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Purpose: Surgical excision is the standard treatment for pterygium.
This study was conducted to evaluate the safety and efficacy of a
novel technique using low-temperature plasma (LTP) for excision
and hemostasis in pterygium surgery.

Methods: A prospective, comparative, and randomized clinical
trial was conducted on 60 patients (60 eyes) undergoing pterygium
excision with conjunctival autografts using fibrin glue. Patients were
equally divided into the following 2 groups: a control group and a
LTP group. Postoperative follow-up visits were scheduled on day 1,
week 1, and months 1 and 3, and recurrence was evaluated at 1 year.
Patients were examined for operative time, best corrected visual
acuity, conjunctival autograft inflammation (CAI), graft stability
(GS), pain, recurrence, and final appearance. Factors related to
pterygium recurrence and final appearance were analyzed.

Results: Mean operative times were shorter in the LTP group (16.7
* 3.4 min) than those in the control group (20.1 = 4.7 min, P =
0.002). LTP eyes had milder CAI than control eyes at postoperative
day 1 (P =0.000) and week 1 (P = 0.000). Patients in the LTP group
exhibited better GS (P = 0.01) and milder pain (P = 0.04) than those
in the control group on day 1. Two control patients (6.7%) and no
(0%) LTP patients experienced recurrence (P = 0.08). GS and CAI
were the significant factors contributing to recurrence (GS: R =
0.425, P = 0.001; CAIL: R = 0.309, P = 0.016).

Conclusions: LTP to replace surgical blades and disposable cautery
for ablation and hemostasis is safe and efficient for pterygium surgery,
resulting in shorter operative time, milder inflammation, and better graft
stability without increasing complication risk.
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Pterygium is a common degenerative and proliferative
external eye disease characterized by excessive fibrovas-
cular growth arising from the conjunctiva and extending into
the cornea. Surgical excision is the standard treatment, and
many techniques, including beta-irradiation, mitomycin-C,
amniotic membrane transplantation, conjunctival autografts
(CAGs), and limbal-conjunctival autografting, have been
developed to improve the surgical outcomes.!? In recent
years, the use of fibrin tissue adhesives or autologous serum
to facilitate graft attachment has been shown to shorten the
operating time, reduce patients’ postoperative discomfort, and
avoid suture-related problems.># Traditionally, electrocautery
pens or disposable cautery are the most frequently used
devices for hemostasis in pterygium surgery. However,
cautery generates a direct current to heat a wire loop at the
end of the device up to 350°C to 400°C, leading to acute
tissue damage® and wound ischemia® and even delayed
wound healing and inflammatory reactions.” Possibly because
of the excessive burn damage and related inflammation, these
adjunctive devices may be associated with complications such
as conjunctival granulomas, scleral dissolution, anterior
segment ischemia, and even higher recurrence rates.>’
Recently, low-temperature plasma (LTP) has been
distinguished as a new energy device used in surgeries.®10
LTP is composed of a variety of active particles (electrons,
photons, and positive ionization). It is generated at a relatively
low temperature (<40°C) to avoid thermal effects on living
structures.!! LTP has been used for a variety of applications,
such as wound healing!? and anticancer therapy.'? Moreover,
LTP has several advantages when it is applied in surgeries,
including clear visualization of the surgical field, thorough
removal of tissue, minimal bleeding, and less postoperative
inflammation.®!3 Plasma energy ablates the bonds of biolog-
ical macromolecules, breaking them into small molecular
fragments. Therefore, LTP can function as an excimer laser
for cutting tissues.'* An LTP blade, also known as the Fugo
blade, has been approved by the Food and Drug Administra-
tion for cataract'> and glaucoma surgery.'® Moreover, the
Fugo blade has been shown to safely and quickly create
resistance-free cuts in corneal tissues.!” Another well-
established application of LTP is for hemostasis in surgery.
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The LTP stops blood flow by forming blood clots because of
the coagulation of platelets and clotting proteins, as well as
other serum proteins, such as albumin, fetuin, and immuno-
globulin. This procedure is very gentle and does not lead to
thermal injury at the wound site.!> Here, we describe our
attempt to use LTP for pterygium excision and hemostasis
and compare it with conventional surgical modalities, such as
blades and disposable cautery, for safety and efficacy.

