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Abstract

Eight patients (3 male and 5 female) were treated in this study by Endovenous Laser Ablation
(EVLA); Mathematical models are proposed to estimate the applied laser power and to assess the
recovery period. The estimations of the applied laser power and recovery period in these models will be
depended mainly on the diameter of the incompetent vein. In addition, Excel Program was utilized to
find the proposed models. A 1470 nm diode laser up to 15W continuous power (CW) was used in the
treatment of venous ulcers by EVLA procedure. Following up by duplex ultrasound was started in the
1st week after the first session until the vein is completely closed. The present study concluded that the
relationship both between the applied laser power and recovery period with diameter is directly linear.
The mathematical results obtained from the two mathematical proposals are consistent with the clinical

results.

Keywords: 1470nm Laser, Chronic venous insufficiency, Endovenous laser ablation, EVLA, Venous

ulcers.

Introduction

Using lasers has a wide and growing range of
medical applications. It can be considered as the
criterion of care in Ophthalmology, Otolaryngology
and Dermatology!. Nowadays, laser therapy has
become the common method in the treatment of
chronic venous insufficiency (CVI) 2. Chronic
venous insufficiency is one of the most common
diseases in the world affecting both men and
women. This disorder has several images and
degrees?; the last degree is the venous ulcer®. There
are several causes related to this disease including
obesity, standing for long periods, heredity and
family history, vein thrombosis and etc.> °. Venous
ulcer is an open wound that exists between ankle

and knee’. This disease generally is a result of
incompetence in the valves of the veins that carry
blood to the heart for completing the blood
circulation®, The healing of these ulcers was
considered very difficult and sometimes required
traditional  surgery. Briefly, the traditional
treatments include drugs, compression stockings,
and surgeries®, but due to the wide range of
development in the laser’s applications especially in
medical applications. Laser therapy has been used
in the treatment of chronic venous insufficiency
(CVI). Laser treatment of this disease has been
remarkably successful in treating varicose veins and
venous ulcers. There are several laser wavelengths
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were used in medical applications and the treatment
of venous ulcers such as 1470nm, 810nm, 940nm
980nm*°,

Treatment of venous ulcers by endovenous
laser ablation (EVLA) is one of the relatively recent
treatments, but it is widely spread around the world
these days'!. That is due to its actual success in
closing the incompetent veins and stopping the
blood reflux in these veins as well as the low pain
and low recurrence rate!?. EVLA can be considered
a solution without surgical intervention in the
treatment of abnormal veins caused by chronic
venous insufficiency. It can be performed either
with continuous wave mode or pulsed mode by
different wavelengths®®.

As is well known, the success of any treatment
depends on the good selection of the related
parameters whether they are for the patients or for
the used devices in the treatment. Appropriate
selection of the related parameters leads to achieve
the goals and avoid side effects. Then, the treatment
of ulcers by laser has developed widely through
medical centers and private clinics. This has led
many researchers and scholars to develop and
evaluate this treatment in order to enhance the
EVLA process. Developed two computational
models to simulate the endovenous laser ablation
process under different experimental conditions
such as power, pullback speed, and vein diameter.
The conclusion of this study indicated an interest in
adjusting the laser power according to the diameter
of the vein. Also, the diameters of the veins, applied
laser power, and pullback speed has a major role in
the success of EVLA because these parameters
determine the thermal response. *Compared the
beneficial effect of using laser in venous leg ulcer
treatment with traditional treatment. This study
demonstrated the treatment by laser was better than
other treatments through wound closure and
reduction of ulcer surface area. **Showed results of
using two laser devices of different wavelengths in
the treatment of defects in the great saphenous vein.
The treatments were done by1470 nm EVLA and
810 nm EVLA. The advantages of the 1470-nm
were economic cost and the patient surgical
comfort. ®Used the diameter of the vein to
determine the applied laser power in the treatment
of venous ulcers by hybrid method of EVLA.
Y"Concluded that the use of 1470nm diode laser is a
successful and safe method in treatment of varicose
veins in the lower limbs. This conclusion came
from treating of 287 patients over two years and

following up on their health conditions. ¥Suggested
a mathematical model for the behavior of
temperature profiles in EVLA treatment. The
related parameters such as wavelengths, pullback
speed and power were varied in this model by
numerical experiments not in the real treatments.
¥proposed a linear and non-linear mathematical
model to calculate the full cure time for venous leg
ulcers depending on thermo-graphic analysis of
ulcer was performed. The effect of the longer
wavelength of the used laser on the amount of the
generated heat in the veins was studied in®. Where,
the study concluded that the longer wavelength is
preferred to be used in thin-walled veins with low
applied laser power. 2! Developed a thermo -
physical model of EVLA. This model depended on
the controlling of the applied laser power according
to the heat of veins. In this study, the 980 nm with
an average power of 8-14 W was used.

