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Iris neovascularization and neurotrophic 
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Zidong Chen1†, Yanyan Wu1† and Minbin Yu1* 

Abstract 

Background Ultrasound cycloplasty is a noninvasive surgery used to reduce intraocular pressure in patients 
with glaucoma, with fewer severe complications. This report presents several cases of iris neovascularization and neu-
rotrophic keratopathy following ultrasound cycloplasty.

Case presentation Six patients diagnosed with refractory glaucoma underwent ultrasound cycloplasty at our clinic. 
Three cases developed iris neovascularization at postoperative day 3, week 2 and week 4 respectively, with intraocular 
pressure ranging from 12 to 24 mmHg. The other three cases developed neurotrophic keratopathy at postoperative 
week 3, week 6 and week 8 which completely healed within 60 days.

Conclusions Iris neovascularization and neurotrophic keratopathy can be triggered after ultrasound cycloplasty, 
which are uncommon and self-limited but potentially vision-threatening. Preoperative risk assessment and regular 
postoperative follow-up are recommended to manage complications effectively.
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Background
Ultrasound cycloplasty (UCP) is a recently developed 
procedure that uses miniaturized transducers to pro-
duce high-intensity focused ultrasound cyclocoagula-
tion of the ciliary body [1]. It is a noninvasive glaucoma 
procedure that permits a selective and controlled ther-
mic effect on the distal part of the ciliary body with lim-
ited damage to adjacent structures [2, 3]. UCP decreases 
intraocular pressure (IOP) effectively by reducing aque-
ous humor production and increasing uveoscleral out-
flow [2, 4]. Compared to other glaucoma surgeries, UCP 

has shown a lower rate of intraoperative or postoperative 
complications and is increasingly used in treatment-naive 
glaucoma patients with better visual acuity [5]. Reported 
complications of UCP include conjunctival hyperemia, 
anterior chamber inflammation, superficial punctate 
keratitis, corneal edema, subconjunctival hemorrhage, 
superficial corneal ulceration, transient IOP spike, loss of 
visual acuity, hypotonia and macular edema [4]. This case 
series discusses the development of neovascularization of 
the iris (NVI) or neurotrophic keratopathy (NK) follow-
ing UCP. To our knowledge, NVI post UCP has not been 
previously described in the literature, and the precise 
mechanism of superficial corneal ulceration post-UCP 
remains unknown.

Case presentation
To date, we have performed over 600 UCP opera-
tions at our clinic. We analyzed the clinical data of the 
six patients who developed NVI (3 patients, less than 
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0.7%) or NK (3 patients, less than 0.6%) following UCP 
(Table  1). These complications were found to be rare. 
The surgical technique involved UCP with paracentesis 
using standard parameters (10 sectors, 21 MHz of fre-
quency, 8 s ultrasound, 20 s pause, 225 mmHg external 
aspiration). Postoperatively, topical antibiotic com-
bined with dexamethasone were prescribed as per rou-
tine clinical practice and gradually tapered off within 
one month.

Case 1
A 37-year-old Chinese male diagnosed with primary 
angle closure glaucoma underwent UCP with para-
centesis in the right eye. His ocular history included 
three trabeculectomy and cataract surgery. At presen-
tation (Fig.  1A), the visual acuity (VA) was 20/40 and 
IOP was 45  mmHg. At the second postoperative week, 
slit-lamp examination revealed a mild dilated pupil and 
270 degrees NVI (Fig.  1B), with VA of 20/200 and IOP 
of 12  mmHg. Iris fluorescein angiography showed the 

Table 1 Summary of the six case reports

PACG  primary angle closure glaucoma, UCP ultrasound cycloplasty, VA visual acuity, IOP intraocular pressure, NVI neovascularization of the iris

