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Abstract 
Background : Loop electrosurgical excision procedure (LEEP) is widely used in diag­

nosis and management of cervical lesions. Difficulties in histopathologic evaluation of LEEP 
specimens, particularly for the margin status, have been reported to be a significant disadvantage 
of the procedure. 

Method : The histologic slides of the specimens from 163 patients who underwent LEEP 
at Maharaj Nakom Chiang Mai Hospital from August 1995 to November 1997 were retrospec­
tively reviewed for the degree of thermal artefact and the margin status. Follow-up data after a 
6-month-period were correlated with the margin status. 

Results : Thermal artefact was present in all cases (mild 51.5%, moderate 36.2%, and 
severe 12.3%). In only one case, histologic diagnosis of the lesion was not possible due to severe 
thermal artefact. Nine cases (5.5%) had non-evaluable margins due to either thermal artefact (7 
cases) or improper orientation of fragmented tissue (2 cases). Of 90 cases with subsequent 
surgical specimens, residual diseases were present in 4 of 21 (19.0%) with negative LEEP mar­
gins, in 31 of 64 (48.4%) with positive margins, and in 4 of 5 (80.0%) with non-evaluable mar­
gins. 

Conclusions : Pathologic evaluation of the specimens from LEEP was limited in only a 
minority of cases. Thermal artefact was not a critical disadvantage of LEEP. The positive or 
negative margin status was correlated with the risk of residual disease. 
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Loop electrosurgical excision procedure 
(LEEP) is a surgical procedure that is widely 
accepted as a technique in diagnosis and manage­
ment of cervical lesions( 1,2). It has a potential to 
replace traditional cold-knife conization (CKC) 
with several advantages(3) . The specimen obtained 
by LEEP is inevitably accompanied by thermal 
artefact that may significantly interfere with the 
pathologic evaluation(2,4). Furthermore, multiple 
fragments obtained by the procedure may be diffi­
cult to orientate(5). The studies regarding LEEP 
addressed different levels of concern for diffi­
culties in histopathologic assessment of the speci­
mens. We evaluated the results of this procedure 
performed in our hospital for the presence of factors 
that interfered with the pathological diagnosis with 
emphasis on the margin status and its relation to 
the residual disease. 

MATERIAL AND METHOD 
Patients included in the study underwent 

colposcopy and LEEP at Maharaj Nakorn Chiang 
Mai Hospital from August 1995 to November 1997. 
LEEP was performed by rotating residents in 
Obstetrics and Gynecology under supervision of 
the gynecologic oncologists. The clinical informa­
tion and the pathological reports of all cases were 

Fig. 1. Mild thermal artefact is characterized by 
cellular edema and vacuolar degeneration 
with minimal architectural distortion. 
(Hematoxylin & Eosin stain [H&E], origi­
nal magnification, x200) 
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available for review. The histopathologic slides 
were retrieved from the surgical pathology files of 
the Department of Pathology. The cases of which 
the original histopathologic materials were incom­
plete or not available were excluded. The follow­
up data including the histologic diagnosis of speci­
mens from further biopsy or surgery and the results 
of subsequent cervical cytologic smears within 6 
months after LEEP were collected. 

The pathology reports were reviewed for 
the number of tissue fragments received and the 
number of histologic slides. Pathologic re-evalua­
tion of all specimens obtained by LEEP was per­
formed by one pathologist (S .S.) without know­
ledge on the clinical information. All cases were 
reviewed for the histologic diagnosis, the presence 
of squamo-columnar junction, degree of thermal 
artefact, and status of the surgical margin. Thermal 
artefact was graded into 3 categories according to 
the degree of cellular alteration and distortion of 
tissue architecture as follows : mild (Fig. 1 ), mode­
rate (Fig. 2), and severe (Fig. 3). The quality of the 
surgical margins was determined as evaluable or 
non-evaluable by the opinion of the reviewer. Non­
evaluable margin was considered when the margin 
affected by thermal artefact had equivocal features 
of squamous intraepithelial lesion (SIL) or the true 

Fig. 2. Moderate thermal artefact. Coagulative 
change is characterized by eosinophilic 
granular cytoplasm and distorted nuclei 
with degenerated nuclear chromatin. (H&E, 
original magnification, x200) 
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Fig. 3. Severe thermal artefact is characterized by 
marked cellular degeneration with severe 
distortion of all cytologic details. (H&E, 
original magnification, x200) 

surgical margin could not be identified. Positive 
surgical margin was diagnosed when either margin 
of the specimen showed the presence of SIL. 

