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ABSTRACT

To determine (1) the effect of arterial co2 changre on the
neonatal cerebral circulation and (2) if l_00u oz would produce
significant decrease in cerebral blood flow to explain the 1ate
(5 minutes) hyperventilation observed in these infants during
hyperoxia, v¡e studied 24 preterm infants" of these, 12 were

studied before and during inhalation of z-32 coz and. 12 before
and durJ-ng the inhalation of 100% C 2. I,ve measured cBF by a

modification of the venous occl-usion plethysmography technique
and found that cBF increased 7.Bz per mmHgpAco2 change and that
it decreased 15u with 1002 C 2. These findings suggest: (l) coz
is an important regurator of cBF in the preterm infant, (2) cBF

coz sensitivity in these infants may be greater than in adult
subjects, (3) 100u oz reduced cBF si-gnificantly , (+) rel_ati-ve
brain ischaemia d.uring administration of 100% 02 may be, ât
least partially responsible for the increase ín ventil-ation wj_th

nypeToxl_a.
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We designed this study to determine the changes in cerebral
bl-ood flow (cBF) during inhalation of coz and 100u oz in preterm
infants. changes in cBF with co, may be relevant to our
understanding of the mechanisrns related t.o asphyxia and intracranial
bleeding. Prelj-minary evidence suggests an association between

asphyxia and intraventricular haemorrhage (20,28) which may be

mediated by the increase in cBF which occurs in the earl_y phase

of asphyxia (10). on the other hand, a pronounced decrease in cBF

with central accumulation of coz in response to 100% o, may exprain
why human subjects increase ventitation during hyperoxi-a (14). our
results suggest that (1) cBF is very sensitive to changes in co,
and (2) the decrease in cBF induced by 100% 02 might explain, ât
least in part, the late increase in ventilation observed durins
hyperoxia.



METHODS

.1,J,)

we studied 24 preterm infants. of these 12 inhal-ed 2 Lo

3Z CO. and 12 inhaled 100% O- afJ- er e con'l-rn] norinÄ broaJ-hìncr¿ -- "2 t/ç! luu !! uq u¡r¿¡rY

zLZ O.'. In the CO" group, mean gestational age was 34 wktf S,E.,¿¿
mean birth weight 1820 g!L70, mean age B daysr2. rn the 02 group,

mean gestational age \^ras 34 wktl, mean birth weight was 1960 g

1140, mean age 11 dayst2.

The method of measurj-ng CBF was a modification of the

technique described by Cross (6,15,16) " Briefly, it entails
measurements of occipito-frontal circumference (OFC), and skull
volume (sv) and monj-toring sagittal sinus verìous and carotid
arterial flow velocities" The only major difference in the

present methodology in relation to previous work (15) is the

use of our own correlation between SV and OFC. This was achieved

by making polystyrene casts of the head and measuring volume of
water j-t contains j-n a series of 100 j-nfants, whose gestational

ages varied from 26 weeks to 40 weeks. The measurements obtained.

were accurate to within 5? when compared to 35 post mortem brain

weights. We found the relationship curvilinear over this period

of gestation and could be expressed by SV:.0IL7. OFC3 (Fig l).

CALCULATION OF CBF

Theoreticallyr \d€ expect skull volume to be proportional

to the cube of head circumference. The relationship should fit



a porver curve according to ihe general equation,
I,I

Y-aX (1)

where Y - sv, x - oFC, a = constant of proportionality
m = power

For our data a = "0LL7, if SV is measured in ml_ and

Q.r¡ u l_n cm

Therefore, rearranging (l)
?

SV = .0117.OFC" (2)

Oifferentiating with respect to time

dsv _ ^1a? - ^-^2 doFc-ãE - .rJrr/.J.(Jr\- . 
^+UL

during venous occlusion
I

CBF ml/min = .0351.OFC¿.slope
a

? q1 ¡naL .-a --- -

cBF ml-/min/Llos = #

we also monitored end tidal gases by a system previously
described (22¡. Al1 studíee were performed during s1eep. After
satisfactcry conirol studies were obtained 2 Lo 3Z COZ was added
'l-n {-lro crzcfam and occlusi_ons performed during steadv stateçv u¡re ÐJÐuçrrl and occlusi-ons performed during steady a

hypercapnia. 'rn the O" study, 1 to 2Z CO- \^7ãs ¡ddod .t-n ^^ññ^ha¡{.n¿ 
*J 

' - "" 2 
suusu Lv uv¡rtyçrf Þa LE:

f or the hyperventilatj_on seen with hvperoxj_a.



R-ESULTS

fnhalation of co, produced a mean rise in cBF from

3J- m1lmin/r009 to 44 mr/mín/rajg (p:0.0013; Table r; Fig z) "

This represented a mean increase in cBF of 7.Bz per nimHgp¡co,

rnharation of o, produced a decrease in cBF from 34

ml/min/7009 to 30 mllmin/I}}g; (p:.004; Table 2, Fig 3).
This represented a 15U decrease in CBF.

