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CERVICAL INTRAEPITHELIAL

neoplasia (CIN) is a precan-
cerous condition that can be
effectively treated to pre-

vent invasive cervical cancer. In the
1980s, the standard of treatment for
CIN shifted from cold-knife coniza-
tion toward less radical therapies, pri-
marily excision diathermy and carbon
dioxide laser conization or vaporiza-
tion procedures. Loop electrosurgical
excision procedure (LEEP) is widely
used worldwide, removes less tissue, re-
quires less operating time, is associ-
ated with lower rates of hemorrhage,
pain, and infection, and is as effective
as conventional surgical therapies.1 La-
ser treatment is rarely performed now
because it is more expensive and more
technically difficult, and vaporization
does not yield tissue for histological ex-
amination.

Recent screening data from New Zea-
land indicate that rates of high-grade
squamous intraepithelial abnormali-
ties peak among women aged in their
20s and decline markedly thereafter.2

For this reason, accurate assessment of
the effect of cervical procedures on risk
of preterm delivery and other adverse
pregnancy outcomes is of significant
public health concern.

Although large registry-based stud-
ies of treatment with mixed modes of
conization provide some evidence that
cervical treatment is associated with

preterm birth,3,4 studies of cold-knife
conization,5-10 laser conization,11-15 or
LEEP16-21 alone have been limited
and inconclusive. Most studies were
small and lacked the statistical power
necessary to detect a doubling of
risk.6-8,12-17,19,21 Only a handful of stud-
ies controlled for potentially impor-
tant confounding by smoking and
socioeconomic status,3,14 analyzed
treatment by depth of tissue ex-
cised,11,12,14,22,23 or evaluated risk of pre-
term delivery by its specific subtypes (ie,
medical induction, premature rupture
of membranes before 37 weeks’ gesta-

tion [pPROM], and spontaneous pre-
term labor),5,19,24,25 which are likely to
be etiologically distinct.26 It is plau-
sible that cervical excisional or abla-
tive treatments might affect the risk of
preterm delivery by reducing the me-
chanical support provided by a short-
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Context It is unclear whether treatments for cervical intraepithelial neoplasia (CIN)
increase the subsequent risk of preterm delivery. Most studies have lacked sufficient
sample size, mixed heterogeneous subtypes of preterm delivery, and failed to control
for confounding factors.

Objective To determine whether cervical laser and loop electrosurgical excision pro-
cedure (LEEP) treatments increase risk of preterm delivery and its subtypes.

Design, Setting, and Participants Retrospective cohort study conducted among
women evaluated at a colposcopy clinic serving Auckland, New Zealand (1988-2000),
comparing delivery outcomes of untreated women (n=426) and those treated (n=652)
with laser conization, laser ablation, or LEEP. Record linkage using unique health iden-
tifiers identified women who had subsequent deliveries.

Main Outcome Measures Total preterm delivery and its subtypes, spontaneous
labor and premature rupture of membranes before 37 weeks’ gestation (pPROM).

Results The overall rate of preterm delivery was 13.8%. The rate of pPROM was
6.2% and the rate of spontaneous preterm delivery was 3.8%. Analyses showed no
significant increase in risk of total preterm delivery (adjusted relative risk [aRR], 1.1;
95% confidence interval [CI], 0.8-1.5) or spontaneous preterm delivery (aRR, 1.3; 95%
CI, 0.7-2.6) for any treatment. Risk of pPROM was significantly increased following
treatment with laser conization (aRR, 2.7; 95% CI, 1.3-5.6) or LEEP (aRR, 1.9; 95%
CI, 1.0-3.8), but not laser ablation (aRR, 1.1; 95% CI, 0.5-2.4). Moreover, risk of pPROM
and total preterm delivery increased significantly with increasing height of tissue re-
moved from the cervix in conization. Women in the highest tertile of cone height (�1.7
cm) had a greater than 3-fold increase in risk of pPROM compared with untreated
women (aRR, 3.6; 95% CI, 1.8-7.5).

Conclusions LEEP and laser cone treatments were associated with significantly in-
creased risk of pPROM. Careful consideration should be given to treatment of CIN in
women of reproductive age, especially when treatment might reasonably be delayed
or targeted to high-risk cases.
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ened cervix, by impairing local immu-
nological defense mechanisms by
destruction of glandular epithelia, or by
altering cervicovaginal bacterial flora.24

To estimate the risk of preterm de-
livery and its subtypes following laser
or LEEP treatment for CIN, we con-
ducted a retrospective record linkage
cohort study of treated and untreated
women seen at a large hospital-based
colposcopy clinic in Auckland, New
Zealand, during a 12-year period. The
study was designed to determine the in-
fluence of treatment type, height of cer-
vical tissue excised, and number of
treatments on subsequent risk of pre-
term delivery or its subtypes.

