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 Abstract: Non-thermal plasma is considered one of the modern health tools that 
have been used in the medical field, especially in biological and clinical 
applications. Non-thermal plasma torch was designed and generated for medical 
use. Fifty Iraqi patients of different ages (25-50 years) and both sexes admitted to 
Ramadi Teaching Hospital, with a family history of blood clotting diseases were 
included in this study. Patients suffering from blood disorders (hemophilia) were 
excluded, as were those taking warfarin, those who underwent open heart 
surgery, and those with other clotting factors. Plasma torch was used, its effect 
on the coagulation time and the bleeding time for patients, the change that occurs 
using non-thermal plasma was observed. Two tests were performed on patients 
(Coagulation Time, CT and Bleeding Time, BT). The results showed that the 
plasma torch has a significant effect on clotting time and bleeding time; a 
decrease of (30-60%) according to the applied voltage and gap distance (the 
distance between the electrodes). The effect of plasma torch treatment was larger when the gap distance decreased from 2 mm to 1 
mm. These results emphasize the therapeutic role of plasma in reducing clotting time and bleeding time at high applied voltages, thus 
accelerating wound healing in patients.  
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Introduction 

Plasma is one of the states that are widespread in the 

universe, such as stars and the sun. It is considered one of the 

most common states of matter [1]. Since the 19th century and 

earlier, plasma has been used for medicinal reasons;  

I. Langmuir first coined the term "plasma" in 1928. As a 

result, laboratory-produced low-temperature plasma functioned 

under low pressure during the 20th century [1,2]. 

Plasma has been used in industrial, laboratory and medical 

fields because it is a gas consisting of electrons and ions in 

addition to being atoms and molecules [2,3]. 

Plasma is divided into two main types: hot plasma (thermal 

plasma), which is unbalanced and has a high temperature that 

reaches the ionization degree, and cold plasma (non thermal 

plasma), which has a low temperature and has electrons at high 

temperatures in addition to being low in ionization, which made 

it important in the medical field[4,5]. 

Arc discharge and plasma torch produce hot plasma, which 

is not appropriate for use in biomedical applications. This type of 

plasma is produced at atmospheric pressure. While atmospheric 

pressure plasma is a thermal plasma that is not appropriate for 

use in biomedical applications such as the destruction of 

bacteria, the surface modification of polymers, and surface 

treatment techniques in thin films, cold plasma, which is 

produced by arc discharge and plasma torches, has been used 

in industrial and medical fields [6]. 
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Low-temperature plasmas produced at atmospheric 

pressure gained popularity in the late 1980s and were designed 

to safely interact with biological cells and tissues [4].  

When low-temperature, atmospheric-pressure plasma was 

first used to inactivate germs and reactive species in plasma and 

proved to be usefull, plasma medicine began to take shape in 

the middle of the 1990s. With the first clinical studies on cancer 

therapy and wound healing, plasma medicine, an emerging 

medical area, has achieved significant milestones [7, 8]. 

In 2008, cold plasma sources were employed in dermatology 

as well as other medical and cosmetic fields. In Europe, other 

plasma devices are now employed in a variety of medical 

applications. In 2013, medical plasma devices received the 

Medical Device Certification. Plasma medicine has grown 

significantly over the past 20 years, as evidenced by the number 

of studies carried out globally, the number of research centers, 

institutions, and labs, as well as the publication of several books 

and community medical apps [9–11]. 

The plasma torch is a non-thermal plasma source that can 

be operated with different gases such as argon gas at high 

pressure or atmospheric pressure [7]. 

Plasma can be generated in the laboratory through two 

connectors connected to a pulse power source, one of the poles 

is connected to an insulator to prevent arc formation after the 

breakdown voltage. So the plasma consists of a large number of 

micro channels or threads that are distributed randomly on the 
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insulator layer despite the high voltage applied but with a low 

current. This promotes the use of this type of plasma for medical 

application such as open injuries or living tissue without any 

damage to it [12,13]. 

