
peripheral vein of contrast material or microbubbles has
also been used (2). The latter technique may be improved
by transesophageal echocardiography, but it requires
esophageal intubation and instrumentation, which may be
risky in patients with esophageal varices (3).

A radionuclide scan after intravenous injection of la
beled macroaggregated albumin has been proposed for the
demonstration of right-to-left intracardiac or intrapulmo
nary shunting. Normal pulmonary capillaries (8â€”15p@m)
entrap these 20â€”100-pmparticles. When IPS occurs, a
fraction of these particles is trapped in systemic capillary
beds in proportion to shunt blood flow, causing abnormal
extrapulmonary activity (4â€”12).We are proposing a radi
onuclide scintigraphic index in order to detect and quantify
IPS in children with liver disease and we report our expe
rience to validate this method.

PATIENTS AND METhODS

Patients
Between April 1985 and December 1990, 135 children with

biopsy-proven liver disease (69 males, 66 females; age, 4.7 Â±4.5
yr, range,2 mo to 17yr) were studied. In most cases, severityof
liver disease justified indication of liver transplantation. Age dis
tribution and diagnosis of liver disease are given in Table 1. Right
heart catheterization (when hypoxemia was present) excluded
intracardiac right-to-left shunt in all instances. Chest radiography
excluded any overt primarylung disease.

Blood Gases
Arterial blood was sampled in the supine position from the

radialor femoralartery. In 99patients,PaO2was alsomeasuredat
the end of a 15-mm period of breathing 100% 02. Arterial blood
gases were measured using Corning 175 automatic pH/blood gas
system(ComingMedical,Medifid,MA).Predictednormalvalue
for arterial PaO2 as a function of age was calculated using the
following equation (13):

PaO2predicted = 68d6 * (Age)Â°@,

where age is expressed in months.
Patients were separated into two groups according to

their resting PaO2 values under room air.

GroupOne(Normoxic)
In 109 children, age-corrected Pa02 under air was higher or

equal to 80% of predicted normal value. These children were
considered as normoxic. In 80 of these children, PaO2 was mea
sured under 100% 02 breathing; it was higher than 500 ton in 57,

Inorder to detect and quantifyintrapulmonaryshunts inchildren
with liver disease, a radionuclide method was developed and
evaluated in such a population.Methods: We studied 135 chil
drenin whomtheseverityof liverdisease,in mostcases,justi
fled considerationof livertransplantation.Patients were sepa
rated into two groups according to their resting Pa02 values
under room air: 109 children were normoxic and 26 were hy
poxic. A radionuclide scan was performed immediately after
intravenous injection of human albumin macroaggregates. Ac
tivity of the lungs (L) and brain (B) was counted.A shunt index
(SI)wascalculatedasSI= 100. B/LWecomparedthisindex
with bloodgasesand clinicalfollow-up.Results: In the normoxic
group, SI was 0.43 Â±0.30 (mean Â±s.d.); none of the 102
children with SI < 1 developed hypoxemia during their follow-up.
Two of the six children with SI > 1 developed subsequent
hypoxemia. In the hypoxic group, the nine childrenwith SI < 1
didnotaggravatetheirhypoxemiaduringfollow-up.The 17hy
poxic children with SI > 1 later developed severe hypoxemia
Conclusions: Scintigraphywith intravenoushumanalbumin
macroaggregates is more accurate than measunng artenal
bloodgasesto detectIPSin childrenwithcirrhosis.

Key Words: pediatrics;technetium-99m-albuminmacroaggre
gates; intrapulmonaryshunt;hypoxemia;hepaticcirrhosis;portal
hypertension;livertransplantation
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rterial hypoxemia due to shunting through intrapul
monary arteriovenous fistulas has been reported in patients
suffering from liver disease. This condition predominantly
occurs in children or young adults. Early diagnosis of in
trapulmonary shunt (IPS) may be useful for the manage
ment of children with severe liver failure.

Several methods have been proposed for diagnosis of
IPS. Measurement of arterial blood oxygen tension (Pa02)
while breathing 100% 02 is easily performed in adults but
requires cooperation which is difficult to obtain in infants.
A more complex technique using multiple inert gas re
quires specific equipment and insertion of venous and ar
terial catheters (1). Echography after injection in a
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No. ofAge(mo)childrenmean
(rÃ©nge) causeof liverdisease

*@fr@ercausesof fryerdisease includecryptogeniccirrhosis,heredi
tarythyrosinemia(typeI),chronicportalveinobstruction,glycogenstor
age disease (typeI),nodularregenerativehyperplasiaand nonsyndro
mic ductularpaucity.

between 300 and 500 ton in 20 and between 150and 300 torr in 3
patients.

