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Abstract 
Purpose: The present study aimed to determine whether treating symptomatic Conjunctivochalasis (CCh) patients with Atmospheric 
Low-Temperature Plasma (ALTP) can stimulate inflammatory responses or not; if yes, are they in a stable state and how long do 
they take back to the normal range? Methods: In this study, 20 patients with definite CCh -with a grade of 3 and 4 -were recruited 
(identifier: IRCT20181229042160N3). ALTP was generated and used to undertake the surgery; the digital camera examinations 
were used to follow up the clinical outcomes after surgery. Tear and serum samples were isolated from each patient at 1 week, 1 
month, and 3 months after treatment, and the concentration of candidate pro-inflammatory (i.e. IL-2, IL-6, IL-17A, IFN-γ, and 
TNF-α) and anti-inflammatory cytokines (IL-4 and IL-10) was measured using flow cytometry. Results: In all patients, grades 
3 and 4 of CCh were substantially improved to grades 1 and 2, respectively; clinically, after one month, no complications were 
reported in the eyes that were subjected to ALTP-based surgical procedure. Besides, the analyses revealed that the ALTP-based 
treatment could improve the ‘Ocular Surface Disease Index’ score. Interestingly, regarding the concentration of the candidate 
cytokines in the tear and serum samples, no differences were observed at pre- and post-surgery follow-ups. Conclusion: In sum, 
we reintroduced using the Plasma-Assisted Noninvasive Surgery method as a novel approach to treat CCh because of its accurate 
handy nature with no stimulated inflammatory responses.
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Introduction
Plasma, as the fourth state of matter, has been used in a span of 
decades for sterilization of medical equipment and sterile packaging 
in the food industry [1]; however, its potential applications in 
medical sciences have been recently boosted, especially for 

therapeutic purposes in cancer therapy [2], disinfection and blood 
coagulation [3], impaired tissue ablation [4], and ophthalmology 
[5]. According to the previous studies, atmospheric low-
temperature plasma (ALTP), produced at atmospheric pressure, 
is supposed to be safe for treating different complications [4,6], 
among which, using this technique to treat the Conjunctivochalasis 
(CCh) has been recently documented [4]. 

As a chronic conjunctival disorder, CCh is mainly manifested 
by redundant, loose, and nonedematous conjunctival folds [7]. 
It can appear anywhere on the bulbar conjunctiva, but it is most 
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commonly found overlying the inferior eyelid margin in both 
eyes’ inferior bulbar conjunctiva [8,9]. CCh causes ocular surface 
irritation and/or pain in people of all ages (reviewed in [7]), 
although it most commonly affects the elderly [10]. Even though 
the exact prevalence of this disease yet still remains blanketed in 
mystery, a pilot study conducted on the Iranian population showed 
that only 6.2% among participants aged 45–69 years manifested 
CCh and the prevalence of unilateral and bilateral CCh was 
reported 0.7% and 5.5%, respectively [11]. This disease tends to 
be manifested bilaterally, but in some cases, it can be detected in 
only one eye [12].

For asymptomatic CCh patients, containing the most portion 
of all CCh cases, no treatment is required; on the other hand, 
patients with symptomatic CCh may receive a variety of medical 
or surgical treatments. Based on the CCh grade in symptomatic 
patients, different approaches -i.e. medical and surgical therapies 
-can be undertaken [7,9,13]. The thrust of CCh medical therapy 
is to enhance tear film function and inhibit ocular surface 
inflammation, hence assuaging patients’ ocular irritation [14]; for 
example, in CCh patients, topical corticosteroids may be used to 
treat the associated ocular surface inflammation [15]. Remarkably, 
those who do not respond to medical treatment may be subjected 
to surgical interventions [16]. 

Although a variety of surgical approaches have been developed, 
surgeons more often use conjunctival cauterization or surgical 
excision with or without tissue graft [17]. Importantly, these kinds 
of methods do not result in the removal of normal conjunctival 
tissue, significant scar formation, or motility restriction [17]. 
Furthermore, in some cases, the procedures should be repeated 
to obtain the favorite outcome. Refractory CCh has long been 
treated with simple excision of the redundant conjunctiva and 
direct closure [7,18]. It is somehow difficult to assess the exact 
amount of conjunctiva that should be excised during this process. 
Moreover, the need for suture positioning extends the operating 
period and causes healing to be delayed [19]. Besides, suture-
related complications, such as postoperative pain and foreign 
body sensation, pyogenic granuloma formation, giant papillary 
conjunctivitis, and inflammation induction are additional concerns 
[7]. 

In sum, there is an urgent need for introducing an effective 
therapeutic approach with substantially decreased side-effects 
such as ulceration, extended inflammation, and surrounded tissue 
necrosis [20]. According to our previous studies, Plasma-Assisted 
Noninvasive Surgery (PANIS) which uses the atmospheric low-
temperature plasma (ALTP) can be successfully considered as 
a novel approach to eliminate the implications of the ocular 
surface tissues and CCh treatment. In that research Nejat et 
al. have proved the efficacy of plasma treatment for cch with 
comparison of examinations such as best-corrected visual acuity 

(BCVA), tear meniscus height (TMH), Corneal staining zone, 
ocular surface disease index (OSDI), intraocular pressure (IOP), 
Contrast sensitivity (CS) before and 6 months after procedure. 
However, before becoming a common-used procedure and 
evaluating the safety of this method, understanding the underlying 
molecular mechanisms influenced by ALTP-treatment and also 
its effects on inflammatory responses are of importance. In fact, 
plasma treatment has been documented to probably stimulate the 
expression profiles of pro-inflammatory cytokines [21]. Although 
in the previous study, we confirmed the safety of the ALTP used 
for conjunctival cyst ablation [20], there is a snippet of information 
about the effects of ALTP on the expression profiles of pro- and/
or anti-inflammatory cytokines in CCh patients, who were 
subjected to surgery using this technique. We take the view that 
the findings of this study aid us not only to grasp the importance 
of drug intervention to minimize the side effects (e.g. in case of 
taking antibiotics and anti-inflammatory drugs for a long-time 
after surgery) but to immunologically assess PANIS application 
in CCh patients. Additionally, this study verifies whether ALTP-
treatment is safe and handy to treat CCh. In the present study, we 
conducted an investigation into whether ALTP surgery can change 
the expression of pro-/anti-inflammatory cytokines in the patients’ 
tear and serum or not.

