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Comparing infant pain and stress
during retinopathy of prematurity
screening using ophthalmoscopy
and non-contact imaging
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The current standard of care for retinopathy of prematurity (ROP) screening eye examinations,
binocular indirect ophthalmoscopy (BIO), is associated with discomfort and stress in infants. In

this study, we compared pain scores and vital signs during examination with BIO and non-contact
laser speckle contrast imaging (LSCI). Preterm neonates underwent retinal exam with BIO and LSCI
during ROP screening. Infant stress was scored using the Neonatal Pain, Agitation, and Sedation
Scale (N-PASS), and collected with vital signs, before, during, and after eye examination. Seventy-
one infants with gestational ages 22-32 weeks and birthweights 400-1900 g underwent 196 BIO
examinations and 101 LSCI examinations. N-PASS scores during BIO were significantly higher than
LSCI (8.8 vs. 3.7, p<0.0001). Maximum heart rate was significantly higher during BIO compared to LSCI
(182 +19 beats per minute vs. 175 + 20 beats per minute, p=0.008). Minimum oxygen saturation was
significantly lower during BIO compared to LSCI (83 +12% vs. 86 +10%, p=0.035). After BIO, vital sign
instability remained for 30 s, whereas vital signs returned to baseline after LSCI. We found lower pain
scores and more stable vital signs during LSCI compared to BIO.

Keywords Retinopathy of prematurity, Binocular indirect ophthalmoscopy, Retinal imaging, Retinal blood
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Retinopathy of prematurity (ROP) screening examinations are essential for preventing blindness among preterm
infants!. The current standard of care for screening, binocular indirect ophthalmoscopy (BIO), allows for a fast,
direct assessment of all zones of the retina. However, BIO is commonly performed with intense illumination,
an eyelid speculum, and scleral depression?, which has been shown to cause pain and stress in preterm infants®.
Modern imaging using non-contact and non-illuminating devices may provide a gentler method for screening,
while also providing an opportunity for a wide-field view of the retina, longitudinal documentation, and
comparison®>,

Although the sensitivity and specificity of emerging imaging tools in accurately detecting and assessing ROP
severity is of utmost importance, optimizing comfort in fragile preterm infants is also a concurrent priority. Infants
in the neonatal intensive care unit (NICU) unfortunately endure cumulative pain from clinical procedures, such
as frequent heel pricks, arterial and venous punctures, nasopharyngeal suctioning, and surgery®. Thus, baseline
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infant pain and stress during standard eye examinations must be well understood, and novel imaging tools must
be similarly assessed”S.

Pain and stress scoring scales monitor infant behavioral responses during different types of eye exams and
imaging techniques, such as BIO, optical coherence tomography (OCT), and fundus photography (using Optos,
Pictor, and RetCam cameras)®~'!. Universally, the evidence demonstrates that non-contact methods of OCT
and fundus photography are associated with less stress than BIO*!'!. The association between infant stress
and full contact fundus photography in the literature is inconclusive due to mixed results among studies, with
some studies finding an association with less stress during retinal imaging than BIO'>!* and others finding an
association with more stress during retinal imaging than BIO*!#15,

Laser speckle contrast imaging (LSCI) is a novel wide field optical imager that allows visualization and
quantification of retinal blood flow's. LSCI captures the rate of motion and resulting blur created by red
blood cells as they travel through retinal vasculature under laser illumination'”. In diabetic retinopathy and
glaucoma studies, LSCI has demonstrated significant differences in ocular blood flow patterns between diseased
and healthy eyes by analyzing blood flow in the optic disc and retinal vessels'®!. Increased retinal blood flow
underlies the pathogenesis of ROP and thus this supports the potential clinical utility in measuring blood flow
velocities to detect and stage ROP severity. Although LSCI technology has not been clinically validated for ROP,
growing evidence supports the beneficial use of additional imaging with LSCI in ROP clinical applications?*-%2.
LSCT’s blood flow data are potential biomarkers for both high-risk and low-risk ROP. Clinical care may evolve
with novel LSCI-based information such that clinicians can identify high-risk progression earlier to enhance
secondary prevention. Conversely, we may also better identify low-risk eyes and better understand which infants
that can safely be followed with fewer screening eye exams.

