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Neurologic signs in neonatal intraventricular 
hemorrhage: A correlation with real-time ultrasound 

A comprehensive neffrologic assessment was appliedsequentially in 100 consecutive unselected newborn 

infants in our neonatal unit in parallel with independent sequential real-time ultrasonic examination o f  

the head. The results were analyzed in three separate gestational groups: Group I, 31 weeks and below 

(n = 29); Group II, 32 to 35 weeks (n = 39)," Group III, 36 weeks and above (n = 25). In the remaining 

seven infants the ultrasonic examination was technieally unsatisfactory. Deviant neurologic signs were 

correlated in each group with the presence o f  intraventricular hemorrhage recognized by ultrasound. 

Impaired visual tracking, an abnormal popliteal angle, and the later development o f  roving eye 

movements correlated strongly with the presence o f  l V H  in Groups I and II. Decrease in tone and poor 

motility correlated with I V H  in Group H infants" only. In Group I I I  the number o f  cases with I V H  was 

small and none of  the clinical signs reached statistical significance. The results suggest that our system 

of  careful sequential neurologic examination in the newborn period is a sensitive means of  detecting the 

development o f  intraventricular hemorrhage in the majority of  immature infants, and o f  following its 

progress and resolution. 

L. M. S. Dubowitz, M.D., D.C.H., M. I. Levene, M.B., M.R.C.P., 

A. Morante, M.D., P. Palmer, M.B., F.R.C.P.(NZ), 

and V. Dubowitz, M.D., Ph.D., F.R.C.P., London, England 

GERMINAL MATRIX and intraventricular hemorrhages 
are lesions of prematurity and occur in about 40 to 50% of 
infants weighing less than 1,500 gm at birth. 1' ~ Prior to the 
advent of computerized tomography, ventricular hemor- 
rhage was thought to be a commonly fatal condition and, 
in those infants who survived, posthemorrhagic hydro- 
cephalus the usual sequel. 

It is now known that the majority of infants survive and 
many hemorrhages may be "silent," in that the clinician 
does not detect recognizable patterns of abnormal neuro- 
logic behavior. 2 The purpose of our study was to deter- 
mine whether a detailed, frequent sequential neurologic 
examination might reveal consistent signs which corre- 
lated with the onset or presence of IVH. 

M E T H O D S  

Over a nine-month period, a comprehensive neuro- 
logic/neurobehavioral assessment was performed on all 

*Reprint address: Department of Paediatrics and Neonatal 
Medicine, Institute of Child Health, Hammersmith Hospital, 
Du Cane Road, London W12 OHS. 

infants admitted to the Hammersmith Hospital Neonatal 
Unit, in parallel with independent sequential real-time 
ultrasound examinations. Babies discharged early, either 
home or to the referring hospital, or who died before at 
least three assessments could be made, were subsequently 
excluded from the analysis. The study was terminated 
when 100 consecutive infants had been fully studied. 

Abbreviations used 
IVH: intraventricular hemorrhage 
CT: computerized tomography 
US: ultrasound 
GMH: germinal matrix hemorrhage 

Our standardized neurologic assessment method 3' 4 was 
used. This includes habituation, movement, tone, reflexes, 
and neurobehavioral items. Individual criteria are subdi- 
vided into five grades, and the assessment is recorded 
directly on the chart by ringing the appropriate diagram 
or description. In this way changes in a particular sign can 
be readily identified on sequential examinations. The 
method is applicable to preterm as well as term infants, 
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Fig. 1. Method for assessing popliteal angle. This 29-week 
gestation infant was generally hypotonic but had a disproportion- 
ately tight popiiteat angle (110 degrees) instead of the usual 160 
to 180 degrees at that gestation. 

and can be performed in about ten minutes and repeated 
as often as required. 

Many of the infants in this study were ill; some required 
mechanical ventilation or minimal handling. In these 
infants the examination was limited to those items which 
could readily be done in the particular infant. For this 
reason certain items from the protocol were subsequently 
selected for analysis which could be elicited in even the 
most severely ill of infants; these items are summarized 
below: 

Limb tone. This was assessed by limb recoil and 
resistance to traction in both arms and legs. It was 
objectively documented at each examination with the aid 

of diagrams, and changes in tone over the period of 
sequential examination were analyzed. 

