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Chapter

Optical Coherence Tomography in
Retinopathy of Prematurity

Artemiy Kokhanov, Ye He, Pooja Nikki Bisarya and Irena Tsui

Abstract

Retinopathy of prematurity (ROP) is a disease that uniquely affects prematurely born
infants. This disease is caused by disordered retinal vascular proliferation and may lead
to blindness. The gold standard for ROP screening, diagnosis and monitoring is indirect
ophthalmoscopy examination. Optical coherence tomography (OCT) has recently been
used in ROP affected infants and children in research settings. It has provided further
understanding of retinal vascular development and visualization of subtle subclinical
features that otherwise go undetected. In school-aged children, OCT has become an
essential tool for monitoring macular sequelae of ROP such as retained inner retinal
layers, epiretinal membrane, subretinal fluid, and retinoschisis. This chapter reviews the
current use of OCT in infants with ROP as well as older children with history of ROP.

Keywords: cystoid macular edema, foveal avascular zone, optical coherence
tomography, plus disease, prematurity, retinal detachment, retinopathy of prematurity,
retinoschisis

1. Introduction

Retinopathy of prematurity (ROP) is a disorder unique to prematurely born neonates.
It stems from abnormal retinal vascular proliferation which may lead to permanent
damage to the retina and retinal detachment. It remains to be the main cause of childhood
blindness throughout the world notwithstanding the major progress in management
[1]. The first description of ROP came in 1942 by Terry [2]. At the time the condition
was called retrolental fibroplasia and was thought to represent persistent fetal vascula-
ture related to prematurity [2]. Afterwards it was determined that those findings were
not innate, but rather developed postnatally in response to exogenous factors, such as
exposure to oxygen [3]. Judicial use of supplemental oxygen led to reduction in incidence
of ROP [4]. The advancements in neonatal care and increased survival of very low and
extremely low birth weight neonates in developed countries resulted in the “second wave’
of ROP [5]. The “third wave” came with the recent rapid expansion of neonatal services in
developing countries where control of complications of preterm birth is lagging [6]. Each
year about 32,300 prematurity survivors worldwide are impacted by permanent vision
impairment due to ROP [7]. In recent years, with the increased use of OCT, there has been
an ever-increasing interest in using optical coherence tomography (OCT) to comprehend
ocular development as well as to detect long term macular sequelae of ROP [8]. In this
chapter the utilization of OCT in infants and children with ROP will be discussed.
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2. Early uses and challenges of neonatal OCT

Adoption of OCT into neonatal population has been limited due to various reasons
such as absence of available equipment for quick and accurate imaging without sedation
[9]. Early attempts to use OCT in neonatal population were made in operating room
under general anesthesia [10, 11]. Vinekar et al. were among the first to use handheld
OCT in premature infants. Using the handheld device that was made from a tabletop
spectral domain OCT scanner they showed clinically undetected abnormal findings
of cystoid spaces and greater foveal thickness in patients with stage 2 ROP. Also, they
demonstrated the possibility of OCT imaging of unanesthetized infants at bedside [12].

3. Imaging technique

While utilization of modified unmounted tabletop OCT scanners has been
reported in literature, this is challenging due to the limited portability of the device
[11, 13]. Commercially available portable handheld and arm-mounted OCT systems
made it feasible to obtain imaging in premature infants, but at this time they are still
not widely used in clinical practice [14, 15].

The eye of a premature infant and the adult eye have many structural and optical
dissimilarities. The axial length of the premature eye undergoes precipitant growth
during neonatal period and then slows progressively afterwards. The cornea has
steeper curvature in neonates compared to adults [15, 16]. Refractive error pattern
switches from slight myopia in neonatal period towards slight hyperopia in infancy.
In addition, newborn eyes have greater astigmatism [15]. If these features are not
taken into consideration, difficulties, such as poor image clarity and clipping artifacts
can be encountered. Thereby, imaging protocols must be configured to account for
these age-specific properties [17]. OCT systems with shorter acquisition times such as
spectral domain (SD) and swept source (SS) are faster making them more suitable for
infants [9]. OCT angiography (OCT-A) is a rather new quick and non-invasive imag-
ing technique to perform visualization and quantitative analysis of retinal vasculature
as well as the evaluation of retinal blood flow without the need for an intravenous
or intravitreal injection of a contrast agent [18-20]. This provides an alternative
to fluorescein angiography. OCT-A can be used to generate various foveal vascular
characteristics including vessel perfusion density, vessel length density and vascular
diameter index [21]. A limitation of OCT/OCT-A is that they do not easily capture the
peripheral retina where stages of ROP occur.

