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Abstract

The neurological outcome for infants with Grade I/II intraventricular hemorrhage (IVH) is 

debated. The aim of this study was to determine whether very low birth weight infants (VLBW, < 

1500 g) with Grade I /II (IVH) have altered visuocortical activity compared with infants with no 

IVH. We assessed the quantitative swept parameter Visual Evoked Potential (sVEP) responses 

evoked by three different visual stimuli. Data from 52 VLBW infants were compared with data 

from 13 infants with Grade I or II IVH, enrolled at 5 – 7 months corrected age. Acuity thresholds 

and suprathreshold response amplitudes were compared. Grating Acuity (GA), Contrast 

Sensitivity (CS) and Vernier Acuity (VA) were each worse in the Grade I/ II IVH compared with 

the no IVH groups (8.24 cpd in IVH group vs 13.07 cpd in no IVH group for GA; 1.44% vs 1.18% 

for CS and 1.55 arcmin vs 0.58 arcmin for VA). The slopes of the response amplitude for CS and 

VA were significantly lower in IVH infants. The spatial frequency tuning function was shifted 

downward on the spatial frequency axis, without a change in slope. These results indicate that 

Grade I/II IVH are associated with deleterious effects on cortical vision development and function.
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1. Introduction

Advances in neonatal and perinatal medicine have resulted in improved survival of Very 

Low Birtheweight (VLBW) infants (Stevenson, Wright, Lemons, Oh, Korones, Papile, 

Bauer, Stoll, Tyson, Shankaran, Fanaroff, Donovan, Ehrenkranz & Verter, 1998). However, 
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these infants remain at high risk for neurodevelopmental handicap in the long term (Hack, 

Klein & Taylor, 1995, McCormick, Brooks-Gunn, Workman-Daniels, Turner & Peckham, 

1992). Cognitive impairments in these children can range from severe mental retardation to 

subtle neurological dysfunction such as attention deficits, behavior problems, visuo-motor, 

visuo-spatial, and fine and gross motor dysfunction (Hack & Taylor, 2000, Woodward, 

Edgin, Thompson & Inder, 2005). Several of the more subtle problems are not detectable 

until school age, and school performance is compromised in a large percentage of VLBW 

infants (Hille, den Ouden, Bauer, van den Oudenrijn, Brand & Verloove-Vanhorick, 1994, 

Hunt, Cooper & Tooley, 1988).

Several studies have shown that intraventricular hemorrhage (IVH), particularly Grade 

III/IV IVH is one of the major causes of adverse neurological outcome (Vohr, Allan, 

Westerveld, Schneider, Katz, Makuch & Ment, 2003). Each of these studies has utilized 

cranial ultrasound to diagnose IVH. An IVH occurs when blood vessels near the lateral 

ventricles of the brain bleed. Grade I is blood in the periventricular germinal matrix; Grade 

II, blood within the lateral ventricles without ventricular dilatation; Grade III, blood within 

and distending the lateral ventricles; and Grade IV, blood within the ventricular system and 

parenchymal (i.e., direct brain) involvement. Hack et al reported the following incidence of 

IVH in a cohort of VLBW infants; Grade I –17%, Grade II – 10%, Grade III – 11% and 

Grade IV – 7% (Hack, Horbar, Malloy, Tyson, Wright & Wright, 1991). Although Grade I 

and II hemorrhage is the most common cranial ultrasound abnormality in preterm infants, 

the effect of these milder hemorrhages on neurological outcome is less apparent. Some 

studies have shown milder IVH to have no effect on measures of cognitive outcome when 

compared to infants with normal ultrasounds (Whitaker, Johnson, Sebris, Pinto, Wasserman, 

Kairam, Shaffer & Paneth, 1990, Whitaker, Feldman, Van Rossem, Schonfeld, Pinto-

Martin, Torre, Blumenthal & Paneth, 1996). In contrast other studies, including the most 

recent by Patra et al. (2006) (Patra, Wilson-Costello, Taylor, Mercuri-Minich & Hack, 

2006), have shown a subtle downward (worse) trend in the scores on the Bayley Scales of 

Infant Development and other neuropsychological test measures (Patra et al., 2006, 

Stevenson et al., 1998).

