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Occlusion of human fallopian tubes using a
carbon dioxide laser-in vitro investigations
L. M. KUKREJA

ABSTRACT
The fallopian tube ostium can be occluded by laser coagulation.
The penetration depth of an Nd:YAG laser of wavelength
1.06 f1m is about three times more than that of a CO2 laser of
wavelength 10.6 f1m in the fallopian tube tissue but for deep

. coagul.ation, diffusion of the heat through the tissue plays a

. more Important role. Using a cw-C02Iaser, a coagulation
depth of more than 1 mm is achieved in the interstitial fallopian
tube near the uterine-oviduct junction at the laser power of
1 Wand interaction time of 20 sec. Thermal analysis of the
fallopian tube tissue revealed that the maximum temperature
attained during coagulation was 105°C. The coagulated
tissue was free from microholes. This in vitro experimental
investigation indicates that it may be possible to perform
female sterilization quickly and atraumatically using lasers
via a hysteroscope.

INTRODUCTION
Female sterilization is the commonest method of birth
control used in India. An ideal method of sterilization
should be atraumatic, easy to perform, reliable, quick,
inexpensive, reversible when required and free from
adverse side-effects. Current methods of abdominal
tubectomy and laparoscopic sterilization are traumatic
surgical procedures. Tubal obstruction by placing chemicals
such as silicon, quinacrine hydrochloride or methyl
cyanoacrylate in the fallopian tube ostium via a hystero-
scope are not reliable with success rates of about 80%
to 85% at best. Adverse effects may also result from
continuous contact at the tissue-polymer interface.

Lasers are well known as clean sources of penetrating
optical radiation for deep heating of the tissues without
requiring any mechanical contact and so are inherently
aseptic. They can be easily transported through highly
flexible fine optical fibres or waveguides. Tadir has used a
carbon dioxide laser through a laparoscope to occlude the
fallopian tubes by external cauterization. 1.2 Lachman et al.
have recently demonstrated the application of a Holmium
laser for occlusion of a bitch's fallopian tubes by tissue
welding at the peritoneal serosa.t We used a laser beam
thr?ugh a hysteroscope to occlude the fallopian tube :
ostium at the cornu by causing coagulation necrosis of the
tissue. In this approach the laser beam was transported
through an optical fibre or a narrow flexible articulated
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waveguide.i> Coaxial irradiation at the cornu of the
interstitial fallopian tube resulted in its occlusion.

Investigations were done on laser occulsion on uteruses
removed at operation with intact comus and interstitial
fallopian tubes to assess the optimum laser parameters for
the proposed hysteroscopic laser female sterilization
(LFS). To evaluate the suitability of a laser for tubal
occlusion we studied transmission spectra of the fallopian
tube tissue in the infrared region (wavelength range
2.5 f1m to 50 f1m) and also at 1.06 f1m. The effect of laser
occlusion was investigated at gross and microscopic
levels. A study was then carried out to determine the
relationship between occlusion depth and laser power and
its interaction time.

EXPERIMENTAL PROCEDURE
To obtain legitimate transmission spectra it is necessary
for the membrane thickness to be about 2 to 3 times less
than the penetration depth of the most strongly absorbed
wavelength in the spectral range of interest. We therefore
made 16,...m thick membranes consisting mainly of mucosa
and lamina propria from the axial region. In a much
thicker sample of the tissue almost all the wavelengths are
totally absorbed, eliminating the spectral discrimination
of the transmitted light intensity. The tissue membranes
were made using a freezing microtome (model CTD of
International Harris Cryostat, USA) at an operating
temperature of -15°C. These were transported in normal
saline for mounting on the sample holder of the spectro-
photometer. The mounting of these thin tissue membranes
posed serious problems but these were partly overcome
by keeping them under saline. In spite of this the membrane
occasionally ruptured or became folded (Figs. 1a,b). To
a.ccount f~r. these sample defects in calculating the absorp-
non coefficient of the tissue at a particular wavelength, we
meas~red the area of these defects in a particular sample
and eIt~er added or subtracted the transmitted intensity
proportionately depending on whether the defect was a
fold or a hole in the membrane. The transmission spectra
were obtained in an infrared spectrophotometer (model
783 of Pe~kin-Elmer, USA) and are shown in Fig. 1.

To achieve deeper coagulation necrosis it is necessary
to choose wavelengths at which the transmission is maximal
in the tissue. Figure 1 reveals that there are a number of
wavelengths at which transmission through the 16,...,mthick
fallopian tube tissue is as high as 99%. However, this
transmission is through the tissue without any free water.
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FIG 1. Transmission spectrum of the fallopian tube tissue. Transmission through a layer
of water of the same thickness (Twater)and net transmission through the tissue with 45%
of free water (Tnet) are given at the wavelengths of high transmission. Insets (a) and
(b) show rupture and folding in the tissue membrane in transmission when mounted on
the sample holder of a spectrophotometer.