Case 1 2 3 4 5 6

Diagnosis PACG PACG PACG Secondary glaucoma Secondary 
glaucoma

Juvenile glaucoma

Age 37 35 64 14 21 34

Ocular operation history 4 2 1 3 2 4

Pre-UCP VA 20/40 20/200 20/200 20/200 20/40 20/40

Pre-UCP IOP(mmHg) 45 32 45 38 17 35

IOP-lowering drops 4 3 3 4 4 4

1 day post-UCP VA 20/40 20/200 20/200 20/200 20/200 20/50

1 day post-UCP IOP(mmHg) 35 25 15 24 22 20

Time of NVI occurred(post-UCP) Week 4 Day 3 Week 4 - - -

Time of NVI disappeared(post-UCP) Unknown Week 8 Week 6 - - -

Time of Corneal ulceration occurred(post-UCP) - - - Week 6 Week 3 Week 8

Time of Corneal ulceration healed(post-UCP) - - - Week 14 Week 5 Week 12

Fig. 1 Preoperative slit-lamp photograph of the right eye in case 1 (A). Slit-lamp photographs showed a mild dilated pupil and 270 degrees 
of neovascularization of the iris (B, NVI was labeled by yellow arrow). Iris fluorescein angiography revealed neovessel with early dye leakage 
around the pupil (C,D)
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formation of neovessels with early dye leakage around 
the pupil (Fig.  1C, D). Fundus fluorescein angiography 
showed no sign of posterior segment ischemia (Fig.  2). 
The patient was prescribed systemic and topical gluco-
corticosteroid but returned to local hospital for the fur-
ther follow-up due to financial constraints.

Case 2
A 35-year-old Chinese female diagnosed with angle clo-
sure glaucoma secondary to autosomal recessive bestro-
phinopathy underwent UCP with paracentesis in the left 
eye. Her ocular history included peripheral iridotomy 
and a previous UCP procedure. At presentation (Fig. 3A), 
her VA was 20/200 and IOP was 32 mmHg. Three days 

after the surgery, slit-lamp examination revealed a mild 
dilated pupil and NVI in left eye (Fig. 3B, C), with VA of 
20/200 and IOP of 24 mmHg. Oral and topical nonsteroi-
dal anti-inflammatory medications were prescribed. The 
NVI finally disappeared within two months.

Case 3
A 64-year-old Chinese female diagnosed with primary 
angle closure glaucoma underwent UCP with paracente-
sis in the right eye. Her ocular history included combined 
phacotrabeculectomy surgery. At presentation (Fig. 4A), 
her VA was 20/200 and IOP was 45 mmHg. At the forth 
postoperative week, a 90-degree NVI and a mild cor-
neal epithelial defect were noticed in right eye (Fig.  4B, 

Fig. 2 Fundus fluorescein angiography of the right eye in case 1 showed no sign of posterior segment ischemia

Fig. 3 Preoperative slit-lamp photograph of the left eye in case 2 (A). Slit-lamp photographs revealed a mild dilated pupil (B) 
and neovascularization of the iris (C,NVI was labeled by yellow arrows)
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C, D). Examination revealed VA of 20/200 and IOP of 
17 mmHg. Topical glucocorticosteroid and healing drops 
containing deproteinized calf blood extract, recombinant 
human epidermal growth factor, and recombinant bovine 
basic fibroblast growth factor were administered. The 
corneal epithelial defect healed within one week. And the 
NVI eventually disappeared within two weeks.

Case 4
A 14-year-old Chinese boy diagnosed with glaucoma 
secondary to silicone oil injection in left eye underwent 
UCP wtih paracentesis. His ocular history included scle-
ral encircling operation, trabeculectomy and vitrectomy 
combined with silicone oil injection. Preoperatively, 
his VA was 20/200 and IOP was 38 mmHg. At the sixth 
postoperative week, the patient presented with a pain-
less temporal corneal epithelial defect measuring 7  mm 
vertical × 4  mm horizontal in left eye (Fig.  5). Corneal 
sensation was reduced in all quadrants, tested with a 
cotton-tipped applicator. The VA was 20/100 with IOP 
of 16  mmHg. Topical healing drops and contact band-
age lens were prescribed. The corneal defect completely 
resolved within 60 days.