Popliteal angle. With the infant supine, the thigh was 
held flexed on to the abdomen (which fixes the pelvis) and 
the lower leg extended by gentle pressure with the index 
finger behind the ankle (Fig. 1). The angle at the knee was 
recorded. For analysis the angle was judged as tight when 
130 degrees or less in infants up to 31 weeks gestation, and 
110 degrees or less at 32 to 35 weeks' gestation. Beyond 35 

weeks it is often 110 degrees or less in normal infants, and 
is thus more difficult to interpret unless leg tone is 
markedly reduced. 

Motility. Movement in response to cutaneous stimula- 
tion was recorded on our protocol in five defined catego- 
ries. For analysis we grouped them as poor, moderate, or 
good for the gestation. If the infant could be turned to the 
prone position, his ability to raise his head or bring his 
arms from an extended position alongside his body was 
graded and analyzed in the same manner. 

Startles. These are recorded on our protocol in five 
grades. For the present analysis we were specifically 
looking for an increase in spontaneous startles. 

Visual orientation. This was assessed by the infant's 
ability to fixate on and follow a red woolen ball at a 
distance of about 6 inches? The response is recorded in 
five grades, but for analysis we grouped them into three: 
(1) no fixation, or fixation only and no tracking; (2) 
sustained horizontal tracking; (3) both horizontal and 
vertical tracking. 

Roving eye movements. These usually occurred during 
the second week of life and were considered significant if 
present on more than one examination. Though the eye 
movements are often uncoordinated, some babies could 
still fixate on and track the test object: 

The neurologic examinations were performed by three 
different examiners (L. D., A. M., P. P.); interobserver 
correlation was good. 

The initial neurologic examination was usually carried 
out within the first 24 to 48 hours of admission and a 
clinical assessment of gestation was also performedY The 
examination was repeated three times a week during the 
infant's stay on the unit. Many babies are transferred back 
to their referring hospital by two weeks, and consequently 
only abnormalities occurring during the first ten days 
have been analyzed, with the exception of roving eye 
movements, which have been analyzed irrespective of 
their age of onset. 

The first ultrasound scan was made within 36 hours of 
admission to the unit. In those infants of 31 weeks or 
below, and those requiring intensive care, daily scans were 
performed for the first two weeks, and thereafter twice 
weekly or weekly until discharge. All scans were per- 

formed by one experienced observer (M. I. L.) with a 
Kranzbuhler ADR real-time linear array machine. All 
infant heads were scanned in an axial plane through the 
temporoparietal bone with a 5 MHz transducer; the 

diagnosis of IVH was made if echoes were seen in the 
region of the lateral ventricle. 7 In 38 infants a 7 MHz 
transducer was used in addition, and a transfontanelle 

scan was performed to diagnose germinal matrix hemor- 
rhage by the presence of dense echoes in the region of the 
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caudate nucleus under the floor of the lateral ventricle. 
The GMH was graded as small if apparently confined to 
the caudate nucleus, or large if there was associated 
ventricular distortion. Many of the more mature infants 
had intraventricular echoes without GMH, and the origin 
of the blood in these cases was assumed to be from the 
choroid plexus. Ultrasound findings and results of the 
neurologic examination were documented independently 
of each other and were not discussed or reviewed while 
the infant remained on the unit. In addition the findings 
were not communicated to clinical staff to avoid influenc- 
ing the management of the infants. 

The case notes of all babies were subsequently reviewed 
for associated clinical problems. All infants in the study 
were either premature or had a variety of neurologic, 
respiratory, and intestinal problems, or a combination of 
these. It was thus impossible to correlate all the clinical 
features with the presence or absence of IVH. However, 
two clinical problems in particular have been linked in the 
past with IVH, namely convulsions and apnea, and we 
thus extracted from the case notes the presence of 
convulsions, and of recurring apnea lasting for more than 
20 seconds. 

