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Surgical Management of Stage 4 ROP

Eric Nudleman

Abstract

Although the vast majority of eyes with type 1 ROP suc-
cessfully regress following treatment, some eyes develop 
fibrosis. This fibrosis typically occurs along the ridge tis-
sue and can contract, causing traction and resulting in 
retinal detachment. Over the last 40  years, the surgical 
approach to repair stage 4 ROP associated retinal detach-
ments have been refined. With an understanding of the 
vectors of traction, surgery for stage 4 ROP retinal detach-
ments has a high success rate, often with excellent visual 
outcomes, especially when performed early in the disease 
process.
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13.1  Epidemiology of Advanced ROP

The incidence of blindness from ROP around the world is 
variable, largely depending on the level of development that 
allows for the survival of premature babies. In countries 
where the infant mortality rate is low and screening pro-
grams are established, the rate of blindness from ROP is 
approximately 10% [1]. In countries with high infant mortal-
ity rates, the rate of ROP-related blindness is extremely low, 
since children are unlikely to survive to the age when ROP 
develops. In “middle-income” nations, however, ROP is a 
major cause of childhood blindness, with rates approaching 
40% [2]. This is largely due to the absence of screening pro-
grams and, although premature infants survive, there is a 
high rate of progression to stage 5 ROP. In contrast, in the 

United States, the incidence of any stage of ROP is estimated 
to be between 1 in 511 and 1 in 820 live births [3, 4]. Among 
them, roughly 10% require laser photocoagulation, and 0.5% 
require surgical intervention, the vast majority for stage 4 
disease.

13.2  Pathogenesis

The peripheral retinal ischemia in the premature infant drives 
the expression of high levels of Vascular Endothelial Growth 
Factor (VEGF). As a result, apoptosis of the hyaloid vessels 
is delayed, which is clinically visible as persistent tunica vas-
culosis lentis and rubeosis iridis [5]. In addition, VEGF 
drives neovascular vessels to proliferate into the vitreous 
along the vascularized border. Subsequent activation of 
TGFß1 contributes to excessive scar formation [6–8]. This 
fibrous proliferation typically follows the aberrant neovascu-
larization, growing along the ridge tissue and extending into 
the overlying vitreous. The vitreous sheets act as scaffolds 
for the extension of the fibrotic tissue. Subsequent contrac-
tion of the fibrous tissue occurs along various vectors, most 
commonly toward the center of the eye, as well as posterior 
toward the optic nerve or anterior toward the lens. Without 
intervention, the traction will completely detach the neuro-
sensory retina, ultimately leading to blindness.

13.3  Clinical Course

The progression of ROP is relatively predictable. Infants that 
develop disease, in industrialized nations, are almost all born 
at <31 weeks gestational age with a birthweight of <1250 g. 
The earliest manifestations are usually seen at approximately 
32 weeks postmenstrual age (PMA), with the conversion to 
treatment warranted (type 1) disease reached at a mean of 
37 weeks PMA [9, 10]. Retinal detachment after appropriate 
treatment occurs at a mean of 41 weeks PMA [11]. Once the 
retina begins to detach, it can progress quickly. Within 
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weeks, the detachment can advance from an early Stage 4A 
to Stage 5, resulting in a far worse prognosis for visual recov-
ery. Therefore, once surgery is determined necessary, earlier 
intervention is advisable to reduce the progression of the 
detachment.

A special consideration needs to be given to eyes treated 
with anti-VEGF therapy for type 1 ROP. Although multiple 
prospective studies have demonstrated short-term efficacy 
using these agents [12–14], late reactivation and progression 
to retinal detachment have been reported long after the tradi-
tional screening period. Some reports have identified retinal 
detachments up to several years following anti-VEGF injec-
tions [15–18]. There is increasing evidence that following 
anti-VEGF therapy, vascular development often remains 
incomplete, resulting in persistent avascular retina [19, 20]. 
One potential approach to mitigate the risk of reactivation is 
sequential therapy. That is, treatment with anti-VEGF to 
treat acute type 1 ROP, followed by laser to the persistent 
avascular retina at 50–60  weeks postmenstrual age. This 
approach has been investigated in one prospective study 
[21], with additional studies underway. With anti-VEGF 
therapy now highly prevalent worldwide as a primary ther-
apy for type 1 ROP, strategies to reduce the risk of late 
detachments are actively being pursued.