MATERIALS AND METHODS

Study Design and Participants

This was a prospective, randomized, and control study
conducted at the Zhongshan Ophthalmic Center, Sun Yat-sen
University. Sixty patients (male and female patients) aged 30
to 70 years were included in the study. Patients who
underwent primary nasal pterygium excision combined with
sutureless CAGs were recruited between September 2016 and
March 2018. Patients with systemic or ocular immune-related
disease, narrow occludable angles, ocular hypertension,
physiologic or glaucomatous optic disc cupping, family
history of glaucoma, history of an earlier ocular surgery or
trauma, pseudopterygium, or recurrent pterygium were
excluded from the study. The study adhered to the tenets of
the Declaration of Helsinki and the Association for Research
in Vision and the Ophthalmology statement on human
subjects and was approved by the hospital ethics committee
and registered at Clinical Trials.gov (ID: NCT03204084).
Informed consent was obtained from all subjects.

Surgical Technique

All surgeries were performed by a single experienced
surgeon (J.Y.). In the control group, a surgical blade was used
for pterygium excision and wound polishing. Disposable
cautery (BDD-YD-1; Cbd Shunye Medical Co, Ltd power:
1.5 V, China) was used to achieve hemostasis. In the LTP
group, an LTP surgical system (PLA-700; Chengdu Mechan
Electronic Technology Co, Ltd, China) (Fig. 1) was used for
ablation, hemostasis, and polishing the corneal stromal

FIGURE 1. PLA-700 plasma surgery
system. A, The main body of the
PLA-700 plasma surgery system. B,
Two functional pedals for ablation
and platelet coagulation. C, The
saline circulation system for main-
taining the low temperature of
plasma. D, LTP scalpel inside a pen-
like device and the handpiece in
submerged operation. (The full color
version of this figure is available at
www.corneajrnl.com.)
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surface. According to the manufacturer’s instructions, 2
different device modules were used for ablation and hemo-
stasis, respectively. To ensure that the LTP head temperature
was stable at 40°C, it was operated underwater with an
internal saline cooling system. In both groups, the free
conjunctival autograft was harvested following the standard
technique described previously.!® Grafts were attached onto
the bare sclera using a fibrin tissue adhesive [Fibrin Sealant
(Human); FIBINGLUEAAS Shanghai RAAS Blood Products
Co, Ltd, China]. Bandage contact lenses were placed in all
eyes, and a pressure patch was applied for 24 hours. Topical
0.3% tobramycin/0.1% dexamethasone ophthalmic solution
(S.A. Alcon Couvreur N.V. Belgium) was applied 4 times
daily for 2 weeks after the surgery. In addition, 0.3% sodium
hyaluronate (Cravit; Santen, Osaka, Japan) and pranoprofen
(Senju Pharmaceutical Ltd, Osaka, Japan) were prescribed 4
times daily for 3 months

Main Outcome Measures

Patients were followed on postoperative day 1, week 1,
and months 1 and 3, and recurrence was evaluated at 1 year
postoperatively. All patients underwent complete ophthalmic
examinations, including best corrected visual acuity (BCVA
and LogMAR) measurement, noncontact tonometry for
intraocular pressure (IOP), and a slit-lamp examination.
Pterygium was graded according to its relative translucency
(T1, atrophic; T2, intermediate; and T3, fleshy)!® and the
position of the advancing edge of pterygium regarding the
corneal diameter (G1, one-third of the corneal diameter; G2,
between one-third of the corneal diameter and the pupil; and
G3, within the pupillary area).?® Operative time was mea-
sured starting from the placement of the lid retractors to the
removal at the end of surgery. Slit-lamp examination was
performed to observe the scleral defects. Conjunctival
autograft inflammation (CAI) was used to represent the
conjunctival inflammation of the surgical wound. CAI and
graft stability (GS) were evaluated and graded using the
grading system developed by Srinivasan et al.>! The scoring
scale of CAI was based on the number of bright red, dilated
corkscrew vessels crossing the graft-bed margin: grade 0,
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TABLE 1. Patient Demographics