The imaging can be done with minimal to no discomfort to the patient. A specu-
lum is generally needed [20, 22]. Oral sucrose may be given to comfort the patient.
Arm mounted imaging systems may greatly facilitate the task as there would be
no need to support the weight of the scanner. A second person would operate the
software and capture the images [17, 22]. Ocular lubrication should be applied before
imaging to create a stable tear film for clearer images. Scleral depression may be used
to manipulate the eye position and improve peripheral views [23]. Ultimately, it has
been reported that OCT imaging may even be less stressful than indirect ophthalmos-
copy examinations that are routinely done to evaluate for ROP [24]. Implementation
of age-specific techniques was evaluated by Maldonado et al. and it was found that
the average time per imaging session decreased and there was no significant change of
vital signs from baseline [15].
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4. OCT findings in neonatal ROP

The standard for ROP screening has been the eye examination using an indirect
ophthalmoscope. OCT allowed to visualize structures and characteristics that have
been previously clinically unnoticed. Among those are preretinal tissue, epiretinal
membrane, shallower foveal depression, presence of distinct inner retinal layers at the
foveal center, macular edema, retinoschisis, retinal detachment, changes associated
with plus disease, and optic nerve changes. Occult findings that can be visualized by
OCT imaging might play a considerable role in the vision abnormalities in children
with history of ROP. OCT findings have the potential to be used as an adjunct for ROP
screening and monitoring. Widefield imaging using swept source OCT combined
with scleral depression has the capability to visualize peripheral retinal pathology.
This may have the ability to allow objective quantitative evaluation of the ROP classi-
fication. The components of ROP classification can be measured more discreetly with
the use of OCT compared to indirect ophthalmoscopy [25]. In the future, it might be
achievable to segment the peripheral vascular-avascular junction, create objective
cutoffs for ROP stages and quantify plus disease with more objectivity using artificial
intelligence derived metrics [26].

4.1 Preretinal tissue

The exact histopathologic makeup of preretinal tissue is not precisely known,
but it is thought to represent remnants of hyaloidal vasculature or small isolated
lumps of neovascular tissue overlying the retina [27]. These lesions also have been
referred to as popcorn retinopathy [28]. It has been previously reported that the
presence of popcorn retinopathy increases the risk of disease progression as well
as the development of plus disease and requirement for laser photocoagulation
[28]. The ability to monitor the preretinal tissue may be of importance in disease
surveillance.

4.2 Epiretinal membrane

Epiretinal membrane comprises a layer of cellular proliferation on the inner
surface of the retina. Epiretinal membranes are frequently seen in premature
neonates [17]. Lee et al. reported that epiretinal membranes were present in 32%
of cases evaluated for ROP while. They were detected by OCT imaging while not
seen on indirect ophthalmoscopy examination. In nearly a third of the patients the
epiretinal membrane generation foveal deformation with loss of the fovea depression
[29]. The association was made between epiretinal membrane and the development
of vitreous bands suggesting a tractional pathogenesis of this finding in the affected
infants [20, 30]. Nonetheless, the exact clinical significance of epiretinal membrane
in premature infants with ROP remains unknown, and more studies are needed to
evaluate its value.

4.3 Immature retinal and choroidal morphology
Overall inner retina layer thickness at the foveal center decreases and outer retinal

thickness at foveal center increases over time in the preterm period, which is driven by
centrifugal and centripetal displacement of inner and outer retinal cells, respectively.
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Figure 1.

Differences of foveal OCT B-scan in the healthy adult and developing retina. (A, C) Foveal OCT B-scan
image from a 24-year-old adult born at term age. (B, D) Foveal OCT B-scan image from a 34-week
postmenstrual age (PMA) infant (born at 25 weeks GA, birth weight 605 g). From top to bottom, the retinal
layers ave: Retinal nerve fiber layer (RNFL), ganglion cell layer (GCL), inner plexiform layer (IPL), inner
nuclear layer (INL), outer plexiform layer (OPL), outer nuclear layer (ONL), external limiting membrane
(ELM), myoid zone of photoreceptors (MZ), ellipsoid zone of photoreceptors (EZ), outer segments of
photoreceptors (OS), interdigitation zone (I1Z), and retinal pigment epithelium (RPE)/Bruch’s complex.
Inner vetinal layers (IRL) are indicated by the blue vertical line. Outer retinal layers (ORL) are indicated
by the orange vertical line. Note that the ELM, MZ, EZ, and IZ ave not apparvent in the immature developing
retina (B, D). Adapted from [31] with permission.

It has been reported that compared to term born infant, premature infant or ROP
infant eyes usually has shallower foveal pit, retain inner retinal layers at foveal center,
thinner outer retinal layers, and indistinctive external limiting membrane band and
ellipsoid zone (Figure 1) [32-34].

Choroid is another component of the eye that could be impacted in premature or
ROP infancy. It has been reported that several factors including gestational age, ROP
status, pulmonary status and oxygen supplementation may affect choroidal thickness
[8, 22, 35, 36]. However, the impact of changes in choroidal thickness on long-term
visual outcomes is still under investigation.

