
veno-arterial ECMO, most commonly the right internal
jugular vein and right common carotid artery are ligated.
Recently, veno-venous ECMO is performed by ligating
only right internal jugular vein for less critical newborns.
This technique differs from veno-arterial bypass in that
the oxygenated blood is returned to the inferior vena cava
instead of the aortic circulation. At our institution, veno
venous bypass is accomplished by a double-lumen catheter
placed in the right atrium. In this technique, venous blood
is drained into the outer lumen and oxygenated blood is
returned to the right atrium via the inner lumen.

Approximately 80%â€”90%of newborns treated with
ECMO have survived. However, if they are treated with
maximal conventional therapy, the survival rate is less
than 20%. Therefore, the benefit of ECMO is far greater
than the potential risk ofright-sided ischemic brain lesions
associated with the right common carotid artery ligation
performed for ECMO (4,5).

Only brain SPECT and positron emission tomography
(PET) can provide rCBF or brain perfusion, although
neuroimaging modalities such as ultrasound (US), color
Doppler, computed tomography (CT) and magnetic reso
nance imaging (MRI) as well as magnetic resonance arte
riography (MRA) are sensitive and noninvasive methods
in assessing vessel patency and brain parenchymal changes
of neonates during and after ECMO (6,12). Recently,
brain PET has been used following ECMO (10). However,
its clinical application is limited to certain centers. On the
other hand, brain SPECT is widely available and indeed,
brain SPECT using 99mTc..hexamethylpropylene amine
oxime (HMPAO) is an established technique to measure
brain perfusion of various disease states in adults and
children (6,9). In an attempt to study the technical feasi
bility and clinical value, ICBF alterations were measured
using SPECT and 99mTcHMPAO in 13 newborns after
veno-arterial or veno-venous ECMO.

MATERIALS AND METhODS

ClinicalFindings
From January 1992 to May 1992, 13 consecutive newborns

treated with ECMO were evaluated by brain SPECT. All 13
neonates were suffering from persistent fetal circulation (PFC) or

Extracorporeal membrane oxygenation (ECMO) is a life-say
ing procedurein neonateswith refractoryrespiratoryfailure
that hasbeenusedat our institutionsince1985. Inan attempt
to studyits clinicalvalue, regionalcerebralbloodflow (rCBF)
alterations were measured using SPECT and @Tc-HMPAO
in 13 newbornsfollowingECMO. Eight infantswere studied
after ECMO with reanastomosisof the rightcommoncarotid
artery(RCCA),two with the permanentligationof the RCCA,
andthree after veno-venousECMO. BrainSPECT was tech
nicallysatisfactoryin allnewbornsusinga triple-headSPECT
system. Altered rCBF was found in 7 of 13 infants. In five
newborns, there was a decrease in rCBF within the ipsilateral
hemisphere,and in one infant,contralateralhemispherewas
involved.Inoneinfant,therewas bilateralhemisphericinvolve
ment. The infant underwentcardiopulmonaryresuscitation
prior to ECMO and exhibited dinical features of hypoxic
ischemic encephalopathy at the time of SPECT. Only 2 of 13
newborns demonstrated morphologic changes on neuroim
aging modalities such as cranial ultrasonography, computed
tomographyand magnetic resonance imaging. Our study
demonstratesthat: (1) functionalbrain imagingis feasiblein
neonates after ECMO; (2) SPECT has potential for demon
stratingrCBF deficitsnot detectable by neuroanatomicim
agingmodalities;and(3) SPECT has potentialdinicalvaluein
long-term follow-up of neurodevelopmental outcome after
ECMO.
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xtracorporeal membrane oxygenation (ECMO) is a
life-saving procedure in refractory neonatal respiratory
failure. During veno-arterial ECMO, a modified form of
heart-lung bypass is used until transient pulmonary com
promise is recovered. The infant's blood is shunted from
the right atrium of the heart, via the right internal jugular
vein, where it is oxygenated through the membrane oxy
genator and returned to the systemic circulation via a
catheter in the right common carotid artery (1-3). For
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Patient
no.SexBW (kg)GA (wk)ApgarECMO(days)RCCA1

2
3
4
5
6
7
8
9

10
11
12
13F

M
F
F
M
F
M
M
M
M
M
M
M3.6

3.9
3.4
3.44
4.0
4.0
3.1
3.18
4.3
2.27
3.59
2.87
3.840

40
38
40
40
38
39
37
40
39
40
39
403/5

8/10
5/8
5/7
4/6
7/8
2/6
8/9
1/5
3/8
8/9
6/6
4/96

5
4
8

11
12
12
4
6

10
14
14
6Repaired

Repaired
Repaired
Ligated
Repaired
Repaired
Veno/Veno
Repaired
Veno/Veno
Repaired*
Ligated
Repaired

Veno/Veno*

Failed repair.