LTP Group Control Group

Parameter (30 Eyes) (30 Eyes) P
Age (yrs), mean = SD 59.5+94 579 99 0.51
PA (mm?), mean = SD 74 =37 7.6 =42 0.88
Sex, male/female 8/22 11/19 0.09
Eye laterality, right/left 18/12 13/17 0.25
Pterygium grade G (%) 0.75

Gl 6 (20) 8 (26.7)

G2 11 (36.7) 10 (33.3)

G3 13 (43.3) 12 (40)
Pterygium grade T (%) 0.76

Tl 4(13.4) 1(3.3)

T2 13 (43.3) 20 (66.7)

T3 13 (43.3) 9 (30)

G1, one-third of the corneal diameter; G2, between one-third of the corneal diameter
and the pupil; G3, within the pupillary area; T1, atrophy; T2, intermediate; T3, fleshy.

none; grade 1, 1 vessel; grade 2, 2 vessels; grade 3, 3 vessels;
and grade 4, >3 vessels. The scoring scale of GS was based
on the number of sides displaying gaping/displacement in the
graft-bed junction: grade 0, none; grade 1, 1 side; grade 2, 2
sides; grade 3, 3 sides; and grade 4, completely displaced.
Postoperative pain was scored on a 10-point scale where one
end represents no pain and 10 represents the most severe pain
the patient has ever experienced,?> which was recorded at
each visit using the visual analog scale (VAS). The final
appearance (FA) was graded according to the following
system used by Prabhasawat et al 23: grade 1, normal
appearance; grade 2, some fine episcleral vessels in the
excised area extending up to but not beyond the limbus and
without any fibrous tissue; grade 3, additional fibrous tissues
in the excised area that did not invade the cornea; and grade 4,
true recurrence with fibrovascular tissue invading the cornea.
The measures, including pterygium severity, postoperative
inflammation, GS, complications, FA, and pain, were evalu-
ated and graded by an independent investigator without the
knowledge of which surgical tools were used.

Statistical Analysis

The statistical analysis was conducted using SPSS
software version 23.0 (SPSS Inc, Chicago, IL). The Mann—
Whitney U test, Student ¢ test, paired ¢ test, and ANOVA test
were used to compare qualitative and continuous quantitative
variables between the 2 groups. Pearson correlation analysis
was used for correlation analysis of the parameters. P values
of 0.05 or less were considered statistically significant.

RESULTS

Patient Demographics

The demographics and clinical characteristics of the
study population are summarized in Table 1. There were no
significant differences in age, sex, eye laterality, and IOP
between the 2 groups (P > 0.05). In addition, the differences

Copyright © 2020 The Author(s). Published by Wolters Kluwer Health, Inc.

regarding pterygium area (PA, LTP, 7.4 = 3.7 mm?, control,
7.6 = 42 mm?, P = 0.88) and grade were not significant.
Before surgery, the mean BCVA was 0.42 = 0.24 LogMAR
in the LTP group and 0.41 = 0.25 LogMAR in the control
group. It then increased to 0.21 * 0.12 LogMAR (P = 0.002)
and 0.24 = 0.16 LogMAR (P = 0.001) at postoperative 3
months, respectively. No significant differences in preopera-
tive (P = 0.83) and postoperative (P = 0.15) BCVA were
found between the 2 groups, and there was also no difference
in improvement between the 2 groups. The operative time in
the LTP group was 16.7 = 3.4 minutes, which was
significantly shorter than that in the control group, which
was 20.1 £ 4.7 minutes (P = 0.002).