4.4 Retinoschisis

Retinoschisis, or abnormal splitting or retina’s neurosensory layers, is not
common in ROP. However, the incidence of it is not known for the most part due to
the relative difficulty on indirect ophthalmoscopy or digital eye imaging systems.
Some features commonly encountered in premature infants, such as corneal haze,
presence of tunica vasculosa lentis or vitreous hemorrhage make particularly dif-

ficult [37].
4.5 Retinal detachment

In spite of treatment efforts, a number of prematurely born infants develop
advanced ROP with retinal detachment. Accurate detection of retinal detachment is

crucial in decision making process as well as in predicting future vision outcomes.
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Differentiation of retinoschisis from retinal detachment and determination of foveal
involvement can be a difficult task. Likewise, the decision whether to intervene may
be a great challenge. OCT has been shown the ability to assess the exact location of
detachment, assess the degree of retinal elevation, estimate foveal involvement and
distinguish retinal detachment from retinoschisis [10, 38-40]. Shallow retinal detach-
ments that are not seen on indirect ophthalmoscopy also can be detected earlier on
OCT imaging [41]. Detecting post-laser photocoagulation exudative retinal detach-
ment using OCT has been reported as well [42].

4.6 Plus disease

Plus disease is defined as increased venous dilatation and arteriolar tortuosity of
the posterior retinal vessels in at least two quadrants [43]. It is an important clinical
sign of ROP used to identify patients that require treatment. OCT can provide further
objective understanding of structural changes that occur in plus disease. Three-
dimensional reconstruction of OCT images can allow visualization of vessel tortuos-
ity not only in two dimensions, but in the third dimension across the retinal depth as
well [17]. Special OCT views such as Retinal Vessel Shadow View have been proposed
for evaluation of plus disease [44]. Furthermore, OCT may detect vessel elevation, a
feature that is known to be related to ROP severity [45].

With the aim of reducing the impact of individual OCT features and to ensure a
more comprehensive evaluation of vascular changes, a Vascular Abnormality Score
on OCT (VASO) was suggested (Table 1). In this scoring system more uncommon
features are more heavily weighted. Thus, uncommon findings have more impact on
VASO score. A cut-off value of 2 was proposed. Subjects in the plus disease group
had significantly higher VASO than scores in the control group. The mean difference
in VASO score was larger when imaging was performed before 37 weeks corrected
gestational age [45].

4.7 Macular edema

Macular edema has been a subject of recent research thanks to the ease of its detec-
tion by OCT (Figure 2). This is a feature that is usually not detected by traditional

Optical coherence tomography characteristics Points

Vessel elevation

Mild 1

Severe 2

Scalloped retinal layers

Involving IPL 1
Involving OPL 2
Hyporeflective vessels 2
Retinal spaces 2

Table 1.
Vascular abnormality scove on optical coherence tomography (VASO).
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Cystoid spaces

Cystoid spaces

Figure 2.

Macular edema. Foveal OCT B-scan image in an eye of a preterm infant born at 28 weeks gestational age (birth
weight 1220 g) imaged at 32 weeks postmenstrual age. Macular edema was only observed in the inner nuclear
layer at the parafovea (A). Foveal OCT B-scan image in an eye of a preterm infant born at 25 weeks gestational
age (birth weight 605 g) imaged at 42 weeks postmenstrual age. Macular edema was also only observed in the
inner nuclear layer but at both fovea and pavafovea (B). Yellow asterisk is located at within a cystoid space at
fovea.

indirect ophthalmoscopy, and it often remains undiagnosed during infancy. Different
studies use different nomenclature for this feature, which include “retinal cystoid
structures” [29], “foveal/macular changes” [12], “cystoid macular changes” [46] and
“macular edema of prematurity” (MEOP). This phenomenon frequently resolves
spontaneously [17]. Maldonado et al. found cystoid macular edema (CME) in 50% of
premature neonates imaged between 31 and 36 weeks of corrected gestational age. CME
persisted in all subjects through 36 weeks of corrected gestational age. The study was not
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designed for long term follow up, however the resolution of CME was observed in 9 out
of 17 subjects after 37 weeks corrected gestational age [47]. Vinekar et al. performed a
study on 74 patients and CME was found in 16% of patients. The resolution was reported
in 100% of patients imaged at 52 weeks of corrected gestational age [12].

CME seen in premature infants is different than CME seen in adult patients. Thus,
in premature infants CME is located exclusively in inner nuclear layer while in adults
cystoid structures may be found in multiple retinal layers [47, 48]. Adult CME is caused
by both extracellular accumulation of fluid as well as intracellular swelling of Muller cells
whereas infantile CME may be represented principally by the swelling of Muller cells, or
potentially extracellular fluid accumulation that is bridged by Muller cells [47, 49].

The exact etiology of CME encountered in premature infants is not precisely known.
Several hypotheses have been suggested. Maldonado et al. and Vinekar et al. have
proposed that CME develops as a result of the effects of neurohumoral factors, primar-
ily vascular endothelial growth factor (VEGF). Edema may be attributed to increased
vascular permeability that is caused by increased concentration of VEGF [12, 47]. This
theory is plausible given the role of VEGF in the pathogenesis of ROP. Among 27 dif-
ferent cytokines measured in the vitreous body VEGF was found to be of the highest
concentrations in patients with advanced ROP compared to controls [50]. Nevertheless,
it was observed that CME might develop after intravitreal injection of bevacizumab,

a VEGF inhibitor [46]. This led to a thought that other pathogenetic factors, such as
mechanical traction exerted on the macula, might be involved. Tractional pathogenesis
theory is also supported by an association of CME with the development of vitreous
bands [30]. Furthermore, Erol et al. have suggested that lower retina pigment epithelium
cell density might promote the development of CME [51].