Case 5
A 21-year-old Chinese female diagnosed with glaucoma 
secondary to congenital ectropion uvea underwent UCP 
with paracentesis in left eye. Her ocular history included 
two trabeculectomy procedures. Preoperatively, her VA 
was 20/40 and IOP was 17 mmHg (Fig. 6A). At the third 
postoperative week, a painless nasal corneal epithelial 
defect measuring 2.5 mm vertical × 3 mm horizontal was 

noticed in left eye, with VA of 20/200 and IOP of 8 mmHg 
(Fig.  6B). Corneal sensation was reduced in all quad-
rants, as tested with a cotton-tipped applicator. Confocal 
microscopy revealed no subepithelial nerve fiber plexus 
under the defect area (Fig. 6C). The corneal defect almost 
resolved within 15 days with topical treatments.

Case 6
A 34-year-old Chinese male diagnosed with juvenile 
glaucoma underwent UCP with paracentesis in right 
eye. His ocular history included trabeculectomy, cata-
ract surgery, vitrectomy combined with silicone oil injec-
tion, and subsequent silicone oil removal. At presentation 
(Fig. 7A), his VA was 20/40 and IOP was 35 mmHg. At 
the 8-week postoperative visit, examination revealed a 

Fig. 4 Preoperative slit-lamp photograph of the right eye in case 3 (A).Slit-lamp photographs revealed neovascularization of the iris (B,C,NVI 
was labeled by yellow arrows) and a mild corneal epithelial defect (D)

Fig. 5 Slit-lamp photograph revealed a temporal corneal epithelial 
defect measuring 7 mm vertical × 4 mm horizontal in left eye
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painless central corneal epithelial defect measuring 5 mm 
vertical × 7 mm horizontal in right eye (Fig. 7B). Corneal 
sensation was reduced in all quadrants, as tested with a 
cotton-tipped applicator. Confocal microscopy examina-
tion revealed no subepithelial nerve fiber plexus (Fig. 7C). 
The VA was 20/50 with IOP of 16  mmHg. The corneal 
defect healed within 30 days with topical treatments.

Discussion
UCP is a method developed more recently that uses 
high-intensity focused ultrasound to partially destroy the 
ciliary body for the management of glaucoma. This pro-
cedure is believed to reduce IOP by 30%-35%, with mild 
postoperative inflammation and well tolerance [2, 6, 7]. 
However, our observations suggest that UCP may induce 
the development of NVI and NK.

NVI is mostly attributed to ocular ischemic condi-
tions. Posterior segment ischemia, such as retinal vein 
occlusion and diabetic retinopathy, is the most common 
cause of anterior segment neovascularization. The occur-
rence of NVI is a sign of extreme retinal ischemia. How-
ever, NVI can also manifest after various ocular surgeries 
as a result of anterior segment ischemia (ASI). Ocular 
ischemic syndrome is another causes of NVI. And the 
severity of ASI can vary from mild to vision threatening. 
The link between ASI and NVI has been documented in 
clinical case reports and animal model [8–11].

The anterior segment receives its blood supply from 
the anterior ciliary arteries and the long posterior ciliary 
arteries. Surgical procedures that damage the anterior 

ciliary arteries, which provide 70% of the anterior blood 
supply, are the main cause of ASI [12]. Strabismus sur-
gery and circular buckling surgery can lead to ASI, and 
although it is less common, this complication can occur 
after uneventful anterior segment surgeries such as tra-
beculectomy and pterygium surgery [9, 13, 14]. Cili-
ary body ablation surgery, such as cyclocryotherapy and 
cyclophotocoagulation, which aim to destroy the func-
tion of pars plicata, carry a high risk of ASI [15]. Patho-
physiology studies have demonstrated vessel necrosis 
of the ciliary body and subsequent neovascularization 
[16]. In our case series, three patients developed NVI 
after UCP. Preoperative slit-lamp examination and indi-
rect ophthalmoscopy examination revealed clear iris 
texture and normal fundus, with no systematic diseases. 
Although high IOP in advanced glaucoma patients can 
impair ocular blood supplement, UCP was considered 
an inducing or aggravating factor of ASI that led to NVI. 
Additionally, the use of 10 sectors of treatment range in 
UCP may worsen ASI.