DISCUSSION

lVe found that CBF increases significantly with j-nhalation

of co., and decreases significantly with inhalation of I 00* o_ ---J "2'

The increase in cBF per mmHgpAco2 is approximately twice that
observed in adurt subjects. our control mean varue for cBF

is approximately half (63 ml/min/l00g) we reported previously
(ls¡. This is explained by the fact that in ouï previous study,

we used the slope of a regression equation for sv and oFC in
infants d.erived by Buda et al (4). This slope was linear and

related to an order group of infants. rn the present study,
using our own data to derive the regression equation between

sv and oFC over the period of g-estation, 26 weeks to 40 weeks,

we found a curvilinear relationship. The mean conLrol value
in the present study !,/as comparabl-e to the mean value obtaíned

by Lou et al- (40 mr/min/r}}g) in normotensive neonates (r9).



These findi-ngs suggest that co, is an important reg.ulator ofcBF in preterm infants and that relative brain ischaemi_a,
during inhalation of I00? OZ may be responsible, at least inpart for the late increase in ventilation during hyperoxia.

Most siudies in animals suggest that cBF-co2 sensitivity
in the neonate is less than that in adult man (3 ,2r,22,26) .However, in the newborn rat, Barker found that the CBF_CO,
sensitivity was at least as sensitive as that in the adurt (2) .No comparative studies in human subjects have so far been
reported 

"

There is obvious var-iabitity in the cBF_co, sensitivity
i-n our infants (Fig 2) . Factors known to contribute to thisvariability, apart from the variability inherent to the method

'tself 
, include (a) baseline CBF (I ,7) , (b) reduced mean arter'al_blood pressure and (c) time l_ag after the onset of steady statehypercapnia for CBF to reach a steady value (27). fn our study,there is no relationship between control_ CBF and CO^, sensitivi.ty(r=-.313) but there appears to be a trend in that direction. fthas been shown that at a reduced mean arteriar blood pressure,

the responsiveness of the cerebrar_ vessels to acute changes inPAco2 i-s diminished (9) " v/e did not measure brood pressure inour infants but there may have been differences in mean arterial
b100d pressures" we arso found no relationship beÈween the lengthof time spent in hypercapn-ia and the cBF-co, respons j_veness.
since our findi-ngs suggest an increased cBF_co, sensitivity in



the preterm infant, this may be important to the pathogenesis

of intraventricular hemorrhage.

Our results indicate a siqnificant decrease in CBF with
l-00% C^2" The provocative question is whether a 15% d.ecrease j-n

cBF would cause enough cerebral ischaemia to i-nduce hyperventilation.
ff one considers that hyperventil_ation is usually small_ during
inhalation of 100% oz and that there is great variability in
the vascular reactivity to o, in various brain structures, some

brain stem structures showing the greatest d.ecrease in cBF in
response to 100% (11), it is conceivable that central ischaemia
may be the initial step to increase ventilation with 100? C.2.

The changes in cBF with l-00å oz are in general agreement with
Kennedyrs study on the newborn dog (lt). He showed that t00%

oz l-owered cBF by 25? in two day ord beagle puppies but at 3

weeks of â9€, the effect was much l-ess (13u ). There is no data
availabl-e from studies on newborn infants for comparison. rn
adult man, a decrease of 15å in cBF has been reported (L2,r4) .

fn summary, our results suggest that (l) COZ is an

ímportant regulator of cBF in the preterm infant, (2) cBtr-co2

sensitivity may be higher in the preterm ínfant than in adult
m4n, (3) 1002 oz reduces cBF significantly, (4) relatíve brain
ischaemia during inhalation of 100% oz may be responsible f.or
the late ventil_atory response to hyperoxia.
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LEGENDS

FIG 1 Relationship between skull volume and occipito-

frontal circumference in a selies of l-00 infants.

Note that the relationship becomes more Iinear

with increasins OFC.

FïG 2 CBF-CO? sensitivity. The dotted lines with open

circles represent índividual values. The solid

line represents the mean valuestSE.

prr: ? Þan-.esents the effect of 100U O^ on CBF" The

open circles indicate individual values. The

sol-id lines represent the mean values.

TABLE 1 Tndivídual values for control and test CBF and

PACO2 in infants breathing COZ.