Given the particularly delicate and vulnerable population at risk for ROP, understanding the infant experience
during LSCI is crucial as we initiate clinical trials to evaluate this potential screening device?®. LSCI is designed
non-contact and does not require bright light, eyelid speculum, scleral depressor, or pupillary dilation. Thus,
we hypothesized that infants may experience less pain and stress during LSCI compared to standard ROP
examinations using BIO. The purpose of this study was to prospectively compare vital signs, adverse events, and
validated pain scores between BIO and LSCI eye examinations.

Methods

This prospective, non-randomized, non-masked descriptive study was approved by the University of Maryland
Institutional Review Board and followed the tenets of the Declaration of Helsinki and the requirements of
the US Health Insurance Portability and Accountability Act of 1996. Written informed consent was obtained
from parents of all infants for imaging and study participation. Participants were recruited from April 2022 to
September 2023.

Subjects

Preterm infants with a gestational age <30 weeks, or birthweight<1500 g, or infants with gestational age > 30
weeks and birthweight 1500-2000 g with a history of clinical instability deemed by the neonatologist to be at
risk for ROP, were eligible to participate in this study. All subjects were inpatients in the NICU at the University
of Maryland Medical Center. Exclusion criteria were infants with previous intraocular surgery (for example,
intravitreal injection or laser), a diagnosis of a major congenital anomaly or genetic syndrome, hemodynamic
instability, or surgical procedure under general anesthesia during the 24 h prior to ROP screening exam.

Recruitment

Parents of eligible infants were invited to participate and provided with verbal and written education on ROP
and the study protocol. Parents that wished to participate provided written informed consent for one of the
following two options, according to their preference: (1) vital signs and behavior assessment during standard
BIO exam only, or (2) vital signs and behavior assessment during paired BIO exam and LSCI exam (performed
immediately sequential). Approximately half of the cohort opted to receive only BIO exams (1 =36 infants, 196
exams), while the other half opted to receive dual imaging (BIO + LSCI) (n =35 infants,101 exams).

Study protocol: prior to eye examination
Dilation was performed on the day of ROP screening using topical eye drops (combination cyclopentolate 0.2%/
phenylephrine 1%) approximately 60 min prior to the eye exam.

Vital signs including heart rate (HR), respiratory rate (RR), and oxygen saturation (SaO2), were collected
from subjects for 30 s before the examination. Blood pressure (BP) was measured once prior to examination.
The 30 s pre-examination vital signs were recorded before any movement of the infant, touch, or instillation
of proparacaine drops to capture a true baseline. Respiratory device type and fraction of inspired oxygen were
recorded during the baseline vital signs video monitoring.

Baseline pain scores were also collected during the 30-second baseline monitoring. A trained study team
member graded the neonate’s pain based on the Neonatal Pain, Agitation and Sedation Scale (N-PASS)?*. The
N-PASS is a validated neonatal stress and pain assessment tool that calculates a composite score that ranges from
0 (no pain) to 13 (maximum pain) based on 7 items using 4 behavioral indicators, 4 physiological indicators
(HR, RR, BP, Sa02), and 2 contextual indicators (gestational age and sedation)?*?°. The behavioral indicators
(crying/irritability, behavioral state, facial expression, and extremities tone) were reported by the nurse assisting
with the eye exam and recorded by a study team member. Vital signs monitoring commenced continuously
during the entire exam duration and 30 s post-examination by video recording the vital signs monitor.
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After the pre-examination vital signs recording, the infant was swaddled and positioned in the bed with
a 10-degree wedge placed under the head and shoulders. (Fig. 1d) Topical proparacaine 0.5% was instilled
approximately 15 s prior to initiation of eye exam sequence with paired LSCI and BIO, or BIO only.

