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In vitro occlusion of human fallopian
tubes with Nd:YAG laser
L. M. KUKREJA

ABSTRACT
Background. There isa need for an atraumatic, fast, reliable,

inexpensive, reversible-on-demand method for female sterilization
which is also free from side-effects. The use of an Nd:YAG laser
for occlusion of human fallopian tubes in vitro was assessed for
achieving these aims. ~

Methods. An in vitro study was performed on coagulation of
fallopian tube tissue using continuous wave Nd: YAG laser. Post-
hysterectomy human uteri were exposed to laser radiation either
directly through an optical fibre or through a sapphire contact
probe at the ostia at different laser powers and inter-action times.

Results. Laser-induced tissue coagulation plugged the ostia in
a clean, controlled and predictable manner. Microscopic examina-
tion of the coagulated tissue showed about 50 pm wide blind
holes without any continuous channel; thus eliminating the
possibility of passage of sperms through such a plug. The depth
of coagulation along the lumen of the fallopian tubes increased
linearly with the interaction time of the laser beam at a constant
power, either by direct irradiation or through a contact probe.
The maximum depth of coagulation was found to be about 3 mm
in case of direct irradiation at a laser power of about 6.5 Wand
interaction time of 50 seconds. Beyond these values, charring
occurred at the surface of the tissue.

Conclusion. Nd: YAG laser might be a suitable means for
female sterilization. Further studies in experimental and clinical
settings would be required to confirm itSutility.
Natl Med J India 1998; 11: 122-4

INTRODUCTION
The search for new improved methods of female sterilization
continues despite scientific and technological developments in
this direction. Ideally, a sterilization method should be atraumatic,
fast, reliable, inexpensive, reversible-on-demand and free from
any side-effects. In 1989, non-surgical transvaginal female sterili-
zation using lasers was suggested' andin vitro studies on occlusion
of human fallopian tubes using a continuous wave (cw) carbon
dioxide laser were reported.' In this technique, the ostia of the
fallopian tubes were irradiated with the laser beam at the cornua
at low power to coagulate the tissue which plugged the lumen.'>
Since laser beams can be transported through optical fibres which
in turn can be installed in a hysteroscope, laser sterilization can be
done trans vaginally . Preliminary reports of in vitro experiments
using a cw-C02 laser hysteroscopic ally (unpublished data) or
laparoscopically' and a Holmium laser on fallopian tubes of
bitches" are also available.

A cw-Nd:YAG laser appears to be one of the most appropriate
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because of a number of reasons. The absorption spectrum of the
fallopian tubes' shows that the penetration depth of the 1.06 urn
radiation of Nd:YAG laser is about a millimetre. As deep coagula-
tion is desired for tubal occlusion, a greater penetration depth
is an advantage. A low power cw-Nd:YAG laser is compact and
easily adaptable to the medical environment. The optical fibres
for percutaneous or transvaginal delivery of the Nd:YAG laser
beam are also commercially available.

I studied the gross physical effects of the 1.06 urn radiation
of cw-Nd:YAG laser on post-hysterectomy, isolated fallopian
tubes in air by direct irradiation and irradiation through a cold
contact probe. To assess suitability of laser occlusion of the
fallopian tubes, the coagulated tubes were examined micro-
scopically. The depth of coagulation was studied with respect
to the power and interaction time of the laser beam.

METHODS
The study was carried out on post-hysterectomy human uteri with
normal fallopian tubes from premenopausal women in the age
group of 30-40 years. These uteri had been removed because of
abnormalities at locations other than the ostia or the fallopian
tubes. The peritoneal surfaces of these uteri were irradiated in air
with the laser beam within 10 minutes of their extraction. The
cornua of the specimens were cut off using an incision passing
through the uterine cavity so that the ostia could be exposed.
These exposed ostia were irradiated directly with the laser beam
through an optical fibre. The cw-Nd:YAG laser (Cooper Laser
Sonics, USA model 6000) used in the present study had a variable
power output with a maximum of 100 W. The optical fibre used
to transport the laser beam was a quartz fibre 600 urn in diameter.