BW= bodyweight;Apgar= 1/5mmandRCCA=nght commoncarotidartery.

primary pulmonary hypertension of the newborn (PPHN). The
duration ofECMO rangedfrom 4 to 14dayswith a mean of 8.6
days.The rightcommon carotid artery and right internaljugular
vein were used for ECMO in 10 newborns.Two newbornshad
permanent ligation of the right common carotid artery and in
the remainingeightneonates,reanastomosiswasperformedupon
completion of ECMO. The reanastomosis was surgically success
ful in seven of eight neonates. In three infants, veno-venous
ECMO was performed after ligating the right internal jugular
vein. In general, clinical conditions of the newborns and blood
gases were stable when SPECT was performed. SPECT was

performedjust prior to the neonates' discharge from the hospital.
Other clinical parameters such as sex, birth weight, gestational
age and Apgar scores of 1 and 5 mm are listed in Table 1.

HMPAOBrainSPECTProcedure
Each neonate received 2 mCi of @mTc-HMPAO(Ceretec'@

Amersham International) through an existingperipheral intra
venous line followed by a saline flush in the intensive care nursery
(ICN) at least 1 hr prior to SPECT. The neonates were subse
quently sedated with oral administration of chloral hydrate (50
mg/kg)givenapproximately30 mm prior to the imagingproce
dure. The sedation would not alter rCBF as the brain uptake of
the traceroccurswithin4â€”5mm afterthe injection.The neonates
werethen transported to the imagingroom locatedon the same
floor as the ICN about 60 mm after the injection of @mTc@
HMPAO and positioned on the head-holder attached to the
imaging table in the most comfortable position. This usually
consists of the supine position with the head turned to the left
side, which was not affected by the surgical procedure for ECMO.
The most comfortablepositioningofeach neonate isveryimpor
tant for successful acquisition of SPECT images without motion
artifacts.SPECTwasperformedusinga triple-headsystem(Triad,
Trionix researchlaboratoryInc., Twinsburg,OH) interfacedto a
Sun microsystemsbased computer. A low-energy,ultrafine,par
allel-hole collimator was used on each detector. The system
resolution of the triad was measured about 7â€”8mm using the
JaszczakSPECf phantom. Each neonate was scannedwith 120
frames (40 frames per detector) lasting 35-45 sec. depending on
count rate, for a scan duration of approximately 30 mm. This
was sufficienttime to acquire a minimum of two million total

counts. A 1.4x zoom mode was used to compensate for the
neonates'smallhead.The scanswereperformedwiththe smallest
scanning radius of 13.5 cm. Attenuation correction and filtered
backprojection methods were used for image reconstruction. A
Hanning filter at a cutoff frequency of 0.9 cycles/cm was used.
Orthogonal tomographic slices of transaxial, sagittal and coronal
images were reconstructed using a 128 x 128 matrix after cor
recting for head tilt incident to the most comfortable position
during the SPECT procedure. The transaxial slices were parallel
to the orbitomeatal line.

Interpretationof BrainSPECTImages
Visual Interpretation. An interpretation was based on visual

inspection of asymmetry between the right and left cerebral
hemispheres as well as by detection ofany focal abnormalities.

Quantification. In addition to the visual inspection of the
tomographic images, quantification of SPECT data was made.
The most abnormal transaxial or coronal slices were selected for
quantification. Eight regions of interest (ROIs) were semi-auto
matically placed over the transaxial slice or slices and were
symmetrically distributed about the mid-line (Fig. 1). In some
cases, a selected coronal slice or slices was divided equally into

two ROIs (Fig. 2). A calculation ofmore than 10% differences in
ROI ofcounts ofthe cerebralhemisphereswasconsideredsignif
icant.
RESULTS

Brain SPECT was successful in all 13 newborns after
ECMO, and the image quality was excellent in all new
borns studied. The SPECT findings after ECMO along
with neuroradiologic findings in the 13 neonates are sum
marized in Table 2.

Normal Neonatal SPECTPattern
Six newborns demonstrated symmetrical hemispheric

blood flow, which was highest in the sensorimotor cortex,
thalami, brain stem and cerebellar vermis. Physiologically
low rCBF was noted in the frontal, parietal and temporal
cortices (Fig. 3). This â€œnormalpatternâ€•closely parallels
PET brain findings in newborns (14). Ofthe six newborns
with the â€œnormalpattern,â€•three had a successful reanas
tomosis as shown by color Doppler imaging (CDI) and

TABLE 1
ClinicalFindings
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FIGURE1. ROlsontransaxialslice(Pa
tient3).EightROIsaresymmetricallydis
tributed about the mid-line. Thalami are
excluded from this semi-automatic ROl
methodbutcanbequantifiedbyusingtwo
ROIs as shownin Figure2. Two frontal
cortical sectors represent anterior cerebral
arteilal(ACA)distribution,whiletwo pos
tedor sectors represent posterior cerebral
arterialterritory (PCA).Two lateralsectors
on each side representmiddlecerebral
arterialterritory (MCA).RCA = nght ante
nor cerebralarteryand LCA= left antenor
cerebralartery.

