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The study is divided in 3 phases:  
1a)staff training and 1b)inter-observer reliability.  
2)cross sectional study 2a)to recruit sample and 2b)to validate the NAVEG 
3)longitudinal study to verify if the baseline parameters and/or the parameters acquired 
during the follow up period could predict visual and neurodevelopmental outcome at 
short term (18 months) of a cohort of selected term and preterm newborns. 
 
1a) STAFF TRAINING To teach and to improve the expertise of the staff, a training 
period for administering NAVEG will take place in Brescia, where at least 2 members 
of each Unit will meet. The PI will coordinate the group according to the following 
program: 1)formal sessions (theoretical background and visual grid will be presented, 
instructions for the administration will be detailed and discussed on the basis of videos) 
2)practical sessions (each participant will examine at least 1 preterm (PT) and 1 full 
term (T) newborns in the NICU of Civil Hospital-Brescia. A short manual with the 
guidelines for the administration of NAVEG will be provided to participants. 
Participants will be asked to perform in each own Unit at least 2 videorecorded visual 
examinations as demonstration of acquired expertise. These videos will be send to the 
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PI for evaluation, and in the presence of criticisms a conference call will be done with 
the operator involved to discuss them.  
 
1b)INTER-OBSERVER RELIABILITY The Coordinator Center (Brescia) will produce 
4 videotapes of NAVEG administration (2 of PT and 2 T newborns, performed by an 
evaluator blind to the history of the subjects). These videos will be send to each 
researcher for scoring the video using the NAVEG. The results will be uploaded into a 
common database. A specific internet page (called Naveg project) will be 
created/administrated by Brescia Unit for collecting and evaluating quality of data in 
real time. This internet page will be useful in each step of the study.  
 
2) CROSS SECTIONAL STUDY 2a) RECRUITMENT Each Unit will collect a sample 
of T(according to Prechtl’s optimality criteria) and PT newborns (<34 W - GA), to 
reach a total number of 250 (125 PTs and 125 Ts). Full history, clinical, 
ophthalmological and imaging data for each subject will be collected. In neonatal period 
(38-42 weeks' GA,CA), each subject will undergo to: 1)visual assessment (NAVEG); 2) 
a neurological examination, and 3) neuroimaging (only for PTs). The data collected will 
be entered into the common database and will be processed to evaluate the 
characteristics of visual behaviour in the two cohorts (T/ PT) and the correlations with 
the neurological evaluation (Amiel-Tison, 2008; Prechtl, 1990) and with neuroimaging 
(brain US, MRI). We have already obtained approval from the Ethics Committee of the 
Civil Hospital of Brescia and for each subject parents will be requested to sign an 
informed consent.  
 
2b) VALIDATION Validation will be performed by analysis of variance (see E4). To 
assess the Reproducibility we will evaluate the Intraclass Correlation Coefficient (ICC), 
with the corresponding CI separately for each reader. Clinical Validation: the results of 
NAVEG will be crossed with neurological examination data to verify if NAVEG could 
discriminate among the preterm newborns not only ones with visual risk signs but also 
with pathological neurological examination and/or signs of brain damage at 
neuroimaging. A ROC Analysis will be performed. This analysis will help to build up a 
nomogram, an individualized risk chart. All data will be analyzed in order to:1) evaluate 
the visual behaviour of term and preterm newborns, highlighting any differences, both 
developmental and related to CNS damage; 2) detect correlations between visual 
behaviour and neonatal neurological characteristics, identified through the neurological 
examination (Amiel-Tison, 2008) or the general movements assessment (Prechtl, 1990); 
 
