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Abstract
● AIM: To introduce a novel surgical technique using a 
Z-shaped incision without epithelial resection in ophthalmic 
pterygia. 
● METHODS: This was a prospective study. During 
pterygium surgery, all proliferative tissues were separated 
from the cornea and conjunctiva without resection of the 
tissues. The unaffected conjunctiva was incised in a Z-shape. 
The upper (or lower) conjunctival flap was sutured to the 
lower (or upper) normal conjunctiva on the limbal sclera, 
while the proliferative tissue was sutured to the upper 
conjunctiva (or lower) near the fornix. 
● RESULTS: Ten patients with pterygia were eligible 
for this study. Eight patients with primary pterygia and 2 
with recurrent pterygia were included. The age of patients 
at surgery ranged from 47 to 90y (average: 71.9y). Five 
patients each showed right and left-sided pterygia. The 
postoperative follow-up periods were from 8 to 78mo 
(average: 25.0mo). The surgery was successfully conducted 
and wounds were favorably reconstructed in all patients. 
The proliferative tissues sutured to the normal conjunctiva 
showed palor and attenuated neovessles, and never 
showed re-growth after surgery. Nine patients did not show 
recerrence. Recerrent pterygium was noted in 1 patient, but 
additional treatments were not required. 
● CONCLUSION: The procedure involves the reconstruction 
of pterygial tissue and normal conjunctiva using a Z-shaped 
incision. The scleral limbal wound can be covered with non-
affected conjunctiva without any excision of conjunctival 
epithelia in patients with primary or recurrent pterygia.
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INTRODUCTION

A  pterygium is proliferative fibrovascular tissue growth 
which is attached firmly by its head to the cornea. It is 

one of the common ocular surface disorders, and it is highly 
prevalent in a variety of areas worldwide. Although surgical 
resection of proliferative tissues has been considered essential, 
resection of pterygial tissues including the epithelia leads 
to postoperative inflammation and (epi)scleral circulation 
disorder, which causes recurrence and scleral melting[1], 
unless extensive conjunctival reconstructions are conducted, 
or topical mitomycin C (MMC) is appropriately used during 
surgery[2]. Limbal-conjunctival autograft transplantation 
(LCAT) or the pedunculated conjunctival flap technique 
is a standard treatment to allow for rapid epithelial wound 
healing and prevent pterygium recurrence[3]. However, these 
procedures require wide conjunctival incision, which may 
cause further damage and excess traction of the adjacent 
normal conjunctiva. Moreover, ophthalmologists should 
consider sparing normal conjunctiva as much as possible, 
because of potential ophthalmic surgeries for recurrent pterygia 
or glaucoma in their lives. It was previously demonstrated that 
conjunctival pedunculated reconstruction with Z formation for 
pterygia following pterygium head resections was effective[4], 
in which pterygial body tissues could be replaced by normal 
conjunctiva while avoiding excess traction of the conjunctival 
flap. However, no additional clinical studies regarding the 
Z formation method have subsequently been conducted 
according to the literature.
Histopathological sections of pterygial tissues, surgically removed, 
have contributed to the progression of clinicopathological 
research on human pterygium pathogenesis[5-7]. We have 
shown that pterygial tissues include columner epithelial cells 
with squamous metaplasia, and that epithelial cells located 
in the head and body show marginally high proliferation 
activity compared with those in normal conjunctiva, where 
no cellular atypia was noted[7]. Ohara et al[8] demonstrated 
that proliferation activity was significantly lower in pterygial 
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tissues than conjunctival malignancies in Japanese populations. 
These histoloigical findings enable us to avoid unnecessary 
dissection of conjunctival tissues and utilize pterygial tissues 
as reconstructive materials. The purpose of this study was to 
demonstrate a novel surgical technique, termed “Z-shaped 
incision without epithelial resection”, in pterygium surgery, 
and descibe the clinical outcomes.
SUBJECTS AND METHODS
Ethical Approval  The institutional review board of Hokkaido 
University Hospital approved the study protocol (IRB number: 
015-0308). This study adhered to the tenets of the Decralation 
of Helsinki. All patients understood the surgical procedures 
and consented to enrollment in this study, and written informed 
consent was obtained.
This was a prospective observational study. Patients were 
enrolled with primary or recurrent pterygia who underwent 
Z-shaped incision without epithelial resection between Feburary 
2017 and December 2018. All patients underwent ophthalmic 
tests such as autoreflactor, best-corrected visual acuity, 
intraocular pressure, slit-lamp examination, and fundus. Corneal 
topography (CASIA, Tomey Corporation, Japan) was employed 
before surgery, as well as after surgery in selected patients.
The exclusion criteria were patients treated with pterygium 
surgery combined with free conjunctival flap reconstruction or 
amniotic membrane transplantation due to wide proliferative 
tissues, or treated with other procedures employed due 
to secondary pterygium followed by resection of corneal 
dermoid[9]. Pterygium surgeries together with MMC addition 
were also exluded from this study. In order to eliminate 
other stimuli of the ocular surface, patients who underwent 
intraocular surgeries including cataract surgery together with 
pterygium surgery, and those within 3mo after pterygium 
surgery were excluded.
Surgical Procedure  Figure 1 shows a schematic illustration 
of this procedure. Local anesthesia using lidocaine was used 
in all patients. The pterygium head was gently detached 
from the cornea (Figure 1A), and then the proliferative tissue 
was radially incised and separated from the sclera without 
resection. After the separation, remaining fibrous tissues on 
the cornea were scraped off with a spatula. The normal upper 
(or lower) conjunctiva was incised in a Z shape including the 
proliferative tissue (Figure 1B). The conjunctival flap was 
sutured to the lower (or upper) unaffected conjunctiva on the 
limbal sclera (Figure 1C). Finally, the proliferative tissue was 
sutured to the upper conjunctiva near the fornix with 8-0 virgin 
silk (Figure 1D). Topical MMC was never used in this method. 
Dexamethasone sodium phosphate (1.65 mg) was injected 
beneath the conjunctiva following suture. After surgery, topical 
antibiotics and 0.1% fluorometholone eye drops were given for 
1mo and 3 to 6mo, respectively. 