Study protocol: eye examination

Patients remained in their crib or isolette for the duration of the exam. No changes were made to oxygen support
during the exam. N-PASS pain scores were assessed during the first 60 s of each eye exam (LSCI and BIO). Vital
signs monitors provided HR, RR, and SaO2 continuously for the entire duration of each eye exam. BP was not
cycled during or after eye examination due to concern that the cuff inflation would disturb the infant and impact
the N-PASS score or other vital signs.

Eye exams were performed using the investigational LSCI XyCAM NEO Gen 1 System (Vasoptic Medical
Inc. Columbia, MD) followed by BIO using the All Pupil II LED Convertible Slimline Wireless (Keeler, Malvern,
PA) ophthalmoscope. The XyCAM NEO Gen 1 System leverages the imaging unit of the FDA-cleared XyCAM
RI and is mounted on a wheeled floor-standing articulating arm for mobile bedside imaging in supine neonatal
patients. (Fig. 1le) During an imaging session, a near-infrared laser (peak wavelength of 785 mm) is centered
on the optic nerve head and a high frame-rate image is captured for six seconds. Software outputs a waveform
representing peaks and dips in pulsatile retinal blood flow, velocity metrics quantifying blood flow dynamics,
and a pseudo-color heatmap.

If the infant received the paired LSCI and BIO sequence, thirty seconds of post-LSCI exam and pre-BIO
exam vital signs were continuously collected. The start of the LSCI exam was denoted by opening of the eyelids
with gloved fingers (Fig. 1b) or cotton swabs. The start of the BIO exam was denoted by placement of the Alfonso
eyelid speculum. The end of the respective exam was verbally indicated by the examiner when the speculum or
fingers were removed from the eyelid, no more than 15 min after the start of exam.

Fig. 1. Photographs of eye examination using laser speckle contrast imaging in preterm infants. (A) Side
view demonstrating relationship between eye and camera utilizing a noncontact approach; (B) side view,
demonstrating standard examiner approach to fingertip eyelid opening; (C) cranial view, demonstrating
the optimal head position relative to camera for optic nerve centration in the right eye; (D) top-down view
demonstrating parallel alignment of camera with infant body; (E) view of the bedside room set-up and
equipment. The parents of the infant in these photos gave written consent for use of these photographs in
scientific publication.
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Neonatal vital sign events

While there are no standardized reference ranges for neonatal vital signs, normal limits for preterm infants for
HR ranges from 85 to 205 beats per minute (BPM)?, RR ranges from 30 to 60 breaths per min (BrPM)?*?” and
Sa02 is generally maintained at >89%.2%?° Vital sign events were defined for bradycardia (any isolated decline
in HR<100 BPM, any duration of time), tachycardia (any isolated rise in HR >200 BPM, any duration of time),
oxygen desaturation (< 88% for > 15 s), and apnea (RR=0 BrPM for > 15 s). By reviewing the vital signs monitor,
including alarms that sounded during the exam, a study team member collected the presence or absence and
frequency of adverse events.

Statistical analysis

Rversion 4.2.1 (Foundation for Statistical Computing, Vienna) and SAS version 9.4 (SAS Institute Inc, Cary, NC)
were used to perform statistical analyses. Primary variables of interest included N-PASS scores, HR, RR, Sa02,
and BP. Confounding variables included sex, race, ethnicity, gestational age, birth weight, post-menstrual age,
and respiratory support. Logistic regression with mixed models was used to compare the means of the maximum
and minimum values of the N-PASS scores and vital signs while controlling for potential confounders. Wilcoxon
rank sum test was used to compare the medians of the N-PASS scores while controlling for repeat measures. A
paired students ¢-test was used to compare normally distributed variables and a Mann-Whitney U test for non-
parametric variables, before, during, and after exams. A significance level of p <0.05 was considered statistically
significant.

Results

Infant demographics and clinical features

Seventy-one infants with gestational ages of 26.8 £2.5 weeks and birthweight of 901 +329 g were enrolled. At
the time of BIO and LSCI examination, the infants had a post-menstrual age between 30.7 and 53.9 weeks
(Table 1). The cohort included 47.9% female infants, 45.1% Black infants, 38.0% White infants, and 16.9% of
infants identified as “Other” race. Ethnicity included 19.7% Hispanic infants. Most infants (75.5%) required
some respiratory support, with the most common type being positive airway pressure. The duration of LSCI
was 10.3 min compared to 1.6 min for BIO. The combined LSCI+BIO examination took 12.4 min (due to
0.5 min recovery between exams). Locating the optic disc, focusing the image, and software processing speed for
2 images per eye contributed to the longer exam duration for LSCI.