TABLE 1
Clinical Diagnosisof Patients

76 57(10â€”205)
16 60(2â€”178)

11 79(8â€”178)

6 50(24-63)
6 132(53â€”229)
5 113(88â€”162)
5 87(9â€”166)

10 83 (6â€”202)

Biliaryatresia
Familialcholestasis(Byler)
Alpha-i antitrypsin

deficiency
Alagille'ssyndrome
Sclerosingcholangitis
BuddChiatisyndrome
Chronic hepatitis (viral and

autoimmune)
others*

FIGURE1. BrainandbackgroundROlsina patientwithhigh
intrapulmona,yshunting(brain/lungSI = 4.5). For bettervisualiza
tionof encephalonedges,imagescalingwas decreased.

Group Two (Hypoxic)
In 26 children, age-corrected PaO2 while breathing room air

was lower than 80% of predicted normal value. Ages of these
children were similar to those of Group 1 (66 Â±46 mo versus 57
Â±58 mo). In 19 ofthese children, Pa02 was measured under 100%

02 breathing:itwas higherthan500ton in4, between150and500
torr in 14 and equal to 68 torr in 1.

Statistics
Comparisons between groups were carried out with an un

pairedt-testor a Mann-Whitneytest. Data are expressedas mean
Â±s.d.

Scintigraphy
Radionuclide scanning was performed immediately after injec

tion of 1.8 MBq/kg (with a maximum of 40 MBq) of @â€˜@Tc-labeled
macroaggregatedalbumin(MAA)(TCK8,CIS Bio International
Gif-sur-Yvette, France). Aggregate size ranged from 20 to 100

@m.The radiochemical purity of the @Tc-MAAwas confIrmed
by chromatography: it was 99.45% Â±0.66% of the technetium
activity bound to the MAA. The albumin per test dose did not

exceed 0.2 mg and 600,000 macroaggregates. The injection was
made into a peripheral vein, with the patient in the supine posi

tion. Two minutes after injection, subjects were placed under a
large field-of-viewgamma camera (Acticamera or Gammatome 2,
Sopha Medical), with a standard general-purposeparallel-hole
collimator. Spectrometry was set up at a 20% window energy.
Posterior views of the brain and lungs (2 min per image) were
taken. Data were recorded by computer (S4000, Sopha Med
ical).

Several regions of interest (ROIs) were drawn on the images;
one over the brain, another over the lungs and one in a back
ground regionaway from the patient. Brain ROIs only outlined
the encephalon (Fig. 1). When visualization of extrapulmonary
activity was minimal or absent, ROIs of the brain were drawn in

a contrast-enhanced image (Fig. 2). Lung ROIs (L) and brain
ROIs (B) were counted and corrected for backgroundactivity. A
shunt index (SI) was calculated as:

SI = 100â€¢B/L.

FIGURE2. ROlsintheabsenceofevidentshunting.Brain/lung
SI = 0.21.The brainAOlwas drawnat a distancefromneckand
pulmonaryscattering.
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RESULTS

Group One
The value of the radionuclide SI in the normoxic group

was 0.43 Â±0.30, the median being 0.39 (Fig. 3). Only six
normoxic children had SI above 1. In two of these patients,
hypoxemia appeared during follow-up; in one child with SI
of 1.4 and a Pa02 increase under 100%02 breathing of 530
torr, severe hypoxemia (Pa02 = 49% of predicted) was
demonstrated 27 mo later with concomitant increase of SI
to 10.4. In another child with SI of 1.05 (Pa02 was not
measured under 100% 02 breathing), hypoxemia devel
oped 6 mo later (Pa02 = 50% of predicted) and SI in
creased to 5.8.

In the four remaining children, there was no sufficient
follow-up. One child with SI of 1.04 and an increase of
PaO2 to 400 torr under 100%02 breathing died of liver
failure 3 mo later while waiting for a liver transplant. One
child with an increase of SI from 1.38 to 1.5 1 yr later is
currently awaiting surgery with no aggravation of oxymet
ric data. Two children with SI of 1.86 and 1.50 respec
tively, were transplanted shortly after scintigraphic evalu
ation. In one of these, Pa02 under 100% 02 breathing was
590 torr.

The SI was below 0.90 in the remaining 102 normoxic
children. None of them developed hypoxemia during a
follow-up of 1.5 to 7 yr (mean 3 yr).

Group Two
Values of SI ranged from 0.18 to 29.3 in the 26 hypoxic

patients. These children were separated into two sub
groups according to SI (Fig. 4).