RESULTS
Ten patients with pterygia were eligible for this study. Eight 
patients with primary pterygia and 2 with recurrent pterygia 
were included. All the pterygia showed invasion beyond 
the corneal limbus; however, there was no large pterygium 
invading beyond the pupil in this series. The age of patients at 
surgery ranged from 47 to 90y (average: 71.9y). Five patients 
each showed right and left-sided pterygia. The postoperative 
follow-up periods were from 8 to 78mo (average: 25.0mo). 
The surgery was successfully conducted, well-tolerated, 
and wounds were favorably reconstructed in all patients 
including those with primary pterygium (Figure 2A, 2B) and 
recurrent pterygium (Figure 2C, 2D). One patient presented 
with nasal and temporal pterygium with common pterygial 
vessel configurations (Figure 2E) in the left eye, which 
could be favorably treated as well (Figure 2F). Postoperative 
inflammation was noted until 1wk or 1mo after surgery, which 
resolved thereafter. The proliferative tissues sutured to the 
normal conjunctiva showed palor and became atrophic, with 
decreased thickness, and reduced neovessels, which never 
showed re-growth after the surgery (Figure 2A; arrows). Nine 
patients did not show recerrence during the follow-up periods, 
but recerrent pterygium was noted in 1 patient.
A Representative Case: Recurrent Pterygium  A 47-year-old 
male suffered from blurred vision in the left eye (OS). His visual 
acuity was 0.7 with strong astigmatism (sphere, +3.25 D; cylinder, 
-5.25 D Ax 10°) OS. Slit-lamp examination revealed a primary 
nasal pterygium showing a thickened, proliferating tissue 
with neovessel formation growing towards the central cornea 
(Figure 3A). Corneal topography revealed marked irregular 
astignatism (Figure 3B). He had a medical history of radiation 
therapy (60 Gy/30 Fr) due to olfactory neuroblastoma about 
2 months ago. No vascular abnormality was observed in the 
conjunctiva except for the proliferative tissue. He underwent 
Z-shaped incision in pterygium surgery; however, thin Tenon 
tissues remained aound the corneal limbus afterwards. His 
visual acuity increased to 1.0 (sphere, +0.75 D; cylinder -3.50 D 
Ax 90°) 24mo after the surgery. Slit-lamp examination showed 
a clear limbal wound covered with normal conjunctiva. There 
still existed thin vascularized tissues in the nasal corneal 
limbus (Figure 3C), which could be considered recurrent 
pterygium. Corneal tomography revealed direct astigmatism 
(Figure 3D). The recerrent pterygium, however, did not require 
additional surgeries 78mo after the initial surgery, because 
the recurrent tissue did not impair his vision and he was not 
willing to receive additional postoperative treatments.
DISCUSSION
It has been considered that the principal of pterygium surgery 
is the resection of proliferative tissues and reconstruction of 
the corneal limbus. Various procedures have been proposed 
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to address these, including conjunctival flaps, conjunctival or 
limbal autografts, and amniotic membrane transplantation[10-13]. 
In the LCAT procedure, after excision of the pterygium from 
the cornea, a limbal-conjunctival autograft from the superior 
bulbar conjunctiva was obtained[11]. This graft was placed over 
the bare sclera and sutured. However, in LCAT, the upper 
conjunctiva is associated with postoperative inflammation 
and adhesion to Tenon’s capsule and the sclera because of the 
initial excision. These factors subsequently make it difficult to 
conduct glaucoma filtering surgery when the patient needs to 
receive such surgery in the future. Also, if management of the 
upper conjunctiva obtained is in error, the conjunctival free 
flap might be sutured to the corneal limbus upside down.
Amniotic membrane transplantation is a useful procedure, 
but it may be difficult to prepare the amniotic membrane and 
perform the surgery in many private ophthalmology clinics, 
although the prevalence of pterygia is not rare worldwide. 
Conjunctival pedunculated flap surgery combined with wide 
resection of proliferative tissues is straghtforward[14]; however, 
because the conjunctiva is mechanically pulled to the corneal 
limbus to fully close the defects, excess tension and traction 
may occur when the flap is sutured. This mechanical tension 
may cause not only damage of the conjunctiva but also 
recurrence and/or symblepharon formation involving the 
bulbar conjunctiva. Taken together, preoperative preparations 
without effort and easier procedures with minor stress 