By subject (N=71) (SD) [range], weeks
Gestational age, mean (SD) [range], weeks 26.8 (2.5) [22.7-32.3]
Birth weight, mean (SD) [range], g 901 (329) [400-1915]
Sex, No. (%)

Female 34 (48%)

Male 37 (52%)

Race, No. (%)

Black 32 (45%)

White 27 (38%)

Asian NA

Other 12 (17%)

Ethnicity, No. (%)

Hispanic 14 (20%)

Not Hispanic or Latino 57 (80%)

By exam (N =204):

Post-menstrual age, mean (SD) [range], weeks 37.7 (4.6) [30.7-53.9]
Fraction of inspired oxygen, mean (SD) [range], % 42 (31) [21-100]
Respiratory support at exam, No. (%)

Room air 50 (25%)

Nasal cannula 51 (25%)

High flow nasal cannula 10 (5%)

Positive airway pressure (Continuous or Bi-level)* 69 (34%)

Ventilator 24 (12%)

Exam duration

Binocular indirect ophthalmoscopy, mean (SD) [range], minutes (1= 192)® | 1.6 (0.8) [0.25-4.8]

Laser speckle contrast imaging, mean (SD) [range], minutes (n= 87)b 10.3 (3.2) [3.4-15.6]

Table 1. Subject demographics and clinical characteristics. SD, Standard deviation; NA, not applicable.
aContinuous (CPAP) was 63 (30.9%) and Bilevel (BIPAP aka NIPP-V) was 6 (2.9%). bExcluding missing data,
and excluding 10 subjects’ pilot data during which exam duration was not formally tracked.
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BIO LSCI

N Mean+SD (range) | N Mean+SD (range) | P value
Baseline vital signs before eye examination (monitored for 30 s prior to touching infant)
Maximum HR (bpm) N=204 | 16315 (99-199) N=99 |164+14(106-192) 0.5922
Minimum HR (bpm) N=204 | 144+17 (89-184) N=99 |145+17 (94-180) 0.6038
Maximum RR (bpm) N=205 | 86 + 25 (18-189) N=100 | 87 + 25 (37-189) 0.7087
Minimum RR (bpm) N=205 | 34+14(10-100) | N=100 | 34 + 16 (10-100) 0.7378
Maximum oxygen sat (%) | N=204 | 97 + 4 (77-100) N=99 |97 +4(80-100) 0.6479
Minimum oxygen sat (%) | N=204 | 92 + 8 (28-100) N=99 |92+9(28-100) 0.8205
Systolic BP N=192 | 81 + 14 (53-165) N=98 |82+15(53-165) 0.6412
Diastolic BP N=192 | 44 + 12 (25-137) N=98 |44+13(25-137) 0.8393
Vital signs during eye examination (monitored for the entire duration of the exam)
Maximum HR (bpm) N=205 | 182+19 (114-300) | N=100 | 175+20 (90-300) 0.008
Minimum HR (bpm) N=205 | 130429 (36-193) | N=100 | 121 +28 (50-188) 0.0091
Maximum RR (bpm) N=206 | 77 + 17 (16-99) N=100 |91+ 10 (63-99) 0.2204
Minimum RR (bpm) N=206 | 29 +5 (21-41) N=100 |26 +5 (21-38) 0.0005
Maximum oxygen sat (%) | N=207 | 97 £ 5 (51-100) N=99 |[99+2(93-100) <0.0001
Minimum oxygen sat (%) | N=207 | 83 + 12 (24-100) N=98 |86+10(55-100) 0.0346
Vital signs immediately after eye examination (monitored for 30 s after conclusion of eye
exam)
Maximum HR (bpm) N=184 | 181+16 (133-214) | N=90 166+12 (115-203) | <0.0001
Minimum HR (bpm) N=184 | 157+23 (83-208) N=90 | 151+15(100-184) 0.0054
Maximum RR (bpm) N=185 | 98+ 24 (13-148) | N=91 |86+23(30-155) | <0.0001
Minimum RR (bpm) N=185 | 39+ 11 (10-68) N=91 |[3329(20-72) <0.0001
Maximum oxygen sat (%) | N=186 | 95 + 6 (74-100) N=90 |97+ 3(88-100) <0.0001
Minimum oxygen sat (%) | N=184 | 88 + 9 (59-100) N=90 |94+6(70-100) <0.0001