TABLE 2 fndividual values for control and test CBF and

PACO2 in infants breathing 100% 02.
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A llETlioD To .\IEÀsuR.E CEREBR*\L BLooD FLoi{ rN NEr,JBoRi.l TNFANTS

Runnincr Head: Cerebral Blood Floiq i-n Neonates

Key I{ords: Cerebral. blooC florv, neonates
plethysmograohy, skurl volume, occipito-frontar circumference-



ABSTRÀCT

I{e measured cerebral blood f low (CAf ¡ in 32 healthy
neonates by venous occlusion plethysmographlz. l,lean
CBF was 63 ml/min/100 g r,vhich compared. favourably

i-.

with invasi-ve methociç .used in oi¿er children and
aCu1t sunjects) We suggest that this is a useful-
method to quantitate Cg¡, in neonates. ït may be
invaluable in assessing sequential changes occurring
during asphyxi a, intracrani-al hemorrhage, or during
administration of various gas mixtures and drugs such
as theophyltine.



t-

There are fer'¿ techniques to neasure cerebral blood fl_orv

icBF) in human subjects, but ar-I are invasive requiri-ng
blood sampling or acministration of radioactive materiar.
Because changes in CBF may pl ¿y ¿ f undan¡.ental- role in
neonatal asphyxia, 2,3,4 intracranial bJ_eedi_ng, t n.ru._
doxical response to 

'orv 
o, in preterm inf ants, 6 arrd in

the ventilatory response to theophylline, 7 it is becomingr
imperative that a non-invasive method to measure cBF be
available. i{e have, therefore, deviseC a simple, safe
and reproducibr-e method of measuring cBF based. on the
principle of jugular occlusion ptethysmography. B ,hi=
paper descri-bes our method., its virtues and. its potential
limitations' and gives the resur-ts of measurements of
cerebrar b100d fl0w in 32 healthy neonates. Approvar for
the study was given by the Ethics committee and informed
consent rvas obtaÍned.

T"IATERTALS AND METHODS

our method is based on the principre described by cros
et al-, i-e- a gentre short compression of the jugurar veins
at the neck induces a change in head circumference which is
proportional to cBF The method entail-s measurement of
occipito-frontal circumference (orc) and skull volume and

monitoring of sagittal venous and caroticl arterial velocities



2-

1. Measurements of Head Circumference fOFC) These

\,vere made using a 270 Mercury Strain Gauge plethysmograph

(Parks Electronics Laboratories, Beaverton, Oregon)

applied around the OFC and hel_d in position by a smal_I

strip of tape at the forehead. As the gauge is stretched

its internal resistance increases. This change in resistance

\iùas recorded using a D.c. system (Goutd Brush porygraph

Recorder, Gould fnc., Cleveland, Ohio). Calibration was

obtained by laying the gauge arongside a rurer and changing

its length. This could be displayed on the record.er using

appropriate sensitivity on the D"C" amplifier" We have

compared this calibration measurement to the measurement

obtained using an engineer's calipers with a vernier and

obtained an identicat value. fn practice, change in OFC

is measured as do'nmward slope (Fig. l) .

2 . Measurement of Skult Vol-ume (V) - Buda et aI, derived

a regression equation for skurr volume and oFC in infanrs
ofrom calculations by MacKinnon. ' such cal-culations were

made using q radiographic tridimensional d.iameters of the

skull. We used the slope of thig equation to calculate

CBF.



3-

3" Monitoring of Sagittal venous Flow vetocity - This

\^/as done using a d.oppler probe appried to the scalp above

the superi or sagittar sinus. such monitoring v/as essential
in order to assess excellence of jugutar compressions. rf
the veins are properly occluced, sagittal f'] ow should stop
for a fraction of time (Fig. l). The venous occlusion time

was al-so measured. This is defined as the time in seconds

from the initial slope of the strain gauge tracing to the
poi-nt of zero fl-ow on the venous recording. The rationale
for using this measurement is that it herps defininq the

consistency of the occlusion maneuver in tracings of similar
techrnica]- excellence.

4. Monitoring of fnternar carotid Flow verocity - A second

dopprer probe was applied over the supraorbital branch of
the opthalmic ar-Lery- This rvas essential to rule out
interference wíth internal carotid. flow when the jugular

veins l¡/ere compressed.

5. EstimaÈion of cerebral Broód Frow - The regression
- -l-,.'ll --^l..*^ L^^r -i-^^---r , I0eguation for skul] volume on head circumference in intancs l_s:

V=bOFC c. (1)

Where V = skull volume; b = slope of regression line; OFC

occipito-frontal circumferencei and c = intercept.

Differentiating equation (l) with respect to time:
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dV - dOFC
¡+ J!qu uL

(2)

trvhere ff = aur ..ra Sf : rate of change of oFC rvith time.

á^I-n
= tv | 

- 

/ 1\
of \J/

qg l= -10 (sl-ope) cclsec (4)

: 5.91 (slope) mm/sec

Flow cc/mm = 5.9I X 60 (slope) cclmm (5)

= 355 (slope) mllmm

CBF = # .(stope) ml,/min /I0Og (6)

so, to calculate cBF all we need. is the slope of the
reg:ression line of skulr- volume on oFC (b) and the ra¿e
of cnangà in oFC wirh ,"=p""t ro time (*f.) .

rn accition to measuring variables needed to ,ca]-curate
cBF, rve monitorec breath-to-breath concentrations of
end iidal Co" using our =y.t.*.11 This was done to¿

define v¡hether there v¡as a close rerationshio trej-,"sean
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resting COZ and measured. CBF.

recorded on a Brush polygraph,
A1 1 measuremenrs tvere

model 480.