Figure 1 A schematic illustration of the surgical technique in 

Z-shaped incision without epithelial resection  A: The pterygium 

head was gently detached from the cornea; B: The normal upper 

conjunctiva was incised in a Z-shape including the proliferative tissue; 

C: The conjunctival flap was sutured to the lower conjunctiva on the 

limbal sclera; D: The proliferative tissue was sutured to the upper 

conjunctiva near the fornix with 8-0 virgin silk.

Figure 2 Slit-lamp examination of a primary pterygium (A, B), 
recurrent pterygium (C, D), and nasal and temporal pterygium 
(E, F) before (A, C, E) and after (B, D, F) Z-shaped incision without 
epithelial resection  Before surgery, pterygia presented with 
proliferating tissues with neovessel formation towards the cornea 
(A, C, E). After the surgery, slit-lamp examination showed a clear 
limbal wound covered with unaffected conjunctiva (B, D, F). The 
proliferative tissues sutured to the normal conjunctiva showed palor 
and became atrophic, with a decreased thickness, and never showed 
re-growth after surgery (A; arrows).

Figure 3 A case of recurrent pterygium undergoing slit-lamp 

examination (A, C) and corneal topography (B, D)  A: Slit-

lamp examination revealed a primary nasal pterygium showing 

proliferating tissue with neovessel formation growing towards the 

central cornea; B: Corneal topography revealed marked irregular 

astigmatism; C: There still existed vascularized tissues in the nasal 

corneal limbus; D: Corneal tompgraphy revealed direct astigmatism 

after surgery.
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to the conjunctiva in pterygium surgery are required for 
ophthalmologists working in public and private clinics.
The characteristics of the current Z-shaped incision are as 
follows: the first feature of this procedure is that there is 
no resection/removal of any ocular surface epithelia in the 
proliferative tissue or normal conjunctiva. Resection of the 
pterygial proliferative tissues including epithelia might induce 
simultaneous hemorrhage and postoperative inflammation, 
which potentially causes recurrence. This study employed the 
design of Z-shaped incision including the proliferative tissue, 
modified from Z-shaped incision by Wilson and Bourne[4]. 
The current Z-shaped incision can reduce postoperative 
inflammation to a minimum. Also, since the unaffected 
conjunctiva is not excised either, the conjunctiva in the limbus 
is easily sutured with no excess mechanical tension.
The second feature is the suture of proliferative pterygial tissue 
to the upper normal conjunctiva near the fornix. Indeed, a 
single feeder vessel from the anterior conjunctival circulation 
branches out to form radial vessels in the pterygium[15]. In this 
procedure, it is possible to change the direction of a feeder 
vessel to the upper fornix, not to the corneal center. Moreover, 
the proliferative tissue is no longer able to attach to the cornea. 
This alteration contributes to preventing any re-growth of the 
initial proliferative tissues on the cornea after surgery.
The third is that the sutured pterygium head proliferative 
tissues near the fornix become pale and show reduced 
neovessels. Limbal stem cells are vital for normal corneal 
epithelial regeneration, preventing growth of the conjunctival 
epithelium onto the cornea through contact inhibition[16-17]. 
Moreover, it is possible to suppress pterygium growth based on 
the principal of contact inhibition after pterygium surgery[17]. 
In fact, angiogenic factors such as vascular endothelial 
growth factor (VEGF) were highly expressed in the pterygial 
epithelia compared with normal conjunctiva[18-20]. Pterygial 
tissues treated with intralesional anti-VEGF injection showed 
reductions of the vessel count and recurrence rates[20-21]. Muluk 
et al[22] demonstrated that contact inhibition reduced VEGF 
expression and the volume of proliferative tissues like nasal 
polyps. Therefore, the mechanisms underlying the pallor 
and attenuation of vessel formation in the proliferative tissue 
might be due to down-regulation of angiogenic factors and 
endothelial cell death, caused by contact inhibition through the 