Laser coagulation of fallopian tubes was done by direct irrad-
iation and through a cold contact probe. In the latter case a probe
with a round sapphire tip was connected at the distal end of the
optical fibre. To avoid damage to the sapphire tip due to exces-
sive heating with the laser beam, it was cooled with a forced flow
of saline using a syringe provided with the laser system. The
diameter of the sapphire tip was about 3 mm and its transmission
for 1.06 urn radiation of the Nd:YAG laser was about 90% with-
out the saline flowing over it. The power of the laser beam
delivered at the tissue was measured using a commercially
available power metre (coherent, USA model 2000).

The output power of the laser was varied to study the depth of
tubal coagulation at different output. The interaction time of the
laser beam on tubal tissue was controlled using a programmable
mechanical shutter at the output window of the laser system. The
depth of coagulation was measured by taking a section of the laser
irradiated sample along the axial plane of the tubal lumen through
the ostia and examining it under a microscope.

RESULTS
Figure 1shows the gross effects ofthecw-Nd:YAG laser radiation
on fallopian tube tissue. Transverse sections were made through
the point where the tube enters the peritoneal surface of the uterus.
The lumen was plugged by the coagulated tissue which is in
structural integrity with the rest of the fallopian tube. The
coagulation was clean and well defined and the coagulated tissue
was coarse at the surface and harder than the native tissue. A
higher power and longer duration (Fig. lb) caused the tissue to be
partially vaporized leaving behind a small crater and a carbonized
surface; a situation that needs to be avoided.

To study the effect of a cold contact probe, the sapphire probe
was applied with and without (Fig. 2a) a little pressure. In the
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FIG1. (a) Cross-sectional view of the coagulated surface of
fallopian tube irradiated directly with the cw-Nd:YAG laser
beam through the optical fibre. The laser power was 6.5 W,
spot diameter 3 mm and interaction time 50 seconds.
(b) Cross-sectional view of carbonized fallopian tube surface.
The laser power was 8 W, spot diameter 3 mm anft interaction
time 60 seconds.

FIG2. (a) Cross-sectional view of the coagulated surface of
fallopian tube using the cw-Nd:YAG laser radiation transmitted
through a sapphire cold contact probe. (b) shows the same when
a little pressure was applied on the tissue through the sapphire
probe. In both cases the laser power was 10 W, interaction time
25 seconds and spot diameter of about 4 mm.

former case the tip of the probe almost sank into the fallopian tube
resulting in a permanent depression in the coagulated tissue (Fig.
2b). The lumen ofthe tube was found to be rigidly plugged in these
cases also.

The surface morphology and artifacts in the laser coagulated
fallopian tube tissue are shown in Fig. 3. The coagulated tissue
was found to be slightly oedematous and necrotic. This was con-
firmed on histology. The surface roughness was 25-50 11m(Fig.
3b). During laser irradiation of the tubal tissue a few tiny bursts
were noticed. These could be due to excessive local heating or
compositional non-uniformities ofthe irradiated tissue. Such tiny
bursts resulted in the formation of blind micro-holes (Fig. 3c).
The average dimension of such a micro-hole was about 50 11m
with an average density of <1 in the entire coagulated area 3 mm
in diameter. They did not form a continuous channel in the
plugged lumen and would not allow the passage of sperms.

