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SUMMARY Healing of cervical epithelium was studied in 30 patients after destruction of cervical
intraepithelial neoplasia using a carbon dioxide laser. Repeated examinations, using photography
and colposcopically directed punch biopsies, were made from the eighth to the 32nd day after
treatment. The biopsy specimens were submitted to examination by light and transmission elec-
tron microscopy. There was complete epithelial cover of the laser induced craters in all patients
by 28 days. The base of the crater and endocervical edge became covered by columnar epithelial
cells originating in endocervical crypts, while the vaginal edge re-epithelialised by an ingrowth of
the surrounding squamous epithelium. Squamous metaplasia of the new columnar epithelium was
a common observation as early as eight days after treatment. There was no evidence for a stromal
contribution to epithelial cover.

The carbon dioxide laser was introduced to
gynaecological practice to treat premalignant lesions
of the uterine cervix.' -5 These lesions, termed cervi-
cal intraepithelial neoplasia (CIN) by Richart,6
affect not only surface squamous epithelium of the
transformation zone but also the epithelium that
invaginates the underlying stroma as crypts or clefts.
Anderson and Hartley7 have shown that the crypt
involvement rarely extends beyond 4 mm in women
under the age of 40. It is this group of women who
are at risk of developing CIN. These findings would
suggest that to treat CIN successfully by laser abla-
tion at least 4 mm depth of total tissue destruction
should be achieved. Sharp et aP showed that by
achieving a power density of 1415 W/cm2 for 1 s the
laser would consistently destroy normal cervical tis-
sue to a depth of greater than 5 0 mm. The drill hole
technique was conceived and developed using these
data.
Many reports on the use of the carbon dioxide

laser on the cervix have commented on the subse-
quent effective and rapid healing. Kaplan et a!9
described the average time for healing after laser
ablation to cervical ectopy as 13 days, while Bellina
and Polanyi"' noted healing by day 13-15 and nor-
mal epithelial cover by 21 days. Baggishs described
the appearance of an epithelial cover between the
10th and 21st day and complete healing was
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observed by Stafl et al' and Carter et al" by four
weeks. This contrasts with the use of cryocautery:
Townsend et al'2 reported that healing may take as
long as eight weeks. The speed of healing and rela-
tive lack of vaginal discharge after laser ablation, in
contrast to cryocautery and electrocautery, are
believed by Bellina2 to be due to the minimal nec-
rosis associated with laser destruction.
The present study was undertaken to confirm the

rapidity of healing of the cervix after laser ablation,
to evaluate the contribution made by squamous and
endocervical epithelium to the healing process, and
to establish evidence, or otherwise, of a stromal con-
tribution to the epithelial cover.

Patients and methods

All patients who took part in the study had previ-
ously undergone colposcopic assessment. A diag-
nosis of CIN had been confirmed after histological
examination of colposcopically directed punch biop-
sies in each case. Informed consent for repeated col-
poscopic assessment and biopsy was obtained from
all patients.
On attendance at the laser clinic colposcopy was

repeated, the transformation zone identified, and its
extent confirmed. The whole transformation zone
was treated with the carbon dioxide laser (Coherent
450). Laser drill holes were placed on the cervix
using the method of Sharp et al.8 This achieved a
uniform depth of at least 5 mm. The laser wound
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was completed using the continuous mode, thus
vaporising a cylindrical cross section of tissue of
standard depth.
The patients were advised to avoid coitus and the

use of tampons for one month after treatment. No
patient was seen earlier than eight days after treat-
ment as work by Bellina et al'3 had shown that only
cells participating in the acute inflammatory
response to the tissue injury were present before this
time. At follow up visits each patient underwent
colposcopic assessment. The cervix was observed
and photographed, this being supplemented by
directed punch biopsy of the new epithelial cover
from the base and edge of the laser wound using
Leech-Wilkinson forceps. The positions of the
biopsy sites were recorded diagrammatically. Care
was taken at each examination to avoid biopsy from
the site of a previous biopsy, both from laser crater
base and edge.
The biopsy specimens were divided: one half was

