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Abstract 
Purpose: Medical plasma application has been used in different fields recently. In this study, we assess the outcome of using plasma-assisted 

noninvasive surgery (PANIS) with amniotic membrane transplantation (AMT) in pterygium surgical treatment. Methods: This clinical case 

series was conducted in 4 patients with primary grades 1, 2, and 3 pterygium (Table 1). After exclusion and inclusion criteria considerations, 

patients underwent different examinations. Various measurements were obtained such as uncorrected visual acuity (UCVA), refractive error 

(RE), the best-corrected visual acuity (BCVA), and ocular surface disease index (OSDI). The surgical procedure was pterygium removal from 

the cornea and then AMT attached to the conjunctival borders with plasma spots using a white handpiece of Plexr device (Plexr, GMV s.r.l 

Grottaferrata, Italy) instead (Table 2). After postoperative follow-ups within the first week of the surgery and in 1 month and 6 months later the 

results were obtained. Results: All patients have been fully recovered after the surgery without any complications. In all 4 cases, UCVA, 

BCVA, and RE parameters have improved during 6 months after the surgical procedure. Every patients’ OSDI decreased after the surgery. 

Recurrence has not been seen in any cases during 6 months follow-up. Conclusion: Pterygium removal surgery using the PANIS technique with 

AMT is safe, effective, fast, and cost-benefit. 
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Introduction 

Pterygium is a common superficial ocular disorder that mostly 

forms over the perilimbal conjunctiva and continues onto the 

corneal surface. Its prevalence differs from 1% to more than 30% 

with various geographical locations. China has the highest 

prevalence of pterygium about 53% and Saudi Arabia has the 

lowest about 0.07%. There are different risk factors responsible for 

pterygium; male gender, older age, living in rural areas, having 

outdoor jobs, and sun exposure. Most patients’ complaints are 

swelling, redness, itching, irritation, and blurring of vision. Corneal 

astigmatism and Ocular surface squamous neoplasia are possible 

complications in some serious cases [1-4].  

Surgical treatment is essential due to the lesion expansion 

toward the optical area and altered visual acuity. Different surgical 

methods have been used with various recurrence rates; bare sclera, 

conjunctival or conjunctiva-limbal autografting, and using 

amniotic membrane transplantation (AMT) for the surgical site 

after pterygium excision. In contrast to conjunctival autografting, 

AMT utilization with sutured or glued over the bare scleral site 

helps to reduce postoperative pain and normal limbal stem cells 

proliferation, although, the recurrence rate is higher in this method 

according to a meta-analysis in 2016. In some cases, adjuvant 

therapies such as fluorouracil (FU), mitomycin C (MMC), beta-

irradiation, or vascular endothelial growth factor (VEGF) were 

used to reduce recurrence rate [1,5-7]. Post-operative recurrence is 

the utmost concern following pterygium surgical management. 

Pterygium length, width, relative area, and also the scale of 

vascularity have been described to be the most relative risk factors 

responsible for post-operative recurrence, while sex and age had no 

significant influences [8-10]. 
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Recently, the medical application of plasma has emerged 

and plasma medicine has been known as an appealing research 

topic lately. Plasma is defined as the fourth state of matter which is 

the most placeable known matter in the whole universe [11]. Low-

temperature plasma (LTP) reactivates oxygen and nitrogen forms 

and is used as a direct treatment of living cells and tissues. The 

cancer field, dermatology, dentistry, wound healing and 

ophthalmology are various areas in which LTP has entered [12-14]. 

In ocular surface disorders, plasma-assisted noninvasive surgery 

(PANIS) has been used for Conjunctival cyst and 

conjunctivochalasis treatment so far. According to the results of 

these studies, the PANIS method is effective, safe, rapid, and 

affordable with a short recovery time [16,17]. 

In the current study, we use the PANIS method with 

amniotic membrane transplantation (AMT) for pterygium excision 

in four patients.  

Materials and Methods 

Between August 2019 and October 2021, pterygium removal 

surgery with AMT, PANIS method was performed at Vision 

Health Research Center in Tehran, Iran on 4 eyes (2 left and 2 right 

eyes) of 4 patients (three males and one female) who had primary 

grade 1, 2 and 3 pterygium (Table 1). The patient’s mean age was 

44.5 years old. Permission from the Semnan University Ethics 

Committee for Clinical Studies and written informed consent from 

all patients were obtained before the study 

[IRCT20181229042160N2] and we adhere to the Declaration of 

Helsinki in our study. None of the patients had any underlying 

systemic diseases and those with recurrent pterygium were 

excluded. Later, different measurements were conducted such as 

refractive error (RE), uncorrected visual acuity (UCVA), the best-

corrected visual acuity (BCVA), and ocular surface disease index 

(OSDI). All the parameters were performed as a follow-up 

examination in one week, one month, and six months after the 

surgery. 