Subgroup 2A. In Subgroup 2A (n = 17 patients), the SI
was higher than the mean value + 2 s.d. of the normoxic
group (range 1.57â€”29.3).PaO2 under 100% 02 was mea

FiGURE3. Shuntindexdistributionin109normoxicchildren.

numberof
patients

3

2

0.1 10 100

ShuntIndex(log)

FIGURE 4. SIdistributionin26 hypoxicchildren.The mean + 2
s.d. of the normal value in normoxic children is used to separate
these children into two subgroups: subgroup 2A (17 children with
a SI value above 1) and subgroup2B (9 childrenwitha SI value
beicwl).

sured in 13 of these patients. It was below 500 torr in 12,
(mean 365 Â±114, range 157â€”477torr). One patient with SI
of 7.7, and PaO2 of 529 torr developed severe hypoxemia
(PaO2 51% of predicted) 7 mo later with concomitant
increase of SI to 17.

Subgroup 2B. In Subgroup 2B (n = 9 patients), the SI
was under the mean value + 2 s.d. of the normoxic group
(range 0.18â€”0.73).PaO2 while breathing room air was not
significantly different from the value in Subgroup 2A.
These children were younger than those of Subgroup 2A
(39 Â±30 mo versus 87 Â±45 mo, p < 0.025). Technical
difficulties or cries during arterial blood sampling were
noted in four patients. Pa02 under 100%02 was above 500
in three children, 455 in two children, 68 in one child and
was not measured in the remaining three patients. None of
these hypoxic patients with normal SI developed worn
some deterioration of oxygenation during follow-up. Six
patients had liver transplantation with a delay of 3â€”11mo.
Three patients with a follow-up of 3 yr have not yet under
gone a transplant.

DISCUSSION

Impaired arterial oxygenation has been recognized for
many years in approximately 11%â€”28%of cirrhotic adults
(14). Various mechanisms have been suspected such as
intrapulmonary shunts (IPS), ventilation/perfusion mis
match, increased closing volume, blunted hypoxic pulmo
nary vasoconstriction, reduced pulmonary diffusing capac
ity for oxygen, anastomoses between portal and pulmonary

numberof
patients

25

r

n
@l0.1 09 1 1.1@ 1.3@@ - - 1.8

ShuntIndex
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small IPS may be missed with too much of a decrease in
brightness.

Whole-body scanning has been used to calculate the
right-to-left shunt fraction (5,28). However, whole-body
extrapulmonaiy activity may be falsely elevated for several
reasons such as some conversion of bound to unbound
pertechnetate during scanning, injection of particles
smaller than 10 j@mor extravasation at injection site
(5,10,26). In addition, counting ofwhole-body extrapulmo
nary activity is not devoid of difficulties because of pulmo
nary scattering (Figs. 2 and 5).

Genovesi et al. measured activity over brain and kidneys
and assumed renal and cerebralblood flow to represent a
constant fraction of cardiac output, 19% and 13%, respec
tively (6). In our patients, renal activity was difficult to
measure, because of lungs, spleen or liver superimposition
and sometimes pulmonary scattering (Fig. 5). Moreover,
renal blood flow is not necessarily a constant fraction of
cardiac output; it may vary according to the clinical status
andvarious treatments.The immunosuppressivedrug, cy
closporine, has been shown to decrease renal blood flow.

To diagnose and quantify intrathoracic shunt in the
present study, we chose an index based upon brain and
pulmonary activity. These two brief images are easily and
rapidly performed. Determination of brain activity by
strictly outlining encephalon edges avoids pulmonary scat
tering and possible salivary or thyroid activity. Moreover,
cerebral activity is not increased by pertechnetate unbind
ing (26).

Measurement of PaO2 under 100% 02 breathing is rou
tinely used to assess and quantify right-to-left shunt. A
normalresponse to 100%oxygen (PaO2> 500 torr)should
preclude the existence of IPS (18). However, there may be
some discrepancy between this method and ours. In in
fants, arterialsampling of blood by direct puncture often
causes disturbance of ventilation through agitation and
cries. This is the most likely explanation to the lack of
normal increase of PaO2 under 100% 02 in 26% of our
normoxic children. PaO2 does not increase normally during
02 breathing when perfusion of unventilated areas is main
tained because of the bluntness of hypoxic pulmonary va
soconstriction (31). In this case, MAA should be entrapped
in these morphologically normal capillaries. On the con
trary, a porto-pulmonary shunt should be missed by the
radionuclide method since the MAA is infused into a pe
ripheralvein. However, it is unlikely that such shunt could
contribute significantly to arterialdesaturation since flow
through this kind of shunt is small and portal venous blood
has a relatively high 02 saturation (32). PaO2 under 100%
02 breathing increased normally above 500 ton in one child
and above 470 torr in two children with scintigraphic evi
dence of IPS. We may hypothesize that in these patients,
slight dilation of capillary vessels allowed shunting of the
MAA without impairing 02 transfer (19). Further appear
ance of severe hypoxia concomitant with an increase of
shunt index make this the most likely explanation.