3) LONGITUDINAL STUDY 3a) FOLLOW UP. The longitudinal study is to verify 
how the parameters measured at baseline or during the first 18 months of life could 
predict visual and neurological outcome at 18 months. This phase will start in the 1st 
year and will continue throughout the 2nd and 3rd year. The PT subjects will be 
followed up at: 3, 6, 9, 12, 18 months (CA). At the end of follow up period the visual 
profile of each subject, the neurological and neurodevelopmental outcome and how they 
correlate each other will be evaluated. We will analyze correlation of each subscales of 
NAVEG with neurological/developmental outcome. 
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ABSTRACT  
Objective: Visual impairments in paediatric age constitute a major world health 
problem, so there is an increased interest in evaluating newborn visual function 
developing tailored instruments. We propose a clinical instrument called “NAVEG” 
(Neonatal Assessment Visual European Grid) designed to assess visual function in 
newborns, for improving identification of newborns at risk of visual impairment.  
Study design: NAVEG consists of three sections (Ocular Visual Component, Motor 
Visual Component and Perceptual Visual Component) including items assessing 
fixation, ocular motility, visual acuity and contrast sensitivity. NAVEG was 
administered to 58 full term healthy neonates.  
Result: NAVEG is a useful, non-invasive and easy method for assessing visual function 
in newborn and it shows that newborn has a typical visual profile. 
Conclusion:  A visual evaluation as NAVEG could contribute to the development of a 
new method of "visual screening" suited for newborns that integrates the traditional 
ophthalmologic and neurologic evaluations, useful also in follow-up programs. 
 
INTRODUCTION  
Why could it be useful to understand the vision function of the newborn?  To 
understand developmental processes, perhaps as an indicator of ophthalmic or 
neurological problems present at that time, and also as a predictor for the future. The 
importance of visual function and its role in early development is well known [1]. 
Newborns are now considered to have a significant level of perceptual competence [2]. 
Features like visual acuity are easy to assess in newborns [3,4]. The decade from the 80s 
to the 90s was most exhilarating for the study of infant vision with the basic science of 
D.Teller and clinical science through her students V. Dobson and L. Mayer having 
massive impact [5]. Dubowitz V [6], Atkinson J [7], Mercuri E [8], Ricci D [9] and 
Leonhardt [10,11] have enlightened the importance of a visual evaluation in newborns. 
Feasibility for testing early visual function has increased considerably in recent times 
and some authors developed methods of neonatal visual examination [9,10,12,13]. An 
updated approach to the visual function considers that this topic is no more only of 
ophthalmological interest, but also neurological, as literature underlines that vision is a 
“window” on the brain [14]. Visual function could be an indicator of the neurological 
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status of the subject and therefore the findings of a significant visual impairment can be 
a wake-up call for the presence of a brain damage. 
The aim of this study is to evaluate visual function in newborns through a clinical 
instrument called “NAVEG” (Neonatal Assessment Visual European Grid) tailored to 
assess visual function in newborns, easy to administer, non-invasive. NAVEG is 
designed for a clinical use but could be used also for research studies. The principal 
investigator has long expertise in follow up of newborns and preterms and in evaluation 
of visual function in children with visual impairment associated with neurological 
disabilities. 
 
SUBJECTS AND METHODS 
The grid takes into account previous experiences [9,10,11,12], adding some innovative 
points. It is organized in three sections: Ophthalmological/Ocular Visual Component 
(OVC), Motor Visual Component (MVC), Perceptual Visual Component (PVC), which 
are related to different levels of the visual pathway (eye, oculomotor functions and 
retrogeniculate visual pathways) [15]. In order to obtain the best performance, 
newborn’s evaluation should be performed in Prechtl’s state III (calm wakefulness with 
open eyes, regular breathing, absence of gross body movements) [16], between two 
meals and in a quiet room with low light. 
Preferably mothers should stay in the room during the examination. The examiner is not 
supposed to  speak during the presentation of visual stimuli. The baby should be kept 
back, raised to 30° and the test can be completed in one session (about 10’). Items are 
scored according to the following criteria: 
0 typical response expected for age 
1   borderline, little difference versus typical response of the subjects, no 

obvious signs of pathology  
2   atypical or clearly pathological response 
N.A.   not assessable, (e.g. inadequate behavioral state)  
This coding system is not quantitative, so any computation of quotient or total score is 
inappropriate. 
 