Postoperative Inflammation

The CAI was significantly lower in the LTP group than
that in the control group at postoperative day 1 (2.1 £ 0.55
vs. 2.77 = 0.63, P=0.000) and week 1 (1.6 £ 0.56 vs. 2.3 =
0.47, P = 0.000), but no difference was observed at post-
operative month 1 (LTP, 1.2 = 0.81 vs. control, 1.53 % 0.82,
P =0.21) and month 3 (LTP, 0.87 = 0.77 vs. control, 1.27 =
0.86, P =0.07) (Fig. 2).

Graft Stability and Complications

Corneal epithelium healed completely after the contact
lens was removed at week 1 in all patients. Two conjunctival
grafts (6.7%) were lost in the control group at day 1, but none
(0%) in the LTP group were lost, demonstrating better GS in
the LTP group (P = 0.01). Four cases (13.3%) of scleral
fluorescein staining in the LTP group and 8 (26.7%) in the
control group were observed at an early postoperative time
(week 1) (P = 0.12), but all healed without additional
intervention 1 month later (Fig. 3). Pterygium recurrence

4-
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FIGURE 2. Postoperative inflammation evaluated by CAI. CAI
was significantly reduced in the LTP group on both day 1 (P =
0.000) and day 7 (P = 0.000), although no significant differ-
ences were observed on day 30 (P = 0.21) and day 90 (P =
0.07). *Indicates a significant difference (P < 0.05); ns, none
statistically significant, P > 0.05.
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FIGURE 3. Slit-lamp photographs
after pterygium surgery with a con-
junctival autograft. a-d, Images of
the conjunctival appearance in the
control group captured before sur-
gery and at month 1, month 3, and
year 1 after surgery, respectively.
A-D, Images of the conjunctival
appearance in the LTP group cap-
tured before surgery and at month
1, month 3, and year 1 after surgery,
respectively. (The full color version
of this figure is available at www.
corneajrnl.com.)

was found in 2 patients (6.7%) in the control group but in
none (0%) in the LTP group at the 1-year follow-up (P =
0.08). One patient experiencing recurrence of pterygium at
postoperative month 3 had grade 4 graft instability, whereas
the other patient who had a late pterygium recurrence (7
months after surgery) had grade 3 graft instability. No
complications such as elevated IOP, symblepharon, giant

1584 | www.corneajrnl.com

papillary conjunctivitis, corneal defects, and infection were
observed. We analyzed the FA in those patients who did not
show frank recurrence. After excluding grade 4 (ie, recur-
rence), 93.3% (28/30) of LTP patients and 83.3% (25/30) of
control subjects were determined to have grades 1 and 2 (ie,
with appearances generally acceptable to both patients and
physicians). However, the difference in FA between LTP and

Copyright © 2020 The Author(s). Published by Wolters Kluwer Health, Inc.
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TABLE 2. Results of Complications and Recurrence

LTP Group Control Group

Parameter (30 Eyes) (30 Eyes) P
GS (%) 0.01*

GO 6 (20) 2 (6.7)

Gl 19 (63.4) 14 (46.6)

G2 4 (13.3) 10 (33.3)

G3 1(3.3) 2 (6.7)

G4 0 (0) 2 (6.7)
FA (%) 0.26

Gl 15 (50) 12 (40)

G2 13 (43.3) 13 (43.3)

G3 2 (6.7) 3 (10)

G4 0 (0) 2 (6.7)
Scleral fluorescein staining (%) 4 (13.3) 8 (26.7) 0.52
Recurrence (%) 0 (0) 2 (6.7) 0.08

*Statistically significant (P < 0.05).

GS: GO, all 4 sides of the graft margin are well apposed; G1: gaping/displacement of
one side of the graft-bed junction; G2, gaping/displacement of 2 sides of the graft-bed
junction; G3, gaping/displacement of 3 sides of the graft-bed junction; G4, graft
completely displaced from the bed. FA: G1, normal appearance; G2, some fine episcleral
vessels in the excised area extending up to but not beyond the limbus and without any
fibrous tissue; G3, additional fibrous tissues in the excised area that did not invade the
cornea; G4, true recurrence with fibrovascular tissue invading the cornea.

control groups did not achieve statistical significance (P =
0.26) (Table 2).