13.4  Management

In order to maximize visual potential, the goal in ROP reti-
nal detachment surgery is to normalize anatomy to permit 
visual development. Surgical success requires an under-
standing of the tractional vectors present in ROP. Interrupting 
the traction resulting from fibrous proliferation is the pri-
mary surgical goal in ROP detachments. Adequate release 
of traction can prevent progression, reduce dragging of the 
macula, and spare visual function. In general, surgical suc-
cess and visual function is greatest when surgery is per-
formed at the earliest stage of retinal detachment. For this 
reason, once the decision for surgery is made, it is recom-
mended to proceed as quickly as possible. Successful reat-
tachment has been reported in 74–91% of stage 4A 
detachments [22–25], 62–92% of stage 4B detachments [22, 
24, 26–28], and 22–48% of stage 5 detachments [29–31]. 
Visual outcomes in successful repair of stage 4A detach-
ment can be expected to be 20/80 or better [22, 32, 33], 
ambulatory vision following stage 4B repair [28], and form 
vision following stage 5 repair [34].

13.5  Lens-Sparing Vitrectomy

In general, outcomes are best in ROP surgery when the crys-
talline lens is retained. Therefore, as long as the anatomy 
permits adequate space, which is the case in most stage 4A 
and many stage 4B ROP detachments, a lens-sparing vitrec-
tomy (LSV) is recommended. The surgery is initiated with a 
partial conjunctival peritomy, primarily to aid in suture clo-
sure of the sclerotomies at the conclusion of the case. Since 
infants have not developed a pars plana, the eye is entered at 
the pars plicata, approximately 0.5 mm posterior to the lim-
bus (Fig.  13.1). Similar success rates have been reported 
using a two-port approach, using an infusing light pipe or 
pic, and three port-approach using a separate infusion line 
[22, 24]. Attention to the vector of trocar insertion is critical 
to avoid damage to the lens. The insertion of the trocar should 
be perpendicular to the iris plane, rather than pointed toward 
the center of the eye (Fig. 13.1). If using small gauge instru-
ments (23G, 25G, or 27G), the cannula may be too long to 
allow access to the far periphery in order to segment the 
peripheral fibrosis. Therefore, it may be helpful to either 
insert the instruments directly through the sclerotomies or to 
partially withdraw the cannulas for peripheral maneuvers.

During the core vitrectomy, attention should be directed 
toward the vectors of traction. Specifically, an effort should 
be made to transect the transvitreal ridge to ridge tissue (the 
“drum head”), ridge to periphery, ridge to lens, and optic 
nerve head to the ridge (Figs.  13.2 and 13.3). Often, the 
release of traction will be evident with the relaxation of the 

Fig. 13.1 Screen capture demonstrating the location and angle of the 
trocar insertion. Following a conjunctival peritomy, the trocar is inserted 
0.5 mm posterior to the limbus with the angle parallel to the visual axis 
to avoid trauma to the crystalline lens. Note the persistence of the tunica 
vasculosis lentis, a common feature of ROP
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tented retina. The vitrector can be used as a pic by gently 
moving within the vectors of traction without cutting. This 
will allow the surgeon to see where the traction remains, 
since the underlying retina will react. These areas should 
then be addressed until the movement of the underlying ret-
ina no longer occurs. Once the dissection is complete, a par-
tial fluid–air exchange is performed to prevent vitreous 
incarceration into the sclerotomies, and the sclerotomies are 
sutured. At the conclusion of the case, subretinal fluid is 
expected, and will reabsorb over the course of weeks to 
months (Fig. 13.4). During follow-up examinations, the key 
feature of success is the absence of progression.

In some cases, anterior ridge to ciliary body tissue may 
create a tight space that risks damage to the crystalline lens 
by a transvitreal approach. In such instances, an MVR blade 
can be used to cleave these anterior bands at the time of entry 
into the eye, an approach described as an ab interno incision 
[36]. The vectors of the initial incision must still be perpen-
dicular to the iris to avoid the lens equator, but can then be 
turned parallel to the posterior lens capsule to transect the 
tissue. If the retina is pulled too anterior to safely access the 
fibrotic tissue bridging between the retina and the lens and 
ciliary body, then a lensectomy and anterior approach is 
recommended.
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Fig. 13.2 Tractional vectors in ROP. The primary vectors include tis-
sue extending from the optic disc to ridge, and ridge to ridge (a), ridge 
to eye wall (b), ridge to ciliary processes (c), and ridge to lens (d). 