The results of the margin status were com­
pared with the presence of residual lesion in further 
surgical specimens obtained within 6 months after 
LEEP. The presence of at least low-grade SIL was 
required as an indication for positive outcome. 
Statistical analysis was performed using Chi square 
with Yates' correction or Fisher's exact test. Statis­
tical significance was considered when p value was 
less than 0.05. 

RESULTS 
A total of 163 cases of LEEP specimens 

during that period met the inclusion criteria for the 
study. The patients' ages ranged from 18 to 67 
years (mean, 39.6). All cases had a history of 
abnormal cervical smear or biopsy prior to colpo­
scopy. Indications for LEEP are presented in Table 
1. The LEEP specimens were mostly obtained in 
one piece (120 cases). Forty-three cases (26.4%) 
had multiple tissue fragments (up to 4 pieces in 
4 cases). Based on histologic review, squamo­
columnar junction was present in 146 cases 
(89.6% ). In the remaining 17 cases, only endo­
cervical tissue was included. The histologic diag-

Table 1. Indications for LEEP in 163 patients. 

Unsatisfactory colposcopy 56 
Confmnation of SIL diagnosis 49 
Therapeutic excision 13 
Discrepancy between cervical cytology and biopsy 12 
Microinvasive SCC or exclusion of invasion 29 
AIS 4 

SCC : squamous cell carcinoma, AIS: adenocarcinoma in situ. 

Table 2. Histologic diagnosis of 163 LEEP speci­
mens. 

Benign change 
Atypical squamous metaplasia 
Low-grade SIL 
High-grade SIL 
Microinvasive SCC 
sec 
AIS 
Invasive adenocarcinoma 
Non-evaluable 

10 
2 

28 
90 
15 
II 
2 
4 
I 

nosis of LEEP specimens is shown in Table 2. In 
one case, pathologic diagnosis was not possible 
due to the presence of severe thermal artefact at 
the lesion. The surgical margin in this case was, 
however, evaluable as negative. 

Thermal artefact was present in all speci­
mens from LEEP and was usually confined to the 
margins of the tissue. Of 163 cases, 84 (51.5%) 
had mild degree of thermal artefact, 59 (36.2%) 
had moderate degree, and 20 (12.3%) had severe 
degree. The margin status was considered evalu­
able in 154 cases (94.5%). Nine cases (5.5%) had 
non-evaluable surgical margins due to thermal 
artefact (7 cases) or inappropriate tissue orienta­
tion (2 cases). Relation between the surgical margin 
status and the degree of thermal artefact is shown 
in Table 3. Although the prevalence of non-evalu­
able margins was more frequent among the speci­
mens with moderate to severe thermal artefact than 
those with mild degree, the difference was not 
significant (p=0.3). Of 3 cases with mild thermal 
artefact and non-evaluable margin, it should be 
noted that non-evaluable margin status was 
genuinely caused by thermal artefact in only one 
case, while the other two had non-evaluable mar­
gins due to improper tissue orientation. Of 120 
cases whose specimens were received in one 
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Table 3. Degree of thermal artefacts and margin status of LEEP speci-
mens. 

Margin status Dej:lree of thermal artefacts 

Mild % Moderate % Severe % 

Evaluable 81 96.4 54 91.5 19 95.0 

Negative 49 58.3 14 23.7 4 20.0 

Positive 32 38.0 40 67.8 15 75.0 

Non-evaluable 3* 3.6 5 8.5 5.0 

Total 84 100.0 59 100.0 20 100.0 

*including 2 cases with non-evaluable margin due to improper tissue orientation. 

Table 4. The number of tissue fragments and 
degree of thermal artefacts. 

Degree of One Multiple 
thermal artifacts fragment (120) fragments (43) 

Mild 62 22 
Moderate 43 16 
Severe 15 5 

Table 5. Degree of thermal artefacts and margin 
status of ectocervical and endocervical 
margins in 146 cases. 