Postoperative Pain

The VAS indicated the degree of pain the patient
experienced, which was not significantly different between
the 2 groups at postoperative week 1, months 1 and 3 (P >
0.05) but was significantly lower in the LTP group at day 1
(P =0.04) (Fig. 4).

Correlation Analysis

Correlation analysis showed that relevant factors for
recurrence were GS (R = 0.425, P = 0.001) and CAI (R =
0.309, P = 0.016). Moreover, GS was related to PA (R =
0.398, P = 0.002) and CAI (R = 0.333, P = 0.009). FA was
correlated with pterygium grade (R = 0.347, P = 0.007), PA
(R=0.082, P < 0.001), and GS (R = 0.558, P < 0.001).

DISCUSSION

Recurrence is the most undesired complication after
pterygium surgery. There has been an evolution of multiple
surgical techniques to achieve low recurrence, such as using
CAGs for exposed sclera? and using fibrin glue adhesives to
replace sutures,’ as well as using antifibrotic,! anti-vascular
endothelial growth factor,>* and even robotic-assisted ptery-
gium surgery.”> CAG has been considered an effective
procedure for reducing recurrence. In our study, in conjunc-
tion with the fibrin glue adhesive used for attaching the CAG,
we used LTP for tissue ablation and wound hemostasis in
pterygium surgery, which proved to be more precise, gentle,
and easy to control. With this novel technique, we obtained

Copyright © 2020 The Author(s). Published by Wolters Kluwer Health, Inc.

satisfactory efficacy and safety in pterygium removal and
hemostasis, good GS, a short operative time, and a low
recurrence rate.

Pterygium excision combined with autografting using
either fibrin glue or autologous blood have recurrence rates
ranging from 3.4% to 10.6%.2%?7 In the present study, the
introduction of LTP into pterygium surgery further reduced
the risk of recurrence in comparison to published rates.
Subepithelial fibrovascular tissue, inflammation, and GS have
been reported as risk factors for recurrence.?® The unexcised
abnormal fibrovascular tissue may continue to proliferate after
pterygium surgery?; therefore, inadequate pterygium section-
ing is a risk factor for recurrence. Traditionally, surgical
blades have been used for pterygium tissue removal, whereas
blades were replaced by LTP in our study. Although tissue
removal was performed in the same fashion by the same
surgeon in all participants, we found that LTP was more
thorough in tissue polishing. More thorough ablation of
subepithelial fibrovascular tissue after pterygium excision
may have contributed to the lower recurrence rate and better
cosmetic appearance in the LTP group.

Some studies have revealed that fibroblasts cultured
from pterygium body overexpress the matrix-degrading
enzymes matrix metalloproteinase (MMP)-1 and 3 in
response to proinflammatory cytokines, such as interleukin-
1B or tumor necrosis factor-«.2° This finding supports the fact
that inflammation of the ocular surface may activate the
transformation of remaining pterygia body fibroblasts into an
invasive phenotype.3® Furthermore, a recent study showed
that ocular demodicosis is a risk factor for pterygium
recurrence, presumably by perpetuating chronic inflammation
mediated by T-helper-17 lymphocytes.3! This finding also
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FIGURE 4. Postoperative pain was evaluated by a VAS. Sig-
nificant differences in pre-VAS (P = 0.77) were not observed
between the 2 groups. The degree of VAS was significantly
decreased in the LTP group on day 1 (P = 0.04), although no
significant differences were observed on day 7 (P = 0.18), day
30 (P = 0.06), and day 90 (P = 0.54). *Indicates a significant
difference (P < 0.05); ns, none statistically significant,
P > 0.05.
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explains why CAI was associated with recurrence in our
study. Consistent with the results from these studies, we
observed lower CAI in the LTP group at day 1 and week 1,
indicating that LTP produces less burning and is more gentle
than cautery to reduce inflammation. Moreover, the expres-
sion of tumor necrosis factor-a and MMP-9 was recently
shown to be significantly suppressed in plasma-treated fungal
keratitis in rabbits, indicating that plasma exerts an antiin-
flammatory effect on the cornea.??