I9e stuoied 42 healthy neonates during sleep, an hourafte¡ feeding' satisfactory resurts were obtained in32 cases. The criteria for consid.ering the study
satisfactory consj_sted. of : a) absence of movement ofthe infant,s head or wrinkling of the forehead duringjugular compression' as this wour-d interfere with thestrain gauçie recording; and b) evidence of complete
occlusion and no early interference with carotid fl0rv(Fig. 1) The 32 infants studied. rvere I2tL (mean t SE)days old' Birth rveight was lgg0tB0g and gestational

1, ! aa9Ë r¿*rl_ week. l_B were female and L4 were male . 12infants r./-ere small for gestational age (SGÀ) usingr theusher intrauterine nroran chart 12 . rn 20 infants trvoto four occÌusions were performed in order to assess
reproducibility of the measurerirents. I^/e always waited
at least' 2 minutes in between occl_usions.
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RESULTS

Table I illustrates our findings. fn 32 neonates the
averagie CBF was 6313 (Mean r SE) ml,umin/Ìggg. fn 20

infants in which two to four measurements were made

over a short period of time at the same p¡CO2,

reproducibility was within 5?. There \,vas no correl_ation
l'ral.r.roa- atÞEtvçuw=çrr \--D-E arrd giestational age (Fig 2) (r = _.19, p>0.05).
Also, cBF did not correr-ate with alveorar pco2 (r = -0.09,
p>0- 05) - venous occrusion time was 3.3t0.2 (mean t sE)
seconds.

Methods currentl-y used to quantitate CBF- are invas 
've 

and
thus not suitable for use in neonates. There is a great
need' ror a non-invasive approach which could be used to
assess seque'tiar changes in cBF. we took advantage of
the known compr-iant skurl of neonates and expancred the
technique originally described'by cross et ar, in order to

+.; ! ^!^ ^ññ 
M

quanrr-rare UBF- we found an averaqe cBF of 63 mr/min/r}og
in neonates; and by using simirar venous occ_r_usion times
in a particular infant, reproducibility was quite sat.i.sfactory

(within 5u ) - see Tabl our resurts indicate large differences
in cBF varues (range l)-tzll between normal neonates. These

two extreme values \^'ere obtained in onry two infants of 32

studied- we cannot at the present time account forthis.
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cooke et al using a similar technigue in normar neonates

found a mean val-ue of 32 m1/min/100g and noted that the

apparent CBF decreased 20s¿ fol_Iowin.q an oral feed and

that a mean farl of 50% occurred over the first 3 hours
ì1

of life our mean resting value is apprcximately twice
the above value. The difference may be due to incomplete

venous occl-usion or that a different relationship was obtained

betr,¡een brain volume and oFC whi-ch is used. to estimate cBF.

Dear et aI showed a higher apparent CBF in REM sleep than

in non-REM sleep in neonates using the same technique 14.

Tt is difficult to compare our values obtained. using invasive
#n¡hniarrac cìngg most studies have been done in sick neonates.

Our values are compara-ble to those of Settergren et al, who

fou¡rd an average CBF of 69 m1/min/100g in healthy infants
-lÃ

at 5 months of age '-. Lou et al measured CBF usinq

intraarterial- XerJ' ir, B asphyxiated neonates, two of whom

trere neurologically normal and had normal blood pressures.
1ahe found values of. 40 and 55 ml/min/I}Og respectively 'o.

Garfunkel et al whose study group included 3 neurologicarry

abnormal náonates found values of approximately 20 ml/min/l00g

Va1ues reported in adul-t subjects are of the order of

50 ml/min/LOOg 18. This may suggest that there is no major

change in CBF per unit of brai-n tissue from infancy to

adulthood, but sequential or cross-sectional studies usinq

the sarne method are needed to ctarify changes with age.
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flrrr ti rÄ i -^- Fal,-æ^aL ^ r ^ -\rltr rrrluJ-ngS SUggeSE a l-ACk Of Col.felation hpJ.r^raa- nBF and
gestationar age. The number of patients is smar-l t.o draw
a more definite conclusion on this. Behrman et al found.

that there \.\7as no signi-ficant change in cBF during the first
week of life in the furrterm *onk"y f9. However in dogs,
Kennedy et al found that cBF increased during the first few
weeks of life 20. ët.rt.orrá found in the rat that after 25

days of age the cBF increased sharply 2L. These differences
may illustrate the d.ifferent degrees of cerebral metabol_ic
maturity in the various species during the newborn period.
The lack of corre.l-ation between cBF and pÄco2 betrveen babies
suggests that (l) cBF is independent of rrii_nor differences
in req{-inry Ð-i'-^ nh¡¡--.^¡¿¡r !çÞL¿rrv -ALU2 OÞServed. between healthy neonates and (2)