fixed in neutral buffered formalin, the tissue embed-
ded in paraffin wax, sectioned, and subsequently
stained with haematoxylin and eosin for light mic-
roscopic examination. The other half of the biopsy
was fixed in 2-5% phosphate buffered glutaral-
dehyde, postfixed in osmium tetroxide, and em-
bedded in Araldite. Sections were cut on an LKB
Ultratome III, double stained with uranyl acetate
and lead citrate, and viewed in a Philips EM 301G
electron microscope.

After completion of the study all patients were
reviewed at the colposcopy clinic at four and 12
months after treatment.

Results

The Table gives details of patient attendances at
various times after laser treatment. By day 8 the
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Details ofpatient attendances and number ofbiopsies

No of days after laser
treatment 8 11-12 15-16 18-22 24-28 29-32
No of patients 13 14 11 22 12 7
Base biopsies 13 13 10 18 9 4
Edge biopsies 13 14 10 19 12 7

cervix was covered with a grey/yellow slough and
carbon ash was still abundantly present. Even at this
early stage light microscopy of crater base biopsy
samples showed evidence of re-epithelialisation.
The epithelial cells were plump, almost cuboidal in
appearance. Mitotic figures were often seen in the
covering epithelium, which was always in continuity
with the columnar epithelium of the endocervical
crypts (Fig. 1). Transmission electron microscopy of
these cells confirmed their nature. The nuclei con-
tained prominent nucleoli. Desmosomes were
inconspicuous at cell borders and there were
numerous surface villi. There were large numbers of
intracytoplasmic secretory granules and substantial
quantities of rough endoplasmic reticulum, consis-
tent with young mucus secreting cells (Fig. 2).

Colposcopy on day 12 showed evidence of
epithelial cover originating from the squamous
epithelium at the vaginal edge of the crater. This was
confirmed by light and electron microscopy. The lat-
ter examination showed that the nuclei, most of
which contained nucleoli, were active, with diffuse
nuclear chromatin. Tonofibrils and intracellular
keratohyaline granules were often seen. This indi-
cated that the cells had the ultrastructural charac-
teristics of immature squamous epithelial cells (Fig.
3).
By day 22, the epithelial squamous edge had con-

tinued to advance slowly, but most of the surface
epithelial cover originated from coalescing foci or
islands of epithelium which had grown out from

Fig. 1 Biopsy sample from base
ofulcer 12 days after laser
treatment. Note cells from the
mucin secreting gland spreading
over the ulcer base. Haematoxylin
and eosin. Original magnification
x 310.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.37.6.611 on 1 June 1984. D
ow

nloaded from
 

http://jcp.bmj.com/


613Healing of cervical epithelium after laser ablation of cervical intraepithelial neoplasia_____.................wEt.<..P
rv.i . _ . ... _ Illlul-||l .,=

~ M

Fig. 2 Biopsy sample from base ofulcer 12 days after laser treatment. Mucin
secreting epithelium. Original magnification x 6300. Oedematous epithelium
showing immature low columnar cells with apical microvilli. The cells contain active
nuclei, glycogen, and small mitochondria. Inset (original magnification x 9675):
more mature mucus secreting epithelium containing abundant rough endoplasmic
reticulum and discrete mucin droplets.