1. Ophthalmological/Ocular Visual Component (OVC)  
1.1 Pupillary light reflex – this reflex, a contraction of the pupil caused by light 
stimulation in each eye, is abolished in the lesions of the retina and optic nerve, but 
remains present in lesions of the retrogeniculate visual pathways.  
1.2 Red Reflex – refers to the reddish-orange reflection from the eye's retina using an 
ophthalmoscope from a distance of 20-30 cm. This non-invasive test detects the 
presence of eye opacities or abnormalities of the posterior segment [17]. The evaluation 
is performed in a dimly lit room using a pupillary direct ophthalmoscope. 
1.3 Ophthalmological/Ocular anomalies – to assess abnormalities in one or both eyes 
(ptosis, corneal opacities, iris coloboma, microphthalmia/anophthalmia, large eye… ). 
1.4 Other changes – to assess ophthalmological/ocular abnormalities not listed above. 
1.5 Fundus oculi (made by ophthalmologist) – to evaluate the posterior segment of the 
eye through the use of the ophthalmoscope. The examination should be performed after 
pharmacological mydriasis of the pupil. Note: fundus oculi assessment is enclosed in 
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NAVEG as a facultative item for neonates born at term. It is specifically requested in 
case of visual clinical signs or risk factors. 
 
2. Motor Visual Component (MVC)  
2.1 Fixation – to evaluate the ability to fix a target for at least 3 seconds. We use three 
different targets: bull's eye, high-contrast face figure and human face. The target must 
be presented in the midline, at a distance of about 20 cm. 
2.2 Horizontal smooth pursuit – Smooth pursuit is present since the first days of life 
[18, 19].  
This item assesses the ability to follow a target that moves slowly in the horizontal 
plane. The target starts from the midline at a distance of about 20 cm and then it moves 
slowly laterally for a 180° horizontal arch.  
2.3 Vertical smooth pursuit – to assess the ability to follow a target with the eyes 
moving slowly in the vertical plane. The procedure is the same as in 2.2, but the target 
is moving slowly up and down in an arch vertically 180°. 
2.4 Saccadic movements – to assess the presence of saccadic movements of attraction, 
rapid and simultaneous movements of both eyes towards a target appearing from right 
and left periphery of the visual field. It is allowed a maximum of three attempts on each 
side. 
2.5 Abnormal eye movements – to assess the presence of erratic eye movements, sunset 
sign, nystagmus, paroxysmal ocular deviations.  
2.6 Attention to the mother’s face – this is a facultative item, depending on the mother’s 
presence during the assessment. 
 
3. Perceptual Visual Component (PVC)  
3.1 Contrast sensitivity – to test the ability to perceive contrast differences between 
object and background using the Hyvärinen "Hiding Heidi Low Contrast Face Test" 
[20], a preferential looking test made up by cards with a black human face on white 
background presented with different color contrast.  
3.2 Visual acuity – we use Teller Acuity Cards® II [21]. Our group has long expertise in 
the use of this standardized test. This procedure is also well known in literature 
[4,21,22] and can be used to estimate visual acuity in fullterm newborns in a hospital 
setting [22].  
3.3 Visual field – in newborns, traditional methods cannot be used to test the visual 
field, so we evaluate the ability of newborns to locate a target, presented in different 
parts of the visual field, based on behavioral reactions (eye/head movements). The tools 
which can be used as targets are black and white concentric circles or a small white ball 
with two black crossed stripes (diameter 5-6 cm). The target must occur within about 
30° from the initial fixation point to determine a new fixation point. The average 
binocular hemifield of a newborn has been found to be 17-34°[23]. 
3.4 Optokinetic nystagmus – the optokinetic nystagmus (OKN) is present from birth and 
is a fundamental gaze-stabilizing response. It is an alternating sequence of slow 
compensatory eye movements made in the direction of stimulus motion and fast eye 
movements made in the opposite direction [24,25]. Normally, binocular OKN is 
symmetrical from birth onwards, whereas monocular OKN shows a better response to 
stimulation in a temporo-nasal  direction up to about 3 to 6 months of corrected age. [8]. 
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OKN is elicited by moving a large piece of paper (30×60cm) covered with black and 
white square patterns in front of the newborn’s face at a distance of 20-30cm. The semi-
rigid sheet is shaped to form an arch and is moved horizontally with an oscillating 
movement.  
Sample includes 58 healthy fullterm newborns (29 males and 29 females selected 
according optimality criteria), born between the 37th and 42th weeks of gestational age, 
recruited in the Neonatology’s Department of Spedali Civili Hospital in Brescia (from 
January 2011 to September 2012). Characteristics of the sample are summarized in 
Table 1. The subjects were assessed 24-72 hours after birth. This study obtained 
approval from the Ethics Committee of the Spedali Civili of Brescia and the 
committee’s recommendations have been adhered to. Parents signed a written informed 
consent for participation and publication. 
 