R E S U L T S  

A total of 140 infants was initially entered into the study 
but 40 had to be excluded; 17 died and 23 were 
discharged prior to adequate assessment. Of those dis- 
charged, 18 were above 38 weeks' gestation and two had 
echoes in the ventricles, and five were below 36 weeks' 
gestation and none had abnormal echoes. 

The 100 infants remaining in the study varied in 
gestational age from 28 to 40 weeks; 35 of these infants 
had abnormal echoes on ultrasound examination. In 
seven infants definite interpretation of the presence or 
absence of IVH could not be made because of technical 
difficulties; these were excluded from further analysis. Of 
the 38 infants also examined with the 7 MHz transducer, 
abnormal echoes were present in 14; nine were thought to 
be small hemorrhages, with four of them probably con- 
fined to the germinal matrix. 

There was a marked fall in the incidence of IVH at the 
end of the thirty-first week of gestation, and again at the 
end of the thirty-fifth week (Fig. 2). It was decided on this 
basis to analyze the neurologic findings in these infants in 
three groups: Group I up to 31 weeks (29 infants), Group 
II 32 to 35 weeks (39 infants), and Group III 36 weeks and 
above (25 infants). Thirty-five infants were of birth weight 
below the tenth percentile for gestational age, ~ including 
two in Group I, 19 in Group II, and 14 in Group III. 

The findings on neurologic examination, together with 
incidence of convulsions and recurrent apnea, are shown 
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in the Table. In the first ten days of life decreased tone 
was found in eight of the 20 infants in Group I and nine of 
the 11 Group II infants with IVH (Fig. 3), but the 
difference from the non-IVH infants reached statistical 
significance only in group II (P < 0.05). 

The poptiteai angle was abnormaIly tight in a highly 
significant proportion of infants with IVH in Groups I and 
II, compared to infants without IVH (Table). In many of 
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Table. Incidence of abnormal findings in infants with IVH and those without 

I V H  
(gestational age in wk) 

<_ 31 (n = 20) 1 32-35 (n = 11) l >~ 36 
m l 

I I 
( n = 4 )  

Change in tone 
Reduced 8/20 (40%) 9/11" (82%) 2/4 (50%) 1/9 (11%) 11/28 (21%) 4/21 (19%) 
Unchanged 8/20 (40%) 1/11 (9%) 2/4 (50%) 5/9 (56%) 13/28 (48%) 14/21 (67%) 
Increased 4/20 (20%) 1/11 (9%) 0/4 3/9 (33%) 4/28 (14%) 3/21 (14%) 

Abnormal popliteal angle 18/20t (90%) 8/11:~ (73%) 1/4 (25%) 3/9 (33%) 1/28 (3.5%) 1/21 (5%) 
Motility 

Poor 12/20 (60%) 4/11~" (36%) 0/4 2/9 (22%) 1/28 (4%) 0/21 
Moderate 7/20 (35%) 7/11 (64%) 2/4 (50%) 5/9 (56%) 11/28 (39%) 4/21 (19%) 
Good 1/20 (5%) 0/11 2/4 (50%) 2/9 (22%) 16/28 (57%) 17/21 (81%) 

Startles 2/19 (11%) 3/11 (27%) 1/4 (25%) 2/9 (22%) 12/28 (43%) 5/21 (24%) 
Visual orientation 

No tracking 16/18" (89%) 6/10J" (60%) 2/3 (66%) 3/7 (43%) 3/22 (13%) 1/13 (8%) 
Horizontal tracking 2/18 (11%) 3/10 (30%) 1/3 (33%) 3/7 (43%) 6/22 (27%) 2/13 (15%) 
Horizontal vertical tracking 0/18 1/10 (10%) 0/3 1/7 (14%) 13/22 (60%) 10/13 (73%) 

Roving eye movements 16/17t (94%) 8/8, (1130%) 1/2 (50%) 2/7 (29%) 1/18 (6%) 1/11 (9%) 
Recurrent apnea 15/20 (75%) 3/11 (27%) 0/4 4/9 (44%) 2/28 (7%) 1/21 (5%) 
Convulsions 3/20 (15%) 3/11 (27%) 0/4 0/9 2/28 (7%) 0/21 