In actual practice there will be free water present (estimated
in the fallopian tube tissue to be about 40% to 50% by
weight) which will modify the transmission spectrum. The
transmission through a 16 fIomthick layer of water at some
of the relevant wavelengths? are also shown in Fig. 1.
From the known transmission through the tissue alone
and water (say tl and t2 respectively) and their fractional
weights (say XI and X2respectively) the net transmission
(t) can be roughly calculated from

t = x.t, + X2t2

The calculated net transrrussion at the chosen wave-
lengths is also shown in Fig. 1. The transmission at 1.06 fIom,
the wavelength of Nd:YAG laser, through a 16 fIomlayer
of water? is about 99.99% and that of fallopian tube tissue
about 75%. Thus the net transmission through the fallopian
tube in vivo should be about 86% when an average value
of 45% for the fraction of free water is considered.

For deep coagulation, a laser with a high value of net
transmission at its wavelength of emission (I) will be
preferred. Therefore, one would like to consider an HBr
laser (1-4.3 fl-m), a CO laser (1-5-6 JIom), a CO2 laser

(1-10.6 /Am) or an Nd:YAG laser (I-1.06/Lm). Among
these, HBr and CO lasers are not convenient to handle
and therefore the choice is between CO2 and Nd:YAG
lasers, which are commonly used in medical practice.

In India, it is easy to make a cw-C02 laser, which is
much cheaper than an Nd: YAG laser and is compact at the
required power levels (5 W maximum), and AgCl + AgBr
optical fibres are commercially available for transmission.f
It is also possible to use hollow quartz waveguide arti-
culated arms'> to transport the CO2 laser beam.

The penetration depth (inverse of the net absorption
coefficient Il.of the tissue, which in turn is related to the
net fractional transmission t as t = exp( -Il.r) , r being the
distance in the tissue at which the transmitted intensity is
t times the input intensity) for 10.6 IJ.m radiation of the
CO2 laser is calculated to be about 33 /Lm while that for
the 1.06 urn radiation of the Nd:YAG laser is about 100
fIom.In living conditions the depth of coagulation should
probably be about a millimetre for the occlusion to be per-
manent. Consequently, the diffusion of heat through the
tissue will playa more important role than the penetration
depth in achieving deep coagulation in the fallopian tube.
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FIG 2. (a) Uterine-oviduct junction (cornu) as seen from inside the uterus. A metallic
fibre inserted into the fallopian tube from the ampullary end is seen emerging from the
ostium which is irradiated with a coaxially aligned laser beam. (b) Laser coagulation
occludes the fallopian tube and therefore the metallic fibre cannot come out of the
ostium. The muscle is seen pushed towards the uterine end due to the force applied
by the fibre. Superficial carbonization can be noticed at the site of laser heating on the
tissue. (c) Longitudinal sectional view of the interstitial fallopian tube coagulated with
the CO2 laser radiation. (d) Microstructure of the laser coagulated fallopian tube tissue
in longitudinal section.

Our "initialexperimental investigations were carried out
using a cw-C02 laser fabricated in our laboratory. This
laser can deliver finely adjustable power from 500 mW to
70 W. The interaction time of the laser beam on the tissue
was controlled by using a mechanical shutter. The laser
beam was focused coaxially onto the fallopian tube ostium
at the cornu of an isolated uterus (removed at operation),
in air using a ZnSe lens with a focal length of 10 em. The
spot diameter of the laser beam on the tissue was about

. 3 mm. A small suction hood and pump were used to remove
any fumes or vapour produced. The coagulated tissue was
examined under an optical microscope after dissecting the
interstitial fallopian tube along its axis.

RESULTS AND DISCUSSION
Gross and microscopic investigations are shown in Fig. 2.
Figure 2a shows the fallopian tube ostium at the cornu. To
make it clearly visible we inserted a fine metallic fibre of
500 IJ.mdiameter into the fallopian tube from its ampullary

end and the exit tip of the fibre can be seen in Fig, 2a.
When the laser beam was irradiated coaxially to the fallo-
pian tube at the cornu, the intima was 'welded' and the
lumen was plugged with coagulated tissue. After such a
procedure, attempted removal of the metallic fibre was
difficult and resulted in stretching of the muscle in the
direction of force. This is shown in Fig. 2b. Figure 2c
shows a longitudinal sectional view of the laser coagulated
region which is almost semicircular. The effect of heating
is maximal at the surface of laser irradiation (upper end of
the photograph). A detailed examination of the coagulated
tissue (plated) reveals no passage which could allow the
passage of an ovum or a sperm.