Superficial corneal ulceration following UCP has been 
previously reported, primarily in elderly patients with 
pre-existing corneal disease and a history of multiple 
topical treatments [17–19]. This corneal complication 
typically resolved within 30  days, either spontaneously 
or with topical treatment. In our case series, three 
patients developed painless corneal epithelial defects 
after UCP, with confocal microscopy revealing no sub-
epithelial nerve fiber plexus in the defect area, which 
could be diagnosed as NK. NK has been described as a 

Fig. 6 Preoperative slit-lamp photograph of the left eye in case 5 (A). Slit-lamp photograph revealed a nasal corneal epithelial defect measuring 
2.5 mm vertical × 3 mm horizontal in left eye (B). Confocal microscopy revealed no subepithelial nerve fiber plexus seen under the defect area (C)

Fig. 7 Preoperative slit-lamp photograph of the right eye in case 6 (A). Slit-lamp photograph revealed a central corneal epithelial defect measuring 
5 mm vertical × 7 mm horizontal in the right eye (B). Confocal microscopy revealed no subepithelial nerve fiber plexus (C)
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corneal complication following transscleral cyclophoto-
coagulation and cyclocryotherapy and is characterized 
by reduced corneal sensitivity, spontaneous epithelial 
breakdown and impaired corneal healing, despite fre-
quent lubrication [20, 21]. All patients in our cases series 
had a history of chronic use of topical anti-glaucoma 
medications and prior ocular surgeries, but they did not 
develop superficial corneal defects prior to UCP treat-
ment. Preoperative slit-lamp examination revealed clear 
corneas in all patients. These findings suggest that UCP 
may contribute to the development of NK. Furthermore, 
it may increase the susceptibility of patients to infectious 
corneal ulcerations.

NK following transscleral cyclophotocoagulation is 
believed to result from laser damage to the long ciliary 
nerves, which are responsible for sensation and play a sig-
nificant role in the blink reflex as well as the integrity and 
function of the corneal epithelium [22]. UCP raises tissue 
temperature up to 80℃, leading to coagulation necrosis 
of the ciliary body epithelium. Despite efforts to spare the 
nasal and temporal zones during UCP treatment, where 
the long ciliary nerves innervate the anterior segment, 
three patients in our report still developed NK. This sug-
gests that the long ciliary nerves may be thermally dam-
aged during UCP treatment.

Considering the similar mechanisms to other cyclode-
structive surgeries, the potential of UCP to induce ante-
rior segment ischemia and damage the ciliary nerves 
should not be overlooked. In addition to the frequently 
reported complication of pupil abnormalities, a mecha-
nism similar to Urrets-Zavalia syndrome may exist in 
the early postoperative period following UCP [23, 24]. 
Despite the current design of probe placement avoiding 
the horizontal meridian to minimize disturbance of the 
long ciliary nerves, surgeons must still exercise caution. 
Furthermore, Hayreh et  al. demonstrated that involving 
the vertical rectus muscles results in more severe ASI 
symptoms, suggesting that the vertical meridian should 
also be spared during UCP [25].

Conclusion
Our cases reports demonstrate that NVI and NK might 
occur as complications following UCP, although they are 
rare and self-limited. Nonetheless, they can potentially 
vision threatening. Further investigation into the optimal 
probe location and iris perfusion using confocal micros-
copy and iris fluorescein angiography are wanted.

Abbreviations
UCP  Ultrasound cycloplasty
IOP  Intraocular pressure
NVI  Neovascularization of the iris
NK  Neurotrophic keratopathy
VA  Visual acuity
ASI  Anterior segment ischemia

Acknowledgements
Not applicable.