RESULTS 
Ophthalmological/Ocular Visual Component 
Examination of the ophthalmological/ocular component showed no considerable 
pathological signs. Only one showed a cloudy pupillary light reflex.  
 
Motor Visual Component 
Fixation: fifty-five subjects (94.8%) had stable fixation when evaluated with "bull's 
eye", “human face figure”, or human face. Three subjects (5.2%) achieved a score of 1. 
Horizontal smooth pursuit: fifty-two subjects (89.7%) were able to follow a target using 
slow tracking to the left and 54 subjects (93.1%) to the right; 16 subjects (27.6%) 
obtained a borderline score in vertical slow tracking upward and 19 (32.8%) a 
borderline score in smooth pursuit downward. The saccadic movements were present in 
almost all the subjects (55 – 94.8%) of our sample, resulting difficult to obtain in only 3 
subjects (5.2%). The presence of abnormal eye movements (nystagmus, limited to 
lateral gaze) was found only in a subject (2%) while in another subject it was 
demonstrated the presence of inconstant strabismus (2%). 
The attention to the mother's face during the examination was noted in 18 of 31 subjects 
tested (58%). This item was evaluated only in about half of the sample, depending on 
the presence of the mother.   
 
Perceptual visual component 
Contrast sensitivity: thirty-one newborns (56.4%) showed a response to the first Hiding 
Heidi card (contrast sensitivity 100%), 20 subjects (36.4%) were able to see even lower 
contrasts (second card, 25%), while in only 4 cases (7.3%) it was possible to highlight a 
response to the third card (10%). 3 newborns were not assessable. 
Visual acuity of resolution with Teller Acuity Cards highlighted quite heterogeneous 
results: 2 subjects (3.8%) showed a visual acuity of 1.7 cy/deg, 12 subjects (22.6%) 1.1 
cy/deg, 14 subjects (26.4%) 0.9 cy/deg, 15 subjects (28.3%) 0.6 cy/deg, 7 subjects 
(13.2% ) 0.44 cy/deg, 2 subjects (3.8%) 0.3 cy/deg and 1 subject (1.9%) 0.22 cy/deg. In 
5 subjects (8.6%) it was not possible to perform the evaluation. Summarizing we can 
assume that more than 80% of the newborns discriminated striped black/white targets 
with a spatial frequency �  0.6 cy/deg. 
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Visual field: More than 90% of subjects localized the target placed in the different areas 
of visual field within 30°. 
OKN was evaluated in 29 newborns of 58 (50%) and 96% of this sample showed 
expected result (nystagmus present and asymmetric). The other 29 subjects were not 
assessable. 
Summarized data are shown in Table 2. 
 

Table 2  NAVEG GRID AND RESULTS IN HEALTHY TERM NEWBORNS  

1. OPHTALMIC/OCULAR VISUAL COMPONENT (OVC) 
Pupillary Light Reflex                                    0     Present  

1     Slow 
2     Absent 

57/58       
1/58           
0/58               

(98%)  
(2%)  
(0%) 

Red Reflex 0     Present 
2     Unequal refraction/white pupillary reflex 

58/58              
0/58                

(100%) 
(0%) 

Eye 
Abnormalities 

Ptosis 
 

2     Present 
0     Absent 

0/58                
58/58              

(0%) 
(100%) 

Corneal opacities 2     Present 
0     Absent 

0/58                
58/58              

(0%) 
(100%) 

Iris coloboma, 
microphtalmia/anophthalmia… 

2     Present 
0     Absent 

0/58                
58/58              

(0%) 
(100%) 

Other changes 2     Present 
0     Absent 

0/58                
58/58              

(0%) 
(100%) 

Fundus Oculi                     0    Normal 
2    Abnormal                                                                           

58/58             
0/58               

(100%) 
(0%) 

  
 