Graft dehiscence is the main issue causing the
recurrence of pterygium. Bare scleral excision is known
to be associated with a high recurrence rate of up to 61%.!°
After combination with amniotic membrane transplantation
or CAGs, the recurrence rate is substantially reduced from
5.3% to 39%."-2 Our correlation analysis data also showed a
positive relationship between GS and recurrence. In this
study, there were 2 cases (6.7%) of graft dislocation in the
control group but none (0%) in the LTP group, but probably
because of a relatively small sample size, the difference in
recurrence rates between the 2 groups did not achieve
statistical significance. It has been suggested that immediate
adherence of the graft may inhibit fibroblast ingrowth and
reduce recurrence.?® Based on our study, we found that
mild graft retraction and dehiscence, such as GS of grade 1
or 2, do not affect recurrence but are essential for wound
healing. However, serious dehiscence (grade 3) and even
dislocation (grade 4) may directly lead to recurrence, which
necessitates repeated surgery to attach the graft as soon
as possible.

Studies have reported rates of graft loss in surgeries
performed with fibrin glue ranging from 1.14% to 6%,3%3>
and rates of partial dislodgement ranging from 1.7% to
16%.26-3% In the present study, fibrin glue was used for graft
attachment in both groups. Two cases experienced graft loss
in the control group (6.7%), which is within the acceptable
range, whereas no patients in the LTP group experienced graft
loss, indicating that the LTP group exhibited better GS than
the control group. Although the adequacy of the fibrin glue
used, such as the amount and ratio of components, plays an
important role in determining GS; the smoothness of the
exposed scleral surface may also influence the GS. LTP is
effective at achieving hemostasis, but it is more gentle and
produces less damage. In the present study, the exposed
scleral surface in the LTP group was smoother than that in the
control group and the surgical wound surface did not contain
pits. The smooth surface may be one of the factors
contributing to lower graft loss rates in the LTP group than
those in the control group.

Some studies have reported that plasma could stimulate
cell proliferation and consequently promote tissue regenera-
tion in skin and blood vessels. The plasma induces changes in
the gene expression of key molecules involved in the wound
healing machinery, such as transforming growth factor-31
and -B2, and promotes wound healing in vitro and in vivo.3°
In addition, the plasma-induced skin regeneration is a novel
method of resurfacing that serves as a natural biological
dressing and promotes wound healing and rapid recovery.?’
Furthermore, low-dose nonthermal plasma enhances endo-
thelial cell proliferation due to reactive oxygen species-
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mediated fibroblast growth factor 2 release.3® These processes
may help explain our findings of fewer scleral defects in the
LTP group.

The safety of the LTP technique was further evaluated
in our study. The LTP only affects the contact site with a
depth of penetration of approximately 20 to 50 um.3? Hence,
with appropriate energy, the affected depth and width can be
controlled, making the LTP relatively safe for surrounding
tissues such as the lens, iris, and retina. Our study used the
VAS to quantify patient pain. We found that LTP also
provided good postoperative comfort, especially on post-
operative day 1. In addition, some studies have indicated that
autologous blood is an effective and safe method for attaching
CAGs, similar to fibrin glue.* Our results showed better GS in
the LTP group than that in the control group. Therefore, we
speculate that effective and gentle hemostasis may improve
the stability of the graft.

CONCLUSIONS

Our study has provided insights into the surgical
outcomes of the LTP-assisted pterygium surgery technique,
which is safe and feasible, and has some obvious advantages,
including a shorter operation time, milder inflammation, and
better graft stability, which were significant factors correlated
with recurrence. There were no unacceptable complications
from this technique, and all patients experienced clinical
improvement during an adequate length of follow-up. We
acknowledge some limitations to the present study. In the
present study, we did not fully confirm the optimal LTP
energy strengths for pterygium surgery and the underlying
mechanisms for surgical outcomes using LTP. In addition, a
larger number of clinical trials may be necessary to validate
the specific biological effects of LTP and personalized LTP
parameters in the future.
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