No 1VH 
(gestational age in wk) 

<~ 31 (n = 9) 1 32-3, (n = 28) I >~ 36 (n = 21) 
m i 

I I 

Analysis of IVH vs non-IVH in each gestafional group by chi square or Fisher exact test as applicable: *0.01 < P < 0.05; "{r0.001 < P <_ 0.01; 
$.P _< 0.001. 

these infants the popliteal angle was initially normal and 
then became tight, subsequently becoming normal again 
over the next few days or weeks. The relationship in 
individual infants between the presence of an abnormal 
popliteal angle and the finding of echoes in the ventricles 
is shown in Fig. 4. When the infant acts as his own control 
in this manner, good correlation is found, suggesting that 
the abnormal popliteal angle relates to the presence of 
hemorrhage. 

The number of spontaneous movements was dimin- 
ished in 12 of 20 Group I infants with IVH compared with 
two out of nine of those without, but this difference did 
not reach statistical significance (Fig. 3). Reduced motility 
was present in both Group I and II but was a better 
discriminant of IVH in Group II (Table). 

Visual tracking was absent in 24 of 31 infants with IVH 
irrespective of their maturity compared with only seven of 
42 without IVH (Fig. 5). There was a very high correlation 
between the presence of haemorrhage and the develop- 
ment of roving eye movements (usually between 2 and 6 
weeks of age) in both Group I and II infants. 

In those infants remaining on the unit after IVH, 
recovery often followed a similar pattern. Limb tone, 
motility, and visual tracking improved long before trunk 

tone and head control. By the fortieth postmenstrual 
week, limb tone was similar to that in other preterm 
infants examined, but head control in the traction 

response and in ventral suspension remained less good 
than in infants of similar postmenstrual age without 
IVH. 

There was no significant difference in the incidence of 
convulsions or of apnea between the IVH and non-IVH 
babies, or in the presence or frequency of startles. 

When analyzing collectively the incidence of the above 
five abnormal signs in relation to the presence of IVH in 
Group I, three or more abnormal signs occurred in 16 of 
20 infants with IVH (80%), compared with two of nine 
infants without IVH; in Group I[, in eight of 11 infants 
with IVH (73%) compared with none of the 28 infants 
without IVH, and in Group III, in one of four compared 
with one of 21 infants without IVH. Conversely, of the 58 
infants without IVH, 35 had no abnormal sign in compar- 
ison with only one of the 35 infants with IVH, and 15 had 
only one abnormal sign compared with eight of the IVH 
infants. 

Of the 14 infants with hemorrhage assessed in addition 
with the 7 MHz transducer, five were considered to have a 
large hemorrhage extending out from the germinal 
matrix; in three of these infants all five neurologic signs 
were abnormal, in one there were four, and in one only 
two abnormal signs; the last infant died at less than one 
week of age and visual function could not yet be fully 
assessed. Of the nine infants considered to have small 
hemorrhages, four arose from the germinal matrix; two of 
these infants had three abnormal signs, and two had two; 

the popliteal angle was tight in two of the infants. Of the 
five infants in whom the small hemorrhage did not appear 
to originate from the germinal matrix, two abnormal signs 
were present in two, the popliteal angle being normal in 
both; two infants had one abnormal sign, being an 
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abnormal popliteal angle, and one infant had no abnor- 

mal signs. 
Nine of the infants had evidence of secondary ventric- 

ular dilatation on ultrasonography. We were unable to 
identify any specific neurologic signs correlating with 
ventricular dilatation, but a number of abnormal signs 
such as adduction of the thumbs, mouthing movements, 
and abnormal Moro response were frequently present in 
infants with ventricular dilatation or with other neuro- 
logic problems such as convulsions and cerebral edema, 
but were uncommon in infants with hemorrhage alone. 