Successful surgery requires that tractional forces from each of these 
vectors are adequately transected. Adapted from [35]
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13.6  Limbal Approach for Lensectomy 
and Vitrectomy

Occasionally in Stage 4 ROP, due to anterior fibrosis or a 
limited view posterior to the lens, a lens-sparing surgery is 
not possible, necessitating an anterior (translimbal) approach 
to lensectomy and vitrectomy. In such cases, an inferotempo-
ral or inferior infusion cannula is placed at the limbus, and 
limbal incisions are then made superonasally and superotem-
porally. The anterior lens capsule is incised using the trocar 
blade, and the crystalline lens nucleus and cortex are aspi-
rated with the vitrector. Since the capsule can serve as a scaf-
fold for subsequent fibrosis and traction, which can be very 
difficult to safely remove, it is recommended the capsule is 
entirely removed when a lensectomy is performed for ROP 
surgeries. The edges of the capsule can be easily visualized 
by externally illuminating through the cornea with the light 
pipe, and grasping the capsule edge using membrane for-
ceps. Once the zonules are released, the capsule can be 
removed in a single sheet through the limbal incisions. Once 

the lens and capsule are removed, the anterior fibrosis can be 
safely accessed and dissected.

13.7  Minimal Intervention to Achieve 
Surgical Goals

The goal of Stage 4 ROP surgery is to relieve the vectors of 
traction. It must be emphasized that aggressive maneuvers 
during ROP surgery are extremely high risk and should be 
avoided. Creating an iatrogenic break carries a near certain 
consequence of massive fibrous proliferation with a devastat-
ing outcome. Although it may be tempting to shave close to 
the retinal surface while addressing fibrosis, such maneuvers 
are generally unnecessary to achieve surgical goals. In rare 
cases, a vitrectomy in a child without removing the posterior 
hyaloid can lead to posterior hyaloid contraction syndrome 
[37]. Nevertheless, to avoid the risk of iatrogenic breaks, 
routine removal of the adherent vitreous cortex is not recom-
mended during ROP surgery.
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Fig. 13.3 Ridge to eye wall fibrosis. (a) Typical intraoperative appearance of ridge to eye wall fibrotic tissue undergoing segmentation using the 
vitrector. (b) Same image, outlining the fibrotic sheet, and the instruments within the eye
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Fig. 13.4 Resolution of subretinal fluid following LSV for Stage 4 
ROP at various time intervals. (a) Preoperative appearance of Stage 4A 
ROP. (b) Postoperative appearance of the same eye 2 weeks following 
LSV. The turbid subretinal fluid is improved, but not yet resolved. (c) 
Preoperative appearance of stage 4B ROP, with circumferential traction 
and subretinal fluid involving the fovea. (d) Postoperative appearance 

5 weeks following LSV, showing near-complete resolution of subretinal 
fluid with residual subretinal hemorrhage and temporal dragging. (e) 
Preoperative appearance of Stage 4A ROP. (f) Postoperative appearance 
10  weeks following LSV showing complete resolution of subretinal 
fluid

13 Surgical Management of Stage 4 ROP



104

References

 1. Gilbert C. Retinopathy of prematurity: a global perspective of the 
epidemics, population of babies at risk and implications for control. 
Early Hum Dev. 2008 Feb;84(2):77–82.

 2. Gilbert C, Rahi J, Eckstein M, O'Sullivan J, Foster A. Retinopathy 
of prematurity in middle-income countries. Lancet. 1997 Jul 
5;350(9070):12–4.

 3. Chiang MF, Arons RR, Flynn JT, Starren JB.  Incidence of reti-
nopathy of prematurity from 1996 to 2000: analysis of a compre-
hensive New  York state patient database. Ophthalmology. 2004 
Jul;111(7):1317–25.

 4. Lad EM, Nguyen TC, Morton JM, Moshfeghi DM.  Retinopathy 
of prematurity in the United States. Br J Ophthalmol. 2008 Feb 
26;92(3):320–5.

 5. Alon T, Hemo I, Itin A, Pe’er J, Stone J, Keshet E. Vascular endo-
thelial growth factor acts as a survival factor for newly formed reti-
nal vessels and has implications for retinopathy of prematurity. Nat 
Med. 1995 Oct 1;1(10):1024–8.

 6. Flaumenhaft R, Abe M, Mignatti P, Rifkin DB.  Basic fibroblast 
growth factor-induced activation of latent transforming growth fac-
tor beta in endothelial cells: regulation of plasminogen activator 
activity. J Cell Biol. 1992 Aug;118(4):901–9.