METHODS
A retrospective cohort was con-
structed by linking the colposcopy ser-
vice database at National Women’s Hos-
pital (NWH), Auckland, for the years
1988 through 1999 with the obstetric
database at the same hospital for deliv-
eries from 1989 through 2000. The hos-
pital was the principal provider of pub-
lic colposcopy services and inpatient
obstetric care to women in the central
Auckland area. Women were in-
cluded in the cohort if they were seen
and/or treated at the colposcopy clinic,
subsequently carried a singleton preg-
nancy to at least 20 completed weeks’
gestation, and delivered or had post-
partum care at the study hospital. A
pregnancy was included only if the visit
to the colposcopy clinic or treatment
occurred before the first menstrual pe-
riod was missed (ie, last menstrual pe-
riod + 30 days). The treated group con-
sisted of women whose qualifying
pregnancy occurred after treatment
with laser ablation, laser conization, or
LEEP. The untreated group had a quali-
fying pregnancy following a visit to the
colposcopy service but before any cer-
vical treatments that may have been ad-
ministered. Women treated by modes
other than laser ablation, laser coniza-
tion, and LEEP were excluded from the
treated group, as were women who had
cervical treatments before 1988 and
those whose prior treatment status was
unknown. Only the first qualifying

pregnancy per woman was included in
the study.

Ethical approval for the study was ob-
tained from the Auckland Ethics Com-
mittee.

Exact database linkage was possible
using the unique identifier assigned to
each individual using the public health
system in New Zealand. The colpos-
copy and obstetric records and pathol-
ogy reports were obtained and manu-
ally abstracted for women identified by
the database linkage. Five percent of the
included records were reabstracted by 1
of the investigators (L.S.) for quality con-
trol. If clinical notes could not be ob-
tained (4%), data were taken directly
from the original colposcopy and obstet-
ric databases. Data collected included
demographic characteristics, gyneco-
logical, obstetric, and medical history,
colposcopic findings, cervical cytologic
and histological findings, cervical treat-
ment details, and pregnancy complica-
tions and outcomes. All data were ab-
stractedontodata sheetsbeforeentry into
a statistical database for analysis.

Gestational age was defined hierar-
chically as follows: (1) by date of the
last menstrual period if within 7 days’
agreement with an ultrasound scan per-
formed by 14 completed weeks or
within 14 days’ agreement of a scan per-
formed between 14 and 26 weeks; (2)
by scan if the date of the last men-
strual period was outside the aforemen-
tioned limits of agreement and the scan
was performed by 26 weeks; or (3) by
recorded clinical estimate during preg-
nancy if the first scan was performed
after 26 weeks or if there was no scan.
Preterm delivery (delivery before 37
weeks) was categorized into its sub-
types: spontaneous labor leading to de-
livery before 37 weeks, pPROM lead-
ing to delivery before 37 weeks, and
iatrogenic delivery before 37 weeks. The
category of pPROM included any case
in which spontaneous rupture of the
membranes preceded onset of contrac-
tions. Iatrogenic delivery included in-
duction for reasons other than rup-
tured membranes and cesarean delivery
before onset of contractions, exclud-
ing cases of pPROM.

To estimate the risk of preterm de-
livery and its subtypes associated with
treatment of CIN, we conducted analy-
ses by treatment mode (LEEP, laser
conization, or laser ablation), number
of treatments (1 or �1), and vertical
height of tissue removed among women
treated by laser conization or LEEP. Un-
treated women served as the referent
groups in the aforementioned analy-
ses. Vertical height of tissue obtained
at cervical biopsy was calculated from
the histology reports of women hav-
ing only 1 treatment. The length cal-
culated was the vertical height of the
specimen after fixation if only 1 pass
of tissue was taken or the sum of the
vertical heights if more than 1 pass was
taken and orientation of the speci-
mens was clear. If it was not possible
to determine the height from the re-
port, height was recorded as un-
known. Height of tissue removed was
divided into tertiles for multivariate
analysis, and a category was assigned
for women for whom this information
was unavailable.