Given the role of periventricular subplate neurons in cortical formation, the possibility exists 

that injury to this area, even of a mild nature, could result in impaired neurological function 

(Evrard, Gressens & Volpe, 1992). Subplate neurons, which play a pivotal role in cortical 

development, are present in the region that is damaged by IVH, adjacent to the lateral 

ventricles, and vulnerable to injury at the time when IVH occurs developmentally. The 

anatomical and temporal overlap for subplate neurons at a time of greatest risk to 

periventricular regions places the developing visual cortex squarely at risk for 

developmental injury from an IVH (McQuillen & Ferriero, 2005).

The swept parameter Visual Evoked Potential (sVEP) is a sensitive tool that can provide a 

quantitative electrophysiological measure of different visual functions by determining a 

sensory threshold (i.e. the minimal stimulus that produces a cortical visual response), as well 

as response amplitudes (i.e. the strength of the response) to suprathreshold stimuli (Norcia, 

1993). We measured sVEP responses for three different visual tasks, each of which has a 

different rate of development; contrast sensitivity (CS), a measure of the ability to detect 
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slight changes in luminance across space (Norcia, Tyler & Hamer, 1990), grating acuity 

(GA), a test of spatial resolution that measures the finest grating producing a visual response 

(Skoczenski & Norcia, 2002) and vernier acuity (VA) which measures the minimum spatial 

offset that can be detected between repetitive bar patterns (Skoczenski & Norcia, 1999).

The goal of this study was to determine if infants with Grade I or II IVH, as detected by 

head ultrasound, had changes in sVEP when compared to VLBW infants with normal head 

ultrasounds. Such changes may ultimately be indicative or predictive of future visuo-motor 

or visuo-spatial problems.

2. Methods

2.1 Participants

A total of 65 VLBW infants were enrolled in the study, 52 infants had normal head 

ultrasounds and 13 infants had Grade I or Grade II IVH. Table 1 shows the characteristics of 

the infants. There were no significant differences between the groups, except in birth weight. 

Infants with an IVH tended to be smaller at birth. Inclusion criteria for VLBW infants 

included Retinopathy of Prematurity (ROP) ≤ Stage II (i.e., a demarcation ridge dividing 

vascular from avascular retina, with no neovascularization; this is considered mild ROP), 

and no Plus disease and no congenital eye or other anomalies; i.e., no cataract, retinal, or 

optic nerve anomaly. No infant in this study had strabismus or known amblyopia (we 

excluded one infant with esotropia and another one with left eye ptosis due to hemangioma 

from the IVH group). Plus disease is defined as vascular dilatation and tortuosity of 

posterior retinal vessels, a sign of severe ROP. Information regarding birth weight, 

gestational age at birth, highest stage of ROP as recorded by an ophthalmologist and results 

of the head ultrasound done between 7 – 10 days of age for all enrolled infants was obtained 

from the medical record. Gestational age was assessed by the best obstetrical estimate using 

the last menstrual period and ultrasound examination. Post conceptional age was determined 

by adding chronologic age in weeks to gestational age in weeks at birth. Infants were 

examined between 5 – 7 months of age corrected for prematurity. We chose this time period 

for two reasons: many infants need extra weeks or months in the nursery, so at 5 – 7 months 

we were sure that all would have been discharged; recordings for contrast, grating, and 

vernier acuity can be made at this age. Head ultrasounds were graded according to the 

system described previously (Papile, Burstein, Burstein & Koffler, 1978); Grade I, blood in 

the periventricular germinal matrix; Grade II, blood within the lateral ventricles without 

ventricular dilatation; Grade III, blood within and distending the lateral ventricles; and 

Grade IV, blood within the ventricular system and parenchymal involvement.

The Institutional Review Board for human subjects research at Stanford University and 

Smith-Kettlewell Eye Research Institute approved the study. The research adhered to the 

tenets of the Declaration of Helsinki. Signed informed consent was obtained from the 

parents of the enrolled infants after explanation of the study procedures.
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2.2 Electroencephalogram Recording

The electroencephalogram (EEG) signal was amplified using a Grass© Model 12 amplifier 