Asnoted earlier, CME is a common finding in premature neonates, and its mere
presence may not be necessarily associated with ROP. It may represent a non-pathologic
transient stage of foveal development. Currently, there is no consensus whether the
severity of CME is correlated with ROP. Dubis et al. reported in their study that severity
of CME does not appear to be correlated with ROP stage [46]. However, greater sever-
ity of CME as evidenced by increased central foveal thickness, inner nuclear layer and
fovea-to-parafoveal thickness ratio has been found by Maldonado et al. to be linked with
higher ROP stage, presence of plus disease and the need for laser photocoagulation [47].
Similarly, Erol et al. reported that frequency and severity of CME go up with increasing
ROP stage [51]. As the retinal changes have been found to correlate with gestational age
and birth weight, it still continues to be unclear if those findings are due to preterm birth
alone or are in connection with the effects of ROP and its management [52]. Other con-
comitant systemic factors may influence the development of CME. Among these factors
are hypo- and hyperoxia, acidosis, arterial hypotension, presence of hemodynamically
significant patent ductus arteriosus, infection, intraventricular hemorrhage, necrotizing
enterocolitis, transfusion of blood products and apnea of prematurity [46]. However,
Maldonado et al. made an attempt to correlate some of these factors (specifically Apgar
scores at 1 and 5 minutes of life, PDA ligation, culture-proven sepsis, surgical necrotizing
enterocolitis, presence of intraventricular hemorrhage, periventricular leukomalacia,
bronchopulmonary dysplasia, and hydrocephalus) with CME and could not establish the
association [47].

Anwar et al. reported in their study a correlation between foveal width and retinopa-
thy of prematurity. The foveal width was increasing in the ROP group and decreasing
in the non-ROP group. This difference of trajectory was found to be independent of
gestational age and birth weight — variables that are certainly concurrent with the extent
of prematurity. This difference was more apparent particularly at earlier corrected
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gestational age. This phenomenon has the potential to be of utility when differentiating
between premature infants that need further ROP screening from those that do not.
Also, it has the potential to be used as a predictor of ROP that requires treatment [53].
Another possible association that might be of interest is the correlation of CME with
neurodevelopmental outcomes in prematurely born children. Rothman et al. studied
neurodevelopmental outcomes in 53 very preterm infants at 18 to 24 corrected gesta-
tional age. Infants who had CME detected during routine ROP screening eye examina-
tions were found to have poorer language and motor skills on Bayley Scales for Infant
and Toddler development when compared to the infants who did not have CME [54].
Thereby, detection and evaluation of CME using OCT imaging have the potential to
serve as the predictor of neurodevelopmental outcomes in prematurely born infants.

4.8 Optic nerve changes

Previously, the understanding of optic nerve development originated from differ-
ent histopathology experiments [55]. The appearance of OCT has allowed for in-vivo
studies of the optic nerve in humans. OCT has been used broadly for optic nerve
evaluation in adults, however the use of it for infant optic nerve assessment has been
limited until now. Preterm infants who underwent ROP screening were found to have
larger vertical cup diameter and cup-to-disc ratio than their term counterpartsina
pilot study of 44 preterm and 52 term infants. These parameters were found to have
a weak association with neurologic pathology such as periventricular leukomalacia,
and lower cognitive Bayley scores [56]. However, future larger prospective studies are
needed before definite conclusions can be made.

5. OCT in children with history of ROP

OCT has been studied for assessment of premature children beyond the neonatal
period and infancy as well. The impact of prematurity itself, ROP and ROP treatment
have been studied. Features that were observed during infancy also persist in child-
hood and throughout adolescence, these include shallow foveal pit (Figures 3-5),

Figure 3.
Abnormal foveal contour in a premature-born child. Foveal OCT B-scan in an eye of a 12 years old premature-
born child with shallow foveal pit and vetain inner vetinal layers at foveal center (yellow vertical line).
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Figure 4.
Epiretinal membrane (ERM). Foveal OCT cross-sectional B-scan in an eye of a 10 years old premature-born
child. ERM is presented as hyperreflective layer (yellow arrowhead) overlaying on the retina.

Figures.

OCT images demonstrating examples of retinoschisis. OCT B-scan image of temporal retinoschisis in a 17-year-old
with history of ROP without treatment. Note the macular anomalies including blunting or shallow of the foveal
depression and the presence of the inner retina at the foveal center.

remain inner retinal layers at foveal center (Figures 3-5), ERM (Figure 4), retinos-
chisis (Figure 5), and Optic nerve changes (Figure 6).