Several risk factors for preterm de-
livery were also examined to identify
and adjust analyses for potential con-
founding effects on the relationship of
treatment of CIN and preterm deliv-
ery risk. Socioeconomic status was mea-
sured by deprivation index, which is an
area-based score from 1 to 10 incorpo-
rating 8 dimensions measuring depri-
vation from the New Zealand 1996 Cen-
sus.27 It was assigned according to the
census “meshblock” where the mother
lived at the time of first antenatal visit.
A score of 10 describes individuals liv-
ing in the most deprived areas. The dep-
rivation indexes were then catego-
rized into 3 groups for the analyses.
Smoking describes smoking during
pregnancy, as noted on the record of
the first antenatal visit. A category was
assigned for missing smoking data. Data
on ethnicity were collected from forms
completed by patients at the time of ad-
mission. Women of mixed ethnicity
were classified by priority, in the or-
der shown, as Maori, Pacific Islander,
Asian, European, or other (including
Middle Eastern, Latin American, and
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African). Analyses could also adjust for
the effects of transfers to NWH; trans-
fers are women who planned to de-

liver at a hospital other than NWH and
then transferred to NWH at some time
during pregnancy, labor, or the imme-

diate postnatal period. Data were not
included on sexually transmitted dis-
eases and bacterial vaginosis because
swabs were not routinely taken dur-
ing pregnancy.

Univariate and multivariate analyses
were conducted using SAS software, ver-
sion 8.1 (SAS Institute Inc, Cary, NC).
Categorical variables were compared us-
ing �2 or Fisher exact tests and continu-
ous data using t tests. Logistic regres-
sion was performed to identify variables
for potential confounding or effect modi-
fication of the association of treatment
with risk of preterm delivery. Age, eth-
nicity, socioeconomic status, smoking
in pregnancy, previous obstetric his-
tory, transfer, and antepartum hemor-
rhage were included as covariables in the
models for a priori reasons and then re-
moved manually if they were not im-
portant confounders. Interaction was ex-
plored between treatment variables and
parity, smoking during pregnancy, and
age, and between treatment mode and
cone height. Significance testing of in-
teractions was performed using the log
likelihood ratio test. Risk factors were
retained in the final models if they al-
tered the parameter estimate of the ex-
posure variable(s) by at least 10%. Af-
ter the best model was determined using
logistic regression, multivariate rela-
tive risk analysis was performed to ob-
tain adjusted relative risk (aRR) esti-
mates using the Genmod procedure in
SAS. The relationship between height of
tissue excised and risk of pPROM was
explored by including cone height as a
continuous variable in logistic regres-
sion models overall, within tertiles of
height with untreated women as the ref-
erent group, and within treated women
only.

RESULTS
From the colposcopy database of 9226
women, 1208 women were found to
have had a singleton live birth of at least
20 weeks’ gestation, by linkage with the
obstetric records. Of these, 27 were ex-
cluded for invalid treatments (13 cryo-
therapy, 8 Cartier biopsies, and 6 cold-
knife conizations), 10 for unknown
previous treatment status, and 93 be-

Table 1. Preterm Delivery Subtypes and Demographic, Obstetric, and Pathological
Characteristics by Treatment Status

Treated, No. (%)
(n = 652)

Untreated, No. (%)
(n = 426)

P
Value

Delivery
All preterm 97 (14.9) 52 (12.2) .21

�32 wk 24 (3.7) 13 (3.1) .53

pPROM 52 (8.0) 15 (3.5) .004

Spontaneous 26 (4.0) 15 (3.5) .64

Iatrogenic 19 (2.9) 22 (5.2) .09

Term 555 (85.1) 374 (87.8)

Demographic characteristics
Age, y

�25 134 (20.6) 102 (23.9)

25-29 218 (33.4) 145 (34.0)
.50

30-34 203 (31.1) 119 (27.9)

�35 97 (14.9) 60 (14.1)

Ethnicity
European/other 445 (68.5) 232 (54.7)

Asian 14 (2.2) 32 (7.6)
�.001

Maori 110 (16.9) 77 (18.2)

Pacific Islander 81 (12.5) 83 (19.6)

Socioeconomic status*
1-3 (High) 136 (21.3) 87 (20.7)

4-6 (Intermediate) 193 (30.2) 116 (27.6) .58

7-10 (Low) 311 (48.6) 217 (51.7)

Obstetric characteristics
Smoked during pregnancy

Yes 271 (41.6) 132 (31.0)