Methods
Patients

This research fulfilled a procedure that was accepted by the 
ethics committee of Semnan University of Medical Science, 
Semnan, Iran, and was also in accordance with the tenets of the 
Declaration of Helsinki. Informed consent was obtained from 
each participant and they also provided signed written consent to 
publish all personal and medical details included in this study. All 
of the patients’ clinical data and medical histories were gathered 
at the Vision Health Research Center, Semnan, Iran (identifier: 
IRCT20181229042160N3). This center has also collected detailed 
patient histories including disease onset, signs, progression, and 
family history. 

We enrolled CCh patients that their disease had been earlier 
confirmed by ophthalmic examinations such as best-corrected 
visual acuity (BCVA), Tear meniscus height (TMH), Corneal 
staining zone, Intraocular pressure (IOP), Contrast sensitivity 
(CS), Ocular surface disease index (OSDI) and Slit-Lamp 
Biomicroscopy (i.e. digital camera examinations) before, 1 week, 
1month and 6 months after plasma exposure in addition to the 
typical ocular symptoms containing ocular discomfort, pain, 
foreign body sensation, and episodic tearing. Patients who wear 
contact lenses were disqualified, as were those with some ocular 
background, including ocular surgery, ocular cancer, allergy, or 
autoimmune disorder, even if it was only in one eye. We also 
excluded the patients who were using a punctual plug or topical 
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ophthalmic medications. We instructed the patients who used 
artificial tears not to use them for at least 12 hours prior to the 
test. All of the patients underwent comprehensive ophthalmologic 
examination to reconfirm their disease; the CCh grading was 
carried out according to the ‘Meller And Tseng Grading System’ 
[8]. According to this grading system, CCh was categorized into 
4 grades including grade 1: patients with no persistent fold, grade 
2: A single/small fold was observed in the CCh patients, grade 3: 
patients with > two folds and no higher than the tear meniscus, and 
grade 4: patients who showed multiple folds and higher than the 
tear meniscus. Remarkably, symptomatic CCh patients with grade 
3/4 were subjected to procedure.

Experiment

The eye with CCh was selected for the test. Anesthesia was 
performed using the application of one drop of tetracaine 0.5% eye 
drops (Sina Daro, Tehran, Iran), used 3 times with 5 min intervals. 
The procedure was accomplished using the white handpiece of the 
PLEXR PLUS device (GMV Srl, Rome, Italy) by targeting ~15-40 
spots of the lower conjunctiva to remove CCh at a distance of 4 
mm from the inferior limbus (Supplementary Video 1). Every spot 
will take less than one second to apply so that, the entire procedure 
time will be short. In detail, for CCh with grade 3, two rows of 
plasma spots were placed at a distance of 4 mm of the limbus, 
while for CCh grade 4, three rows of spots were implicated. In 
fact, the number and plasma rows depended on the CCh grade 
(Figure 1). 

Figure 1: Plasma spots. Different rows of plasma spots can be applied depend on grade of conjunctivochalasis.

To eliminate the risk of conjunctivitis after ALTP-based surgery, the patients were subjected to take chlobiotic 0.5% (Sina Daro, Iran) 
using one drop every 6 hours in the first week and also betamethasone 0.1% (Sina Daro, Iran) for three weeks after surgery in tapered off 
mode. To detect any abnormality, the patients were followed up for a period of 6 months at a specified time (i.e. 1 day, 1 week, 1 month, 
3 months, and 6 months). The Plexr device was in a continuous mode and also in the lowest power level (White handpiece; Vpp = 500 V, 
Power = 0.7 W, and Frequency = 75 kHz). It was used at less than 1-sec intervals using a 22-gauge needle; all detailed information is put 
forth in Table 1. It should be noticed that the Plexr used the sublimation process -i.e. direct conversion of the solid phase to gas without 
any transitional liquid phases -so thermal damage to the surrounding tissues was unlikely.
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Characteristics Values
Gas type Air

Power supply
Docking station = 24 V 

Handpieces: embedded inductive charger = 5 V

Handpieces
Max output ≤ 2 W

Max working voltage ≤ 1.3k VPP
Output frequency (70-80) kHz

Handpiece types
White† V peak to peak = 500 V, Power = 0.7 W, Frequency = 75 kHz
Green V peak to peak = 600 V, Power = 1 W, Frequency = 75 kHz
Red V peak to peak = 700 V, Power = 2 W, Frequency = 75 kHz

Maximum absorbed power (Docking station) 120 W
Applicator electrode Stainless steel sterile disposable needle

† in the present study, we used the ‘White’ handpiece.

Table 1: Technical features of the Plexr device that was used in this study.

The ocular surface disease index (OSDI) and contrast sensitivity 
were assessed in a span of a 6-month follow-up. According to 
OSDI, the final score is in a range of 0 to 100, in which 0 to 12 refer 
to normal, 13 to 22 indicate mild dry eye disease, 23 to 32 show 
moderate dry eye disease, and >33 demonstrate severe dry eye 
disease [22, 23]. Moreover, the contrast sensitivity was also scored 
in the patients whereby score 2 refers to normal, while scores of 
≥1.5 signify poor contrast sensitivity. The obtained scores between 
1-1.5 were also categorized the patients into the visual impairment 
group, whereas scores <1 indicate a visual disability. 

To assess whether the PANIS method can affect the visual acuity 
or not, the Best-Corrected Visual Acuity (BCVA) was measured 
for each participant. We also used corneal fluorescein staining to 
show any improvement after surgery. In order to show whether 
intraocular pressure can be changed due to ALTP-based surgery, 
an Icare tonometer was performed.