Degree of thermal artefacts 
Mild 
Moderate 
Severe 

Margin status 
Negative 
Positive 
Non-evaluable 

Endocervical 
margins (146) 

% 

78 53.4 
54 37.0 
14 9.6 

87 59.6 
56 38.4 

3 2.0 

Ectocervical 
margins (146) 

% 

78 53.4 
54 37.0 
14 9.6 

106 72.6 
30 20.6 
10 6.8 

piece, 6 (5.0%) had non-evaluable margins com­
pared to 3 of 43 cases (7.0%) with two or more 
tissue fragments (p=0.7). When the number of frag­
ments was related to the degree of thermal artefact 
(Table 4 ), no statistical significance was observed 
(p=l.O). Of 146 cases in which the surgical mar­
gins could be orientated as ectocervical or endo­
cervical end, there was no difference in the seve­
rity of thermal artefact affecting both margins 
(Table 5). When each type of margin was sepa­
rately considered, the endocervical margins were 

Table 6. Relation between the margin status of 
LEEP specimens and the presence or 
absence of residual lesions in subsequent 
surgical specimens of 90 cases. 

Margin status Negative Positive 
outcome (51) outcome (39) 

Evaluable (85) 
Negative (21) 17 4 
Positive (64) 33 31 

Non-evaluable (5) 4 

more frequently positive than the ectocervical ones 
(38.4% compared to 20.6%) but less frequently 
non-evaluable (2.0% compared to 6.8% ). Diffe­
rences in the results of the margin status between 
the ectocervical and endocervical margins were 
statistically significant (p=O.OO I). 

In the patients with the diagnosis of high­
grade SIL or more severe lesions, 90 cases under­
went further surgical procedures (82 had hysterec­
tomy and 8 had conization) in our hospital within 
a 6-month-period. Comparison between the margin 
status of LEEP specimens and the presence of a 
residual lesion of at least low-grade SIL in the sub­
sequent specimens is shown in Table 6. Only 4 of 
21 cases (19.0%) with negative LEEP margins had 
a residual lesion in the cervix compared to 31 of 
64 ( 48.4%) with positive margin (p=0.03). Four of 
5 cases (80.0%) with non-evaluable margins had 
residual disease. Another 32 patients with a diag­
nosis of SIL in LEEP specimens and negative (29 
cases) or non-evaluable (3 cases) margins were 
followed by cytology or colposcopy for 6 months, 
only two with negative margins had a positive out­
come. The case with non-evaluable histologic diag-
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nosis had negative follow-up smears. Follow-up 
data were not available either due to further treat­
ment in other hospitals or loss to follow in 31 
patients (19.0%) including one with non-evaluable 
margin. Five patients received radiation therapy 
due to invasive carcinoma. The remaining four 
patients had benign lesions in LEEP specimens and 
negative follow-up outcome. 

Post-LEEP endocervical curettage (ECC) 
was done in only 14 cases which precluded eva­
luation of the efficacy of the procedure. Half of 
the cases with positive ECC (6 of 12 cases) had 
positive margin of the LEEP specimens. 

Postoperative complications were iden­
tified in 26 patients, 17 of these had abnormal 
vaginal discharge(?) or spotty bleeding(10). Signi­
ficant complications present in 9 cases (5.5%) in­
cluded heavy bleeding(?), parametritis(!), and cer­
vical stenosis( 1 ). 

DISCUSSION 
LEEP has received increasing attention 

as a surgical management for cervical epithelial 
lesions. The procedure can be done for the diag­
nosis and treatment in a single visit at the out­
patient colposcopy clinics(6). Several advantages 
of LEEP compared to CKC include easier proce­
dure technique, less operation time and hospital 
cost, less blood loss, exposure of the patients to 
only local anesthesia, and maintenance of squamo­
columnar junction after the procedure in follow-up 
colposcopy(3,7). The prevalence of complication 
of the procedure is at most comparable to CKC 
(6-8). Some investigators even had a positive 
opinion that LEEP would be an alternative to 
replace CKC(3,5,9). The major disadvantages of 
LEEP include the problems in pathologic evalua­
tion and limited amount of tissue removed( 4,8). 

The prevalence of problems in pathologic 
evaluation of LEEP specimens varied remarkably 
from none or minimal(3,9-13) to a significant pro­
portion (26-48%) of the cases(4,5,7). Problems in 
histopathologic assessment involve both the histo­
logic diagnosis and the evaluation of the surgical 
margins0.2,4). In our study, there was only one 
case whose histologic diagnosis was not possible 
and nine cases had non-evaluable surgical margins. 
In combination, the histopathologic evaluation was 
limited in only 10 of 163 cases (6.1%). 