(filter settings: 1–100Hz at –6 dB) at a gain of 20,000. Active electrodes were placed over 

the infant’s scalp at the location O1, Oz, O2 of the International 10–20 system. A reference 

electrode was placed at Cz and a ground electrode was placed at Pz. Electrode impedance 

was equal to or less than 10 kΩ. During an experimental session, the participants were seated 

in their parent’s lap in front of the monitor. The sVEP responses were measured under 

binocular viewing conditions in all observers. The experimenter attracted the participant’s 

attention to the stimulus with small toys (about 1 – 2 cm in size) dangled over the center of 

the display. Recordings were interrupted when the participant was judged not to be attending 

to the stimulus and were resumed when the participant looked back at the screen. When 

interruptions occurred, the program interrupted the sweep but not the stimulus appearance or 

modulation. When the trial resumed after an interruption, data collection recommenced with 

the stimulus set to its value at 0.5 seconds before the interruption. In this study, the stimuli 

were repeated 4 – 8 times to increase the signal to noise ratio through averaging out the 

uncorrelated background EEG activity. We attempted to acquire at least 4 sweep trials in a 

given condition so that the response function would be representative of the individual’s 

peak amplitude of response. We allowed collection of up to 8 trials in a given condition if 

the first 4 trials did not result in a scorable threshold. By this strategy, all voltage vs 

amplitude functions could be entered into the group average curves.

2.3 Stimulus Presentation

Stimuli were presented on a high-bandwidth monochrome monitor (MR2000HB-MED, 

Richardson Electronics) at a screen resolution of 1600×1200 pixels and a 60 Hz vertical 

refresh rate. The stimulus field was 18° × 25°. Viewing was binocular and the infants 

viewed the screen from 100 cm while seated in their parent’s lap. Mean luminance of the 

display was 102 cd/m2. The stimulus details have been described previously (Mirabella, 

Kjaer, Norcia, Good & Madan, 2006). In brief, there were three swept parameter conditions: 

spatial frequency, an 80% contrast and 3.76 Hz phase-reversing grating was swept from 2 to 

16 cpd in 10-linear steps; contrast, a 3.76 Hz phase-reversing and 2 cpd sinusoidal grating 

was swept from 0.5 to 20% contrast in equal 10-logarithmic steps and vernier offset, vernier 

displacements were periodically introduced and removed at 3.76 Hz from a 2 cpd, 80% 

contrast square-wave grating. The size of the vernier displacements was swept from 8 to 0.5 

arcmin in 10 equal logarithmic steps. The sweep duration for all three measures was 10 

seconds.

2.4 Statistical Analysis

The sVEP technique has been described in detail previously (Mirabella et al., 2006, Norcia, 

Tyler, Hamer & Wesemann, 1989, Skoczenski & Norcia, 2002). In order to quantify 

statistical differences in swept parameter response functions between IVH and no IVH 

infants, we constructed mean swept parameter responses for each stimulus for each group of 

children. Each epoch of these group response functions represented the complex average of 

the Fourier coefficients from the corresponding epoch in the individual swept parameter 

response functions. To estimate the standard errors of thresholds and slopes of the group 
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average response functions, we used a jackknife procedure (Sprent, 1989). Significant 

response differences between the groups were identified by two-tailed, heteroscedastic t-

tests (Tables 2 and 3).

3. Results

Table 1 shows baseline characteristics of infants with a Grade I or II IVH, compared to no 

IVH. There were no significant differences between the groups, except in birth weight (two-

tailed, heteroscedastic t-tests). Infants with an IVH tended to be smaller at birth. However, 

gestational ages at birth were similar between the groups. The sVEP group response 

functions at each recording electrode (O1, Oz and O2) for each of the stimuli were analyzed, 

and the response amplitude at Oz showed the highest amplitude among the 3 active 

electrodes. Figure 1 plots sVEP group response functions for each of the stimuli at Oz. 

Thresholds estimated from the group response functions (intercept of the regression lines 

shown in Figure 1) differed for all 3 conditions (Table 2). A significant worsening of 

threshold was noted for grating acuity (GA: 8.23 cpd in the IVH group vs. 13.06 cpd in the 

no IVH group, p<.001); for contrast sensitivity (CS: 1.44% vs. 1.178%, p<.001), and for 

vernier acuity (VA: 1.55 arcmin vs. 0.579 arcmin, p<.001).

Group response functions were monotonically increasing functions of contrast and vernier 

offset size and were decreasing functions of spatial frequency for both the IVH and no IVH 

groups. The slope of the spatial frequency response function was the same in the two 

groups: the spatial frequency response function was shifted as a whole towards lower spatial 

frequencies. Response amplitudes in the no IVH group were about 50% larger than those in 

the IVH group at the lowest spatial frequency. The slope of contrast response function was 

lower in the IVH group, leading to peak amplitudes that were a factor of approximately 2.5 

lower than those measured in the no IVH group. The slope of the vernier response function 

was steeper in the IVH group, leading to lower (worse thresholds). The vernier response 

function of the IVH group converges towards that of the no IVH group for the largest 

offsets. The values of the slopes and the statistical testing results are shown in Table 3.