During the nine-month period of this study, 17 infants 

died within four days of birth and prior to three consecu- 
tive assessments, and thus could not be included. Of these, 
11 had postmortem examination. Only one of the four 
infants thought by the attending clinical staff to have had 
the catastrophic type of hemorrhage actually had IVH at 
autopsy, whereas three of four considered to have had the 
"stuttering" type were correctly diagnosed before death. 
A massive IVH was also found in one of the five infants 
who died of nonneurologic causes. Eight of the infants 
who died had already had a scan; seven were under 31 
weeks' gestation and four had abnormal echoes, one was 
36 weeks and also had abnormal echoes. Of the infants 
who died and came to autopsy, five had already had an 
ultrasound scan and a hemorrhage was diagnosed in four, 
three being considered large and one small. At autopsy 
the hemorrhage was confirmed in all cases, and the one 
considered small was confined to the germinal matrix, 
whereas the others extended into the ventricles. In the 
infant with no hemorrhage on ultrasound, postmortem 
examination was also normal. 

D I S C U S S I O N  

Earlier authors have recognized three distinct clinical 
patterns of IVH: acute onset, stuttering course, and a 
silent event? -~ In our experience the diagnosis on general 
clinical grounds of massive 1VH occurring in the first few 

days of neonatal life is poor. 
In a prospective study of 98 infants below 35 weeks' 

gestation, Lazarra et aP ~ correctly diagnosed IVH on 
clinical grounds in only 54% of affected infants. They 
found a positive correlation between the presence of IVH 
on CT scanning and a change in spontaneous activity, full 
fontanelle, decreased tone, and abnormal eye signs. Con- 
vulsions have been reported by a number of workers to 
occur with IVH, 1~ but others have found them to be no 
more frequent in infants with IVH than those dying 
without hemorrhagel~; this has also been our experi- 
ence. 

Intraventricular hemorrhage diagnosed by CT or found 
at autopsy may apparently be silent, producing no detect- 
able abnormalities on general or routine neurologic exam- 
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Fig. 4. Correlation of abnormal popliteal angle with IVH diag- 
nosed on real-time ultrasound for 20 preterm infants. 
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inationY, 13, 1~ Burstein et al 2 reported that the frequency 

of silent IVH in a group of 100 infants of under 1,500 gm 
birth weight was as high as 68%. 

Despite recent emphasis on the importance of neuro- 
logic examination of the newborn infant, and the publica- 
tion of a number of established methods, 1~-1~ this aspect of 
neonatal assessment is still often neglected in the day- 
to-day care of these infants. The reason for this is 
probably twofold. The methods of Prechtl and Beintema is 

and Brazelton 19 were standardized for term infants and 
were thus difficult to apply to the routine assessment of ill 
or immature infants, whereas the approach of Saint-Anne 
Dargassies, ~~ although aimed at the preterm infant, relied 



1 3 2 Dubowitz et al The Journal of Pediatrics 
July 1981 

heavily on the interpretation of  the tone of  the infant. In 

addition, none of  these methods was geared to a rapid 

assessment which could be done frequently and repeated- 

ly in ill or preterm infants as well as term ones. 
The examination scheme in the present study has used 

selected neurologic and neurobehavioral  items to provide 

an easily administered and recorded method of  assessing 

neurologic function, and has shown good reproducibility. 

Because it can be done repeatedly and frequently in 

preterm infants, it has proved to be a sensitive monitor  of  

changes in tone and other neurologic signs. By applying 

this method even in a limited form in all babies, we have 

shown patterns of  neurologic abnormali ty in infants with 

IVH, not suspected on routine clinical examination. 

Change in the tightness of  the popliteal angle turned 

out to be a remarkably useful index of  the presence of  

IVH in the preterm infant. An increase in the popliteal 

angle has been shown to be related inversely to gestation, ~ 

and would thus be expected to be tighter in the more 

mature infants. We have demonstrated that a dispropor- 

tionately tight popliteal angle for gestation in the preterm 

infant is related to the onset of  IVH and resolves when 

intraventricular echoes disappear, and is thus a good 

criterion for the clinical diagnosis of  IVH in the immature  

infant. The mechanism is uncertain but may possibly 

relate to meningeal  irritation. 