2. MOTOR VISUAL COMPONENT (MVC)  
Fixation  
  

Bull’s Eye 0     Present, stable and sustained (at least 3”) 
1     Difficult to obtain, short duration (<3”) or 
alternating 
2     Absent  

55/58             
3/58               
0/58               

(95%) 
(5%)  
(0%) 

Face Figure 0     Present, stable and sustained (at least 3”) 
1     Difficult to obtain, short duration (<3”) or 
alternating 
2     Absent 

55/58             
3/58               
0/58               

(95%) 
(5%)  
(0%) 

Human Face 0     Present, stable and sustained (at least 3”) 
1     Difficult to obtain, short duration (<3”) or 
alternating 
2     Absent  

55/58             
3/58               
0/58               

(95%) 
(5%)  
(0%) 

Horizontal 
Smooth 
Pursuit  

Left 0     Present and complete 
1     Difficult to obtain, incomplete and/or asymmetrical 
2     Absent 

52/58             
6/58               
0/58               

(90%) 
(10%)  
(0%) 

Right 0     Present and complete 
1     Difficult to obtain, incomplete and/or asymmetrical 
2     Absent 

54/58            
3/58              
0/58              

(93%) 
(7%)  
(0%) 

Vertical 
Smooth 
Pursuit 

Up  0    Present and complete 
1    Difficult to obtain, incomplete and/or asymmetrical 
2    Absent 

42/58            
16/58  
0/58  

(72%) 
(28%)  
(0%) 

Down 0    Present and complete 
1    Difficult to obtain, incomplete and/or asymmetrical 
2    Absent 

39/58            
19/58            
0/58              

(67%) 
(33%)  
(0%) 

Saccadic Movements  From Right 0    Present 
1    Difficult to obtain, not fluid  
2    Absent 

56/58            
2/58              
0/58             

(97%)  
(3%)  
(0%) 

From Left  0    Present  
1    Difficult to obtain, incomplete and/or asymmetrical 
2    Absent 

55/58            
3/58              
0/58              

(95%)  
(5%)  
(0%) 

Abnormal Eye Erratic Eye movements  2    Present 0/58              (0%) 
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DISCUSSION 
The interest in evaluating early visual function has considerably increased in recent 
times, also strengthened by studies about brain plasticity and visual system, taken as a 
paradigm for the development of Central Nervous System (CNS). 
Early functioning of the visual system, its plasticity and its key role in 
neurodevelopment need to develop clinical instruments usable since first days of life.  
Our study confirmed that since the first hours of life newborns had a significant level of 
visual competence, provided by a specific setting and a tailored evaluation. Previous 
experiences of visual evaluation in newborn have been developed [9,10,12]. Leonhardt 
produced a "battery of optotypes" to explore the visual function of infants. Recent 
studies by the same author found that visual difficulties can be identified since the first 
week of life in newborns with brain damage [10,11]. Ricci and Mercuri proposed the 
use of a method to investigate visual function in newborn since the first 48 hours of life. 
The battery, applied to a sample of full-term newborns [9] and then in preterms [13], 
consists of 9 items, evaluating ocular motility, tracking, attention at a distance and 
stripes discrimination. We developed a clinical tool, consisting of an assessment grid of 
visual function in newborns called “NAVEG”, usable as early as at 24 h after birth, 

Movements 0    Absent 58/58            (100%) 
Sunset 2    Present 

0    Absent 
0/58              
58/58            

(0%) 
(100%) 

Nystagmus 2    Present 
0    Absent 

1/58              
57/58            

(2%)  
(98%) 

Paroxysmal ocular deviations 2    Present 
0    Absent  

0/58              
58/58            

(0%) 
(100%) 

Other (inconstant strabismus) 2    Present 
0    Absent  

1/58              
57/58            

(2%)  
(98%) 

Attention to the mother’s face      (facultative) 0    Present 
1    Difficult                                                                       
2    Absent  
Not assessable 

18/31 
13/31                       
0/31 
27/58          

(58%) 
(42%) 
(0%) 
(46,5%) 

3. PERCEPTUAL VISUAL COMPONENT (PVC)  
 Contrast Sensitivity 0    Low contrast (�  25% card) 

1    High contrast (only 100% card) 
2    Absent (none) 
Not assessable 

24/55            
31/55            
0/55 
3/58               

(43%) 
(57%) 
(0%)     
(5%) 