That there are other factors which control cBF besides cor.
Despite the apparent lack of correlation, lve have shorvn that
the inhalation of 2 - 3? cot produces an increase in cBF of

^^8.63 per mmHgp4CO"

The limitations Of our new method are not entirelv clear
and. some aspects deserve comment. Firstr \¡/€ real-ize that it
would be ideal to compare the method against a standard
technigue of measuring brain bfood frow. we have exprored
the possibil-i'uy of making such measurements, but there is no

suitabre animal model and the chance of performing comparative
measurements in sick newborns is remote.
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secondly, during venous occlusion there is a late d.ecrease
in arteriaf blood fror^¡ verocity captured at the supraorbital
branch of the opthalmic artery. bte feef that this is due to
back pressure from the venous side being transmitted to the
arierial side of the cj_rculaticn (Fig I). It could however,
be due to compression of the carotid arteries during jugular
occlusion- This rvould underestimate cBF. Because our
measurements are made before a chang,e in arterial florv, it
is untikely that we are making such an error.

Thirdly, the change in i-ntracraniar- pressure during the
occlusion maneuver could. affect the cBF varue. Measured
rate of change in OFC with time might then be not only
a pure reflec'tion of change in cBF but ar-so of increased
intracraniar pressure. i{e have measured, the intracranial
pressure change during comprete venous occlusion using the
Moder L702 Lad.d rntracranial pressure Monitor (rate of
response 3 - 5 cm Hro pe,r second) in ten premature inf ants .

we found ttrat the intracrani-ar pressure rose from a mean

of 8 crn HrO !4 to a mean of 20 crn HrO 13. In moni-toringi
the intracraniar pressure during episocles of crying in the
sarre babies rve found that the intracranial pressure increased
from a baserine of B cm Hro !4 to 24 cm I{ro t5. we calcur_atecl
the intracraniar pressure change cluring the initiar second,
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the period over which we measure cBF and found a mean

nrôcc,rrô 'innra¿5g 6f 2.5 cm H.O tI" Because we used theuqJg v! L. J U¡t 
L

initial part of the slope (see Fig. I), the eventual

effect of increased intracranial pressure was negriqible.
However differences in skulr compliance between infants
may affect the absolute value for cBF. cross et ar has

al-so shown that there i-s no harm in increasing skult volume

by compression of the jugular veins as the infant prod.uces
ô'

f ar I aroer inr:reaqeq lrr¡ r-rr¡inõ ^r cJ-r¡i¡ ' o -'lqryu! rrrua vl' !r¡: ___*,,.1-ng The method,

therefore, seems safe and easy to use.

Fourthry , f-or clinical reasons, wê do not have measulrements

of intracarotid arterial pressure durinq the occlusion
maneuver, but it is unlikely that it would change in any

different way from that during crying. Finally, the accuracy

of extracranial recording of intracranial blood fl_ow may be

questioned. studies in adult subjects, however suggest the
error no more than 52 23.

rt would be of interest to know whether cerebral blood flow
is more susceptible to change in the neonatar perÍod than

later in life. If the pronounced. retinal arterial- constriction
occurring with inhalation of l_00eó O- in preterm infants is
a reflection of the capability of i**rtrrr. arteries to

constrict with high o/ then preterm infants may have a more
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vulnerabre cBF control mechanism than aduft subjects, who

usual-Iy do not deverop retrorental fibroplasia. such
sensiti'ity of cerebral vessels in neonates v¡ith a chance
ln dr enìeter to accomodate r.lore or less f l-or.¡ ftây, for
instance, expr ain ivhy these infants shoiv a unique response
to lorv inhaled Or , and. a paradoxica j response to CO, rvith
various background concentrations of or. simir-arJ_y,. theo-
phylline may decrease cerebral blood flor,v in adult. subjects

4,1by 33nu '= - fs this the case in pretern infants? This is
a crucial question considering that this drug is being widerlr
used for the treatment of apnea of prematurity. Finally,
nra{-crm ;-5--rrrcLc!r'r! riLra.¡ris arg unique in their susceptibility to intra_
ventricular hemorrhage, a rather rethar entity. Evidence is
nol.i accuinulating' that this is preceded b1r profound changes in
CBF during asphy:<ia 2,3,4. Assessnent of changes in CBI,

occurringi during- asphyxJ_a malz hetp to unravel the phlrsio_
pathogienic mechanism uncerlying intra-¡entricurar bleeding.
For al-l these provocative gues-.ions measurements of CBF using
the non-invasi-ve technique we devised may be invaluable.
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Figure 1: Representa-uive tracing on inf ant nuròer 12 .