OCT findings demonstrated that total thickness of the retina is increased in
premature children with and without ROP compared with their term counterparts
[57, 58]. Tariq et al. reported increased thickness of the central macula and thinning
of the outer macula in prematurely born teenagers when compared to those born at
term [59].

9
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Figure 6.
Optic nerve atrophy.

Foveal avascular zone (FAZ) is a landmark that has been studied broadly in the
recent years. It was found to be remarkably reduced or absent in children children
with a history of prematurity with or without ROP [57, 60]. Smaller avascular
zone presumably denotes arrest of normal development of retinal neurovascula-
ture induced by premature birth [21, 61]. Positive correlation has been described
between FAZ and gestational age and birth weight [62]. At the same time, FAZ was
found to be smaller in children with history of treated ROP compared with those
with history of spontaneously regressed ROP [21, 57]. However, the former group
of patients had lower gestational age and birth weight. As such, the described
differences in FAZ might be induced by more significantly immature vasculature at
the time of birth [57]. Regarding vessel density, studies have reported that children
with a history of prematurity have higher vessel density at the fovea when com-
pared to healthy children [63-65], while other studies did not reveal a difference in
vessel density [21, 66, 67].

Children that were born prematurely have been shown to have significantly
smaller choroidal thickness 3.0 mm temporal to the fovea than children born at term.
Though, choroidal thickness in other locations did not significantly differ. ROP
stage had marginally significant inverse correlation with choroidal thickness 3.0 mm
temporal to the fovea [68].

Children who were subject to laser treatment of ROP have been shown to have
significantly narrower anterior chamber angle (ACA) compared to prematurely born
children not treated with laser. In its turn, the ACA was correlated with the degree of
myopia. Given the lack of statistically significant difference between ACA in preterm
controls versus term controls, it can be assumed that laser treatment and not gesta-
tional age contributes to the narrow ACA [60].

Another finding reported in children with history of ROP is increased disc-to-
fovea ratio, which can be detected by OCT. This finding may be caused by foveal
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dragging which in turn is a consequence of cicatricial ROP. However, this association
needs to be evaluated further in studies with larger cohorts [69].

6. Conclusion

OCT has been an important tool used for diagnosis and management of various
ophthalmic conditions in adults and older children. Its use in neonates and infants has
been limited to research. OCT has demonstrated its utility in expanding and sup-
plying the new knowledge of infant ocular morphology and providing new insights
into the pathophysiology of ROP. Also, it has provided the new outlook for retinal
vascular development and allowed for a three-dimensional view of pathological ROP
findings. In addition, OCT has allowed for visualization of subclinical findings that
are not evident on conventional clinical examination. Thereby, OCT has the potential
to become an indispensable addition to conventional binocular indirect ophthalmos-
copy screening for ROP. It is feasible that OCT will aid in early identification of ROP
that is at higher risk of poor outcomes and allow for timely intervention. Currently,
many morphologic features detected by OCT are being studied as possible prognostic
indicators in ROP. Moreover, OCT might give us new measurable treatment assess-
ment points.

Conflict of interest

The authors declare no conflict of interest.

Author details
Artemiy Kokhanov™, Ye He?, Pooja Nikki Bisarya3 and Irena Tsui’

1 Paul L. Foster School of Medicine, Texas Tech University Health Sciences Center,
El Paso, TX, USA

2 Stein Eye Institute and Doheny Eye Institute, University of California,
Los Angeles, CA, USA

3 David Geffen School of Medicine, University of California, Los Angeles, CA, USA
*Address all correspondence to: akokhano@ttuhsc.edu

IntechOpen

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided

the original work is properly cited.

11



Optical Coherence Tomography — Developments and Innovations in Ophthalmology

References

[1] Sommer A, Taylor HR, Ravilla TD,
et al. Challenges of ophthalmic care
in the developing world. JAMA
Ophthalmology. 2014;132(5):640

[2] Terry TL. Extreme prematurity
and fibroblastic overgrowth of
persistent vascular sheath behind each
crystalline lens. American Journal of
Ophthalmology. 2018;192:xxviii

[3] Patz A, Hoeck LE, De La Cruz E.
Studies on the effect of high oxygen
administration in retrolental fibroplasia®*.
American Journal of Ophthalmology.
1952;35(9):1248-1253

[4] Parmelee AH, Pilger IS, Austin WO.
Retrolental fibroplasia; a reduction in
incidence following a decrease in use of
oxygen therapy for premature infants.
California Medicine. 1956;84(6):424-426

[5] Shah PK, Prabhu V, Karandikar SS,
Ranjan R, Narendran V, Kalpana N.
Retinopathy of prematurity: Past, present

and future. World Journal of Clinical
Pediatrics. 2016;5(1):35-46

[6] Vinekar A, Dogra M, Azad RV,
Gilbert C, Gopal L, Trese M. The
changing scenario of retinopathy
of prematurity in middle and low
income countries: Unique solutions

for unique problems. Indian Journal of
Ophthalmology. 2019;67(6):717-719

[7] Blencowe H, Lawn JE,

Vazquez T, Fielder A, Gilbert C.
Preterm-associated visual impairment
and estimates of retinopathy of
prematurity at regional and global
levels for 2010. Pediatric Research.
2013;74(Suppl. 1):35-49