Wound healing is a chemical and biological process that 

requires several complex changes for healing. In order for a 

wound to heal, it needs to reduce tissue damage during 

treatment or stop it and prevent the formation of bacteria [14]. 

Wounds may be simple or difficult, such as diabetic or venous 

ulcers. Some wounds need longer periods of healing [15,16]. 

Materials and Methods 

The plasma torch in this study included a discharge of an 

insulating barrier, operates with a high-voltage current that is 

applied to two conductors, one of which is covered with an 

insulating material to prevent arc transmission and limit the 

current. In this study, the distance between the sample and the 

plasma is changed, as well as the applied voltage through the 

electrical connection between the conductive electrode covered 

with an insulating material, thus the plasma is generated 

between the treated material or the target amid the insulator. In 

Figure (1) a simplified schematic diagram of a plasma torch 

undergoing medical treatment is shown. 

Fifty Iraqi patients of different ages (25-50 years) and both 

sexes admitted to Ramadi Teaching Hospital, with a family 

history of blood clotting diseases were included in this study. 

Patients suffering from blood disorders (hemophilia) were 

excluded, as were those taking warfarin, those who underwent 

open heart surgery, and those with other clotting factors. The 

study was conducted from September 2023 to end of February 

2024. In this study, patients who underwent open heart surgery 

were excluded, as well as those suffering from blood changes 

such as hemophilia, and those who take one of the anticoagulant 

factors such as warfarin. In addition, patients who underwent the 

study did not receive any previous chemotherapy or surgical 

treatment.   

Time of coagulation (CT): patient's finger was pricked with 

a scalpel, and a drop of blood was extracted. When there was 

blood in the capillary tube, it was closed and put into a water 

bath. At that moment (1 min.), the capillary tube was broken into 

small pieces so that the fibrin thread appeared between the two 

broken ends, the method was repeated, but by exposing it to a 

plasma torch for comparison [17]. 

Time of bleeding (BT): Blood is taken from the earlobe of 

the patient. A glass slide is placed in the ear and fixed; then the 

earlobe is pierced with a scalpel to a depth of (3 mm) and blood 

drops are taken with filter paper at regular periods (30 seconds), 

by moving the filter paper to touch each drop so that no traces of 

blood appear on the filter paper. The stopwatch is stopped and 

the time is measured. The same method is repeated, but by 

exposing the earlobe to the plasma torch [18,19]. The data were 

analyzed using the statistical Package for Social Sciences 

(SPSS). Differences in coagulation and bleeding times before 

and after plasma torch treatment were examined using Paired t-

test. The difference was declared significant at P ≤ 0.05.  

 
Figure (1): Torch plasma. 

Results and Discussion 

Plasma torch was used, its effect on the coagulation time 

and the bleeding time for patients, the change that occurs using 

non-thermal plasma was observed. 

Effect of plasma torch on clotting time: 

Non-thermal plasma (plasma torch) is generated with 

different voltages (17 and 22 kV) and gap distances (1 and 2 

mm). Figure (2) and figure (3) show that the plasma torch has an 

effect on clotting time; a decrease of (30-60%) according to the 

applied voltage and gap distance. This emphasizes the 

therapeutic role of plasma in reducing the clotting time at high 

applied voltages, thus accelerating blood clotting and wound 

healing. 

 

 

Figure (2): Clotting times prior to and during plasma torch treatments 

when the gap distance is 2mm and applied voltages are a) 17kV, b) 22kV 

The effect of plasma torch treatment on the coagulation time 

was larger when the distance between electrodes decreased. At 

2 mm gap distance, clotting time decreased from 3 to 2 minutes 

(P>0.05) at 17 kV and decreased from 3 to 2.5 minutes (P>0.05) 

at 22 kV (Figure 2). At 1mm distance, it decreased from 3.7 to 

1.4 minutes (P<0.05) at 17 kV and from 3.5 to 1.35 minutes 

(P<0.05) at 22 kV (Figure 3).  
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Figure (3): Clotting times prior to and during Plasma Torch treatments 

when the gap distance is 1mm and applied voltages are a) 17kV, b) 22kV. 