No 328 (50.3) 265 (62.2) �.001

Unknown 53 (8.1) 29 (6.8)

Nulligravid 188 (28.8) 111 (26.1) .32

Nulliparous 324 (49.7) 203 (47.7) .51

History of preterm delivery (parous only) 30 (9.2) 28 (12.6) .20

Interhospital transfer 103 (15.8) 36 (8.4) �.001

Antepartum hemorrhage 69 (10.6) 43 (10.1) .78

Pathological characteristics
Referral cytology

Normal 24 (3.7) 73 (17.1)

LSIL† 322 (49.4) 256 (60.0)

HSIL‡ 268 (41.1) 43 (10.1)
�.001

Malignant 3 (0.5) 1 (0.2)

Other diagnosis 14 (2.1) 33 (7.7)

No smear 21 (3.2) 20 (4.7)

Histological findings
CIN 1/WVI 209 (32.1) 199 (46.6)

CIN 2/CIN 3/AIS 402 (61.7) 22 (5.2)

Microinvasive 6 (0.9) 0 �.001

No dysplasia/other diagnosis 13 (2.0) 90 (21.1)

None 22 (3.4) 115 (27.0)
Abbreviations: AIS, adenocarcinoma in situ; CIN, cervical intraepithelial neoplasia; HSIL, high-grade squamous intraep-

ithelial lesion; LSIL, low-grade squamous intraepithelial lesion; pPROM, premature rupture of membranes before 37
weeks’ gestation; WVI, wart virus infection.

*Based on deprivation index; see “Methods” section of text for details.
†Includes WVI, CIN1, and unspecified atypical cells.
‡Includes CIN2, CIN3, and AIS.
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cause of previous treatment, leaving
a cohort of 1078 women who had
given birth following treatment or their
first encounter at the colposcopy clinic.
The clinical records of 1020 women
(95%) were abstracted in full. Data
were obtained from the database
for women whose colposcopy or ob-
stetric records could not be located
(4%). Twenty-eight percent of women
had had an ultrasound scan by 14
weeks’ gestation and 70% by 26 weeks’
gestation.

The overall rate of preterm delivery
was 13.8% (n=149); 41 (27.5%) were
iatrogenic, 41 (27.5%) resulted from
spontaneous preterm labor, and 67
(45%) were due to pPROM. As shown
in TABLE 1, the rates among treated
women exceeded the rates for un-
treated women for total preterm deliv-
ery (14.9% vs 12.2%; P=.21), pPROM
(8.0% vs 3.5%; P=.004), and sponta-
neous preterm labor (4.0% vs 3.5%;
P=.64). Iatrogenic preterm delivery oc-
curred in 2.9% of the treated group and
in 5.2% of the untreated group (P=.09).

TABLE 2 shows significant univari-
ate associations between preterm de-
livery and smoking during pregnancy,
history of preterm delivery, interhos-
pital transfer, and antepartum hemor-
rhage. Women with preterm deliver-
ies are overrepresented by high-grade
histological findings (51.0%) com-
pared with women with term deliver-
ies (37.5%).

Six hundred six women had 1 treat-
ment, 44 had 2 treatments, 2 had 3
treatments, and 426 were untreated.
Among those who had only 1 treat-
ment, 105 (17%) were treated by laser
conization, 278 (46%) by LEEP, and
223 (37%) by laser ablation. Among
women who had 2 treatments, 9 had 2
ablations, 2 had 2 laser conizations, 10
had 2 LEEPs, 10 had a laser coniza-
tion and a LEEP, 4 had a laser coniza-
tion and an ablation, and 9 had a LEEP
and an ablation. Among women who
had 3 treatments, 1 had 2 laser coniza-
tions and an ablation, and 1 had 3
LEEPs.

The distributions of histological di-
agnoses across treatment modes for

single treatments with laser coniza-
tion or LEEP were similar. Data on
height of cervical tissue excised were
available for 331 women (86%) who
had 1 laser conization or LEEP treat-
ment. Mean height was 1.37 cm (SD,
0.57 cm) among all single treatments,
1.40 cm (SD, 0.46 cm) for laser con-
ization, and 1.36 cm (SD, 0.61 cm) for
LEEP. As shown in TABLE 3, women in

the highest tertile of cone height more
often had high-grade histological find-
ings. Treatment mode was not associ-
ated with height tertile.