Authors’ contributions
YW and ZC were major contributors in the conception of the work, data 
collection, interpretation and writing of the manuscript. MY was the major 
contributor in the conception of the work and critical review. The authors read 
and approved the final manuscript.

Funding
This work was supported by grants from the Innovative Clinical Technique of 
Guangzhou (2024P-GX07) and the Paper funding of Zhongshan Ophthalmic 
Center (PT0009SCI).

Availability of data and materials
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This retrospective case series was approved by the Institutional Review Boards 
of Zhongshan Ophthalmic Center, Guangzhou, China. The study adhered 
to the tenets of the Declaration of Helsinki. The authors declare that they 
adhered to the CARE guidelines/methodology.

Consent for publication
Written informed consent were obtained from all the patients and parents of 
the participant for publication of the case report and the images.

Competing interests
The authors declare no competing interests.

Received: 11 August 2023   Accepted: 19 April 2024

References
 1. Burgess SE, Silverman RH, Coleman DJ, Yablonski ME, Lizzi FL, Driller 

J, Rosado A, Dennis PH Jr. Treatment of glaucoma with high-intensity 
focused ultrasound. Ophthalmology. 1986;93(6):831–8.

 2. Aptel F, Tadjine M, Rouland JF. Efficacy and Safety of Repeated Ultrasound 
Cycloplasty Procedures in Patients With Early or Delayed Failure After a 
First Procedure. J Glaucoma. 2020;29(1):24–30.

 3. Liu HT, Zhang Q, Jiang ZX, Xu YX, Wan QQ, Tao LM. Efficacy and safety of 
high-dose ultrasound cyclo-plasty procedure in refractory glaucoma. Int 
J Ophthalmol. 2020;13(9):1391–6.

 4. Posarelli C, Covello G, Bendinelli A, Fogagnolo P, Nardi M, Figus M. High-
intensity focused ultrasound procedure: The rise of a new noninvasive 
glaucoma procedure and its possible future applications. Surv Ophthal-
mol. 2019;64(6):826–34.

 5. Figus M, Posarelli C, Nardi M, Stalmans I, Vandewalle E, Melamed S, Skaat 
A, Leshno A, Sousa DC, Pinto LA. Ultrasound Cyclo Plasty for Treatment of 
Surgery-Naïve Open-Angle Glaucoma Patients: a Prospective, Multicenter, 
2-Year Follow-Up Trial. J Clin Med. 2021;10(21):4982.

 6. Marques RE, Ferreira NP, Sousa DC, Barata AD, Sens P, Marques-Neves C, 
Abegão Pinto L. High intensity focused ultrasound for glaucoma: 1-year 
results from a prospective pragmatic study. Eye (Lond). 2021;35(2):484–9.

 7. Aptel F, Denis P, Rouland JF, Renard JP, Bron A. Multicenter clinical trial 
of high-intensity focused ultrasound treatment in glaucoma patients 
without previous filtering surgery. Acta Ophthalmol. 2016;94(5):e268-277.

 8. Gunay M, Sekeroglu MA, Celik G, Gunay BO, Unlu C, Ovali F. Anterior 
segment ischemia following diode laser photocoagulation for aggressive 
posterior retinopathy of prematurity. Graefes Arch Clin Exp Ophthalmol. 
2015;253(6):845–8.

 9. Gündüz K, Günalp I, Ozden RG. Anterior segment ischemia following 
pterygium surgery. Jpn J Ophthalmol. 1997;41(3):192–5.



Page 7 of 7Chen et al. BMC Ophthalmology          (2024) 24:188  

 10. Janssens K, Zeyen T, Van Calster J. Anterior segment ischemia with 
rubeosis iridis after a circular buckling operation treated successfully with 
an intravitreal bevacizumab injection: a case report and review of the 
literature. Bull Soc Belge Ophtalmol. 2012;319:5–9.

 11. Tawara A, Kubota T, Hata Y, Sakamoto T, Honda M, Yoshikawa H, Inomata 
H, Ohnishi Y. Neovascularization in the anterior segment of the rabbit eye 
by experimental anterior ischemia. Graefes Arch Clin Exp Ophthalmol. 
2002;240(2):144–53.