Visual Acuity 0    Typical for age (�  0,6 cy/deg) 
1    Reduced (�  0,22 cy/deg �  0,6 cy/deg) 
2    Severe reduced/absent (only low vision card/none) 
Not assessable 

43/53             
10/53             
0/53               
5/58               

(81%) 
(19%) 
(0%)  
(9%) 

Visual Field  Right 0    Typical (localization within 30° from midline) 
2    Limited 

57/58            
1/58               

(98%)  
(2%) 

Left 0    Typical (localization within 30° from midline) 
2    Limited 

56/58            
2/58               

(96%)  
(4%) 

Up 0    Typical (localization within 30° from midline) 
2    Limited 

55/58           
3/58              

(95%)  
(5%) 

Down 0    Typical (localization within 30° from midline) 
2    Limited 

53/58           
5/58              

(91%)  
(9%) 

Optokinetic Nystagmus  0    Typical (present, asymmetrical) 
2    Absent 
Not assessable  

28/29            
1/29             
29/58            

(96%)  
(4%)  
(50%) 
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divided into 3 sections: OVC, MVC and PVC. This tripartite structure allows us to 
provide a detailed analysis of each component of visual function, adding some 
innovative points: 
1) it considers some ophthalmological aspects, analyzing parameters as pupillary light  

reflex and red reflex;  
2) the ability of fixation and tracking is evoked with 3 different targets;  
3) saccadic movements are evaluated; 
4) visual acuity is determined using the standardized Teller Acuity Cards procedure, 

exploitable also in follow up evaluations; 
5) the evaluation of PVC is enriched analyzing the contrast sensitivity and visual field  
Our data suggest that it is possible to identify a “typical” visual behavior of healthy term 
newborns. Ophthalmological/ocular component is normal. Newborns are able to have a 
stable fixation (> 3 seconds) indifferently using the three targets proposed. Over 90% of 
newborns perform complete horizontally smooth pursuit. Vertical smooth pursuit is 
more difficult to obtain but present and complete in 72% of subjects upwards and in 
67% downwards, underlining that this function is present and detectable since the first 
days of life, differently from past studies that considered it detectable only later [26]. 
Over 80% of subjects have a visual acuity �  0.6 cy/deg, according to previous studies 
[4,22]. In over 94% newborns the contrast sensitivity test is easily performed (only 3 
subjects were not assessable), confirming a visual preference for high contrast figure. 
OKN was assessable in only half of the subjects, and was present in 28 on 29 subjects 
evaluated. OKN was not always easy to identify because the size of flexible board used 
and its way of administration can sometimes reduce the examiner’s view. According to 
these data we decided to propose OKN evaluation only on subjects that showed 
inadequate visual profile during the test performance.  
The mean binocular hemifield of a newborn is about 30°, data comparable to previous 
studies [23]. Our results suggest that NAVEG can be used in newborns and gives 
significant results with a limited range of variability.  
NAVEG can also enhance the traditional neonatal neurological assessment because in 
newborns the evaluation of visual function is generally limited to a few key parameters 
(e.g. fixation and tracking) [27,28]. The application of NAVEG will be very useful also 
for newborns at risk or with brain lesions, as visual results can be compared to other 
clinical or radiological findings.  
NAVEG is a simple tool that assesses various aspects of visual function. It could be 
performed in a short time as a part of a larger routine assessment of full term newborns.  
We evaluated the applicability of NAVEG in a group of healthy term newborns. 
NAVEG was found to be a reproducible, easy, fast and non-invasive tool, giving more 
information on the early functioning of the visual system. Monitoring the development 
of visual function since the early days of life may be helpful to follow the maturation of 
the CNS and its potential reorganization as a result of brain damage [7]. In the future, 
increasing attention to these issues could lead to the development of a "visual 
screening” method suited for subjects in the neonatal and intensive care unit that 
integrates the traditional ophthalmologic evaluation. NAVEG could be useful also in 
specific follow-up programs in "at risk" subjects, such as preterms. This is a pilot study 
and more data are necessary to verify results. Our European partners could contribute to 
the recruitment of subjects, performing NAVEG and raising the research's sample. 
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