[8] Mangalesh S, McGeehan B,
TaiV, et al. Macular oct characteristics

12

at 36 weeks’ postmenstrual age in
infants examined for retinopathy of
prematurity. Ophthalmology Retina.
2021;5(6):580-592

[9] Agarwal K, Vinekar A,

Chandra P, et al. Imaging the pediatric
retina: An overview. Indian Journal of
Ophthalmology. 2021;69(4):812

[10] Patel CK. Optical coherence
tomography in the management of
acute retinopathy of prematurity.
American Journal of Ophthalmology.
2006;141(3):582-584

[11] Joshi MM, Trese MT, Capone A.
Optical coherence tomography findings
in stage 4a retinopathy of prematurity.
Ophthalmology. 2006;113(4):657-660

[12] Vinekar A, Avadhani K,

Sivakumar M, et al. Understanding
clinically undetected macular

changes in early retinopathy of
prematurity on spectral domain optical
coherence tomography. Investigative
Ophthalmology & Visual Science.
2011;52(8):5183

[13] Vinekar A, Sivakumar M,

Shetty R, et al. A novel technique using
spectral-domain optical coherence
tomography (Spectralis, sd-oct+hra)

to image supine non-anaesthetized
infants: Utility demonstrated in
aggressive posterior retinopathy of
prematurity. Eye (London, England).
2010;24(2):379-382

[14] Kothari N, Chu A, Huang JM,

et al. Arm-mounted optical coherence
tomography angiography in extremely
low birth weight neonates with
retinopathy of prematurity. American
Journal of Ophthalmology Case Reports.
2020;18:100624



Optical Coherence Tomography in Retinopathy of Prematurity

DOI: http://dx.doi.org/10.5772/intechopen.110859

[15] Maldonado RS, Izatt JA, Sarin N,

et al. Optimizing hand-held spectral
domain optical coherence tomography
imaging for neonates, infants, and
children. Investigative Ophthalmology &
Visual Science. 2010;51(5):2678

[16] Cook A, White S, Batterbury M,
Clark D. Ocular growth and refractive
error development in premature
infants with or without retinopathy
of prematurity. Investigative
Ophthalmology & Visual Science.
2008;49(12):5199-5207

[17] Maldonado RS, Toth CA. Optical
coherence tomography in retinopathy
of prematurity. Clinics in Perinatology.
2013;40(2):271-296

[18] Vural A, Perente I, Onur IU, et al.
Efficacy of intravitreal aflibercept
monotherapy in retinopathy of
prematurity evaluated by periodic
fluorescence angiography and optical
coherence tomography. International
Ophthalmology. 2019;39(10):2161-2169

[19] Zhou K, Song S, Legocki A,

et al. Quantitative handheld swept-
source optical coherence tomography
angiography in awake preterm and
full-term infants. Translational Vision
Science and Technology. 2020;9(13):19

[20] Moshiri Y, Legocki AT, Zhou K,

et al. Handheld swept-source optical
coherence tomography with angiography
in awake premature neonates.
Quantitative Imaging in Medicine and
Surgery. 2019;9(9):1495502-1491502

[21] Nonobe N, Kaneko H, Ito Y,

et al. Optical coherence tomography
angiography of the foveal avascular zone
in children with a history of treatment-
requiring retinopathy of prematurity.
Retina. 2019;39(1):111-117

[22] He Y, Pettenkofer M, Nittala MG,
Sadda SR, Tsui I, Chu A. Early postnatal

13

oxygen exposure predicts choroidal
thinning in neonates. Investigative
Ophthalmology & Visual Science.
2021;62(9):23

[23] Scruggs BA, Ni S, Nguyen T'TP,

et al. Peripheral oct assisted by scleral
depression in retinopathy of prematurity.
Ophthalmology Science. 2022;2(1):
100094

[24] Mangalesh S, Sarin N,

McGeehan B, et al. Preterm infant stress
during handheld optical coherence
tomography vs binocular indirect
ophthalmoscopy examination for
retinopathy of prematurity. JAMA
Ophthalmology. 2021;139(5):567

[25] Nguyen TTP, Ni S, Ostmo S, et al.
Association of optical coherence
tomography-measured fibrovascular
ridge thickness and clinical disease stage
in retinopathy of prematurity. JAMA
Ophthalmology. 2022;140(11):1121

[26] Nguyen TTP, Ni S, Khan S, et al.
Advantages of widefield optical
coherence tomography in the diagnosis

of retinopathy of prematurity. Frontiers
in Pediatrics. 2022;9:797684

[27] Chavala SH, Farsiu S, Maldonado R,
Wallace DK, Freedman SF, Toth CA.
Insights into advanced retinopathy

of prematurity using handheld

spectral domain optical coherence
tomography imaging. Ophthalmology.
2009;116(12):2448-2456