Table 2. Vital signs before, during, and after binocular indirect ophthalmoscopy and laser speckle contrast
Imaging. SD, Standard deviation; BPM, beats per minute; BrPM, breaths per minute; Sat, saturation; HR, heart
rate; RR, respiratory rate; BP, blood pressure. Significant values are in bold.

BIO (N=196 exams) | LSCI (N=101 exams) | P value
Bradycardia 30 Exams (15%) 20 Exams (20%) 0.2774
Tachycardia 32 Exams (16%) 3 Exams (3%) <0.0001
Oxygen desaturation | 121 Exams (62%) 50 Exams (50%) 0.09
Apnea 0 Exams (0%) 0 Exams (0%) 1.0

Table 3. Occurrence of stress events during binocular indirect ophthalmoscopy (BIO) and laser speckle
contrast imaging (LSCI). Significant values are in bold.

Vital signs, adverse events, and pain scores during eye exams

There was no statistical difference in baseline vital signs (HR, BP, RR, and Sa02) between the two groups. There
was a significant difference in HR, RR, and SaO2 during and post-examination when comparing BIO and LSCIL.
Deviations from baseline for HR and SaO2 were also significantly different post-examination for BIO (p=0.01,
0.04) compared to LSCI (p=0.6, 0.5). Blood pressure was not cycled during exams so only baseline values are
available (Table 2).

Tachycardia occurred more frequently during BIO exam compared to LSCI (16% compared to 3%, p <0.0001).
No apnea events were noted during either exam type. There were no significant differences in bradycardia or
oxygen desaturation events between LSCI and BIO (Table 3).

Comparison of the N-PASS scores demonstrated pain to be significantly lower during LSCI compared to
BIO (8.8 vs. 3.7, p<0.0001). Sub-scores for behavioral, physiologic, and contextual indicators of pain were also
significantly lower during LSCI compared to BIO, indicating that the tachycardia seen during BIO was not the
only contributing factor for higher stress scores (Table 4).

Comparison of Infants Receiving BIO Alone Vs. BIO After LSCI

In this cohort, 36 infants (196 exams) received BIO alone and 35 infants (101 exams) received BIO following
LSCI. In order to assess whether BIO after LSCI was more disruptive or painful than BIO alone, pain scores
and vital signs were stratified by BIO alone vs. BIO after LSCI. The mean NPASS pain score for BIO after LSCI
was 8.8+2.2 (range 3.0-12.0), compared to 8.9+2.0 (range 3.0-12.0) for BIO alone (p=0.76). There was no
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Baseline | BION=177 | LSCIN=85 | Mean difference (BIO-LSCI) [95% CI] | P value
N-PASS (n=207 exams) | n/a 8.8+2.1 38+1.5 5.1 [4.6,5.5] <0.0001
Extremity tone n/a 1.6+0.6 0.3+0.5 1.4[1.2,1.4] <0.0001
Cry/irritability n/a 1.4+0.7 0.1+0.4 1.3 [1.1, 1,4] <0.0001
Facial expression n/a 1.6+0.6 02+0.4 1.4[1.3,1.5] <0.0001
Behavioral state n/a 1.4+0.7 02+0.4 1.2[1.1,1.4] <0.0001
Vital signs n/a 1.9+0.4 1.9+0.3 0[-0.1,0] 0.4021