Difficulties in pathologic interpretation 
are mostly caused by thermal artefact and improper 
specimen orientation due to multiple fragments of 
specimens(1,5,8). Although many studies of LEEP 
experience have been reported in the literature, 
details of thermal artefact and its interference with 
pathologic assessment are relatively limitedO ,2,4, 
5,8-11). Thermal artefact usually occurs at the sur­
gical margins where the tissue is most exposed to 
heat produced by the procedure. The frequency of 
cases with non-evaluable margins ranged from 
zero(3,9-11) to almost 50 per cent(4). According 
to our results, significant thermal artefact that pre­
cluded pathologic evaluation affected a minority 
of cases, although some degree of thermal artefact 
was present in all. Inability to assess the margin 
seemed to be related with degree of thermal arte­
fact. Only one of 84 cases ( 1.2%) with mild 
thermal artefact was truly non-evaluable compared 
to 6 of 79 (7.6%) with moderate to severe arte­
fact. However, in cases with microinvasive carci­
noma, thermal artefact may critically interfere with 
the histologic evaluation(!). 

When multiple fragments of specimen 
were obtained without appropriate label, patho­
logists may not be able to identify the true surgical 
margin( 1). Improper tissue orientation occurred in 
a few cases in the early phase of this study but 
was resolved by increased awareness of the clini­
cians. The specimens were placed and labeled on 
a piece of paper before submission for pathologic 
examination. Significant relation of the number of 
fragments with the severity of thermal artefact and 
the presence of non-evaluable margins has been 
reported(5). This association could not be con­
firmed in our study. 

Another important disadvantage of LEEP 
is the limited amount of tissue removed, particu­
larly of the endocervix, which makes it unsuitable 
for the conservative management or the diagnosis 
of certain lesions that predominantly involve the 
endocervix such as glandular neoplasms04). In 
our study, the high rate of positive surgical margin 
status of LEEP specimens (53.4%) was probably 
explained by the shallow excision of the cervical 
tissue, which may be associated with the skill of 
the performers. Preclinical training of the procedure 
on animal models was reported to improve the 
skill to achieve a satisfactory specimen( 15). 
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Margin status is an important factor 
related to the persistence or recurrence of disease. 
In our study, the endocervical margins were more 
frequently positive than the ectocervical ones 
(38.3% compared to 20.5%). Kreb et al(8) reported 
a higher proportion of positive endocervical mar­
gin in specimens obtained by LEEP than in CKC 
specimens (32% compared to 17% ). This finding 
correlates well with less cervical tissue removed 
by LEEP than by CKC(7,9). The predictive value 
of residual lesions by margin status of LEEP speci­
mens in our study was comparable to that of CKC 
specimens reported by Phelps et al06). Moore 
et al07) reported the presence of residual lesions 
in hysterectomy specimens in more than 30 per 
cent of cases, even when the cone margin was 
negative. In our opinion, negative margin status 
does not guarantee the absence of a residual lesion 
in the cervix. It should be noted that the reports 
regarding correlation between the margin status 
and the presence of residual disease had different 
study criteria and designs and the results may be 
difficult to compare directly. 

J Med Assoc Thai April 2001 

The high proportion of non-evaluable mar­
gins in some studies may raise the question regard­
ing adequacy of LEEP specimens(4). Although 
only 9 cases (5.5%) in our study had non-evalu­
able margins, four of five cases showed a residual 
lesion in the subsequent surgical specimens. This 
finding may correspond with our criteria for the 
diagnosis of "non-evaluable" margin when suspi­
cious features were present. 

In conclusion, we observed limitation of 
the histopathologic evaluation of specimens 
obtained by LEEP in a small proportion of cases 
(6.1% ). Thermal artefact was not a critical disad­
vantage of the procedure. Problem in tissue orien­
tation could be reduced by good cooperation from 
the clinicians. The positive or negative margin 
status of LEEP specimens had a potential to pre­
dict the presence of residual disease comparable to 
that of CKC specimens. Due to limited tissue 
excision, LEEP may not be an appropriate tech­
nique to remove the lesions with predominant 
endocervical involvement. 

(Received for publication on January 10, 2000) 
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