Ccnpression of the jugula_r veìns causes an

ìncrease in oFC ',vhich 'i 5 recorded as a d.or.vnrvarc

slope. The initial s1ope, corresponding.to an

increase in oFC rvith time, is used to calculate
cerebral bl-ood florv. Note that saqittar venous

f -l orv decreases . There is no decrease in arterial
f 1or.¡ velociLy during the initial slope. The

respiratory pause is an occas'i onal occurrence in
inf ants rvho have perioCic breat'hìng.

Figure 2: There is no correlation between measured cerebral-

blood. ftow ano gestational age.

Table 2: Reproducibility obtained rvith meas_urements taken

a:proximately 2 minutes apart.
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Age et, dctlt.\ rßnßed fron !1 hrs. to 5 nos, vjth a ncdian of l-30*5. Pcak se¡m bil-irubin values ran6c.d. fron 6.5 to 20.6 ng,fi
ieon, 1l..'nAf). Only 2 lnfents hsd veluca Élrc&Ler than l5trgf;

lotli of ther;r: irifarrts received exchange transfusion ând Il otl¡-
erii lì¡id J,Ì.,oto+.1ìrrrepy.

Íiln,:,:: thc bjllrubin levels vere so }ov, ve analyz,ed the clini
cal ûrrì.lebörfrtory fcûtures uhich may hove co4¡ilJut_cd to ¿he
davt:l:)I:t.,.:.'. of P.(rxfcterr¡r. Hypre)l,mlneni'¡.-((2.!¿l) uus founrì
tr, b/9, ln rr of 5 inla..!: in vhyrl{BA dyc Lintin¿-sLucìies sere
done, the val-ues vere very Iou l<zti,)\ A¡cmiq vas rrese¡t in aìdone, the val-ues vere very lou (<2rr!)) A¡cmiq vas !,resenr 1n
infants vith evidence of henoli's1rffi 9/1i¡. IntefrÌal- bLceding
vas found in eII, incl-uding 15/20 cases of intracranial henor-
rhege. nespiratory distress vith acidosis end h¡¡poxia vas pre-
sent in eI1 ccses. There vas evid.ence of iuJoe+iq¡ in 13/20 in-fanrs. A greqter Froportion of the luger ,(>tgSO¿D infants had
infecÈion (5/6) than did the sneller infantà 18ffi1. A.l-though
eost of the infants did. not exhibit all- the classical sj.gns of
Lernlcterus clinical-ly, they did have evidence of non-specific
CllS involvenent such as apnea, bradycêrdia and cardioresplratory
urteSL,

O,ì thrr hr!1s of l.hese flndlr¡øs, f¿ 1s dlfflcrrlt to deflne a
11,rl'(' l¡'!,dì ,)f or:rÙn bl I lrut)ln b.r'l.jw vhlch kerfllctcrus cônnot oc-,jr¡,, lr v,ì¡lI '\tt,'Ll Ll¡rrt, l¡r lrrfrlrl.¡ uil,h (.rLr'.¡¡Ê DrcliaL\rrItv.)'l'," r.1 !.r rr, l,l,:,1., r':¡rl l,!1",t1',, e.' nuliL oll.lr,.r fir¡l a ncun oT'
l,¡.V'r',itit. ¿'vt(t ¡no,l,rtL blìirrrLln ar:,:umulrrt,jo¡¡ or a ncs 1ncìcX to
¡rr:,.:rr¡ Llr,. 3l,,rl,( of biÌ1rr¡bln dlfl'uritrlllt,y,

1r35 EFPECT OP POSITIONING AND HEAD BAXDING ON

CEANIÄL PRESSURE IN TEE PREHATIJRE INFANT.
LNTRA-
NlLl "Kese

tt39

eds.,

The fDcracrÐlal preeaure of ).2 lufantø, blrrhsefgbt 720_lg00
g@., sho had uo evldeuce of 1ûtracratrlal beærrhage, væ
ægured over Ehe ôûterlor footanelle by the Ladd lcp Eonltor.
Preasurq yere deterøl.ued before aod one Ëlnute afÈer t-he re-
Iæee of eqcirclllg pt¡ototherapy eye paccbea or wal csuuls
apparatw. Tt¡e æasuraeqÈa sere perf oræd Ëstce oû eãch iDf anÈ
ln three dlffereut posfÈloú -- hæd up Io, horfzoqtql, and
hqd dryu 30o. A slgnlflcant decreaee i-n præøure waa noted
lædlately after releaee of the enclrcllng band lq aII three
posltlor¡d lo w)Bt lnlentð. The 6verage decrease vao 3.75 (raoge
't"ltt,5), 3.73 (roogc 0-I0), and 3,45 (rauge 0-9) cs HZ0 fu the