 12. Pineles SL, Chang MY, Oltra EL, Pihlblad MS, Davila-Gonzalez JP, Sauer TC, 
Velez FG. Anterior segment ischemia: etiology, assessment, and manage-
ment. Eye (Lond). 2018;32(2):173–8.

 13. Shalaby WS, Razeghinejad R. Neovascularization of angle following trab-
eculectomy augmented with mitomycin-C. Oman journal of ophthalmol-
ogy. 2021;14(1):52–5.

 14. Velez FG, Davila JP, Diaz A, Corradetti G, Sarraf D, Pineles SL. Association of 
Change in Iris Vessel Density in Optical Coherence Tomography Angiog-
raphy With Anterior Segment Ischemia After Strabismus Surgery. JAMA 
ophthalmology. 2018;136(9):1041–5.

 15. Krupin T, Johnson MF, Becker B. Anterior segment ischemia after cyc-
locryotherapy. Am J Ophthalmol. 1977;84(3):426–8.

 16. McKelvie PA, Walland MJ. Pathology of cyclodiode laser: a series of nine 
enucleated eyes. Br J Ophthalmol. 2002;86(4):381–6.

 17. Aptel F, Dupuy C, Rouland JF. Treatment of refractory open-angle 
glaucoma using ultrasonic circular cyclocoagulation: a prospective case 
series. Curr Med Res Opin. 2014;30(8):1599–605.

 18. De Gregorio A, Pedrotti E, Stevan G, Montali M, Morselli S. Safety and 
efficacy of multiple cyclocoagulation of ciliary bodies by high-intensity 
focused ultrasound in patients with glaucoma. Graefes Arch Clin Exp 
Ophthalmol. 2017;255(12):2429–35.

 19. Aptel F, Charrel T, Lafon C, Romano F, Chapelon JY, Blumen-Ohana E, Nor-
dmann JP, Denis P. Miniaturized high-intensity focused ultrasound device 
in patients with glaucoma: a clinical pilot study. Invest Ophthalmol Vis Sci. 
2011;52(12):8747–53.

 20. Dua HS, Said DG, Messmer EM, Rolando M, Benitez-Del-Castillo JM, Hos-
sain PN, Shortt AJ, Geerling G, Nubile M, Figueiredo FC, et al. Neuro-
trophic keratopathy. Prog Retin Eye Res. 2018;66:107–31.

 21. Bietti G. Recent experimental, clinical, and therapeutic research on the 
problems of intraocular pressure and glaucoma. Am J Ophthalmol. 
1972;73(4):475–500.

 22. Perez CI, Han Y, Rose-Nussbaumer J, Ou Y, Hsia YC. Neurotrophic keratitis 
after micropulse transscleral diode laser cyclophotocoagulation. Ameri-
can journal of ophthalmology case reports. 2019;15: 100469.

 23. Spierer O, Lazar M. Urrets-Zavalia syndrome (fixed and dilated pupil 
following penetrating keratoplasty for keratoconus) and its variants. Surv 
Ophthalmol. 2014;59(3):304–10.

 24. Sousa DC, Ferreira NP, Marques-Neves C, Somers A, Vandewalle E, 
Stalmans I, Pinto LA. High-intensity Focused Ultrasound Cycloplasty: 
Analysis of Pupil Dynamics. Journal of current glaucoma practice. 
2018;12(3):102–6.

 25. Hayreh SS, Scott WE. Fluorescein iris angiography. II. Disturbances in iris 
circulation following strabismus operation on the various recti. Arch 
Ophthalmol. 1978;96(8):1390–400.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Iris neovascularization and neurotrophic keratopathy following ultrasound cycloplasty in refractory glaucoma: case series
	Abstract 
	Background 
	Case presentation 
	Conclusions 

	Background
	Case presentation
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5
	Case 6

	Discussion
	Conclusion
	Acknowledgements
	References