The shrinking distance is significant in creation of Cold 

Plasma, the plasma torch properties depend on the applied 

voltage in addition to the distance between the electrodes, thus 

decreasing the coagulation time and accelerating the blood 

coagulation process. 

Through the two figures, it is clear that the medical and 

physical effects of plasma torch depend on the voltage and gap 

distance, which leads to the biological activity of the various 

forms of produced plasma and the homogeneity of Cold Plasma. 

When comparing Figure (2) with Figure (3) at the same 

voltage and changing the distance, it appears that the 

coagulation time is different before and after treatment, and this 

shows the role of the gap distance in coagulation acceleration. 

A plasma torch is produced as the powered electrode gets 

closer, reducing the distance to less than 2 mm. If the distance 

grows, thin plasma will be produced, which will lower the 

concentration of ions and prevent wounds from healing, slowing 

blood coagulation [20, 21].   

Effect of plasma torch on bleeding time: 

The bleeding time represents the constriction of the blood 

vessels and the formation of a plug from the blood plate. When 

changing the gap distance and applied voltage, the changes 

appear as shown in Figure (4). 

 

 
Figure (4): Bleeding Time before & after Plasma Torch treatments when 

applied voltages (17kV), the gap distance is a) 2mm b) 1 mm. 

At voltage time 17 Kv, plasma torch reduced bleeding time 

approximately 50% (Figure 4). The mean bleeding time 

decreased from 4.2 to 2.4 minutes at 2mm gap distance (P>0.05) 

and decreased from 4 to 2 minutes (P<0.05) at 1 mm gap 

distance (Figure 4). 

Figure 5 shows bleeding time for applied voltage of 22 kV 

and gap distances of 2 and 1 mm. The figure shows the same 

previous behavior with larger effect at lower gap distance; the 

bleeding time decreases more when using 1 mm gap distance 

compared to 2 mm.  Average bleeding time after plasma torch 

treatment decreased from 3.5 to 2.4 minutes (P>0.05) at 2 mm 

gap distance and decreased from 3.6 to 1.6 minutes (P<0.05) at 

1 mm gap distance (Figure 5). 

The stimulation of the ions to the plasma torch causes 

stimulation of a number of coagulation processes when the 

applied voltage is increased and the distance between the 

electrodes is reduced, thus stopping bleeding and accelerating 

coagulation processes. 

Non-thermal plasma system is an effective method in 

medical application and stimulation of coagulation without any 

thermal effect. Therefore, plasma plays a role in its ability to 

accelerate wound healing as well as sterilizing wounds [22], this 

is consistent with Kuo, S. who discussed the mechanism of cold 

atmospheric air plasma and blood coagulation.[23].    

The activation of platelets and the formation of fibrin threads 

resulted from the ability of the plasma to activate and strengthen 

it. It can quicken the blood clotting process, and this affects 

protein concentrations in blood. The higher the ion 

concentrations in the non-thermal plasma, the higher the 

stimulation for coagulation processes [23, 24]. 

The plasma ions stimulate the complex biological and 

chemical processes that occur during blood coagulation, this 

appears in the increase in the volume of the plasma treated 

model while maintaining the surface area and the formation of a 

mass of coagulation on the surface, not the volume [25,26]. 

 

 
Figure (5): Bleeding Time before & after Plasma torch treatments when 

applied voltages (22kV) and the gap distance is a) 2mm b) 1 mm. 
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Conclusion 

The plasma torch is a tool used in medicine without any 

harm, and it has a role in coagulating the blood quickly. The 

degree of coagulation depends on the time of exposure and the 

applied voltage, in addition to the distance between the 

electrodes. 

Two tests were performed on patients (Coagulation Time, 

CT and Bleeding Time, BT). The results showed a decrease in 

clotting and bleeding times compared to the control, particularly 

at smaller gap distance, thus acceleration of wound healing 

resulting from an acceleration of the clotting time for blood 

samples and generating free radicals such as OH,O3. 
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