 7. Sato Y, Rifkin DB. Inhibition of endothelial cell movement by peri-
cytes and smooth muscle cells: activation of a latent transforming 
growth factor-beta 1-like molecule by plasmin during co-culture. J 
Cell Biol. 1989 Jul;109(1):309–15.

 8. Mandriota SJ, Menoud PA, Pepper MS. Transforming growth fac-
tor beta 1 down-regulates vascular endothelial growth factor recep-
tor 2/flk-1 expression in vascular endothelial cells. J Biol Chem. 
1996 May 10;271(19):11500.

 9. Palmer EA, Flynn JT, Hardy RJ, Phelps DL, Phillips CL, Schaffer 
DB, The Cryotherapy for Retinopathy of Prematurity Cooperative 
Group, et al. Incidence and early course of retinopathy of prematu-
rity. Ophthalmology. 1991 Nov;98(11):1628–40.

 10. Schaffer DB, Palmer EA, Plotsky DF, Metz HS, Flynn JT, Tung 
B, The Cryotherapy for Retinopathy of Prematurity Cooperative 
Group, et al. Prognostic factors in the natural course of retinopathy 
of prematurity. Ophthalmology. 1993 Feb;100(2):230.

 11. Repka MX, Tung B, Good WV, Capone A, Shapiro MJ. Outcome 
of eyes developing retinal detachment during the early treatment 
for retinopathy of prematurity study. Arch Ophthalmol. 2011 Sep 
12;129(9):1175–9.

 12. Mintz-Hittner HA, Kennedy KA, Chuang AZ, BEAT-ROP 
Cooperative Group. Efficacy of intravitreal bevacizumab for 
stage 3+ retinopathy of prematurity. N Engl J Med. 2011 Feb 
17;364(7):603–15.

 13. Stahl A, Krohne TU, Eter N, Oberacher-Velten I, Guthoff R, 
Meltendorf S, et  al. Comparing alternative ranibizumab dosages 
for safety and efficacy in retinopathy of prematurity: a randomized 
clinical trial. JAMA Pediatr. 2018 Mar 1;172(3):278–86.

 14. Wallace DK, Kraker RT, Freedman SF, Crouch ER, Hutchinson 
AK, Bhatt AR, et  al. Assessment of lower doses of intravitreous 
bevacizumab for retinopathy of prematurity: a phase 1 dosing 
study. JAMA Ophthalmol. 2017 Jun 1;135(6):654–6.

 15. Lee BJ, Kim JH, Heo H, Yu YS. Delayed onset atypical vitreoreti-
nal traction band formation after an intravitreal injection of bevaci-
zumab in stage 3 retinopathy of prematurity. Eye (Lond). 2012 Jul 
1;26(7):903–10.

 16. Ittiara S, Blair MP, Shapiro MJ, Lichtenstein SJ.  Exudative reti-
nopathy and detachment: a late reactivation of retinopathy of 

prematurity after intravitreal bevacizumab. J AAPOS. 2013 
Jun;17(3):323–5.

 17. Snyder LL, Garcia-Gonzalez JM, Shapiro MJ, Blair MP. Very late 
reactivation of retinopathy of prematurity after monotherapy with 
intravitreal bevacizumab. Ophthalmic Surg Lasers Imaging Retina. 
2016 Mar;47(3):280–3.

 18. Hajrasouliha AR, Garcia-Gonzales JM, Shapiro MJ, Yoon H, Blair 
MP.  Reactivation of retinopathy of prematurity three years after 
treatment with bevacizumab. Ophthalmic Surg Lasers Imaging 
Retina. 2017 Mar 1;48(3):255–9.

 19. Lepore D, Quinn GE, Molle F, Baldascino A, Orazi L, Sammartino 
M, et al. Intravitreal bevacizumab versus laser treatment in Type 1 
retinopathy of prematurity: report on fluorescein angiographic find-
ings. Ophthalmology. 2014 Jul 4;121(11):2212–9.

 20. Toy BC, Schachar IH, Tan GSW, Moshfeghi DM. Chronic vascular 
arrest as a predictor of bevacizumab treatment failure in retinopathy 
of prematurity. Ophthalmology. 2016 Oct;123(10):2166–75.

 21. Yoon JM, Shin DH, Kim SJ, Ham D-I, Kang SW, Chang YS, et al. 
Outcomes after laser versus combined laser and bevacizumab 
treatment for type 1 retinopathy of prematurity in Zone I. Retina 
(Philadelphia, PA). 2017 Jan;37(1):88–96.

 22. Hubbard GB, Cherwick DH, Burian G.  Lens-sparing vitrectomy 
for stage 4 retinopathy of prematurity. Ophthalmology. 2004 
Dec;111(12):2274–7.