Tear Fluid and Serum Collection

For experiments comparing the concentrations of proteins in tear 
fluid, before and after ALTP-based surgery, the samples were taken 
from the inferior tear meniscus of both eyes from 20 patients with 
primary CCh. This caused the least possible irritation. After pre-
washing the patients’ eyes, tear samples were collected using the 
end of a micropipette tip and immediately the tears were located 
within a 0.5 mL tube. Tear samples were then stored at −80°C until 
further examination. To extract the serum sample, blood samples 
were taken in sterile Vacutainer tubes (Becton Dickinson, IL, 
USA). After a maximum storage time of 2 h at room temperature, 
blood was centrifuged at 1,000×g for 15 min and the supernatant 
was aliquoted in 300 µl polypropylene tubes and stored at -80º C 
until further experiments.

Flow-cytometry 

The concentration of the candidate cytokines embracing the pro-
inflammatory (interferon-γ: IFN-γ, interleukin-2: IL-2, IL-6, IL-
17A, and tumor necrosis factor-α: TNF-α) and anti-inflammatory 
ones (IL-4 and IL-10) were measured using the BD Cytometric 
Bead Array (BD Bioscience, San Jose, California, USA). The 
concentration of each cytokine was calculated based on pg/mL. In 
brief, 100 µL of tear/serum sample was thawed and transferred to a 
50 µL of each capture antibody-bead reagent. Then, 50 µL of sterile 
PBS was added into the samples and the cocktail was incubated for 
1h at room temperature, a process that was followed by adding 
the antibody-phycoerythrin reagent to each sample and incubation 
for 2 h at 23°C. In order to remove the unbound antibodies, the 
samples were washed at least 3 times. Flow cytometry was carried 
out using a FACSCalibur® flow-cytometer (Becton Dickinson 
Immunocytometry Systems, San Jose, CA, USA) according to the 
previous studies 26.

The following antibodies were used: IL-2, IL-4, IL-6, IL-10, IL-
17A, TNF-α, and IFN-γ (all from R&D Systems Biotech Co. Ltd., 
Emeryville, USA).

Statistical analysis

All results were reported as mean ± Standard Division (SD) of 
three independent experiments. All statistical tests were analyzed 
using SPSS version 26.0 (IBM Corp., Armonk, NY, USA) and 
GraphPad Prism 8.0 (GraphPad Software, Inc., La Jolla, CA, 
USA). A one-way ANOVA test was used, where applicable, and 
the level of statistical significance was set to P-value <0.05.
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Results
Patients

The main characteristics of 20 affected individuals are summarized in Tables 2 and 3. According to the meticulous examinations, neither 
intraoperative nor postoperative complications were detected. To be on the safe side, after doing ALTP-based surgery, the patients’ eyes 
were evaluated 1 day after surgery for ophthalmic parameters. Additionally, in a span of 6 months, we followed all patients up (Table 3).

The BCVA score calculated for each participant was almost the same before and after surgery, indicating that the visual acuity had not 
changed; for example, the average of BCVA calculated for the patients before and 1 week after surgery was 0.91±0.07 and 0.95±0.07, 
respectively. Moreover, no changes in meniscus height were reported (P-value >0.05); for instance, the average score for the pre-treated 
group was 0.22±0.04, and 1 week after surgery was calculated 0.19±0.04 (P-value >0.05) (Table 2). Corneal fluorescein staining was 
carried out in the patients so as to show the improvement; no abnormality was detected by this method as well. We also showed that the 
Contrast Sensitivity was unchanged, before and after performing the surgery (Table 2).

Follow up Patients Parameters

- n=20
Severity 
based on BCVA Tear Meniscus 

Height†(mm)
Corneal staining 

zone†
IOP Contrast 

sensitivity CCh grade
OSDI (logMAR) (mmHg) (logMAR)

Pre - 32.44±3.49 0.91±0.07 0.22±0.04 1/3 Inferior 11.83±1.50 1.55±0.1 Grade 3/4

1 Week - 12.73±3.49 0.95±0.07 0.19±0.04 No staining 12.16±1.50 1.50±0.1  

1 Month - 15.25±3.49 0.93±0.07 0.21±0.04 No staining 12.50±1.50 1.51±0.1  

3 Month - 6.13±3.49 0.95±0.07 0.17±0.04 No staining 13.66±1.50 1.58±0.1 Grade 1/2

6 Month - 5.14±3.49 0.95±0.07 0.25±0.04 No staining 13.00±1.50 1.57±0.1  

†Measured by Tearscope (SBM Co.)

Table 2: the most important features of the participants.

Patients Parameters

  Pain 
scale Tearing Redness

Photop
hobia

Foreign 
body 

sensation

Chemosis Injection Anterior 
chamber 
reaction

Eyelid 
edema 

‡

Corneal 
involvement 

§  (0-10)† (0-5) (0-5) (0-2) (1-10)

P1 4 2 3 Yes No 2+ 2+ 0 0 0
P2 0 1 1 No No 1+ 2+ 0 0 0
P3 4 0 1 No No 1+ 1+ 0 0 0
P4 3 1 1 No No 1+ 1+ 0 0 0
P5 4 2 2 No Yes 1+ 2+ 0 0 0
P6 2 1 1 No No 1+ 1+ 0 0 0
P7 3 1 2 Yes No 2+ 2+ 0 0 0
P8 0 2 2 No No 1+ 2+ 0 0 0
P9 5 1 2 No No 1+ 2+ 0 0 0
P10 3 0 3 No No 1+ 1+ 0 0 0
P11 4 2 2 No Yes 1+ 2+ 0 0 0
P12 2 1 3 No No 1+ 1+ 0 0 0
P13 0 1 2 No No 1+ 1+ 0 0 0
P14 4 1 2 No No 2+ 1+ 0 0 0
P15 4 1 1 No No 1+ 2+ 0 0 0
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P16 3 2 1 No No 1+ 2+ 0 0 0
P17 2 0 1 No Yes 1+ 1+ 0 0 0
P18 4 0 1 No No 1+ 1+ 0 0 0
P19 5 2 1 No No 1+ 2+ 0 0 0
P20 0 1 1 Yes No 2+ 2+ 0 0 0

†Score/Scale
‡ Scores, 0 = Absent; 1 = Mild edema; 2 = Moderate edema; 3 = Severe edema.
§ Scores, 0= none involved; 1 = equal or less than 50% of the conjunctiva; 2 = more than 50% of the conjunctiva; 3 = the sclera or orbital tissue is 
also involved, in addition to the conjunctiva.

