noehr B, Jensen A, Frederiksen K, Tabor A, Kjaer SK. Loop electro-
surgical excision of the cervix and subsequent risk for spontaneous
preterm delivery: a populationbased study of singleton deliveries
during a 9-year period. Am J Obstet Gynecol. 2009; 201(1): 33.e1-6
Shanbhag S, Clark H, Timmaraju V, Bhattacharya S, Cruickshank
M. Pregnancy outcome after treatment for cervical intraepithelial
neoplasia. Obstet Gynecol. 2009; 114(4): 727-35.

Jakobsson M, Gissler M, Paavonen J, Tapper A. Loop electrosurgi-
cal excision procedure and the risk for preterm birth. Obstet Gyne-
col. 2009; 114: 504-10.

Bruinsma FJ, Quinn MA. The risk of preterm birth following treat-
ment for precancerous changes in the cervix: a systematic review

and meta-analysis. BJOG. 2011; 118: 1031-41.
Simoens C, Goffin F, Simon P, Barlow P, Antoine J, Foidart J, et


https://pubmed.ncbi.nlm.nih.gov/16473126/
https://pubmed.ncbi.nlm.nih.gov/16473126/
https://pubmed.ncbi.nlm.nih.gov/16473126/
https://pubmed.ncbi.nlm.nih.gov/16473126/
https://pubmed.ncbi.nlm.nih.gov/16473126/
https://pubmed.ncbi.nlm.nih.gov/10102852/
https://pubmed.ncbi.nlm.nih.gov/10102852/
https://pubmed.ncbi.nlm.nih.gov/10102852/
https://pubmed.ncbi.nlm.nih.gov/23199964/
https://pubmed.ncbi.nlm.nih.gov/23199964/
https://pubmed.ncbi.nlm.nih.gov/17904956/
https://pubmed.ncbi.nlm.nih.gov/17904956/
https://pubmed.ncbi.nlm.nih.gov/17904956/
https://pubmed.ncbi.nlm.nih.gov/17904956/
https://pubmed.ncbi.nlm.nih.gov/2804007/
https://pubmed.ncbi.nlm.nih.gov/2804007/
https://pubmed.ncbi.nlm.nih.gov/2804007/
https://pubmed.ncbi.nlm.nih.gov/2804007/
https://pubmed.ncbi.nlm.nih.gov/12861176/
https://pubmed.ncbi.nlm.nih.gov/12861176/
https://pubmed.ncbi.nlm.nih.gov/12861176/
https://pubmed.ncbi.nlm.nih.gov/12861176/
https://pubmed.ncbi.nlm.nih.gov/10390064/
https://pubmed.ncbi.nlm.nih.gov/10390064/
https://pubmed.ncbi.nlm.nih.gov/10390064/
https://pubmed.ncbi.nlm.nih.gov/21247572/
https://pubmed.ncbi.nlm.nih.gov/21247572/
https://pubmed.ncbi.nlm.nih.gov/21247572/
https://pubmed.ncbi.nlm.nih.gov/21247572/
https://pubmed.ncbi.nlm.nih.gov/18801868/
https://pubmed.ncbi.nlm.nih.gov/18801868/
https://pubmed.ncbi.nlm.nih.gov/18801868/
https://pubmed.ncbi.nlm.nih.gov/18801868/
https://pubmed.ncbi.nlm.nih.gov/18801868/
https://pubmed.ncbi.nlm.nih.gov/22329499/
https://pubmed.ncbi.nlm.nih.gov/22329499/
https://pubmed.ncbi.nlm.nih.gov/22329499/
https://pubmed.ncbi.nlm.nih.gov/22329499/
https://pubmed.ncbi.nlm.nih.gov/15126438/
https://pubmed.ncbi.nlm.nih.gov/15126438/
https://pubmed.ncbi.nlm.nih.gov/15126438/
https://pubmed.ncbi.nlm.nih.gov/15684160/
https://pubmed.ncbi.nlm.nih.gov/15684160/
https://pubmed.ncbi.nlm.nih.gov/15684160/
https://pubmed.ncbi.nlm.nih.gov/17267829/
https://pubmed.ncbi.nlm.nih.gov/17267829/
https://pubmed.ncbi.nlm.nih.gov/17267829/
https://pubmed.ncbi.nlm.nih.gov/19345930/
https://pubmed.ncbi.nlm.nih.gov/19345930/
https://pubmed.ncbi.nlm.nih.gov/19345930/
https://pubmed.ncbi.nlm.nih.gov/19345930/
https://pubmed.ncbi.nlm.nih.gov/27824756/
https://pubmed.ncbi.nlm.nih.gov/27824756/
https://pubmed.ncbi.nlm.nih.gov/27824756/
https://pubmed.ncbi.nlm.nih.gov/23635744/
https://pubmed.ncbi.nlm.nih.gov/23635744/
https://pubmed.ncbi.nlm.nih.gov/23635744/
https://pubmed.ncbi.nlm.nih.gov/21449928/
https://pubmed.ncbi.nlm.nih.gov/21449928/
https://pubmed.ncbi.nlm.nih.gov/21449928/
https://obgyn.onlinelibrary.wiley.com/doi/10.1111/j.1471-0528.2012.03429.x