sd úp, horl¿ontal, ênd hæd dwn poeltlon respectlvely, Threesq u¡r, r¡or¡¿onfal, êno næd o@D po6'.tloD respectlvely, Thre
-1 the four lof¡aÈs vho dè@Mtrated the smllst decrease Ln
t16cranlal preaøure hÂd bêen erpoaed to coûatrlctl[g apparagw
for long perlods of tlE€ prlor to thetr deÈerEiråtlons auggest-
lng po88fble coEpenaatloo. The Ðgûttude of the decreaee fn
preasure vaa DoÈ dlfferent l¡ the varlou posltloú etudled,
although the preaauræ tended to lncrease sa the lûfaut uæ
glaced 1¡ tbe head dæu posirlon. Ttre cåangæ uoÈed ln tnÈra-
crmisl præcure both slth poeitloatng md budfug ral8e quqt-
lou æ to the effect of euch Lnfa¡t cere practlcæ on Èhe braLn
of f¡fauts ulth co¡preaelble skull¡. lncræaea tn ltrtracrefal
presaure fnduced by bead bandfqg qy play a role lu the hlgh
f¡cfdeoce of luErecrulsl bæorrhage 1[ the very gsll lnfe¡t.
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IiRIAI- M¡TtJRA'rION Or' AUDITORY BRAINSTIiM 

'VOK'ED 

POT

olP

'ants over 30 veeks. The earllest waves noted were I, lII, andr. Waves II, IV, and Vl uere unstäble in early recordlngs. Hou_iv(ìr, wâve5 lI, lV, and VI uere present fn over 502 of patients
I they ¿pproachcd 40 weeks. The latency of vave V graàuall.y de.'rcracd at ¡ rafc cjf about .2msec. per çeek to fulltern, Howeverr¡v(.4 l ¡nd llI appr<tached relatlvcly maturc l¡tcncte6 carller,Lt J/r t¡¡.17 w¡-.¡kg, 'llìc At¡ln(lrtrd (lcvlatlon for thr: l;tt(,rìcy of
u rvr.' V wrrr lrrr¡r.r,. 'llrlrg vrIuc, (ìr)nçr¡ry to pr(,vf oue rcportÊr 1ar(lr¡tlv¡ly l¡ìsrttìslElve mcâsure of Bc6t¡¡!fonal iìgc ¿ìnd may be Í

ùncr¡d b' peri.n¿tal factors. The âppearance of Èhe audltory
¡alnstem evoked response aË 30 weeks and the rapld serlal de_
rease ln lts latency from 30 to 42 veeks gesEational age sug€jes
that. this procedure can be useful in monitorlng the maEurrry an

INTPåCÉREtsP.AL I.1 '.?.!1AGE f f.t HtGH ?.tiK ??.LtAAi1¿k.Ei
thøv Lozzoro r A. Ahmono. AlÍred ll .

V/. Cox, Froncine D. Dykes, Jor,e: C. Hoíír.on
D. Mcver..Jomes F

Subependymol (5EH) ond ínfroventriculor hemorrhoge (lVH) in infonts
thon 35 weeks gestotion, requiring intensive core (or 21l¡ærs ø Iøger
studied prospective ly. lnitiol computerized tmogrophic scon (CT scon)

obtoined, ond, if positive for blood, hæd circumference, clinicol
ourse, ond seriol scons were followed unlil ventriculor size wos nømol.
29/58 inÍonÌs were shwn to hove 5EH ond/or ly1, 2ó6y CI scon, I by

riculor top, 2 on outopsy. 8 infonts died. ó of these frod morLed lVH,
shæn by CT scon, I by ventriculor top, 2by outopsy. Acute hyclre

epholus of only mild lo moderote degree occurred in the 3 fotolities with

the others, l0 hod mild, 3 moderoie, ond I morked lVH. 5 survivss
ryith fVH developed severe progressive hydrocepholus. 2/5 hod only mild
f VH, which resolved spontoneously. 3/5 required treotment. IVH wos

in l, morked in 2. Seriol heod circumference wos not oredictive
need for treotment.
The incidence of 5EH ond IVH wos 5ú/o in study infont¡ ond wos not
loted to gestotionol oge. The quontity of blood moy bo prognorricolly

ignificonf . No infont with SÉH or mild IVH required trootmenr. pro-
ssive hydrocepholus developcd in 2 ond resolved spontonewsly, 7/lO

fonts with moderote lo morked IVH survived. 3 required treomenr.

,ositive scons. The 23 survivos with positive scons hod follw-up scons.
8/23 did nof show progress;ve hydrocepholus, ond of these 4 hod onlv SEI-l

ITÀTI\¡E
BI,OOD FLOW (cBF) IN THE NEWBORN. F. Leahy. K. snkarar
D. Cates, H- MaccaIlum, H. Rigatto, University of