Table 3: The ophthalmic parameters were evaluated 1 day after surgery.

We also showed that ALTP-based surgery could improve the OSDI score in CCh patients, e.g. ameliorating the CCh severity from the 
moderate-to-severe to normal ranges. Interestingly, we showed that the CCh severity was substantially decreased after ALTP-based 
surgery, e.g. from grade 4 to 2. Further following ups verified that this decrease constantly remained for up to 6 months after the surgery. 
In order to show whether intraocular pressure can change because of ALTP-based surgery or not, an Icare tonometer was performed. 
Expectedly, we detected no abnormality by this method (Figure 2).

Figure 2: PANIS method was employed to treat Conjunctivochalasis. In two cases, a and c represents the disease before treatment, while 
b and d show post-treatment periods. Examinations showed that after surgery, the severity of the CCh was decreased to the lower grades, 
videlicet grades 3/4 to grades 1/2. The red arrows show the abnormal structures caused by CCh.

Cytokine concentration in Tear and Serum Samples

Each candidate cytokine was in a detectable range in tear and serum samples. The concentrations of the pro-inflammatory (IFN-γ, 
IL-2, IL-6, IL-17A, TNF-α) and anti-inflammatory (IL-4 and IL-10) cytokines in basal tear and serum samples from CCh patients are 
presented in Figure 3a-n. The concentrations were reported according to pg/mL. No significant differences were detected in all groups 
considering the concentration of candidate cytokines in patients’ tear and serum samples.
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Figure 3: Flow cytometry was used to measure the concentration of candidate cytokines in tear and serum samples. a and b) the 
concentration of Interleukin-2 (IL-2) was assessed respectively in tear and serum samples. c and d) The concentration of IL-4 was 
unchanged before and after surgery. e and f) flow-cytometry analyses showed no significant differences in the concentration of IL-6 in 
patients’ tear and serum respectively, before and after doing ALTP-based surgery. g and h) the concentration of IL-10 was unchanged in 
pre- and post-surgery groups. i and j) the findings showed that ALTP-based surgery did not affect the concentration of IL-17A in CCh 
patients’ tear and serum samples. k and l) Data demonstrated that the concentration of TNF-α cannot change owing to doing the ALTP-
based surgery, in the patients’ tear and serum, respectively. m and n) the concentration of INF-ϒ was assessed in the patients’ tear and 
serum samples, while no differences were identified before and after doing the surgery. All data represent the mean ± SD.

Discussion
A bunch of factors such as age, ocular inflammation, mechanical 
friction, tear film instability, and delayed tear clearance have 
been documented to contribute to CCh pathogenesis [7,24]; 
however, the exact etiology is still unclear. Symptomatic CCh 
can be very imposing and has substantial impacts on patients’ 
quality of life. CCh is considered an age-dependent disease that 
is usually manifested by different symptoms to touch upon ocular 
discomfort, unstable tear film, and exacerbated vision-related 
quality of life [7,25]. Although in clinical practice, CCh is a 
common ailment, there is little to no definite treatment for this 
disease [7]. These patients usually take artificial tears to cut down 
on dry eye symptoms [26], but this procedure is not satisfactory. 
In fact, for asymptomatic CCh, no treatment is required, while for 
symptomatic ones, different medical and surgical interventions 
are available. For the patients who yet respond to the medicine, 
taking lubricants and/or anti-inflammatory eye drops substantially 
reduces various tear cytokines and ameliorates symptoms and 

signs [17,27], so the immune system can be considered as the first 
line promoting/exacerbating CCh symptoms. Regarding the cases 
with the most severe form of CCh, such treatments should be put 
behind and replaced with surgical ones.

Despite the fact that a number of surgical methods have 
been developed so far, most surgeons often use conjunctival 
cauterization or surgical excision with/without tissue graft [28]. 
This technique is disadvantageous because it needs to be repeated 
in some cases, hence, can per se increase the recurrence rate of CCh 
and also put the patients on inconveniences [28]. In symptomatic 
CCh cases, the redundant conjunctiva can be surgically removed, 
however, it is somehow demanding to determine how much of 
conjunctiva tissue is supposed to be excised [8, 29]. Additionally, 
conjunctival resection with Tenon’s capsule excision can also 
be used as a common method to remove keratinized bulbar 
conjunctiva and make firm adhesion of bulbar conjunctiva to 
sclera [7, 30]. In sum, due to the minimized mechanical friction 
force, this method reduces the inflammatory reaction over the 
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ocular surface, confirmed by the unchanged concentration of 
cytokines in patients’ tears after surgery. However, the anatomy 
of the Tenon’s capsule can pose some potential disadvantages 
[31]. One of the major drawbacks of surgery-based techniques is 
over-resection that may result in a compromised inferior fornix, 
cicatricial entropion of the lower lid, or limited ocular movement. 
Under-resection, on the other side, may lead to the persistence of 
symptoms [7,17]. Thus, the risk of recurrence and also unwanted 
tissue damages are increased. Furthermore, the surgery-based 
techniques usually need sutures that in turn prolong the operating 
time, to say nothing of delaying the healing process [19]. On top 
of that, suture-related complications -e.g. foreign body sensation, 
pyogenic granuloma formation, giant papillary conjunctivitis, and 
extended inflammation -have been reported to occur in some cases 
[7,9,19]. To avoid such complications, fibrin glue has recently 
been developed to use in CCh excision [12,32], but it is not free 
from side effects though.