Volume 5 Issue 1-2021

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

al. Adverse obstetrical outcomes after treatment of precancerous
cervical lesions: a Belgian multicentre study. BJOG. 2012; 119:
1247-55.

Albrechtsen S, Rasmussen S, Thoresen S, Irgens LM, Iversen OE.
Pregnancy outcome in women before and after cervical conisation:
population based cohort study. BMJ. 2008; 337: a1343.

Turlington WT, Wright BD, Powell JL. Impact of the loop electro-
surgical excision procedure on future fertility. J Reprod Med. 1996;
41(11): 815-8.

Jakobsson M, Gissler M, Tiitinen A, Paavonen J, Tapper AM. Treat-
ment for cervical intraepithelial neoplasia and subsequent IVF de-
liveries. Hum Reprod. 2008; 23(10): 2252-5.

Werner CL, Lo JY, Heffernan T, GriffithWF, Mclntire DD, Leve-
no KJ. Loop electrosurgical excision procedure and risk of preterm
birth. Obstet Gynecol. 2010; 115(3): 605-8.

Armarnik S, Sheiner E, Piura B, Meirovitz M, Zlotnik A, Levy A.
Obstetric outcome following cervical conization. Arch Gynecol
Obstet. 2011; 283(4): 765-9.

Fischer RL, Sveinbjornsson G, Hansen C. Cervical sonography in
pregnant women with a prior cone biopsy or loop electrosurgical
excision procedure. Ultrasound Obstet Gynecol. 2010; 36: 613-7.

Papoutsis D, Rodolakis A, Mesogitis S, Sotiropoulou M, Antsaklis
A. Appropriate cone dimensions to achieve negative excision mar-
gins after large loop excision of transformation zone in the uterine
cervix for cervical intraepithelial neoplasia. Gynecol Obstet Invest.
2013; 75: 163-8.

Boonlikit S, Yanaranop M. Thermal artifact after three techniques
of loop excision of the transformation zone: a comparative study.
Gynecol Obstet Invest. 2012; 73: 230-5.

Kristensen J, Langhoff-Ross J, Borlum-Kristensen F. Increased risk
of preterm birth in women with cervical conization. Obstet Gyne-
col. 1993; 81: 1000-100.

Himes KP, Simhan HN. Time from cervical conization to pregnancy
and preterm birth. Obstet Gynecol. 2007; 109: 314-9.

Bruinsma F, Lumley J, Tan J, Quinn M. Precancerous changes in
the cervix and risk of subsequent preterm birth. BJOG. 2007; 114:
70-80

Castanon A, Brocklehurst P, Evans H, Peebles D, Singh N, Walker
P, et al. Risk of preterm birth after treatment for cervical intraepi-
thelial neoplasia among women attending colposcopy in England:
retrospective-prospective cohort study. BMJ. 2012; 16: e5174.