The OSDI is a fast assessment in patients with dry eye for 

ocular irritations which was measured by a 12-item questionnaire, 

with a 0 to 100 range of scores. The higher the final score, the 

worse the prognosis. 

Table1: Pterygium Grading 

Pterygium 

Grading 

Extension 

Grade 1 Between limbus and a point midway between 

the limbus and pupillary margin. 

Grade 2 Head of the pterygium present between a point 

midway between the limbus and pupillary 

margin and pupillary margin. 

Grade 3 Crossing pupillary margin. 

 

Surgical procedure 

Local anesthesia was performed using three drops of 0.5% 

tetracaine (Sina Darou, Tehran, Iran) every 5 minutes. The 

pterygium border was marked about 2 mm behind the limbus in the 

operating room. At the first, the scalpel blade was entered into the 

conjunctiva), the pterygium was excised near the limbus and the 

head of the pterygium was separated from the corneal surface. 

Then the remaining attachments were shaved and removed with a 

knife and the corneal surface polished. Next, the involved Tenon 

tissue was cautiously dissected off the normal conjunctiva. After 

that, the bare sclera was coated with AMT and its borders were 

fused to the edge of the Conjunctiva with plasma spots (See the 

video). For this purpose, the white handpiece (VPP= 500 V, Power 

= 0.7 W, and Frequency = 75 kHz) (Table 2) of the Plexr device 

was used. After the surgery, a combination of antibiotic and 

corticosteroid eye ointment was applied to the patient's eye and the 

eye was closed gently with the eye pad for 24 hours. All the 

procedures were done by Dr. Farhad Nejat. 

Patients were discharged with 0.3% ciprofloxacin eye drop 

(Sina Darou, Tehran, Iran) and 0.1% betamethasone eye drop (Sina 

Darou, Tehran, Iran)  every 4 hours for 1 week. The corticosteroid 

drop was tapered within 4 weeks. 

Table 2: Technical features of Plexr device 

Parameters Values 

Working gas Air 

Power supply Docking station = 24V 

Handpieces: embedded inductive 

charger = 5V   

Handpieces:  

Max output ≤ 2W 

Max working voltage ≤ 1,3 kVPP 

Output frequency (70-80) kHz 

Handpiece types:   

White V peak to peak = 500V, Power = 0.7W, 

Frequency = 75kHz 

Green  V peak to peak = 600V, Power = 2W, 

Frequency = 75kHz 

Red  V peak to peak = 700V, Power = 2W, 

Frequency = 75kHz 

Maximum absorbed 

power (Docking 

station) 

120W 

Applicator electrode  Stainless steel sterile disposable needle 

Risk classification of 

the device 

IIb (Medium-high risk) 

 

Abbreviations: V= Volt, W= Watt, k=kilo, VPP= Peak-to-peak 

voltage, Hz= hertz. 

Results 

The patient’s demographic data are summarized in Table 3. Post-

operative complaints such as mild pain, mild tear, mild foreign 

body sensation, and mild irritation were observed during the first 

week after the procedure. Besides the usual complaints, all patients 

were fully recovered within months without any noticeable 

complications. The pre and post-operative slit-lamp images are 

shown in Figure 1. 
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 Case 1 (A)  Case 1 (B) 

 Case 2 (C)  Case 2 (D) 

 Case 3 (E)  Case 3 (F)  

 Case 4 (G)  Case 4 (H) 

Figure 1: Patients pre and post-operative slit-lamp images 

(A): Case 1 pre-surgery (Grade 3), (B): Case 1 post-surgery, (C): Case 2 pre-surgery (Grade 3), (D): Case 2 post-surgery, (E): Case 3 

pre-surgery (Grade 2), (F): Case 3 post-surgery, (G): Case 4 pre-surgery (Grade 1), (H): Case 4 post-surgery 

Both visual acuity measures (UCVA and BCVA) have improved 

after the surgery and also in the next follow-ups visits. The mean 

UCVA before surgery was 0.35, while it was 0.675 within the first 

week of the surgery and 0.775 in 6 months follow-up. The mean 

BCVA before surgery was 0.55, while it was 0.85 within the first 

week of the surgery and 0.9 in 6 months follow-up (Table 4). As 

expected, RE was decreased after the procedure (Table 4). 