According to Wang et al., Inflammation may be a consequence or a 
cause of CCh [33]. Pro-inflammatory cytokines, e.g. TNF-α and IL-
1β, can promote the overexpression of Matrix metalloproteinases 
in CCh. These events demonstrate the self-sustaining role of 
ocular surface inflammation in CCh pathogenesis. Supportedly, 
tears from CCh patients contain substantially higher levels of 
proinflammatory cytokines [34]. Indeed, a delay in tear clearance 
can aggravate pre-existing ocular surface inflammation caused by 
mechanical friction or oxidative stress [7]; interestingly, ocular 
surface inflammation has been hypothesized to cause delayed tear 
clearance and tear film instability in CCh patients [8, 35]. The 
role of inflammatory cells in CCh samples is somehow debatable; 
while many investigations have not shown any significant 
infiltration of inflammatory cells in the conjunctiva of eyes with 
CCh [36], Zhang et al. reported lymphocyte and plasmocyte 
infiltration in CCh patients [37]. However, it is unclear that 
whether such findings are pertinent to CCh itself or the coexisting 
nasolacrimal duct obstruction. Consistently, we evaluated the 
important inflammatory mediators, i.e. pro- and anti-inflammatory 
cytokines, in the patients’ serum and tear to show whether this 
method is safe immunologically or not. None of each cytokine was 
increased in the putative samples; this was in line with our previous 
study showed that the ALTP-treatment has minimal effects on the 
inflammatory responses in animal models, e.g. rats and rabbits [20, 
38]. These confirm that ALTP-based surgery is unlikely to promote 
the secretion/expression of pro- and anti-inflammatory cytokines 
[4,20,38].

In sum, according to the literature review, in near all surgical-based 
procedures, the patients should be hospitalized, although according 
to our previous studies, using the PANIS method (an ALTP-based 
surgery), the patient will experience minimal surgery time and 
complications without any needs for hospitalization. In the present 
study, the PANIS method as a new plasma-based method was 

used to treat CCh. This technique uses the sublimation process, 
so minimizing the side effects and pertinent complications. In line 
with the previous study [4], herein, we extended the sample size 
to 20 individuals; we underscored that after surgery, no clinically 
intraoperative and postoperative complications were detected in 
each patient, confirmed by clinically 6 months following ups. The 
further postoperatively follow-ups also showed that CCh scares 
were completely healed and no sign of recurrence was documented. 
We should point out that this approach is advantageous because, 
in case of recurrence, the patients can be easily subjected to do 
surgery again using this office-based method.

In the present study, we used two major groups of candidate 
cytokines, as the most important molecules triggering 
inflammatory responses after eye surgeries. To eliminate such 
locally inflammatory responses, some immunosuppressive drugs 
are prescribed. Ocular surface cells themselves also express 
cytokines e.g. IL-1α, IL-2, and TNF-α that serve as an important 
defending line against pathogens [39]. According to Lam et al., the 
severity of the ocular surface epithelial disease is related to various 
cytokines and chemokines, including IFN-γ, IL-1α, IL-1β, and IL-6 
[40]. Tear IL-6 and IL-8 levels have been identified to increase in 
parallel with the severity and stages of the diseases in CCh patients 
[41]. Interestingly, it has been recently demonstrated that tear IL-
1β, IL-17A, and TNF-α were correlated with the severity of dry eye 
diseases, so these kinds of inflammatory cytokines were defined 
as potential biomarkers for this disease [42]. In the present study, 
we nominated 7 cytokines to show how ALTP-based surgery can 
change the inflammation responses. 

Interestingly, no differences before and after doing the surgery 
was documented; this per se shows if PANIS method is performed 
in a combination of taking medicines (e.g. ciprofloxacin and 
betamethasone), it can be considered as a handy, safe, office-based 
method to treat CCh. One of the major limitations of our study is the 
limited sample size; in fact, further studies are needed to replicate 
the data in CCh patients at different stages. Another drawback 
is the limited number of candidate cytokines. In this study, we 
focused on the important candidate pro- and anti-inflammatory 
cytokines, but future investigations are recommended to unveil 
the throughout immune profile embracing all critical cytokines, 
chemokines, immune cells after ALTP-based surgery. Last but not 
least, we could not determine that the immunologically unchanged 
profile was absolutely due to our used method or was chalked up 
to the taken immunosuppressive medicines, e.g. ciprofloxacin and 
betamethasone eye drops. Although, our previous studies using the 
rat models have answered these to some extent [38].

Conclusion
In this study, we showed that ALTP-based surgery is a safe, effective 
technique to treat symptomatic CCh. This method can provide 
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greater symptom relief after surgery and also doesn’t have any 
undesirable systemic effects. Besides, no clinically complications 
were detected after surgery in the candidate CCh patients. We also 
showed that the PANIS application did not cause any inflammatory 
responses (followed up for 3 months after surgery), confirmed by 
measuring the concentration of 7 candidate cytokines in patients’ 
tear and serum samples. 

Conflicts of interest/Competing interests: The authors have no 
conflicts of interest to declare that are relevant to the content of 
this article.

Author Contributions: Farhad Nejat: Conceptualization, 
Data curation, Supervision, Funding acquisition, Investigation, 
Visualization, Roles/Writing - original draft. Khosrow 
Jadidi: Conceptualization, Data curation. Shima Eghtedari: 
Conceptualization, Data curation, Formal analysis, Project 
administration, Methodology, Writing - review & editing. Hosein 
Aghamollaei: Conceptualization, Data curation, review & editing. 

Ethics approval: This research fulfilled a procedure that was 
accepted by ethics committee of Semnan University of Medical 
Science, Semnan, Iran, and was also in accordance with the tenets 
of the Declaration of Helsinki. 

Consent to participate: Informed consent was obtained from all 
individual participants included in the study.

Consent for publication: Each participant provided signed written 
consent to publish all personal and medical details included in this 
study.

References
1.	 Pankaj SK, Bueno-Ferrer C, Misra N, Milosavljević V, O’donnell C, et 

al. (2014) Applications of cold plasma technology in food packaging. 
Trends in Food Science & Technology 35: 5-17.

2.	 Keidar M, Shashurin A, Volotskova O, Ann Stepp M, Srinivasan P, 
et al. (2013) Cold atmospheric plasma in cancer therapy. Physics of 
Plasmas 20: 057101.

3.	 Heslin C, Boehm D, Milosavljevic V, Laycock M, Cullen PJ, et al. (2014) 
Quantitative assessment of blood coagulation by cold atmospheric 
plasma. Plasma Medicine 4(1-4): 153-163.