Hein M. Petersen AC, Helmig RB, Uldbjerg N, Reinholdt J. Immu-
noglobulin levels and phagocytes in the cervical mucus plug at term
of pregnancy. Acta Obstet Gynecol Scand. 2005; 84: 73442,
Kyrgiou M, Arbyn M, Martin-Hirsch P, Paraskevaidis E. Increased
risk of preterm birth after treatment for CIN. BMJ. 2012; 345:
e5847.

Arbyn M, Kyrgiou M, Simoens C, Raifu AO, Koliopoulos G, Mar-
tin-Hirsch P, et al. Perinatal mortality and other severe adverse

clinicsofsurgery.com

35.

36.

37.

38.

39.

40.

Review Article

pregnancy outcomes associated with treatment of cervical intraep-
ithelial neoplasia: meta-analysis. BMJ. 2008; 337: a1284.

Conner SN, Frey HA, Cahill AG, Macones GA, Colditz GA, Tuuli
MG. Loop electrosurgical excision procedure and risk of preterm
birth: a systematic review and meta-analysis. Obstet Gynecol. 2014;
123(4): 752-61.

Jin G, LanLan Z, Li C, Dan Z. Pregnancy outcome following loop

electrosurgical excision procedure (LEEP) a systematic review and
meta-analysis. Arch Gynecol Obstet. 2014; 289(1): 85-99.

Danhof NA, Kamphuis EI J, van Lonkhuijzen LRCW E, Mol W1J.
The risk of preterm birth of treated versus untreated cervical intraep-
ithelial neoplasia (CIN): a systematic review and meta-analysis. Eur
J Obstet Gynecol Reprod Biol. 2015;188: 24-33.

Kyrgiou M, Athanasiou A, Paraskevaidi M, Mitra A, Kalliala I, Mar-
tin-Hirsch P, et al. Adverse obstetric outcomes after local treatment
for cervical preinvasive and early invasive disease according to cone
depth: systematic review and meta-analysis. BMJ. 2016; 354: 13633.

Founta C, et al. Proportion of excision and cervical healing after
large loop excision of the transformation zone for cervical intraepi-
thelial neoplasia. BJOG 2010; 117: 1468-74.

Kyrgiou M, Athanasiou A, Kalliala IEJ, Paraskevaidi M, Mitra A,
Martin-Hirsch PP, et al. Obstetric outcomes after conservative treat-
ment for cervical intraepithelial lesions and early invasive disease.
Cochrane Database Syst Rev. 2017; 11(11): CD012847.