Adjusted RR analyses indicate that
treatment for CIN was not associated
with increased risk of total preterm de-
livery or spontaneous preterm deliv-
ery (TABLE 4). In contrast, increased
risk of pPROM leading to preterm de-

Table 2. Demographic, Obstetric, and Pathological Characteristics by Delivery Type*

Spontaneous
Labor

(n = 41)
pPROM
(n = 67)

Iatrogenic
(n = 41)

All Preterm
(n = 149)

Term
(n = 149)

P
Value†

Demographic characteristics
Age, y

�25 26.8 26.9 19.5 24.8 21.4

25-29 22.0 35.8 31.7 30.9 34.1
.74

30-34 41.5 17.9 34.2 28.9 30.0

�35 9.8 19.4 14.6 15.4 14.4

Ethnicity
European/other 53.7 74.2 70.7 67.6 62.3

Asian 7.3 1.5 0 2.7 4.5
.17

Maori 24.4 19.7 14.6 19.6 17.1

Pacific Islander 14.6 4.6 14.6 10.1 16.1

Socioeconomic status‡
1-3 (High) 7.9 28.1 23.1 21.3 21.0

4-6 (Intermediate) 26.3 26.6 20.5 24.8 29.8 .45

7-10 (Low) 65.8 45.3 56.4 53.9 49.2

Obstetric characteristics
Smoked during pregnancy

Yes 41.5 53.7 43.9 47.7 35.7

No 39.0 38.8 46.3 40.9 57.3 �.001

Unknown 19.5 7.5 9.8 11.4 7.0

History of preterm delivery
(parous only)

22.0 7.5 12.2 12.8 4.2 �.001

Gravidity
1 29.3 25.4 22.0 25.5 28.1

.51
�2 70.7 74.6 78.1 74.5 71.9

Parity
0 41.5 49.3 48.8 47.0 49.2

.62
�1 58.5 50.8 51.2 53.0 50.8

Interhospital transfer 26.8 32.8 24.4 28.9 10.2 �.001

Antepartum hemorrhage 31.7 20.9 17.1 22.8 8.4 �.001

Pathological characteristics
Referral cytology

Normal 9.8 7.5 7.3 8.1 9.2

LSIL 46.3 44.8 63.4 50.3 54.1
.77

HSIL 34.2 41.8 17.1 32.9 28.2

Malignant 0 0 0 0 0.4

Histological findings
CIN1/WVI 26.8 25.4 39.0 29.5 39.2

CIN2/CIN3/AIS 46.3 64.2 34.2 51.0 37.5 .04

Microinvasive 0 1.5 0 0.7 0.5
Abbreviations: AIS, adenocarcinoma in situ; CIN, cervical intraepithelial neoplasia; HSIL, high-grade squamous intra-

epithelial lesion; LSIL, low-grade squamous intraepithelial lesion; pPROM, premature rupture of membranes before
37 weeks’ gestation; WVI, wart virus infection.

*All data are expressed as percentages.
†For comparison between term and preterm data.
‡Based on deprivation index; see “Methods” section of text for details.
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livery was associated with a single treat-
ment by laser conization (aRR, 2.7; 95%
confidence interval [CI], 1.3-5.6) or
LEEP (aRR, 1.9; 95% CI, 1.0-3.8) (Table
4). Moreover, risk of pPROM in-
creased with increasing tertile corre-
sponding to height of cervical tissue ex-
cised (Cochran-Armitage trend test,
P�.001). Women who had a vertical
cone height of at least 1.7 cm of tissue
removed had more than a 3-fold greater
risk than untreated women (aRR, 3.6;
95% CI, 1.8-7.5) and an 18% rate of
pPROM. Analysis of cone height as a
continuous variable showed that the

strength of dose-response relation-
ship with risk of pPROM was constant
within each of the 3 tertiles. The � co-
efficients from these unadjusted logis-
tic regression analyses for tertiles 1
through 3 are 0.7, 0.7, and 0.8, respec-
tively, suggesting that pPROM risk in-
creases linearly with increments in cone
height and that there is no cone height
threshold for risk of pPROM.

There was also a significant increas-
ing trend of risk of all preterm deliv-
ery with increasing cone height. No sig-
nificant interaction was found between
treatment variables and parity, smok-

ing during pregnancy, or age, or be-
tween treatment mode and cone height.

COMMENT
The findings in this study suggest that
cervical treatment by laser conization
or LEEP is associated with pPROM re-
sulting in preterm delivery. Increas-
ing cone height was directly associ-
ated with increasing risk of preterm
delivery and pPROM. There was no as-
sociation between laser ablation and
risk of pPROM. Moreover, there was no
association of any treatment or indi-
vidual mode of treatment with risk of
spontaneous preterm or overall pre-
term delivery outcomes.