4.	 Jadidi K, Nabavi N-S, Nejat M-A, Aghamollaei H, Adnani S-Y, et al. 
(2021) Evaluation of Plasma Assisted Non-Invasive Surgery (PANIS) 
As a New Approach for the Treatment of Conjunctivochalasis; A 
Clinical Case Series. Expert Review of Ophthalmology 16(3).

5.	 Gümbel D, Bekeschus S, Gelbrich N, Napp M, Ekkernkamp A, et al. 
(2017) Cold atmospheric plasma in the treatment of osteosarcoma. Int 
J Mol Sci 18: 2004.

6.	 Nejat F, Jadidi K, Pirhadi S, Adnani S-Y, Nabavi N-S, et al. (2020) 
A Novel Approach to Treatment of Conjunctival Cyst Ablation Using 
Atmospheric Low-Temperature Plasma. Clinical Ophthalmology 
(Auckland, NZ) 14: 2525-2532.

7.	 Marmalidou A, Kheirkhah A, Dana R (2018) Conjunctivochalasis: a 
systematic review. Surv Ophthalmol 63: 554-564.

8.	 Meller D, Tseng SC (1998) Conjunctivochalasis: literature review and 

possible pathophysiology. Surv Ophthalmol 43: 225-232.

9.	 Otaka I, Kyu N (2000) A new surgical technique for management of 
conjunctivochalasis. Am J Ophthalmol 129(3): 385-387.

10.	 Ozek D, Karaca EE, Evren Kemer O (2020) The effect of 
conjunctivochalasis detected by anterior segment optical coherence 
tomography on tear function in an elderly population. Therapeutic 
Advances in Ophthalmology 12: 2515841420930876.

11.	 Hashemi H, Rastad H, Emamian MH, Fotouhi A (2018) 
Conjunctivochalasis and related factors in an adult population of Iran. 
Eye & contact lens 44: S206-S209.

12.	 Kheirkhah A, Casas V, Blanco G, Li W, Hayashida Y, et al. 
(2007) Amniotic membrane transplantation with fibrin glue for 
conjunctivochalasis. Am J Ophthalmol 144: 311-313.

13.	 Dogan M (2019) Management of Conjunctivochalasis. Ophthalmology 
Research: An International Journal: 1-13.

14.	 Çağlayan M, Kösekahya P, Gürdal C, Saraç Ö (2018) Comparison 
of electrocoagulation and conventional medical drops for treatment 
of conjunctivochalasis: short-term results. Turkish journal of 
ophthalmology 48: 61-65.

15.	 Acera A, Vecino E, Duran JA (2013) Tear MMP-9 levels as a marker of 
ocular surface inflammation in conjunctivochalasis. Invest Ophthalmol 
Vis Sci 54(13): 8285-8291.

16.	 Weiss A, Steiner A, Shih C, Winokur J, Udell IJ (2017) Symptomatic 
improvement with surgical intervention in conjunctivochalasis. Invest 
Ophthalmol Vis Sci 58: 4354-4354.

17.	 Marmalidou A, Palioura S, Dana R, Kheirkhah A (2019) Medical and 
surgical management of conjunctivochalasis. The ocular surface 17: 
393-399.

18.	 Doss LR, Doss EL, Doss RP (2012) Paste-pinch-cut 
conjunctivoplasty: subconjunctival fibrin sealant injection in the repair 
of conjunctivochalasis. Cornea 31: 959-962.

19.	 Youm DJ, Kim JM, Choi CY (2010) Simple surgical approach with 
high-frequency radio-wave electrosurgery for conjunctivochalasis. 
Ophthalmology 117: 2129-2133.

20.	 Nejat F, Nabavi N-S, Nejat M-A, Aghamollaei H, Jadidi K (2019) Safety 
evaluation of the plasma on ocular surface tissue: an animal study and 
histopathological findings. Clinical Plasma Medicine 14: 100084.

21.	 Zhang JP, Guo L, Chen QL, Zhang KY, Wang T, et al. (2019) Effects 
and mechanisms of cold atmospheric plasma on skin wound healing 
of rats. Contributions to Plasma Physics 59: 92-101.

22.	 Schiffman RM, Christianson MD, Jacobsen G, Hirsch JD, Reis BL 
(2000) Reliability and validity of the ocular surface disease index. Arch 
Ophthalmol 118: 615-621.

23.	 Özcura F, Aydin S, Helvaci MR (2007) Ocular surface disease index 
for the diagnosis of dry eye syndrome. Ocul Immunol Inflamm 15: 389-
393.

24.	 Erdogan-Poyraz C, Mocan MC, Irkec M, Orhan M (2007) Delayed 
tear clearance in patients with conjunctivochalasis is associated with 
punctal occlusion. Cornea 26: 290-293.

25.	 Huang Y, Sheha H, Tseng SC (2013) Conjunctivochalasis interferes 
with tear flow from fornix to tear meniscus. Ophthalmology 120: 1681-
1687.

26.	 Nakasato S, Uemoto R, Mizuki N (2012) Thermocautery for inferior 
conjunctivochalasis. Cornea 31: 514-519.

27.	 Kiss HJ, Németh J (2015) Isotonic glycerol and sodium hyaluronate 
containing artificial tear decreases conjunctivochalasis after one 