4. Discussion

Previous studies of the effects of IVH on neurodevelopment have relied on neurological 

deficits in the newborn period, or have utilized long-term follow-up examinations to assess 

cognitive and other behavioral measures of development. Often these studies require years 

of observation before the participants are able to perform the required tasks. In this study, 

we have shown that infants with low grade IVH (Grades I and II) have measurable and 

significant neurophysiological changes in cortical responsiveness at 5 – 7 months corrected 

age.

The main finding in this study of increased thresholds for all three stimulus conditions, 

indicating decreased sensitivity to visual stimuli, is potentially significant for functional 

vision in patients with a low grade IVH. The finding is also significant since these three 

response functions are likely subserved by different cortical mechanisms. However this 

effect is small in magnitude and may ameliorate with age. It will be of interest to determine 
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if VEP abnormalities persist in this population and whether they are predictive of other 

developmental outcomes, either in infancy or in later childhood.

We also found reductions in the amplitude of the evoked response in each of the measures of 

visual function: grating acuity, contrast sensitivity and vernier acuity. These amplitude 

reductions took different forms for the different stimuli. For the contrast sweep functions, 

suprathreshold amplitudes became increasingly abnormal as the stimulus became more 

visible (slope change). The contrast response function thus starts at a higher contrast (the 

threshold deficit) and becomes progressively abnormal as stimulus contrast increases. For 

the vernier offset function the amplitude difference decreased towards suprathreshold 

values. The abnormality in the vernier function is thus primarily in the near threshold region. 

The spatial frequency response function was shifted towards the lower spatial frequency 

range, with a non-significant change in response slope. This leftward shift of the response 

function led to a decrease in the estimated grating acuity.

The significance of these suprathreshold response findings is more difficult to interpret than 

threshold changes, yet potentially offers insights into visual cortical functioning in infants 

who had an IVH. Pending future investigations that could link neurophysiology findings to 

anatomical and neurodevelopmental changes, we can offer the following possible 

interpretations. A reduction in amplitude of the evoked response could be caused by a 

number of factors. A decrease in neuronal mass, as occurs in profound brain damage has 

been shown to adversely affect the response amplitude (Good, 2001). It is plausible, given 

what is known about the effects of more severe grades of IVH, to consider that this occurs 

even in low grade IVH. Another theoretical explanation includes the possibility that the 

normal balance of neuronal excitation and inhibition is altered in preterm infants with 

neurological injury. A shift of this balance towards inhibition, either from reduced excitation 

or increased inhibition, would have the effect of reducing the signal amplitude. It is also 

possible that decreases in the temporal precision (synchronization) of synaptic activity could 

occur and this could result in reduced response amplitudes via a loss of temporal summation 

of the afferent volley.

This study has several limitations. One of these is the small sample size of IVH infants. 

Also, we did not specifically examine the presence of white matter injury or periventricular 

leukomalacia, conditions that are known to affect cortical visual function. Infants in the IVH 

group had a lower mean birth weight, which can independently affect neurodevelopmental 

outcome and therefore could contribute to the decrease in visual function seen in this study. 

A larger sample would be needed to control for this effect statistically. Also, infants in the 

IVH group were more likely to have had mild ROP. ROP that progresses to Stage III, or to 

plus disease, is associated with changes in refraction and, in some cases, reduced visual 

acuity (Quinn, Dobson, Davitt, Hardy, Tung, Pedroza & Good, 2008). In this study, there 

were infants with mild ROP (≤ Stage II) in both groups (9 in no IVH group and 5 in IVH 

group), but none of the infants had Stage III or plus disease. Mild ROP does not influence 

visual acuity outcome or development of refractive errors (O'Connor, Stephenson, Johnson, 

Tobin, Moseley, Ratib, Ng & Fielder, 2002). Finally, two studies have found that infants 

with IVH often have non-cortical ocular complications such as strabismus or high refractive 

errors (Harvey, Dobson, Luna & Scher, 1997, O'Keefe, Kafil-Hussain, Flitcroft & Lanigan, 
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2001). In our study, we excluded one infant with esotropia and another one with left eye 

ptosis due to hemangioma from IVH group.