Figure 4 shows the depth of coagulation in the tubal lumen
related to the interaction time of the laser beam at different
powers. In this figure, each point presents the average of three
readings taken at the same power and interaction time. The upper
limit of the interaction time was decided by the onset of charring
and carbonization of the tissue. The product of the longest
interaction time in all the three straight lines at which charring
began and the corresponding power of the laser beam was nearly
constant (approximately 320 J). This implies that the energy
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FIG3. Photomicrographs showing surface morphology of
fallopian tube following interaction with the cw-Nd:YAG laser.
(a) shows interface of the coagulated tissue (left side) and the
normal tissue (right side). The laser power was 6.5 W, spot
diameter 3 mm and interaction time 50 seconds. (b) shows
coarseness of the laser coagulated tissue surface under the same
irradiation conditions as in (a). (c) shows a micro-hole formed
due to bursting of a few cells overheated during laser
irradiation. (d) shows micro-structure of the carbonized tissue
surface formed at a power of 8 W, spot diameter of 3 mm and
interaction time of 60 seconds.
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FIG4. Relation of depth of coagulation in the fallopian tube
lumen with interaction time at different power levels of the cw-
Nd:YAG laser in a constant spot diameter. The lines corres-
ponding to a power of 6.5 Wand 8 W were obtained when the
optical fibre was used without the sapphire contact probe. The
line at 10W was obtained with the contact probe.
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required for the onset of charring and carbonization is practically
independent of the interaction time and power of the laser beam,
used. Taking the laser spot diameter to be approximately 3 mm,
the threshold fIuence (energy per unit area) for carbonization and
charring is about 5 kl/cm'. The greatest depth of coagulation
without carbonization was about 3 mm (Fig. 4). This coagulation
depth was obtained at a power level of about 6.5 W and an
interaction time of 50 seconds.

The depth of coagulation obtained with the cold sapphire
contact probe at 10 W at different interaction times is less than or
similar to that of 8 W without the contact probe. This appears to
be due to the loss of laser power in the sapphire tip and the saline
used to cool it. The depth of coagulation was not studied below a
power level of 6W because the time required to obtain a reasonable
depth of coagulation would be unacceptably long. At power
levels above 10 W charring begins after about 30 seconds of
irradiation and the depth of coagulation is less than 3 mm.

DISCUSSION
Thesein vitro experiments show that the fallopian tube ostium can
be plugged using a cw-Nd:YAG laser. The coagulation obtained
in this manner is clean, controlled and predictable. Histology of
the laser coagulated tissue showed the formation of a few blind
holes about 50 um in size. However, these were isolated and did
not form acontinuous channel in the coagulated tissue. Carboniza-
tion and charring of the tissue commences when the fIuence of the
laser beam exceeds about 5 kl/cm', The depth of coagulation
increases with the power and interaction time of the laser beam.
The maximum depth of coagulation without the onset of
carbonization was about 3 mm. Longer depths of coagulation can
be obtained by inserting the optical fibre into the fallopian tubes.
The useof a contact probe was assessed as it can be kept in contact
with the tissue. This prevents vibrations and facilitates placing the
tip firmly at the required location.

These experimental studies indicate that it is possible for
atraumatic transvaginal laser sterilization to be done. However, a
few important aspects remain to be determined. The first relates
to the optimum length of coagulation in the fallopian tubes-so that
the occlusion is permanent. Preliminary studies on rabbits indicate

that a length of a few millimetres should be sufficient for this
purpose (personal communication, S. K. Guha, Department of
Biomedical Engineering, All India Institute of Medical Sciences,
New Delhi), a more precise figure needs to be ascertained in
humans. This is especially so because uterine cells have a high
replacement rate. Another important aspect is that of recanalization
of the laser occluded tubes. A cw-C02 laser at low power (about
4-5 W) can be used to recanalize the coagulated tubal lumen.s
However, it is not known whether the surface morphology of the
laser recanalized fallopian tubes is suitable for fertility. The other
aspect that needs to be investigated is the possible diminution of
the effect of laser induced heating in vivo. The heat diffused into
the tubal tissue would be absorbed to some extent by circulating
blood and by the surrounding mass of the hydrated tissue of the
organs in intimate contact with the fallopian tubes. Although
thermal diffusion of these tissues is small, it is likely to affect the
laser parameters required in vivo. More accurate laser parameters
could be generated by animal experiments. These aspects need to
be thoroughly understood before a clinically viable modality can
be evolved.
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Obituaries
Many doctors in India practise medicine in difficult areas under trying
circumstances and resist the attraction of better prospects in western coun-
tries and in the Middle East. They die without their contributions to our
country being acknowledged.

The National Medical Journal of India wishes to recognize the efforts of
these doctors. We invite short accounts of the life and work of a recently
deceased colleague by a friend, student or relative. The account in about
500 to 1000 words should describe his or her education and training and
highlight the achievements as well as disappointments. A photograph
should accompany the obituary.

-Editor