https://www.sciencedirect.com/science/article/abs/pii/S092422441300229X
https://www.sciencedirect.com/science/article/abs/pii/S092422441300229X
https://www.sciencedirect.com/science/article/abs/pii/S092422441300229X
https://pubs.aip.org/aip/pop/article-abstract/20/5/057101/108994/Cold-atmospheric-plasma-in-cancer-therapya?redirectedFrom=fulltext
https://pubs.aip.org/aip/pop/article-abstract/20/5/057101/108994/Cold-atmospheric-plasma-in-cancer-therapya?redirectedFrom=fulltext
https://pubs.aip.org/aip/pop/article-abstract/20/5/057101/108994/Cold-atmospheric-plasma-in-cancer-therapya?redirectedFrom=fulltext
https://www.dl.begellhouse.com/journals/5a5b4a3d419387fb,700f28e67d84b510,05f3d2db5dc75631.html
https://www.dl.begellhouse.com/journals/5a5b4a3d419387fb,700f28e67d84b510,05f3d2db5dc75631.html
https://www.dl.begellhouse.com/journals/5a5b4a3d419387fb,700f28e67d84b510,05f3d2db5dc75631.html
https://www.tandfonline.com/doi/abs/10.1080/17469899.2021.1912594
https://www.tandfonline.com/doi/abs/10.1080/17469899.2021.1912594
https://www.tandfonline.com/doi/abs/10.1080/17469899.2021.1912594
https://www.tandfonline.com/doi/abs/10.1080/17469899.2021.1912594
https://pubmed.ncbi.nlm.nih.gov/28925941/
https://pubmed.ncbi.nlm.nih.gov/28925941/
https://pubmed.ncbi.nlm.nih.gov/28925941/
https://pubmed.ncbi.nlm.nih.gov/32943834/
https://pubmed.ncbi.nlm.nih.gov/32943834/
https://pubmed.ncbi.nlm.nih.gov/32943834/
https://pubmed.ncbi.nlm.nih.gov/32943834/
https://pubmed.ncbi.nlm.nih.gov/29128574/
https://pubmed.ncbi.nlm.nih.gov/29128574/
https://pubmed.ncbi.nlm.nih.gov/9862310/
https://pubmed.ncbi.nlm.nih.gov/9862310/
https://pubmed.ncbi.nlm.nih.gov/10704560/
https://pubmed.ncbi.nlm.nih.gov/10704560/
https://pubmed.ncbi.nlm.nih.gov/33225211/
https://pubmed.ncbi.nlm.nih.gov/33225211/
https://pubmed.ncbi.nlm.nih.gov/33225211/
https://pubmed.ncbi.nlm.nih.gov/33225211/
https://pubmed.ncbi.nlm.nih.gov/28346280/
https://pubmed.ncbi.nlm.nih.gov/28346280/
https://pubmed.ncbi.nlm.nih.gov/28346280/
https://pubmed.ncbi.nlm.nih.gov/17659969/
https://pubmed.ncbi.nlm.nih.gov/17659969/
https://pubmed.ncbi.nlm.nih.gov/17659969/
https://journalor.com/index.php/OR/article/view/258
https://journalor.com/index.php/OR/article/view/258
https://pubmed.ncbi.nlm.nih.gov/29755817/
https://pubmed.ncbi.nlm.nih.gov/29755817/
https://pubmed.ncbi.nlm.nih.gov/29755817/
https://pubmed.ncbi.nlm.nih.gov/29755817/
https://pubmed.ncbi.nlm.nih.gov/24255042/
https://pubmed.ncbi.nlm.nih.gov/24255042/
https://pubmed.ncbi.nlm.nih.gov/24255042/
https://iovs.arvojournals.org/article.aspx?articleid=2641435
https://iovs.arvojournals.org/article.aspx?articleid=2641435
https://iovs.arvojournals.org/article.aspx?articleid=2641435
https://pubmed.ncbi.nlm.nih.gov/31009751/
https://pubmed.ncbi.nlm.nih.gov/31009751/
https://pubmed.ncbi.nlm.nih.gov/31009751/
https://pubmed.ncbi.nlm.nih.gov/22406947/
https://pubmed.ncbi.nlm.nih.gov/22406947/
https://pubmed.ncbi.nlm.nih.gov/22406947/
https://pubmed.ncbi.nlm.nih.gov/20570365/
https://pubmed.ncbi.nlm.nih.gov/20570365/
https://pubmed.ncbi.nlm.nih.gov/20570365/
https://www.sciencedirect.com/science/article/abs/pii/S2212816618300465
https://www.sciencedirect.com/science/article/abs/pii/S2212816618300465
https://www.sciencedirect.com/science/article/abs/pii/S2212816618300465
https://onlinelibrary.wiley.com/doi/10.1002/ctpp.201800025
https://onlinelibrary.wiley.com/doi/10.1002/ctpp.201800025
https://onlinelibrary.wiley.com/doi/10.1002/ctpp.201800025
https://pubmed.ncbi.nlm.nih.gov/10815152/
https://pubmed.ncbi.nlm.nih.gov/10815152/
https://pubmed.ncbi.nlm.nih.gov/10815152/
https://pubmed.ncbi.nlm.nih.gov/17972223/
https://pubmed.ncbi.nlm.nih.gov/17972223/
https://pubmed.ncbi.nlm.nih.gov/17972223/
https://pubmed.ncbi.nlm.nih.gov/17413955/
https://pubmed.ncbi.nlm.nih.gov/17413955/
https://pubmed.ncbi.nlm.nih.gov/17413955/
https://pubmed.ncbi.nlm.nih.gov/23583167/
https://pubmed.ncbi.nlm.nih.gov/23583167/
https://pubmed.ncbi.nlm.nih.gov/23583167/
https://pubmed.ncbi.nlm.nih.gov/22245977/
https://pubmed.ncbi.nlm.nih.gov/22245977/
https://pubmed.ncbi.nlm.nih.gov/26172053/
https://pubmed.ncbi.nlm.nih.gov/26172053/


Citation: Nejat F, Egdtedari S, Jadidi K, Aghamollaei H (2024) Evaluation of the Effects of Plasma-Assisted Noninvasive Surgery on the Concentration of Candidate 
Cytokines in Tear and Serum Samples of Conjunctivochalasis Patients. J Med Biomed Discoveries 6: 126. DOI: https://doi.org/10.29011/2688-8718.100126

10 Volume 06; Issue 02

J Med Biomed Discoveries, an open access journal
ISSN: 2688-8718

and three months: a self-controlled, unmasked study. PLoS One 10: 
e0132656.

28.	 Haefliger I, Vysniauskiene I, Figueiredo A-R, Piffaretti J-M 
(2007) Superficial conjunctiva cauterization to reduce moderate 
conjunctivochalasis. Klin Monbl Augenheilkd 224: 237-239.

29.	 Kheirkhah A, Casas V, Esquenazi S, Blanco G, Li W, et al. (2007) 
New surgical approach for superior conjunctivochalasis. Cornea 26: 
685-691.