Manltoba, Departmenl of pediatrics, Winnipeg, Canada.
We devised a quantitative method to estimate CBF based on the

principle of jugul.ar occlusion. With gentle and short compræsior
of both jugul.ar veins there is an increase in head circmference
(oFC) which reflects CBF. To make measurements quantit¿tive ee
differentiated regressj.on of OFC on skulI volue: y=59,1 (X) -
1.,608, where Y = skull volme and X = OFC. The forhuLa obtained
was CBF=355/Y.dxldt in nl/loog/nin. Method entails meauementof
(L)OFC, usinq a mercury strain gauge. Chànge in OFC is ncÀsured
as a slopê vhr:n jugular veiils arr: comi)r.Írir:rj. (2):lkul I volumn,
usinq Ix)lystyrcno calt ôf tlrr¡ lnfânt'¡ skr¡Il fi I ÌFrl wltÌì ú6t.!r,
and voluhc measurr¡d. CorìJ)àring vóluc.l to .¡ut.r)J)Jly brdjtì vr:i,Ìltt.ß ¡l
Ìs accuratc uiLhin 14C. (l)Monitorinq ínt¡acr¿lii¡l v{:rìÒuj ¿rn.j ¡rr-
terial flow by DoÞpIers tâpcd ovcr supcrior s¡rl!ttal $iÍruri ììnrl
nearby artery. Whcn veins arc complctcly occludr¡d FÌov $tÒr,$. À1.
vcolar COr(PÀCOr) is sinruìtaneously rccordcd. lrfhcn v¡lu,-s fr¡>m
conplete õccÏusions ðnd no interference with artcrial flou ¿rr:
taken, results are reproducible. In 8 pretern infants (C.À. 34wk
t2 S.D.; B.t{. 1.8k9 1.6 S.D.; age 9.4 days t?.9 S.D.)the ncÐCbf.

s 67.1 tÌ3.6 S.E. nI/IOOq/min. fhe values are similar Lo rhosÍ
reported previously using the NaO method. During adninistration
of 2s to 3t COr, CBF increased to 91 f24-L S.E. Mean p.CO- in-
cleased from 36.7 il.2 to 43,4 rl,I S.E.,Èherefore the^inórr.¡sr_,
in CBF pcr mljg PaCO, was 6.9 ml/toog/min. The IOr ins$sc in CB
is double that rcì;orEed for.adults. Wc suggest tlràt CnF in ¡.r,,-lerm ln¡anLs ls morc scnsltrvc to chang,)s in PÀCO2 th¿n ¡,1,¡ltI.

LITY OF LIFE AFTLR PROLOMìDD NON-'I'R-AUI.,íI\TIC COIlJl 1I,
HILDREN: A REAPPMISÂL. L_9ylg_4-y4lÃLlÞ, BenneEr A

Shawitz, DepÈ. Ped, Yale U. Sch. of Hed. New Hâven.

tracranÍô1 pressure for Dore chan 2 days ¿ppeåred to j.nfluence

Recent advances in redical technology have resulÈed in a re-
duced nortaliÈy of critically ilI children, but qualÍÈy of Iife
in these survivors reEains iII-defined. Such infomation is of
parcicular inporÈance in an era ehen physicians are frequenÈly
called upon to decide whet.her ând when co discontinue excrâordin
âry neasures of Iife support. We report Èhe outcæ (follæ-up
I-7 yrs) Ín 16 chi.Idren ages 6 mos-16 yrs in coÉ of non-trauu-
atic origin for longer than 5 days. The I girls and 8 boys re-
míned in com for periods of 6-180 days (mcl ian 17.5 days) and
12 children renained in deep com l-35 days (redÍan lO.9 days).
¡låjor neurological residua (seizures, deveIoprenÈaI retardat ion,
blindness) occurred Ín 4, minor residua (IûlD, miniml notor defi
citsr,personality disorder) in 7, ând no deficits sere observed
in 5 child¡en. After rec@ery 6 were average or superlor in ln-
telligence snd 2 additfonal childrcn exhibited no rjecrement 1n
I.Q. The Iiklihood of sequelae appcare<l reLared to ctiology âruI
occurred ln aIl caecç of arÌoxl8 (5/5), frcqucrìtly ¡¡Írcr c0ceplra-
litfs (5/8) but ln nonc of thc chi.lrtrr:n wtclr trr.yr.lìyrrrtrrrnr (0/))

ratlon of decp cøna ¡u wcII ao tlrc ¡rrrrr:rrc(. of lrìcrr.rscd in-

tcome, Hffiever seizures, the necess ity of ass isÈed ventila-
ion, or the duration of light cm sas noe of aûy predictive
Iue, Our results suggesE Èhat I significant proporEion of
ildren suwiving prolonged coø of non-trauÉÈic origin are
le to aÈÈain a æaningful qualify of life.serlal developnent of the nervous aysteD in the premature lnfant
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estimation consisted of jugular venous occlusion plethysmography using
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During inhalation of I00B 02 CBF fcll from 6015 ml/mín/IlOg to 52!4 mI/
nin/I009 (p=0-004). our results suggest: I) co2 is an important regur-
ator of CBF in preterm infants and their CBF-Co2 sensitivity is grearer
than in adult subjects; and 2) l0OB 02 reduces CBF significantly. tùe
conclude that relative brain ischemia during administration of tOOt 
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