endocervical crypts. Even at day 22, epithelialisa-
tion could be incomplete and areas of slough could
still be present. Epithelial cover was complete by
day 28 in every case.
At the four month review cervical cytology and

colposcopy were normal in 29 of the 30 patients.
One patient, whose original lesion was CIN III, sub-
sequently underwent colposcopically directed cone
biopsy for residual CIN II. A second patient, -in
whom the original lesion was CIN III, with negative

cytology and colposcopy findings four months after
laser, was pregnant on review 12 months after
treatment. The new transformation zone was normal
on colposcopic examination, but occasional dys-
karyotic cells were reported on cytology. The preg-
nancy proceeded uneventfully to term and resulted
in a spontaneous vertex delivery. Three months post
partum, colposcopy revealed a metaplastic trans-
formation zone, but cervical cytology was now nega-
tive.
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Fig. 3 Biopsy sample from edge ofulcer 12 days after laser treatment. Squamous
epithelium. Original magnificaton x 8100. Actvely growing plump squamous cells
with evidence ofmitotic activity. Note the presence oftonofilaments (arrow) and
desmosomes. The cell surface is actve and glycogen is apparent in the cytoplasm.

Discussion

The timing of the appearance and characteristics of
the regenerating cervical epithelium in this,study are
consistent with the observations of other workers.
Stafl et all found that the treated area on the cervix
was completely healed one month after laser abla-
tion. Carter et all I examined 45 patients by means of
colposcopy four weeks after treatment for CIN and
showed that the cervix had healed with complete
epithelial cover. Holmquist et all4 used exfoliative

cytology taken daily between one and 21 days after
laser treatment to show that by three weeks normal
epithelium and cytological appearances could be
noted.

Bellina and Seto," using scanning electron mic-
roscopy, observed cells with the characteristic fea-
tures of squamous epithelium on the 10th day after
laser ablation to the cervix. Mylotte et al'6 found
squamous cells covering the laser wound by day 11,
and Baggish5 noted a "cloudy veil of squamous
metaplasia" at colposcopy 10 days after laser treat-
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ment. He described the laser wound as being fully
covered by "young squamous cells" at 14 days after
treatment. No attempts were made in the latter
study to biopsy the new epithelium.
The present study found no evidence of a stromal

contribution to epithelial healing. This contrasts
with the work of Reid et al.'7 who used electrocaut-
ery to cause a cervical lesion 5 mm in depth and then
followed tissue regeneration with light microscopy
and colposcopy. They considered most of the cells
forming the new epithelium were derived from
blood borne mononuclear cells, which secreted a
periodic acid Schiff positive substance at their
periphery. The authors interpreted this as basement
membrane material, but ultrastructural examination
of these cells was not carried out. Lawrence and
Shingleton'8 were unable to confirm these findings.
Using both light and transmission electron micros-
copy to study cervical metaplasia, they described the
presence of subepithelial stroma cells which had the
same characteristics of epithelial cells-namely, the
presence of hemidesmosome like structures scat-
tered around the periphery of the cells and fine
fibrillar components which connected the cell mem-
brane and basal lamina. They emphasised that these
features were not commonly associated with stromal
fibroblasts, nor wandering tissue macrophages. They
were unable to find any instance of such cells having
migrated through the basement membranes. In
addition, bundles of tonofibrils, a distinguishing fea-
ture of cervical squamous cells, were never seen in
these cells. Two earlier studies, those of Bellina et
al'3 and Dorsey and Diggs,'9 were unable to find
evidence of stromal transformation during re-
epithelialisation after laser ablation.

This present study is the first to report the use of
both light and transmission electron microscopy
after laser ablation to CIN. The most striking obser-
vation was that the base of the laser wound was
covered by columnar cells originating in the
endocervical crypts. In none of the specimens
examined was there any break in continuity between
the crypt and regenerating surface epithelium. No
piece of epithelium was seen to be an isolated island
although examination at several levels of the base
biopsy was often necessary to confirm this.
A major theoretical concern is that healing after

laser may bury CIN in crypts. Sevin et a120 reported
this after cervical cryocautery for CIN with subse-
quent development of invasive squamous cell car-
cinoma beneath a healed normal surface epithelium.
From the present study, it was important to find that
residual crypt epithelium contributed to healing
after laser ablation and that any residual abnormal
cells regenerating from residual CIN remaining in
untreated crypts would subsequently appear on the
new epithelial surface.
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