According to the 12-item questionnaire for the ocular 

irritation scale, it has shown that the surgery was a success and 

OSDI has decreased dramatically. The mean OSDI before surgery 

was 65.55 but after surgery, it was 29.175 and 15.8 within the first 

week from the surgery and in 6 months follow-up (Table 4). In the 

current study, after 6 months of follow-up, no recurrence has been 

seen. 
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Table 3: Patients Data 

Case No. Gender Age Affected Eye Pterygium Grade 

1 Male 39 Left 3 

2 Male 43 Right 3 

3 Male 38 Right 2 

4 Female 58 Left 1 

 

Table 4: Patients ocular Parameters before and after the surgery 

Case 1 UCVA RE (Sphere) RE (Cylinder) RE (Axis) BCVA OSDI 

Pre 0.7 -1 -2.25 170 0.7 44.7 

One week  0.8 -0.25 -0.75 160 1 34 

One month  0.8 -0.25 -0.5 160 1 28 

Six months  0.8 -0.25 -0.5 160 1 22 

Case 2       

Pre 0.1 -4 -3.75 180 0.3 67.5 

One week  0.7 -1 -1 180 1 16 

One month 0.8 -0.5 -0.75 175 1 12.5 

Six month  0.8 -0.5 -0.75 175 1 12 

Case 3       

Pre 0.4 -1.75 -2.75 165 0.8 66 

One week  0.8 -0.25 -1.25 180 0.9 23 

One month 0.8 -0.25 -0.75 180 0.9 12 

Six months  0.9 -0.25 -0.75 180 0.9 11.5 

Case 4       

Pre 0.2 -3 -3 180 0.4 84 

One week  0.4 -2 -1.5 140 0.5 43.7 

One month 0.4 -2 -1.25 140 0.6 22 

Six months  0.6 -1 -1.5 160 0.7 17.7 

Abbreviations: UCVA= Uncorrected Visual Acuity, RE= Refractive Error, BCVA= Best Corrected Visual Acuity, OSDI= Ocular Surface 

Disease Index 

Discussion 

Pterygium is an ancient ocular disorder worldwide with a wide 

range of prevalence. Different surgical methods have been used to 

excise the damaged area. The major concern in all available 

surgical methods is the high rate of recurrence [18,19]. Treatment 

options like primary or bare scleral closure, conjunctival or limbal-

conjunctival sliding flap transplantation, AMT, intraoperative 

mitomycin C, and postoperative mitomycin C are the available 

methods with different recurrence rates. Among these methods, the 

highest recurrence rate has been seen in bare scleral closure. 

Conjunctival or limbal-conjunctival autograft transplantation 

(CAT) was preferred to the AMT method due to the less recurrence 

rate [20-22]. 

In Cem Küçükerdönmez et al. study recurrence rate was 

compared between CAT and AMT methods. After pterygium 

dissection with a surgical blade and excision for 4mm from the 

limbus with a scissor, the fibrovascular tissue was removed from 

the conjunctival edge for 2mm. Later, a 100 mL balanced salt 

solution was used to wash the eye surface, and then the patient 

received either CAT or AMT with sutures. In this study, after 

further evaluation, there were no significant differences in 

recurrence rate between the two groups (7.5% vs 7.9%). However, 

cosmetic appearance was significantly better in those who 

underwent CAT surgery [23]. 

Based on a meta-analysis in 2016 on 20 studies with both 

primary and recurrent pterygium, CAT recurrence after 6 months 

was from 0% to 16.7% while it was from 4.76% to 26.9% in AMT 

(with glued or sutured) method. However, the recurrence rate after 

3 months in both groups did not have a significant difference. In 

this analysis, there was no significant difference between the 

recurrence rates when the studies were performed in primary 

pterygium [7]. 

In Cem Küçükerdönmez and his colleague’s study, 70 eyes 

underwent pterygium excision followed by AMT. Thirty-two eyes 

were in the fibrin glue group and 38 were in vicryl sutures. Post-

operative complaints were fewer in the fibrin glue group than 

vicryl sutures. Corneal recurrence was seen in 9.4% of the first 

group and 10.5% of the second group. Conjunctival recurrence was 

seen in 21.9% of the first and 23.7% of the second group. In 

pterygium removal surgery, using AMT is an alternative method to 

the limbal autograft, but due to the recurrences in both glued and 

sutured groups, neither of them represent the best results [24]. 

In the study of Sailaja Bondalapati and Balamurali Ambati 

on sutureless pterygium excision, 9 eyes underwent minimally 

invasive surgery with AMT and ReSure as a tissue hydrogel 

sealant. After 41 weeks of follow-up, there was no complication or 

recurrence reported [25]. 

In our previous study of pterygium removal surgery with 

the PANIS method on 6 patients, we used plasma spots to attach 

the free edges of conjunctiva after pterygium removal. In previous 

study glue or suture string were not used but recurrence was seen 

in 2 cases. Our current study indicates that pterygium removal 

surgery with AMT and PANIS method can decrease the rate of 

postoperative recurrence as we did not see any recurrence in the six 

months of follow-up, and also due to the absence of suture strings 

and glues, surgical finances can be lowered. However, due to the 

small number of patients participating in this surgical procedure for 

ethical reasons, it is recommended to conduct studies in this field 

with a higher number of samples and also a longer follow-up time 

to achieve more definitive results. 
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Conclusion 

According to the current study, the PANIS method with AMT can 

be a promising technique for pterygium removal surgery. This 

method is fast, effective, safe, and consumes fewer finances. 
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