In this paper, two mathematical equations
were extracted from the graphics which were
obtained by studying and analyzing the practical
results of the treatment by EVLA. The first equation
was used to predict the amount of laser power that
should be applied in the treatment. In this model,
adjusting the applied laser power depended on the
diameter of the vein before treatment. The second
equation was used to predict the recovery period
after treatment by depending on the diameter of the
vein as well.

Methodology

The study included eight patients 3 male and
5 female, who have venous ulcers in their lower
limbs. The cases were gathered and treated in
private clinics and Al-Sadr Medical City. After the
physical examination, patients undergo ultrasound
imaging by Versana Essential device in order to
determine the diameter of the veins, number of
incompetent valves, location and length of
incompetent veins. Then, patients were treated with
endovenous laser ablation procedure (EVLA). A
0.6mm fiber optic probe connected to a 1470-nm
diode laser (Wuhan Gigaa Optronics Technology
Co., Ltd, Model: VELAS I11-15D - China) was used
in the treatments of the eight cases. The treatments
were by continuous wave laser mode (CW) in the 5-
15 W power range. This range of power depended
on the related results which were determined by
ultrasound imaging devices. Follow-up involved
clinical examination and ultrasonography until
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complete recovery of the patient. The recovery
period varied from patient to patient depending on
diameter of the veins, length and location of

Results and Discussion

Results

Endovenous laser ablation (EVLA) can be
described as shrinking, collagen retreating,
thrombosis, and fibrosis. In addition, the ablation
depends on vein diameter, thickness of the vein
wall, distance between the skin and vein and the
pullback speed? 2%, In current work, the diameters
of the target veins were measured by ultrasound
imaging device. For the eight cases, the
examinations determined the smallest diameter of
them is 4.5mm and the largest diameter was 14 mm
for the eighth case. The mean age of the patients
was 45.125 years.

Depending on the severity of the wvein
damage, two pullback speeds were used 0.2 cm/s

incompetent veins, presence of blood reflux and
severity of the disease.

and 0.3 cm/s. In addition, in all cases, there was
one treatment session except for the eighth case,
which required a second treatment session after one
week after the first session. The severity of the
incompetent vein can be seen in the images before
treatment by ultrasound imaging device. Table. 1,
shows the details of cases and treatments. The
duration of treatment ranged from 3 to 7 minutes.
Stopping and restarting the EVLA process during
treatment depended on the patient's feeling of pain
and intolerance to that pain.

The success of the EVLA process can be
confirmed by the ultrasound examination a week
after the treatment procedure. Follow-up continued
until the vein is completely closed.

Table 1. Details of the cases and their treatments.

No. Gender and Duration of treatment Vein Diam. [mm] Power Spot Diam. [mm]
Age [mint.] [W]
1 F—45 3 4.5 5 0.6
2 M — 48 3.5 5.2 6 0.6
3 F-35 3 6.3 7 0.6
4 M —40 4 9 9 0.6
5 F-50 4.5 10 11 0.6
6 F—-43 4 12 13 0.6
7 F—45 4 13 12 0.6
8 M — 55 5and 2 14 15 0.6
Discussion Power Vs Diameter
Relationship between Power and Diameter of e
Vein 12 ¢
In the treatment of the eight cases, the applied E 12 . Y
laser power was chosen based on the experience of - -
doctor and this power was also adjusted depending ; E o
on the patient's feeling of pain. Applied laser S ¢ & Power
powers set to value 5 W for the smallest diameter 2
and 15 W for the largest diameter. Thus, Fig.1 P L 2 s 6 s e 7 5 o 1011121510 s
represents the relationship between applied laser Diameter [mm]
power and diameter of the treated vein before

treatment.

Figure 1. The relationship between power and
the diameter before treatment

According to Table 1, the behavior of laser
power with respect to the diameters for the
treatment of the cases can be seen in Fig.1. Then,
the linear model for that behavior can be deduced
from this curve by Microsoft Excel program as in
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Eg. 1. This equation represents the relationship
between the applied power and the diameter of vein
during treatment.