https://obgyn.onlinelibrary.wiley.com/doi/10.1111/j.1471-0528.2012.03429.x
https://obgyn.onlinelibrary.wiley.com/doi/10.1111/j.1471-0528.2012.03429.x
https://obgyn.onlinelibrary.wiley.com/doi/10.1111/j.1471-0528.2012.03429.x
https://pubmed.ncbi.nlm.nih.gov/18801869/
https://pubmed.ncbi.nlm.nih.gov/18801869/
https://pubmed.ncbi.nlm.nih.gov/18801869/
https://pubmed.ncbi.nlm.nih.gov/8951130/
https://pubmed.ncbi.nlm.nih.gov/8951130/
https://pubmed.ncbi.nlm.nih.gov/8951130/
https://pubmed.ncbi.nlm.nih.gov/18635529/
https://pubmed.ncbi.nlm.nih.gov/18635529/
https://pubmed.ncbi.nlm.nih.gov/18635529/
https://pubmed.ncbi.nlm.nih.gov/20177293/
https://pubmed.ncbi.nlm.nih.gov/20177293/
https://pubmed.ncbi.nlm.nih.gov/20177293/
https://pubmed.ncbi.nlm.nih.gov/21327802/
https://pubmed.ncbi.nlm.nih.gov/21327802/
https://pubmed.ncbi.nlm.nih.gov/21327802/
https://pubmed.ncbi.nlm.nih.gov/20503232/
https://pubmed.ncbi.nlm.nih.gov/20503232/
https://pubmed.ncbi.nlm.nih.gov/20503232/
https://pubmed.ncbi.nlm.nih.gov/23296191/
https://pubmed.ncbi.nlm.nih.gov/23296191/
https://pubmed.ncbi.nlm.nih.gov/23296191/
https://pubmed.ncbi.nlm.nih.gov/23296191/
https://pubmed.ncbi.nlm.nih.gov/23296191/
https://pubmed.ncbi.nlm.nih.gov/22442250/
https://pubmed.ncbi.nlm.nih.gov/22442250/
https://pubmed.ncbi.nlm.nih.gov/22442250/
https://pubmed.ncbi.nlm.nih.gov/8497340/
https://pubmed.ncbi.nlm.nih.gov/8497340/
https://pubmed.ncbi.nlm.nih.gov/8497340/
https://pubmed.ncbi.nlm.nih.gov/17267830/
https://pubmed.ncbi.nlm.nih.gov/17267830/
https://pubmed.ncbi.nlm.nih.gov/17083653/
https://pubmed.ncbi.nlm.nih.gov/17083653/
https://pubmed.ncbi.nlm.nih.gov/17083653/
https://pubmed.ncbi.nlm.nih.gov/22899563/
https://pubmed.ncbi.nlm.nih.gov/22899563/
https://pubmed.ncbi.nlm.nih.gov/22899563/
https://pubmed.ncbi.nlm.nih.gov/22899563/
https://pubmed.ncbi.nlm.nih.gov/16026397/
https://pubmed.ncbi.nlm.nih.gov/16026397/
https://pubmed.ncbi.nlm.nih.gov/16026397/
https://pubmed.ncbi.nlm.nih.gov/22951549/
https://pubmed.ncbi.nlm.nih.gov/22951549/
https://pubmed.ncbi.nlm.nih.gov/22951549/
https://pubmed.ncbi.nlm.nih.gov/18801868/
https://pubmed.ncbi.nlm.nih.gov/18801868/
https://pubmed.ncbi.nlm.nih.gov/18801868/
https://pubmed.ncbi.nlm.nih.gov/18801868/
https://pubmed.ncbi.nlm.nih.gov/24785601/
https://pubmed.ncbi.nlm.nih.gov/24785601/
https://pubmed.ncbi.nlm.nih.gov/24785601/
https://pubmed.ncbi.nlm.nih.gov/24785601/
https://pubmed.ncbi.nlm.nih.gov/23843155/
https://pubmed.ncbi.nlm.nih.gov/23843155/
https://pubmed.ncbi.nlm.nih.gov/23843155/
https://pubmed.ncbi.nlm.nih.gov/25770844/
https://pubmed.ncbi.nlm.nih.gov/25770844/
https://pubmed.ncbi.nlm.nih.gov/25770844/
https://pubmed.ncbi.nlm.nih.gov/25770844/
https://pubmed.ncbi.nlm.nih.gov/27469988/
https://pubmed.ncbi.nlm.nih.gov/27469988/
https://pubmed.ncbi.nlm.nih.gov/27469988/
https://pubmed.ncbi.nlm.nih.gov/27469988/
https://pubmed.ncbi.nlm.nih.gov/20840527/
https://pubmed.ncbi.nlm.nih.gov/20840527/
https://pubmed.ncbi.nlm.nih.gov/20840527/
https://pubmed.ncbi.nlm.nih.gov/29095502/
https://pubmed.ncbi.nlm.nih.gov/29095502/
https://pubmed.ncbi.nlm.nih.gov/29095502/
https://pubmed.ncbi.nlm.nih.gov/29095502/