Table 4. Pain score components during binocular indirect ophthalmoscopy (BIO) and laser speckle contrast
imaging (LSCI). N-PASS, Neonatal Pain, Agitation and Sedation Scale. Significant values are in bold.

statistical difference in baseline vital signs (HR, BP, RR, and SaO2) nor pain scores between BIO alone and BIO
after LSCI (p>0.05). Multi-variable regression analysis of exam type (BIO vs. LSCI), order of exam (BIO vs.
BIO +LSCI), and number of exams found that only the exam type (BIO vs. LSCI) significantly predicted pain
score (p <0.0001). Order of exam and number of exams did not show a statistically significant association with
pain score (p=0.78 and p=0.30, respectively).

Discussion

This is the first study comparing validated N-PASS pain scores and vital signs during LSCI and standard ROP
screening using BIO. We found that pain scores were significantly higher during BIO compared to LSCI. Individual
sub-scores of the total composite score for N-PASS, such as those for extremity tone, behavioral state (arching,
kicking), and crying, were also lower for LSCI when compared to BIO. The N-PASS is a highly regarded pain
scale, which has shown greater nursing preference, higher mean scores for utility*® and better discrimination of
acute procedural pain compared to other pain scales?®. Furthermore, the N-PASS is validated for use in preterm
infants®* with excellent inter-rater reliability with training and good internal consistency®*. Cry, behavioral
state, and extremity tone were easily classified in swaddled infants with respiratory support receiving eye exams.
Previous similar studies used the CRIES pain score to assess neonatal pain in ROP cohorts* but we opted not
to select this pain scoring system due to concerns about lack of validation in premature infants®*!. Previous
studies have also utilized PIPP-R?, however its use was limited because it was often impossible to score during
eye exams when the examiner’s hands and infant’s respiratory hardware obscured the behavioral scorer’s view
while grading features of brow bulge, eye squeeze, and nasolabial furrow.

Vital signs results demonstrate mean HR was significantly higher and mean SaO2 was significantly lower
during BIO compared to LSCI. While the mean values for HR and SaO2 showed a statistically significant
difference between BIO and LSCI, the difference is small and therefore not clinically significant (SaO2 of 83%
during BIO compared to 86% during LSCI is a difference of only 3% SaO2). For all vital sign events, only
tachycardia occurred with significantly greater frequency during BIO than LSCI. There were also persistent
deviations in vital signs from baseline for BIO, which also differed from LSCI. HR and SaO2 were less likely to
return to baseline values within 30 s after concluding the BIO exam compared to the LSCI exam. Among most
infants receiving the BIO examination only, the vital signs did not return to baseline after 30 s. Therefore, in
retrospect, we found that the 30-second post-exam period is too short to adequately assess for recovery back
to baseline because we did not monitor vital signs for more than 30 s after the conclusion of either exam. RRs
were similar during LSCI compared to during BIO; however, after the exam was complete, LSCI RRs returned to
baseline within 30 s, while they remained abnormally high or low following BIO. Overall, these findings support
the hypothesis that LSCI is less stressful than BIO, but both exams are tolerated by the preterm neonate.

Our findings were consistent with previous studies that demonstrated more favorable pain profiles and more
stable vital signs during non-contact methods of eye examination in preterm neonates compared to BIO*1!.
This was the first study to assess neonatal stress during LSCI. Given recent trends in ROP literature, blood flow
assessment is a key area of interest and progress, likely due to increased availability of novel tools such as adaptive
optics, OCT angiography, color doppler imaging, and LSCI?*3233,

LSCI may offer considerable benefit to future advances in ROP diagnosis and management, given our
growing understanding that retinal perfusion status plays a critical role in disease progression. Furthermore,
LSCT’s gentle approach provides ocular imaging with less pain and more stable vital signs as added motivation to
explore the clinical utility of this technology.