Refractive errors were not measured in this study. There are several reasons that we do not 

believe that the presence of myopia is causing the effects we observed. First the patterns of 

supra-threshold amplitude losses in the spatial frequency and contrast sweeps are 

inconsistent with differences in refractive error between the two groups. Refractive error 

should preferentially affect high spatial frequencies, but the entire spatial tuning function is 

shifted rightward, rather than showing the steeper decline with increasing spatial frequency 

that would be expected from excess blur. Secondly, the contrast response function measured 

at low spatial frequencies shows a change in slope with increasing contrast. Refractive error 

reduces the input contrast on the retina and would shift the contrast response function to the 

right without a change in slope. Moreover, there would need to be a very significant 

refractive error difference between groups to create an effect at 2 cpd stimuli. The 

prevalence of high refractive errors in premature infants, as a group is quite low (Sahni, 

Subhedar & Clark, 2005), and low grade IVH is not known to increase the risk for high 

myopia. Nonetheless, there may have ocular defects in our cohort that are below our 

detection threshold. Therefore the possibility exists that we are measuring a mixture of 

ocular and cortical changes in our cohort.

This study demonstrates the presence of significant threshold and suprathreshold 

neurophysiological changes in infants with Grades I and II IVH. These changes are 

detectable many months after the injury and are present in all three visual measures, 

suggesting a more generalized and at least partially persistent effect of Grades I and II IVH 

on vision development. The three response measures (grating acuity, contrast sensitivity and 

vernier acuity) are likely limited by critical immaturities (Brown & Lindsey, 2009) at 

different stages of visual pathway anatomy and development and may selectively drive 

different downstream cortical mechanisms subserving different aspects of functional vision 

(Skoczenski & Good, 2004). Whether these changes actually portend subclinical, or 

clinically-important alterations in mature behavioral functioning is an open question 

requiring longer followup and additional investigations.
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Figure 1. Mean response functions for each of the three visual measures
Vector averaged sVEP response functions at Oz derivation in infants with IVH (black 

diamonds) and without IVH (gray squares) for (clockwise from bottom left) vernier offset, 

grating acuity, and contrast sensitivity. Error bars are +/− 1 standard error of the means. The 

solid lines are the regression lines used to estimate threshold and slope of the function (see 

Table 2 and 3). Amplitudes were lower for the all visual measures in the Grade I/II IVH 

group compared to no IVH group. Statistically significant differences are present across the 

entire sweep range for all 3 functions, except for vernier acuity, as shown.
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Table 1
Characteristics of enrolled infants

Demographics No IVH
(n=52)

Grade I/II IVH
(n=13)

P-
value

Gender M = 21, F = 31 M = 4, F = 9

Race

White 35 7

Hispanic 9 6

Asian 7

Other 1

Any ROP, but < Stage II and no plus 9 5

Birth weight (g) 1203 + 28 1063 + 71 <0.05

Gestational age (wks) 29 + 2 29 + 2 0.219

Post-conceptional age at exam (wks) 26 + 7 27 + 8 0.846

Mean chronologic age at exam (wks) 37 + 1 38 + 2 0.574
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Table 2
Group response function thresholds in no IVH and Grade I/II IVH groups

Thresholds differed for the vernier offset (VA), grating acuity/spatial frequency (GA) and contrast (CS) 

sweeps. IVH, intraventricular hemorrhage. The number of infants (n) in the calculation of each mean is shown 

below each entry in the table.

Group Response GA(c/deg) CS (%) VA(arcmin)

IVH Threshold
± SEM

8.235
±0.673
(n = 9)

1.436
±0.097
(n = 13)

1.554
±0.169
(n = 10)

No IVH Threshold
±SEM

13.066
±.454

(n = 43)

1.178
±0.041
(n = 52)

0.579
±0.045
(n = 39)

Difference t-score
p-value

12.635
<0.001

8.749
<0.001

22.539
<0.001
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Table 3
Slopes of the regression lines used to determine group sVEP thresholds

The slopes differ for contrast (CS) and vernier offset (VA) sweeps but not for grating / spatial frequency (GA) 

sweeps. The number of infants (n) in the calculation of each mean is shown below each entry in the table. 

IVH, intraventricular hemorrhage.

Group Response GA
(uV/(c/deg))

CS
(uV/%)

VA
(uV/arcmin)

IVH Slope
±SEM

−0.737
±0.419
(n = 9)

0.384
±0.159
(n = 13)

1.343
±0.805
(n = 10)

No IVH Slope
± SEM

−0.696
±0.136
(n = 43)

0.714
±0.089
(n = 52)

0.956
±0.106
(n = 39)

Difference t-score
p-value

0.318
0.752

5.454
<0.001

2.439
0.018
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