30.	 Zarei-Ghanavati M, Ghassemi H (2018) Surgical management of 
pterygium. Ocular Surface Disease. Springer, pp. 307-317.

31.	 Galindo-Ferreiro A, Akaishi PS, Al-Aliwi M, Niespodzany E, Gálvez-
Ruiz A, et al. (2017) Five years’ experience with tenon-conjunctival 
flaps in phthisical eyes. Semin Ophthalmol 32(5): 642-646.

32.	 Brodbaker E, Bahar I, Slomovic AR (2008) Novel use of fibrin glue in 
the treatment of conjunctivochalasis. Cornea 27: 950-952.

33.	 Wang Y, Dogru M, Matsumoto Y, Ward SK, Ayako I, et al. (2007) 
The impact of nasal conjunctivochalasis on tear functions and ocular 
surface findings. Am J Ophthalmol 144: 930-937.

34.	 Acera A, Suárez T, Rodríguez-Agirretxe I, Vecino E, Durán JA (2011) 
Changes in tear protein profile in patients with conjunctivochalasis. 
Cornea 30: 42-49.

35.	 Maskin SL (2008) Effect of ocular surface reconstruction by using 
amniotic membrane transplant for symptomatic conjunctivochalasis 
on fluorescein clearance test results. Cornea 27(6): 644-649.

36.	 Yokoi N, Komuro A, Nishii M, Inagaki K, Tanioka H, et al. (2005) 
Clinical impact of conjunctivochalasis on the ocular surface. Cornea 
24(8): S24-S31.

37.	 Zhang X, Cai R, Wang B, Li Q, et al. (2004) The analysis of 
histopathology of conjunctivochalasis. [Zhonghua yan ke za zhi] 
Chinese journal of ophthalmology 40: 37-39.

38.	 Nejat F, Jadidi K, Aghamollaei H, Nejat MA, Nabavi N-S, et al. (2021) 
The assessment of the concentration of candidate cytokines in 
response to conjunctival-exposure of atmospheric low-temperature 
plasma in an animal model. BMC Ophtalmology 21(1):417.

39.	 Narayanan S, Corrales RM, Farley W, McDermott AM, Pflugfelder 
SC (2008) Interleukin-1 receptor-1-deficient mice show attenuated 
production of ocular surface inflammatory cytokines in experimental 
dry eye. Cornea 27: 811-817.

40.	 Lam H, Bleiden L, De Paiva CS, Farley W, Stern ME, et al. (2009) Tear 
cytokine profiles in dysfunctional tear syndrome. Am J Ophthalmol 
147: 198-205.

41.	 Erdogan-Poyraz C, Mocan MC, Bozkurt B, Gariboglu S, Irkec M, et al. 
(2009) Elevated tear interleukin-6 and interleukin-8 levels in patients 
with conjunctivochalasis. Cornea 28: 189-193.

42.	 Liu R, Ma B, Gao Y, Ma B, Liu Y, et al. (2019) Tear inflammatory 
cytokines analysis and clinical correlations in diabetes and nondiabetes 
with dry eye. Am J Ophthalmol 200: 10-15.

https://pubmed.ncbi.nlm.nih.gov/26172053/
https://pubmed.ncbi.nlm.nih.gov/26172053/
https://pubmed.ncbi.nlm.nih.gov/17458782/
https://pubmed.ncbi.nlm.nih.gov/17458782/
https://pubmed.ncbi.nlm.nih.gov/17458782/
https://pubmed.ncbi.nlm.nih.gov/17592317/
https://pubmed.ncbi.nlm.nih.gov/17592317/
https://pubmed.ncbi.nlm.nih.gov/17592317/
https://pubmed.ncbi.nlm.nih.gov/27366832/
https://pubmed.ncbi.nlm.nih.gov/27366832/
https://pubmed.ncbi.nlm.nih.gov/27366832/
https://pubmed.ncbi.nlm.nih.gov/18724161/
https://pubmed.ncbi.nlm.nih.gov/18724161/
https://pubmed.ncbi.nlm.nih.gov/17916317/
https://pubmed.ncbi.nlm.nih.gov/17916317/
https://pubmed.ncbi.nlm.nih.gov/17916317/
https://pubmed.ncbi.nlm.nih.gov/20861728/
https://pubmed.ncbi.nlm.nih.gov/20861728/
https://pubmed.ncbi.nlm.nih.gov/20861728/
https://pubmed.ncbi.nlm.nih.gov/18580254/
https://pubmed.ncbi.nlm.nih.gov/18580254/
https://pubmed.ncbi.nlm.nih.gov/18580254/
https://pubmed.ncbi.nlm.nih.gov/16227820/
https://pubmed.ncbi.nlm.nih.gov/16227820/
https://pubmed.ncbi.nlm.nih.gov/16227820/
https://pubmed.ncbi.nlm.nih.gov/14989959/
https://pubmed.ncbi.nlm.nih.gov/14989959/
https://pubmed.ncbi.nlm.nih.gov/14989959/
https://pubmed.ncbi.nlm.nih.gov/34863132/
https://pubmed.ncbi.nlm.nih.gov/34863132/
https://pubmed.ncbi.nlm.nih.gov/34863132/
https://pubmed.ncbi.nlm.nih.gov/34863132/
https://pubmed.ncbi.nlm.nih.gov/18650668/
https://pubmed.ncbi.nlm.nih.gov/18650668/
https://pubmed.ncbi.nlm.nih.gov/18650668/
https://pubmed.ncbi.nlm.nih.gov/18650668/
https://pubmed.ncbi.nlm.nih.gov/18992869/
https://pubmed.ncbi.nlm.nih.gov/18992869/
https://pubmed.ncbi.nlm.nih.gov/18992869/
https://pubmed.ncbi.nlm.nih.gov/19158563/
https://pubmed.ncbi.nlm.nih.gov/19158563/
https://pubmed.ncbi.nlm.nih.gov/19158563/
https://pubmed.ncbi.nlm.nih.gov/30552892/
https://pubmed.ncbi.nlm.nih.gov/30552892/
https://pubmed.ncbi.nlm.nih.gov/30552892/