[28] Wallace DK, Kylstra JA,
Greenman DB, Freedman SF.
Significance of isolated neovascular
tufts (“popcorn”) in retinopathy

of prematurity. Journal of AAPOS.
1998;2(1):52-56

[29] Lee AC, Maldonado RS, Sarin N,
et al. Macular features from spectral-
domain optical coherence tomography as



Optical Coherence Tomography — Developments and Innovations in Ophthalmology

an adjunct to indirect ophthalmoscopy
in retinopathy of prematurity. Retina.
2011;31(8):1470-1482

[30] Zepeda EM, Shariff A, Gillette TB,
et al. Vitreous bands identified by
handheld spectral-domain optical
coherence tomography among premature
infants. JAMA Ophthalmology.
2018;136(7):753

[31] He Y, Chen X, Tsui I, Vajzovic L,
Sadda SR. Insights into the developing
fovea revealed by imaging. Progress

in Retinal and Eye Research.
2022;90:101067

[32] Todorich B, Thanos A, Yonekawa,
et al. Surgical management of tractional
retinoschisis associated with vitreous
hemorrhage in retinopathy of
prematurity. Retinal Cases & Brief
Reports. 2019;13(1):72-74

[33] O’Sullivan ML, Ying GS,

Mangalesh S, et al. Foveal differentiation
and inner retinal displacement are
arrested in extremely premature infants.
Investigative Ophthalmology & Visual
Science. 2021;62(2):25

[34] He Y, Pettenkofer M, Chu A,

Sadda SR, Corradetti G, Tsui L.
Characterization of foveal development
in treatment-naive extremely preterm

infants. Translational Vision Science &
Technology. 2022;11(6):11

[35] Vajzovic L, Rothman AL,

Tran-Viet D, Cabrera MT, Freedman SF,
Toth CA. Delay in retinal photoreceptor
development in very preterm

compared to term infants. Investigative
Ophthalmology & Visual Science.
2015;56(2):908-913

[36] Michalak SM, Mangalesh S, Shen LL,
et al. Systemic factors associated with
a thinner choroid in preterm

14

infants. Ophthalmology Science.
2021;1(2):100032

[37] Moreno TA, O’Connell RV,

Chiu §J, et al. Choroid development

and feasibility of choroidal imaging in
the preterm and term infants utilizing
SD-OCT. Investigative Ophthalmology &
Visual Science. 2013;54(6):4140-4147

[38] Chen X, Prakalapakorn SG,
Freedman SF, Vajzovic L, Toth CA.
Differentiating retinal detachment
and retinoschisis using handheld
optical coherence tomography in stage
4 retinopathy of prematurity. JAMA
Ophthalmology. 2020;138(1):81

[39] Lee H, Proudlock FA, Gottlob I.
Pediatric optical coherence tomography
in clinical practice—Recent progress.
Investigative Ophthalmology & Visual
Science. 2016;57(9):0CT69

[40] Cehajic-Kapetanovic J, Xue K,
Purohit R, Patel CK. Flying baby optical
coherence tomography alters the
staging and management of advanced
retinopathy of prematurity. Acta
Ophthalmologica. 2021;99(4):441-447

[41] Muni RH, Kohly RP, Charonis AC,
Lee TC. Retinoschisis detected with
handheld spectral-domain optical
coherence tomography in neonates

with advanced retinopathy of
prematurity. Archives of Ophthalmology.
2010;128(1):57-62

[42] Cabrera MT, Brewer EM, Grant L,
Tarczy-Hornoch K. Exudative retinal
detachment documented by handheld
spectral domain optical coherence
tomography after retinal laser
photocoagulation for retinopathy of
prematurity. Retinal Cases & Brief
Reports. 2021;15(3):310-313

[43] The international classification
of retinopathy of prematurity



Optical Coherence Tomography in Retinopathy of Prematurity

DOI: http://dx.doi.org/10.5772/intechopen.110859

revisited. Archives of Ophthalmology.
2005;123(7):991

[44] Seely KR, Wang KL, Tai 'V, et al.
Auto-processed retinal vessel shadow
view images from bedside optical
coherence tomography to evaluate plus
disease in retinopathy of prematurity.
Translational Vision Science and
Technology. 2020;9(9):16

[45] Maldonado RS, Yuan E, Tran-Viet D,
et al. Three-dimensional assessment of
vascular and perivascular characteristics
in subjects with retinopathy of
prematurity. Ophthalmology.
2014;121(6):1289-1296

[46] Dubis AM, Subramaniam CD,
Godara P, Carroll J, Costakos DM.
Subclinical macular findings in infants
screened for retinopathy of prematurity
with spectral-domain optical coherence
tomography. Ophthalmology.
2013;120(8):1665-1671

[47] Maldonado RS, O’Connell R,

Ascher SB, et al. Spectral-domain optical
coherence tomographic assessment of
severity of cystoid macular edema in
retinopathy of prematurity. Archives of
Ophthalmology. 2012;130(5):569-578

[48] Hee MR, Puliafito CA, Wong C,

et al. Quantitative assessment of macular
edema with optical coherence
tomography. Archives of Ophthalmology.
1995;113(8):1019-1029