P = 0.965

w

D-+ 0818w ......... 1

mm

Where P is the applied laser power and D- is
the diameter of incompetent vein before treatment.
From Eq. 1, the slope of the linear models is
0.965W/mm. The positive sign of the slope means
that the power increases with diameter of vein
before treatment (D.). The intercept value in the
linear equations is 0.818 w represents the minimum
power required. From Eqg. 1, one can calculate the
values of the needed power based on the diameter
measurements. Table. 2, shows the comparisons of
the actual values of the power at the beginning of
treatment and the values according to the linear
model.

Table 2. Comparisons between the actual values
of the power at the beginning of treatment and
the values according to the linear model.

No. The actual power[w]  The value according
to linear model [w]

1 5 5.161
2 6 5.836
3 7 6.898
4 9 9.503
5 11 10.468
6 13 12.398
7 12 13.363
8 15 14.328
The comparisons show very good

approximation of the linear modeling with the
actual values. Accordingly, it is possible to use Eq.
1 to estimate the applied laser power by measuring
the diameter of the incompetent vein before the
treatment only.

Relationship between Recovery Period and
Diameter of Vein

Cases were evaluated clinically and followed
up by duplex ultrasound after the first session in the
1st week until the vein is completely closed and the
reflux of blood is disappeared. Fig.2 includes eight
curves. These curves represent the diameter of each
patient's vein during the follow-up period until
complete closure. The recovery period varied in all
cases due to several factors. Firstly, it is depended
on the ulcer area. Secondly, it is based on the
success of EVLA in complete closure for the treated
vein. Thirdly, amount of blood reflux and vein

diameter. Therefore, these factors have an important
role in the success of the ablation. From this Fig.2,
the relationship between diameter of vein and
recovery period through the follow-up period was
an inverse relationship. Therefore, the needed
recovery period has a direct correlation with the
diameter of the vein.

All Patients

16
— |
E 14 m—natient 1
£ 2RI —patient 2
PEENGS .
2 8 _— — patient 3
Q 5 e m—natient 4
E 4 “-a_\\"--:_ — natient 5
a , - \\ -,
'5 "‘--.: : patient B

0 S

o 1 2 3 4 5 & 7 8 9§ 10 patient 7

- gtient 8
Recovery Period [week] penen

Figure 2. The diameter and Recovery Period for
all patients

For each curve in the Fig.2, a linear model
can be deduced by Excel program as the equations
in Table 3. The linear models in this table show the
behavior of laser effects on the eight different
patients. From this table, the slopes of the linear
models are at range of:

—1.185 mm/week = Slope = —1.714 mm/week

It may look as an approximate constant. So, in
average the slope is= —1.486 mm/week.

The negative sign of the slope means that the
diameter is going to be reduced and the treatment is
in its way of effect. The constant slope for the group
of eight different patients may mean that the laser
effect in such treatment cases is independent of the
physical conditions of the patients, but it depends
on the vein ability to accept laser effect and is going
to be reduced by 1.486 mm per week for all the
patients. The intercept values in the linear equations
(Table. 3) depend on the patient’s condition. It is
the diameter of vein before treatment according to

the linear model.

Table 3. The model equations of the diameter
through recovery period for each case

No. D. [mm] The linear model[mm]
1 45 D =-1.450 P, +4.300
2 5.2 D =-1.290 P,+5.320
3 6.3 D =-1.185 P,+5.681
4 9.0 D =-1.333 P,+9.416
5 10 D =-1.714 B+ 9.571
6 12 D =-1.678 B +11.75
7 13 D =-1.666 P, +12.667
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8 14 D =-1.575 P, +13.491

According to what have been mentioned above,
general linear equation is proposed for the behavior
of diameter during following up as in Eq. 2:

D=-1486—-P + Do............. 2
week

Where D, P., D. are the diameter at each week,
time in weeks and the diameter before treatment
respectively. The negative sign of the slope means
that the diameter is going to be reduced and the
treatment is in its way of effect. The value diameter
D at full recovery period and success of EVLA will
be (zero) mm. Then, Eq. 2 will be as in Eq. 3.
Do

= T s 3
T 148610
week

Eqg. 3 represents the proposed linear equation
for predicting the period recovery period. Thus,
Table 4 shows the actual recovery period and the
predicted values of recovery period according to Eq.

Conclusion

For EVLA process, two mathematical models
were proposed to predict the applied laser power
and recovery period depending on the diameter of
the incompetent vein. The relationships of both of
them with diameter were directly linear. That means
for the largest diameter 14mm in this work, applied
laser power was the largest in the practical side and
in the mathematical model. On the practical side
was 15 W while it was 14.328 W in the
mathematical model. Similarly, this applied fully in
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