It might be expected that if there is
a real increase in risk of pPROM, then
an increase in the risk of overall pre-
term delivery should also have been ob-
served. However, the entities that make
up total preterm deliveries are heter-
ogeneous. In this study, there was a
nonsignificantly higher rate of iatro-
genic preterm delivery in untreated
women, which may have contributed
to the lack of effect on combined pre-
term delivery outcomes. We were able

Table 3. Histological and Treatment Characteristics by Tertile of Cone Height Among
Women Treated by Laser Conization or LEEP

Vertical Cone Height, No. (%)

P
Value

Tertile 1 (0.1-1.0 cm)
(n = 116)

Tertile 2 (1.1-1.6 cm)
(n = 114)

Tertile 3 (�1.7 cm)
(n = 101)

Histological findings
CIN1/WVI 36 (31.0) 30 (26.3) 18 (17.8) .08

CIN2/CIN3/AIS 77 (66.4) 81 (71.1) 82 (81.2) .047

Microinvasive 1 (0.9) 1 (0.9) 1 (1.0)

Treatment mode
Laser conization 30 (25.9) 41 (36.0) 32 (31.7)

.25
LEEP 86 (74.1) 73 (64.0) 69 (68.3)

Abbreviations: AIS, adenocarcinoma in situ; CIN, cervical intraepithelial neoplasia; LEEP, loop electrosurgical excision
procedure; WVI, wart virus infection.

Table 4. Relative Risk of Preterm Delivery and Subtypes Associated With CIN Treatment Characteristics
Treatment Mode No. of Treatments Cone Height, cm

No
Treatment*

Any
Treatment

Laser
Conization LEEP

Laser
Ablation 1 �1 0.1-1.0 1.1-1.6 �1.7 Missing

All Preterm Delivery

No. of Patients 426 652 105 278 223 606 46 116 114 101 52

Rate, No. (%) 52 (12.2) 97 (14.9) 20 (19.1) 44 (15.8) 23 (10.3) 87 (14.4) 10 (21.7) 14 (12.1) 18 (15.8) 25 (24.8) 7 (13.5)

cRR (95% CI) 1.0 1.2 (0.9-1.7) 1.6 (1.0-2.5) 1.3 (0.9-1.9) 0.8 (0.5-1.3) 1.2 (0.9-1.6) 1.8 (1.0-3.3) 1.0 (0.6-1.7) 1.3 (0.8-2.1) 2.0 (1.3-3.1) 1.1 (0.5-2.3)

aRR (95% CI) 1.0 1.1 (0.8-1.5) 1.3 (0.8-2.2) 1.2 (0.8-1.8) 0.8 (0.5-1.2) 1.0 (0.7-1.5) 1.3 (0.6-2.6) 0.9 (0.5-1.6)† 1.1 (0.6-1.9) 1.7 (1.0-2.7) 1.2 (0.5-2.6)

pPROM and Preterm Delivery

No. of Patients 389 607 100 256 210 566 41 109 105 93 49

Rate, No. (%) 15 (3.9) 52 (8.6) 15 (15.0) 22 (8.6) 10 (4.8) 47 (8.3) 5 (12.2) 7 (6.4) 9 (8.6) 17 (18.3) 4 (8.2)

cRR (95% CI) 1.0 2.2 (1.3-3.9) 3.9 (2.0-7.7) 2.2 (1.2-4.2) 1.2 (0.6-2.7) 2.2 (1.2-3.8) 3.2 (1.2-8.3) 1.7 (0.7-4.0) 2.2 (1.0-4.9) 4.7 (2.5-9.1) 2.1 (0.7-6.1)

aRR (95% CI)‡ 1.0 1.8 (1.0-3.2) 2.7 (1.3-5.6) 1.9 (1.0-3.8) 1.1 (0.5-2.4) 1.8 (1.0-3.2) 1.8 (0.6-5.1) 1.1 (0.4-3.0)§ 1.7 (0.7-4.0) 3.6 (1.8-7.5) 2.2 (0.7-6.9)