The depth of coagulation in the tissue depends on the
power and interaction time of the laser beam. This is
shown in Fig. 3 along with the standard deviation at each
point obtained from three different samples of fallopian
tube. It can be clearly seen in this figure that at a particular
power, the depth of coagulation increases with the inter-
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FIG 4. Heat flow characteristics showing phase
transitions in the fallopian tube tissue on
increasing its temperature.

FIG 3. Dependence of the depth of
coagulation in the fallopian tube on the
power (P, or the maximum intensity Imax)
and interaction time of the CO2 laser
radiation. Standard deviation(s) is
calculated from the data taken on three
samples.
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action time. This is mainly because more heat diffuses into
the tissue." In Fig. 3, the slopes of the curves increase
beyond a particular interaction time (lO see for 1W, 5 see
for 2 Wand 2 see for 3 W). This is because of the onset of
loosely bound superficial carbonization at the surface of
the laser heated .tissue (seen in Fig. 2b) for these inter-
action times at different powers, which results in an
increase in the absorption of the laser energy and there-
fore in the depth of coagulation. The upper limit of the
coagulation depth at a particular power was set by that
interaction time at which the carbonized tissue started
charring. In the case of a laser power of 4 W as shown by
the broken curve in Fig. 3, the depth of coagulation
started decreasing beyond an interaction time of 3 see
because of the vaporization of the coagulated tissue. It
can be noticed from this broken curve that the onset of
vaporization took place when the input energy (a product
ofthe power and interaction time) was 12 J (and fluence,
about 1 kl/cm-) while for 1 W of laser power even up to
the maximum used energy of 20 J (or fluence-I. 7kJ/cm2)
vaporization of the coagulated tissue was not observed.
This means that the threshold fluence for vaporization is
higher at a lower power. This is very important because
for deep coagulation one has to keep the laser fluence
below this threshold. 10 It is thus obvious from this figure
that for coagulative occlusion of the fallopian tubes, a
lower power (1 W) and a longer interaction time (20 see
and above) will be appropriate. The maximum depth of
coagulation obtained under these conditions is more than
1 mm (Fig. 3).

For clinical use it is important to determine the highest
temperature which the tissue will attain during laser heat-
ing. As this temperature will depend on the thermal
properties of the tissue and its phase transitions, we
studied its heat flow characteristics with reference to air
as a standard in a differential scanning calorimeter (model
AT 3000, Mettler Systems, FRG). These characteristics
of the fallopian tube tissue are shown in Fig. 4. Thus heat
flowing into the tissue beyond 40°Cisused in its dehydration
and the tissue slowly makes a transition to coagulation at
about 80°C where the slope of the curve suddenly
increases and maintains a constant value up to about lO5°C.
At this temperature coagulation is complete. The appear-
ance of a peak at about 120°C represents vaporization of
the bound tissue water. Beyond this temperature charring
and volatile decomposition of the tissue occur and this
continues up to about 150°C. Thus, for the coagulation of
the fallopian tube tissue the maximum temperature
attained will be about lO5°C and for charring and volatile
decomposition, about 150°C. At these temperatures the
patient may feel a localized burning sensation and
perhaps intermittent irrigation during the laser irradiation
may alleviate this symptom and may also help dislodge the
carbonized layer on the coagulated tissue.

CONCLUSIONS
In this experimental study we have shown that the lumen
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of the fallopian tube ostium can be plugged by coagulative
welding of its intima and the tubal tissue around it using
low power cw-C02 laser radiation. For deeper coagulative
occlusion one should use a lower power (1 W or less) and
longer interaction time (20 see or longer). If occlusion of
more than a millimetre is required the laser applicator
should be introduced into the fallopian tube and slowly
pulled out while coagulating the tissue immediately
adjacent to it. Although a shallow layer of carbonization
is formed after a long interaction (more than lO to 15 see
at 1 W) of the laser beam this layer is very loosely bound,
and can easily be dislodged. The maximum temperature
attained by the tissue during coagulation will be about
lO5°C, so irrigation with a suitably chilled liquid may
prove helpful. As the thermal effects of the laser are
confined to a few millimetres and as the laser beam can be
administered via a hysteroscope, this technique might be
performed with very little trauma and without anaesthesia.
However, before clinical use, it will be important to
investigate the long term effects of the laser coagulative
occlusion.
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