[49] Yanoff M, Fine BS,

Brucker AJ, Eagle RC. Pathology of
human cystoid macular edema.
Survey of Ophthalmology.
1984;28(Suppl):505-511

[50] Sato T, Kusaka S, Shimojo H,
Fujikado T. Simultaneous analyses of
vitreous levels of 27 cytokines in eyes
with retinopathy of prematurity.
Ophthalmology. 2009;116(11):2165-2169

15

[51] Erol MK, Ozdemir O, Turgut

Coban D, et al. Macular findings
obtained by spectral domain optical
coherence tomography in retinopathy of
prematurity. Journal of Ophthalmology.
2014;2014:1-7

[52] Jabroun MN, AlWattar BK,

Fulton AB. Optical coherence
tomography angiography in prematurity.
Seminars in Ophthalmology.
2021;36(4):264-269

[53] Anwar S, Nath M, Patel A, etal.
Potential utility of foveal morphology in
preterm infants measured using hand-
held optical coherence tomography in

retinopathy of prematurity screening.
Retina. 2020;40(8):1592-1602

[54] Rothman AL, Tran-Viet D,
Gustafson KE, et al. Poorer
neurodevelopmental outcomes
associated with cystoid macular edema
identified in preterm infants in the

intensive care nursery. Ophthalmology.
2015;122(3):610-619

[55] Vinekar A, Mangalesh S,

Jayadev C, Maldonado RS, Bauer N,
Toth CA. Retinal imaging of infants
on spectral domain optical coherence
tomography. BioMed Research
International. 2015;2015:e782420

[56] Tong AY, El-Dairi M, Maldonado RS,
et al. Evaluation of optic nerve
development in preterm and term infants
using handheld spectral-domain optical
coherence tomography. Ophthalmology.
2014;121(9):1818-1826

[57] Mataftsi A, Dermenoudi M,
Dastiridou A, et al. Optical coherence
tomography angiography in children with
spontaneously regressed retinopathy of
prematurity. Eye. 2021;35(5):1411-1417

[58] Bowl W, Stieger K, Bokun M, et al.
Oct-based macular structure-function



Optical Coherence Tomography — Developments and Innovations in Ophthalmology

correlation in dependence on birth
weight and gestational age-the giessen
long-term rop study. Investigative
Ophthalmology & Visual Science.
2016;57(9):0CT235-0CT241

[59] Tariq YM, Burlutsky G, Mitchell P.
Macular parameters and prematurity: A
spectral domain coherence tomography
study. Journal of American Association
for Pediatric Ophthalmology and
Strabismus. 2012;16(4):382-385

[60] Lenis TL, Gunzenhauser RC,

Fung SSM, et al. Myopia and anterior
segment optical coherence tomography
findings in laser-treated retinopathy of
prematurity eyes. Journal of American
Association for Pediatric Ophthalmology
and Strabismus. 2020;24(2):86.e1-86.e7

[61] Morken TS, Dammann O, Skranes J,
Austeng D. Retinopathy of prematurity,
visual and neurodevelopmental outcome,
and imaging of the central nervous

system. Seminars in Perinatology.
2019;43(6):381-389

[62] Czeszyk A, Hautz W, Jaworski M,
Bulsiewicz D, Czech-Kowalska J.
Morphology and vessel density of the
macula in preterm children using optical
coherence tomography angiography.
Journal of Clinical Medicine.
2022;11(5):1337

[63] Falavarjani KG, Iafe NA, Velez FG,

et al. Optical coherence tomography
angiography of the fovea in children born
preterm. Retina. 2017;37(12):2289-2294

[64] Balasubramanian S, Borrelli E,
Lonngi M, et al. Visual function and
optical coherence tomography
angiography features in children born
preterm. Retina. 2019;39(11):2233-2239

[65] Chen YC, Chen YT, Chen SN. Foveal
microvascular anomalies on optical
coherence tomography angiography and

16

the correlation with foveal thickness

and visual acuity in retinopathy of
prematurity. Graefe’s Archive for Clinical
and Experimental Ophthalmology.
2019;257(1):23-30

[66] Periti F, Toma C, Plaitano C, et al.
Microvascular parameters evaluated
with optical coherence tomography-
angiography in children: Comparison
between preterm and full-term
patients. Acta Ophthalmologica.
2019;97(7):€1032-e1034

[67] Rezar-Dreindl S, Eibenberger K,
Told R, et al. Retinal vessel architecture
in retinopathy of prematurity and
healthy controls using swept-source
optical coherence tomography
angiography. Acta Ophthalmologica.
2021;99(2):e232-e239

[68] Park KA, Oh SY. Analysis of spectral-
domain optical coherence tomography in
preterm children: Retinal layer thickness
and choroidal thickness profiles.
Investigative Ophthalmology & Visual
Science. 2012;53(11):7201

[69] Villegas VM. Widefield optical
coherence tomography of foveal
dragging in retinopathy of prematurity.
International Journal of Ophthalmology.
2019;12(7):1219-1223