FIGURE2. TwoROlsoncoronalslice
(Patient3). The coronalslice is divided
equallyinto two ROls placedsymmetri
callyaboutthemid-line,if thisslicedepicts
moreabnormalitythan the transaxialslice.
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PatientAge at SPECTL-R/Lorno.
SexBW (kg) (days) SPECTfindings R-L/R(%) US MRI CT

BW= bodyweight(kg) R = nghtL= left MVD= mildventriculardilatationlE= ischemicencephalopathyandHI= hemorrhagicinfarct.

TABLE 2
Brain SPECT and Neuroradiologic Findings After ECMO

1 F 3.6
2 M 3.9
3 F 3.4
4 F 3.44
5 M 4.0
6 F 4.0
7 M 3.1
8 M 3.18
9 M 4.3

10 M 2.27
11 M 3.59
12 M 2.87
13 M 3.8

15
23
26
16
20
33
23
16
14

28
47
24
10

Normal
DecreasedR
Normal
DecreasedR
DecreasedR
Normal
Normal
DecreasedR
DecreasedR

(focal)
Normal
DecreasedL
DecreasedR&L
Normal

5%
28%
2.3%

75%
16%
I .5%
2%

24%
2%

3%
13%
3.5%
2%

Normal
Normal
MVD
MVD
Normal
Normal
Normal
Normal
1.6cm

cyst
Normal
MVD
Normal
Normal

Normal
Normal

Normal
Normal
Normal
HI

Normal
lE

one had an unsuccessful surgical repair. The other two
with â€œnormalpatternsâ€•had veno-venous ECMO without
ligation of the right common carotid artery.

Abnormal SPECT Findings
In 7 of 13 newborns, SPECT was abnormal. Four had

a diffuse decrease in rCBF within the ipsilateral hemisphere
in relation to the carotid ligation (Fig. 4). One had an
ipsilateral focal decrease in rCBF(Fig. 5). One had a diffuse
decrease in rCBF within the contralateral hemisphere (Fig.
6) andonehadfocalareasof decreasedperfusionin both
hemispheres (Fig. 7). The neonate with bilateral focal
defects underwent cardiopulmonary resuscitation prior to

I@
a
S.
4 â€”

FiGURE 3. NormalneonatalrCBF pattern(Patient3). Three
representativeslicesof transverse(T), sagittal(S) and coronal
(C)planesdepictsymmetricalrCBF,highestinthe sensorimotor
(SM)cortex,thalamus(T),brainstem(BS)andcerebellarvermis
(CV). Note physiologicallylow rCBF in the frontal, parietal and
temporalcortices. US and MRI were unremarkable.Small refer
enceimageswith a straight linedepict tomographiclevelof each
slice.Sagittalslicesthroughtheright(R), left(L)andmid-line(M)
are shown.

veno-arterial ECMO and exhibited clinical features of
hypoxic-ischemic encephalopathy at the time of SPECT.
Three of this group had a successful repair of the ligated
right common carotid artery after ECMO as shown by
CDI, two had a permanent ligation of the right common
carotid artery, and one had veno-venous ECMO.

SPECTversusNeuroradiologicFindings
All six newborns with a â€œnormalSPECT patternâ€•had

normal CT or MRI studies. Only two of seven abnormal
SPECT studies correlated well with morphologic images;
one had focal hemorrhagic infarct seen on US and MRI
(Fig. 8), and the other had multiple ischemic encephalop
athy demonstrated on CT (Fig. 9). In the remaining five
newborns with abnormal rCBF, US or MRI was unre
markable.

FIGURE4. DiffusedecreaseinrCBFinipsilateralhemisphere
(Patient4).Notemarkeddecrease(75%)inrCBFwithintheright
cerebral hemisphereon transverse, sagittal and coronal slices.
US showed only mild ventricular dilatation with an interhemi
spheric fluid collection which is also seen on transverse SPECT
slices.

-0-
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FIGURE 5. Focaldecreasein rCBF in ipsilateralhemisphere
(Patient9). SPECTfollowing veno-venousECMOdemonstrated
an area of decreasedperfusion(openarrow) in the iight fronto
temporalregion.USand MRI(Fig.8) showedhemorrhagicinfarct
inthesameregion.

DISCUSSION

The ECMO procedure most commonly requires ligation
of the right common carotid artery and right internal
jugular vein for cannulation (3). For this reason, altered
blood flow following ECMO is one of the major concerns
associated with ECMO therapy. In an attempt to improve
ipsilateral hemispheric CBF, at our institution, the ligated
right common carotid artery is reanastomosed at termi
nation of ECMO whenever possible. Veno-venous ECMO
is now being performed more often for less Critical flCW
borns without ligating the right common carotid artery.