 23. Moshfeghi AA, Awner S, Salam GA, Ferrone PJ. Excellent visual 
outcome and reversal of dragging after lens sparing vitrectomy for 
progressive tractional stage 4a retinopathy of prematurity retinal 
detachment. Retina (Philadelphia, PA). 2004 Aug;24(4):615–6.

 24. Lakhanpal RR, Sun RL, Albini TA, Holz ER.  Anatomic success 
rate after 3-port lens-sparing vitrectomy in stage 4A or 4B retinopa-
thy of prematurity. Ophthalmology. 2005 Sep;112(9):1569–73.

 25. Bhende P, Gopal L, Sharma T, Verma A, Biswas RK. Functional and 
anatomical outcomes after primary lens-sparing pars plana vitrec-
tomy for Stage 4 retinopathy of prematurity. Indian J Ophthalmol. 
2009 Jul;57(4):267–71.

 26. Singh R, Reddy DM, Barkmeier AJ, Holz ER, Ram R, Carvounis 
PE.  Long-term visual outcomes following lens-sparing vitrec-
tomy for retinopathy of prematurity. Br J Ophthalmol. 2012 
Nov;96(11):1395–8.

 27. Choi J, Kim JH, Kim S-J, Yu YS. Long-term results of lens-sparing 
vitrectomy for stages 4B and 5 retinopathy of prematurity. Korean 
J Ophthalmol. 2011 Oct;25(5):305–10.

 28. Rayes El EN, Vinekar A, Capone A.  Three-year anatomic and 
visual outcomes after vitrectomy for stage 4B retinopathy of pre-
maturity. Retina (Philadelphia, PA). 2008 Apr;28(4):568–72.

 29. Gopal L, Sharma T, Shanmugam M, Badrinath SS, Sharma A, 
Agraharam SG, et al. Surgery for stage 5 retinopathy of prematurity: 
the learning curve and evolving technique. Indian J Ophthalmol. 
2000 Jun;48(2):101–6.

 30. Lakhanpal RR, Fortun JA, Chan-Kai B, Holz ER. Lensectomy and 
vitrectomy with and without intravitreal triamcinolone acetonide 
for vascularly active stage 5 retinal detachments in retinopathy of 
prematurity. Retina. 2006 Sep;26(7):736–40.

 31. Cusick M, Charles MK, AGR N E, Sangiovanni JP, Ferris FL III, 
Charles S. Anatomical and visual results of vitreoretinal surgery for 
stage 5 retinopathy of prematurity. Retina. 2006 Sep;26(7):729–35.

 32. Prenner JL, Capone A, Trese MT.  Visual outcomes after lens- 
sparing vitrectomy for stage 4A retinopathy of prematurity. 
Ophthalmology. 2004 Dec;111(12):2271–3.

 33. Lakhanpal RR, Sun RL, Albini TA, Coffee R, Coats DK, Holz 
ER.  Visual outcomes after 3-port lens-sparing vitrectomy in 

E. Nudleman



105

stage 4 retinopathy of prematurity. Arch Ophthalmol. 2006 
May;124(5):675–9.

 34. Trese MT, Droste PJ.  Long-term postoperative results of a con-
secutive series of stages 4 and 5 retinopathy of prematurity. 
Ophthalmology. 1998 Jun;105(6):992–7.

 35. Thanos A, Drenser KA, Capone A. Retinopathy of prematurity. In: 
Yanoff M, Duker JS, editors. Ophthalmology, vol. 1. New  York: 
Mosby; 2018. p. 542.

 36. Ho LY, Ranchod TM, Drenser KA, Capone A, Trese MT. Ab interno 
incision for pediatric vitreoretinal surgery. Retina (Philadelphia, 
PA). 2010 Oct;30(9):1542–3.

 37. Joshi MM, Ciaccia S, Trese MT, Capone A Jr. Posterior hya-
loid contracture in pediatric vitreoretinopathies. Retina. 2006 
Sep;26(Supplement):S38–41.

13 Surgical Management of Stage 4 ROP


	13: Surgical Management of Stage 4 ROP
	13.1	 Epidemiology of Advanced ROP
	13.2	 Pathogenesis
	13.3	 Clinical Course
	13.4	 Management
	13.5	 Lens-Sparing Vitrectomy
	13.6	 Limbal Approach for Lensectomy and Vitrectomy
	13.7	 Minimal Intervention to Achieve Surgical Goals
	References