Spontaneous Labor and Preterm Delivery

No. of Patients 389 581 88 247 208 543 38 106 100 82 47

Rate, No. (%) 15 (3.9) 26 (4.5) 3 (3.4) 13 (5.3) 8 (3.9) 24 (4.4) 2 (5.3) 4 (3.8) 4 (4.0) 6 (7.3) 2 (4.3)

cRR (95% CI) 1.0 1.2 (0.6-2.2) 0.9 (0.3-3.0) 1.4 (0.7-2.8) 1.0 (0.4-2.3) 1.2 (0.6-2.2) 1.4 (0.3-5.8) 1.0 (0.3-2.9) 1.0 (0.4-3.1) 1.9 (0.8-4.7) 1.1 (0.3-4.7)

aRR (95% CI)� 1.0 1.3 (0.7-2.6) 0.9 (0.3-3.2) 1.5 (0.7-3.2) 1.4 (0.6-3.2) 1.3 (0.7-2.6) 1.5 (0.3-7.0) 1.1 (0.4-3.6) 1.0 (0.3-3.0) 1.9 (0.7-5.1) 1.4 (0.3-6.2)

Abbreviations: aRR, adjusted relative risk; CI, confidence interval; cRR, crude relative risk; CIN, cervical intraepithelial neoplasia; LEEP, loop electrosurgical excision procedure;
pPROM, premature rupture of membranes before 37 weeks’ gestation.

*The “no treatment” group served as the referent for all analyses in this table.
†Cochran-Armitage trend test, P = .002.
‡Adjusted for age (�25, 25-29, 30-34, or �35 years), smoking during pregnancy (no smoking, smoking, or unknown status), ethnicity (Maori, Pacific Islander, Asian, or other),

history of preterm delivery, and transfer to National Women’s Hospital.
§Cochran-Armitage trend test, P�.001.
�Adjusted for age (�25, 25-29, 30-34, or �35 years), smoking during pregnancy (no smoking, smoking, or unknown status), ethnicity (Maori, Pacific Islander, Asian, or other),

history of preterm delivery, transfer to National Women’s Hospital, and antepartum hemorrhage.
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to categorize and analyze preterm de-
liveries by their subtypes with suffi-
cient sample size and power.

Most previous studies have con-
cluded that there is no association be-
tween preterm delivery and laser or
LEEP therapies, despite 2- to 6-fold in-
creases in RR.11,12,14-16,19,21,25 It is likely
that these studies lacked sufficient
power to detect an increase in risk of
this magnitude. The present study re-
ports the experience of a considerably
larger cohort of women than any of the
previously reported studies. A further
strength is our use of a comparison
group from the same colposcopy clinic
from which the treated population was
taken, instead of women from the gen-
eral obstetric population. Thus, the
same selection factors that led to evalu-
ation and treatment at the colposcopy
clinic are present in both the treated and
untreated women comprising our study
population. It is well known that
women undergoing evaluation for cer-
vical treatment for CIN have demo-
graphic, behavioral, and sexual histo-
ries that also put them at increased risk
of preterm delivery outcomes. This is
reflected in the rate of overall preterm
delivery (12.2%) in the untreated group,
suggesting that these women are a high-
risk group because of factors other than
cervical treatment. Nonetheless, the ret-
rospective design of our study places
potential limitations on accuracy and
completeness of data on variables such
as socioeconomic status, smoking, and
infection.

A significant association between
conization and pPROM was previ-
ously reported in a case-control study.24

The authors found a history of coniza-
tion (type unspecified) in 1 (3%) of 38
women in preterm labor, 9 (26%) of 35
women with pPROM, and 1 (1%) of 75
normal pregnancies. A further analy-
sis of 78 pregnancies following LEEP
compared with 78 controls matched for
age, parity, and smoking found an RR
of pPROM of 3.0 (95% CI, 0.6-14.4).
Most previous studies, however, have
looked at overall preterm delivery as the
primary outcome, even though pre-
term delivery constitutes a heterog-

eneous group of outcomes with mul-
tifactorial etiologies.26

The literature examining the associa-
tion between amount of tissue removed
and preterm delivery risk is also limited
and inconsistent. A study by Leiman et
al22 reported the outcomes of 88 preg-
nancies in 77 women following cold-
knife conization. The rate of preterm de-
livery among women delivering after the
second trimester who had had more than
2 cm removed (n=16) was 44% com-
pared with 12% among women with re-
moval of less than 2 cm (n=51) (P�.01).
In the laser conization literature, 2 ar-
ticles reported no association between
cone height and total preterm deliv-
ery11,12 and a third reported an adjusted
odds ratio for preterm delivery with cone
height of more than 1 cm of 11.1 (95%
CI, 1.2-102.1).14 A study reporting a mix
of laser ablation and conization found a
substantially higher rate of preterm de-
livery among 12 women who had had at
least 10 mm of tissue removed (25%)
compared with the rate among 42
women with less than 10 mm of tissue
removed (7%; P=.12).23 There are no
data on the effect of cone height in the
LEEP literature. In our study, a quarter
of women who had a cone height of
greater than 1.6 cm had a preterm de-
livery, and 18% had pPROM.