Two fundamental differences between LSCI and BIO made direct comparison challenging. First, LSCI
duration is 5 times longer than BIO. The longer exam offers more opportunity to identify vital sign disruption.
This would bias the study in favor of finding more vital sign abnormality with LSCI than BIO, which reinforces
our results. Next, BIO requires speculum use and LSCI does not. This a reality of eye examination techniques
that use bright visible light. Given that speculum use is standard for our ROP screening team, this was part of
the overall BIO experience and therefore appropriate to include. Eyelid speculum use has been shown to induce
pain? and likely contributed to increased pain during BIO. ROP screeners who do not use a speculum may have
lower pain scores and less vital signs disruption than we identified in this cohort.

Several limitations are notable in this study. First, the order of LSCI and BIO was not randomized among
infants. The BIO exam was always performed after LSCI. We initially randomized the exam order in a pilot study
of 10 subjects not included in this dataset. However, we were unable to begin the LSCI exam soon after BIO
exam due to persistent unstable vital signs following BIO. This resulted in longer duration of time in the infant’s
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room, or cancelling the LSCI exam due to concern about infant stability. Randomizing the order of the exams
may provide more robust conclusions, however, it is not feasible to wait for the neonates to return to baseline
vitals after BIO in the clinical context of rounding in the NICU. Many infants received “BIO-only” exams, due to
parent preference, so we had a subgroup that received BIO as their first and only exam, rather than LSCI + BIO.
This subgroup did not have significantly different N-PASS scores nor vital signs than the cohort who received
BIO following LSCI. This finding furthermore suggests that the non-contact LSCI exam did not have a carryover
effect during BIO exam. Our findings of poor post-exam recovery for BIO exam relative to LSCI supported this
aspect of our study design. Non-randomized studies are subject to selection bias and confounding. Regression
analysis was able to incorporate confounders (number and order of exams) to estimate their impact on outcome.
Results were also stratified by number of examinations to determine the effect of BIO vs. BIO + LSCI to further
address potential confounding. Both statistical approaches suggested that the exam type was the only significant
predictor of vital signs and pain scores, but it is possible that other important confounders were not collected.
Second, motion artifact is well known to impact respiratory monitors and our RR data. Third, BP measurement
was via arm cuff, not arterial pressure monitoring, and therefore does not provide real time data. Only a single
measurement for BP was taken prior to exam. Fourth, our observers grading pain and vitals could not be masked
to the exam type due to the need to observe the infant during the exam to collect data.

The longer duration of LSCI exam was identified in this study, a downside relative to BIO exam. We have
found that the examiner learning curve dictates exam duration, and speed comes with examiner experience
utilizing LSCI. Also, in the research setting, repeat measures are obtained, which are uncommon in the clinical
care setting. Thus, we anticipate shorter duration of LSCI with experienced imagers in the clinical care setting.
Nonetheless, the longer duration LSCI exam was better tolerated in terms of pain scores and vital signs,
reinforcing our results and the worthwhile advantage of gentler ROP imaging techniques like LSCI. Decreased
pain, stable vital signs, and a quick informative examination are the goals of new generation imaging for ROP
screening. Our findings suggest that LSCI may bring us one step closer to this goal.

Strengths of the study were prospective design, consistent well-defined exam protocols, relatively large
sample size, and controlling for multiple measures per subject using statistical approaches.

Conclusions

In summary, pain levels are significantly reduced among infants receiving non-contact imaging with LSCI
compared to BIO. Vital signs are statistically more stable during LSCI compared to BIO, but the difference in vital
signs is not clinically significant. Although LSCI offers a non-contact, less painful approach to ROP assessment,
there is not yet evidence demonstrating that LSCI allows the ophthalmologist to assess all zones as effectively,
efficiently, and reliably as is currently achieved with the BIO. Our findings support the safety for further research
inlarger trials in an extremely fragile and sensitive neonatal population to understand if LSCI’s objective analysis
of retinal vascular parameters provides clinically useful data during ROP screening in the future.

Data availability

We affirm our commitment to ensuring transparent and responsible handling of the data presented in this clin-
ical research paper. Access to the primary dataset generated from this study will be made available upon rea-
sonable request to J.L.A (jalexander@som.umaryland.edu). Data has been made available to the Editorial Board
Members. The analysis was conducted rigorously, adhering to established methodologies, and any interpreta-
tions are based solely on the findings derived from the data.
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