attachment with the normal conjunctiva.
We sutured the proliferative tissue to upper conjunctiva near the 
fornix but not to the lower conjunctiva in this study. Generally, 
the proliferative tissue is likely to come from the inferior-nasal 
site with/without symblepharon involving the lower palpebral 
conjunctiva in ophthalmic pterygia. If the proliferative tissue 
is sutured to the lower conjunctiva, mechanical stress during 
the suturing of the normal conjunctiva on the corneal limbus 

is considered to take place. Therefore. we can choose between 
incision of the upper or lower bulbar conjunctivae depending 
on the location of proliferative tissues. As mentioned above, 
in any case, even if patients who undergo this surgery need 
glaucoma filtering surgery later, it will be possible because the 
upper temporal limbus-conjunctiva remains intact with this 
method, unlike in conventional conjunctival pedunculated flap 
surgery or LCAT.
The current procedure is characterized by the non-resection 
of epithelial tissue; this means that the proliferative tissue 
remains on the ocular surface after surgery. The origin of this 
“non-resection” concept is derived from histological findings 
in pterygial tissues, proving the presence of epithelial cells 
with no cellular atypia in Japanese populations[5-6,8]. On the 
other hand, it has been reported that pterygium epithelia may 
histologically contain atypical squamous cells with malignant 
potential[23]. Molecular biological research has demonstrated 
that pterygium epithelial cells utilize cancer-related molecular 
pathways, which could be a target for novel therapies to induce 
apoptosis and inhibit fibrosis[24-25]. We previously reported 
a rare case of inflammatory carcinoma in situ arising from 
the primary pterygium[26]. Therefore, since the possibility of 
malignant transformation and/or squamous cell carcinoma 
arising from the pterygial tissue cannot be completely 
excluded, the safety of this procedure in cases of atypical or 
temporal pterygia cannot be ensured. It is indisputable that 
preoperative ocular surface conditions based on slit-lamp 
examinations must be carefully evaluated in order to exclude 
comorbidities involving pterygial tissues. In this case series, 
one patient showed nasal and inferotemporal pterygial tissues 
with common pterygial vessel configurations, which could be 
sucessfully treated with this procedure (Figure 2E, 2F). Long-
term follow-up is required after this pterygium surgery despite 
localization of the preoperative pterygium. 
There were limitations of this study. First, although it was set 
as a prospective observation study, the number of patients 
eligible was small during the study period. Therefore, as the 
next step, we plan to conduct a retrospective study with long-
term periods of enrollment to expand the sample size, dividing 
patients into subgroups depending on the size, thickness, and 
location of the pterygium. Moreover, a prospective study with 
longer study periods is needed. Second, since this procedure is 
characterized by the fact that there is no resection of any ocular 
surface epithelia, it is impossible to analyze pathological 
sections, especially in sutured proliferative tissues. In fact, 
since this case series confirmed the lack of re-growth of 
sutured proliferative tissues during the follow-up, which is 
likely to be based on the principal of contact inhibition, the 
authors had no opportunity to obtain pathological materials. 
Therefore, if sutured tissues show re-growth following this 
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surgery, histological examinations following sugical removal 
should be conducted. Finally, the study protocol was not based 
on head-to-head clinical trials compared with other procedures 
such as LCAT and/or amniotic membrane techniques; 
therefore, further studies are needed to resolve those issues and 
compare postoperative clinical outcomes such as recurrence rates.
In conclusion, Z-shaped incision without epithelial resection 
is safe and well-tolerated by patients with primary or recurrent 
pterygia.
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