It could be argued that the effect on
pPROM observed in this study is due to
the disease itself. Women with pPROM
more often had high-grade histological
findings than other women. However,
we would refute this hypothesis based
on the following: (1) there is no effect
of laser ablation on pPROM risk, even
though 46% of women who had abla-
tion had high-grade histological find-
ings (Table 3) and (2) it is implausible
because in the vast majority of cases, the
diseased tissue was completely excised
before pregnancy began. It could, how-
ever, be argued that unexplained con-
founding from factors associated with se-
verity of CIN may explain at least some
of the association found.

Ricciotti et al28 measured the cervix
by transvaginal ultrasound before and
after LEEP and showed that there was
a strong correlation between height of

excised tissue and reduction in cervi-
cal length measured by ultrasound
(r=0.9). The RR of spontaneous pre-
term delivery increases as cervical
length shortens in mid pregnancy. It is
not known whether cervical length
prior to pregnancy is predictive of risk
of spontaneous preterm delivery.

Premature rupture of membranes be-
fore 37 weeks’ gestation is probably a
final common pathway for pathologic
initiators that result in increased break-
down of membrane collagen. The un-
certainty regarding the pathophysiol-
ogy of this process makes it difficult to
hypothesize about the mechanism by
which cervical excisional therapies
might increase risk. The findings of this
study suggest that the amount of cer-
vical tissue removed is important.
Mechanisms proposed include lack of
mechanical support due to shortened
length of the cervix, impairment of an-
timicrobial defense mechanisms after
removal of cervical glands, and alter-
ation of cervicovaginal bacterial flora.24

One of the limitations of this study
is the unknown loss to follow-up of
women who delivered at units other
than the host institution. However, re-
ferral bias is unlikely to have occurred
because of inclusion of women trans-
ferred after planning to deliver at other
nearby institutions. This is because loss
to follow-up resulting from delivery
elsewhere, while associated with risk of
pPROM, is unlikely to have been asso-
ciated with treatment status among
women either with or without pPROM.
We believe that obstetric caregivers
would always refer women with
pPROM to a tertiary hospital for safe
delivery, irrespective of their treat-
ment status. In fact, the risk of pre-
term delivery overall was not signifi-
cantly different between treatment
groups, suggesting that obstetric care-
givers were not biased in their referral
of women with signs of preterm labor
to the tertiary center. In addition, we
included a dichotomous variable for
transfer in all final statistical models.

The clinical implications of our find-
ings relate to treatment of CIN and
management of any subsequent preg-
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nancies. Guidelines on the manage-
ment of cytologic and histological ab-
normalities of the cervix were issued
following a consensus conference spon-
sored by the American Society for Col-
poscopy and Cervical Pathology in
2001.29,30 This study makes the case for
careful adherence to and consider-
ation of these guidelines, which re-
flect the importance of targeting treat-
ment to women at high risk of
progression. The guidelines for man-
aging low-grade squamous intraepithe-
lial lesions state that treatment as ini-
tial management of this condition is
unacceptable in the absence of biopsy-
confirmed CIN. In other words, single-
visit diagnosis and treatment proto-
cols, which invariably overtreat a
percentage of women, should be aban-

doned. In the presence of biopsy-
proven CIN stage 1, the guidelines rec-
ommend follow-up without treatment,
including use of human papillomavi-
rus testing as an option. Moreover, if
any CIN is to be treated, excisional and
ablative techniques are both accept-
able unless the lesion is recurrent or col-
poscopy inadequate. Less radical treat-
ment for younger women could reduce
volume of tissue excised but might be
balanced by an increase in persistent
disease, need for retreatment, and cer-
vical cancer risk. An implication for
management of pregnancy is educat-
ing women about their risk so they pre-
sent early with pPROM for antibiotic
and steroid therapy. There is a pos-
sible role for cervical cerclage in women
in whom ultrasound shows progres-

sive cervical shortening during preg-
nancy.31,32
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