An assessment of intracranial blood flow in newborns
had been limited to CDI and MRA until recently, when
PET was used effectively in measuring rCBF after ECMO

al ________

FIGURE 6. Diffusedecreasein rCBF in contralateralhemi
sphere(Patient11).Contralateralhemisphericabnormalitymay
be related to high flow state at the time of the right common
Carotidartery ligationfor ECMO. MRI the day before and MRA
thedayafterSPECTwerenormal.

FIGURE7. Multipledefectsinvolvingbothhemispheres(Pa
tient I 2).This newbornhadcardiacarrestprior to ECMO,neces
sitating cardiopulmonaryresuscitation.SPECT reveals multiple
areasof decreasedperfusionin the right frontal, temporo-occap
Vital, left frontal, panetal and right thalamus. The neonate had
clinical features of hypoxic-ischemicencephalopathy and CT
depictedmultiplehypoxicregions,whichwasmoreobviousthan
SPECT(Fig.9).

(10-12). AlthoughCDI and MRA provideblood velocity
and vessel patency, TCBF cannot be measured using these
techniques. US and MRI, however, are excellent paren
chymal imaging methods in these neonates. PET, on the
other hand, is an accurate method for measuring rCBF in
absolute terms, but the technique is expensive and is
available at only a few medical centers. Brain SPECT
maps relative rCBF and is available even at community
hospitals throughout the United States. By utilizing flow
specific agents such as @mTc@HMPAOor â€˜231-iodoamphet
amine along with SPECT, an accurate TCBF can be
mapped in patients of all age groups (6-9). Indeed, brain
SPECT has been used successfully in the evaluation of
stroke, seizure disorders and dementias (7,8,13). In neo
nates, brain SPECT has also been successful by wrapping

-w

FIGURE8. MRIof Patient9. Transaxialandcoronalslices
demonstratehemorrhagicinfarct in the nght fronto-temporalre
gion.USwasabnormalaswell.
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citation prior to ECMO and the infant showed clinical
features of hypoxic-ischemic encephalopathy. Both CT
and SPECF revealed multiple areas of hypoxic injury of
both hemispheres.

In summary, brain SPECT using @mTc@HMPAOpro
vides very useful information after ECMO that may not
be apparent on neuroimaging modalities such as US, CT
and MRI. The technique is being used in the evaluation
of the long-term effect of permanent ligation versus rean
astomosis of the right common carotid artery. It may also
prove to be useful in long-term follow-up of neurodevel
opmental outcome after ECMO.
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FIGURE9. CTofPatient12. Transaxialslicesdepictmultiple
areas of low density lesions consistent with hypoxic-ischemic
encephalopathy.

the head and trunk in a specifically designed polystyrene
vacuum cushion (9). Our ECMO infants were kept in the
most comfortable position in an acrylic cradle for optimal
comfort during SPECT. In addition, sedation with chloral
hydrate was very useful for successful SPECT imaging in
these infants after ECMO. The 30-mm sedation period
after 99mTcHMPAO administration will not affect rCBF
because tracer distribution within the brain is completed
within 4â€”5mm after the injection.

Brain maturation patterns in the neonatal period have
been evaluated by PET and SPECT (14-16). Both modal
ities have demonstrated prominant rCBF or metabolism
in the thalamus, sensorimotor cortex, brain stem and
cerebellar vermis. Physiologically low metabolism or rCBF
is noted in the frontal, temporal and parieto-occipital
cortices (14â€”16).This â€œnormalpatternâ€•was seen in 6 of
13 newborns after ECMO; 4 after reanastomosis and 2
after veno-venous ECMO. This pattern is expected if there
is sufficient collaterals through the circle of Willis or if
repair of the ligated right common carotid artery is suc
cessful.

Perlman and Altmen reported that the ratio of right-to
left hemispheric CBF was not significantly different in
newborns with an reanastomosed or occluded right corn
mon carotid artery, and a maximum asymmetry of 8%
was observed only in 2 of 23 newborns studied with PET
(10). However,in our SPECT study, 7 of 13neonateshad
a significant decrease in rCBF (13%-75%) after veno
arterial or veno-venous ECMO. Neonates with insufficient
collateral circulation through the circle of Willis at the
time of ECMO will likely have an ipsilateral decrease in
rCBF regardless of the patency of the right common ca
rotid artery. A focal area of decreased rCBF is probably
due to embolism. One newborn demonstrated a contralat
eral decrease in rCBF, a finding probably related to in
creased flow through the contralateral hemisphere during
the ipsilateral carotid ligation at the time of the ECMO
procedure. One infant underwent cardiopulmonary resus
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