Volpe 1~ described hypotonia as an important  physical 

sign in IVH. We also found that a decrease in tone 

occurred in a considerable proportion of  infants under 35 

weeks' gestation with IVH. This was particularly marked 

in our Group II infants (32 to 35 weeks), probably because 

in these infants there is more initial tone and the change is 

thus more noticeable. Although decrease in tone occurred 

in many infants with IVH, in some very good tone and 

motility persisted in the presence of  IVH; thus, an absence 

of  change in tone does not exclude the diagnosis. 

Decreased motility was also common in our infants with 

IVH in Groups I and II. 

Abnormal  postures and movements  have been de- 

scribed in infants with IVH. 12, ~3 No infant in our study 

had opisthot0nic or decerebrate posturing in the first ten 

days of  life. We noted athetoid and other abnormal  

movements,  but these movements  also occur commonly  in 

otherwise normal premature infants. In addition, we 

found these abnormal  movements  hard to quantify, 

except for startles. We analyzed only the occurrence of  
increased spontaneous startles, and they turned out to be 

a poor discriminant. 

Abnormal  ocular signs such as nystagmus, downward 

deviation of  the eyes, abnormal  pupillary responses, and 

doll's eye movement  have also been considered a good 

indicator of  IVH in neonates? 2, 13 but we found many of 

these ocular signs difficult to elicit in the early preterm 

infant. On the other  hand, we found visual fixation and 

tracking to be a good objective sign in the first week of  life 

in infants from 30 weeks' gestation onwards. Good track- 

ing was elicited in only two infants of  18 in Group I with 

IVH, compared with four of  seven without IVH, and a 

similar difference was apparent  in all maturity groups. 

Roving eye movements  were also strongly correlated with 

hemorrhage in Groups I and II; al though it was unusual 

for this abnormali ty to occur until two weeks after the 

onset of  hemorrhage, it remains a valuable item to 

confirm a previous IVH. 

In infants below 35 weeks' gestation, 24 of  the 31 with 

ultrasound evidence of  IVH had three or more abnormal  

clinical signs, compared with only two of  37 without IVH. 

Thus, repeated careful examinat ion of  these infants and 

recognition of  these abnormal  signs should provide an 

objective means of  alerting the clinician to the probable 

presence of  IVH, which can then be verified by real-time 

ultrasound or CT scan. Conversely, the infant who is 

mobile and has good tone and normal  visual tracking at 

ten days of  age is more unlikely to have had an intra- 

ventricular hemorrhage. 
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Brief clinical and laboratory observations 

Ventriculitis with neonatal bacterial meningitis: 
Identification by real-time ultrasound 

Alan Hill, M.D., Ph.D.,* Gary D. Shackelford, M.D., 
and Joseph J. Volpe, M.D.,** St. Louis, M o  

VENTR1CULITIS is reported to occur in approximately 

65 to 90% of cases of  neonatal  bacterial meningitis. 1-4 Such 

a high frequency is understandable in view of data in an 

experimental  primate model  of  neonatal  bacterial menin- 

gitis that bacteria initially enter the lateral ventricles via 

the choroid plexus and then spread to the subarachnoid 

space through CSF pathways? The occurrence of  ventric- 

ulitis is thought to contribute to the recalcitrance of  

neonatal bacterial meningitis to antibiotic therapy and to 

the occurrence of  sequelae associated with obstruction to 
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CSF flow (see reference 6 for review). Suspicion of  the 

presence of  ventriculitis necessitates the invasive proce- 

dure of  ventricular puncture, and identification of  the 

structural changes associated with the inflammation of  the 

ventricular lining is made effectively only at autopsy. 

Abbreviations used 
MHz: megahertz 
CSF: cerebrospinal fluid 
polymorphs: polymorphonuclear leukocytes 
CT: computerized tomography 

In this communicat ion we describe two infants with 

neonatal  bacterial meningitis and structural changes of  

the ventricular lining, presumably the consequence of  

ventriculitis; these changes were identified using the 

noninvasive technique of  real-time ultrasound. 
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