Inour study, the normalvalue of SI in normoxicchildren

FiGURE5. PulmonaryROl.In children,lungbasesare often
superimposedoverthe kidneys.Intensepulmonaryactivityscatter
mayinduceuncertalntyaboutrenalacthÃ±tyintheabsenceofmajor
shunting.

veins via mediastinal veins and pleural spiders (15â€”19).
Severe hypoxia is often due to IPS which is attributed to
pulmonary arteriovenous fistulas. The pathogenesis of vas
cular abnormalities such as the opening of pre-existing
channels which are becoming functional or formation of
new channels is unknown. These abnormalities are tiny
and may not always be demonstrated in vivo with angiog
raphy. At transplantation, the existence of large IPS with
severe hypoxemia causes a significant intraoperative and
postoperative risk and is a relative contraindication to liver
transplantation (3,20,21). However, possible reversal of
small IPS has been reported (12,22,23), even in children
(24). Therefore, early diagnosis of IPS in a patient with
liver disease may prompt an earlier transplantation.

Previous authors have used @Tc-MAAto diagnose in
trathoracic shunts and have established their absence of
toxicity. Risk of scintigraphy is minimal (25). Irradiation is
low; the gonadal dose is 1.5â€”2.3pSvfMBq and the whole
body dose is 3.2 jtSvfMBq (26). Systemic injection of
MAA has been used for a variety of applications, including
determination of cardiac output or its distribution among
various organs, study of right-to-left intracardiac shunts
and diagnosis of great vein abnormalities (25â€”28).

To diagnose of right to left shunt by using @Tc-MAA,
it is necessary to quantify extrapulmonary activity. Ma
logic images may be misleading. Indeed, an increase in
brightness can cause a false-positive IPS. Conversely, a
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was 0.42 Â±0.30. Normally 3%â€”6%of the @â€œ@Tc-MAA
bypasses the pulmonary vasculature (7). It is noteworthy
that none of the children with SI below 0.9 developed
clinically evident hypoxemia during follow-up. All children
with SI above 2 had rapidshuntingand furtherappearance
of severe hypoxemia. Because of the two patients who
initially had an SI between 1 and 2, and who later devel
oped severe hypoxemia, we now believe that there is a high
probability of IPS with this value of SI. If early control
(less than 3 mo later) confirms shunting, these children
should be operated on as soon as possible.

In conclusion, this technique allows a sensible and spe
cific detection of IPS before hypoxemia becomes signifi
cant and contraindicates surgery. The SI is more accurate
than PaO2at rest or 100%breathingto detect small IPS in
the beginning and scintigraphy is noninvasive. Only one
venous puncture is needed during a short examination
(< 15min) in thesevery sick children.We proposethat
scintigraphy should be performedonce a year as the dis
covery of a small IPS may prompt more immediate liver
transplantation.

REFERENCES
1. ErikssonLS, SÃ´dermanC, Enczon8G. EleborgL, WahrenJ, Hedensti

erna 0. Normalisation of ventilation/perfusion relationships after liver
transplantation in patients with decompensated cirrhosis: evidence for a
hepatopulmonary syndrome. Hepatology 1990;12:1350â€”1357.

2. ShubC,TanjikA), SewardJB,DinesDE.Detectingintrapulmonaiyright
to-leftshuntwith contrastechocardiography.Observationin a patientwith
diffuse puhnonaiy artenovenous fistulas. Mayo Clin Pivc 197651:81-84.

3. Krowka Mi, Cortese DA. Hepatopulmonaiy syndrome: an evolving per
spective in the era of liver transplantation.Hepatology1990;11:138â€”142.

4. StanleyNN, AckrillP,WoodJ.Lungperfusionscanninginhepaticcirrho
515.Br MedI 1972;4:639â€”643.

5. Robin ED, Horn B, Goris ML, et al. Detection, quantification and patho
physiologyoflungs â€œspidersâ€•.TraMAssocAm Phys 1975;88:202-216.

6. GenovesiMG, Tierney DF, Taplin GV, EisenbergH. An intravenousradi
onuclide method to evaluate hypoxemia caused by abnormal alveolar yes
sels. Limitation of conventional techniques. Am Rev Respir Dir 1976;114:
59â€”65.

7. Wolfe 3D, Tashkin DP, Holly FE, Brachman MB, Genovesi MG. Hypox
emia of cirrhosis: detection of abnormalsmall pulmonaryvascular channels
by a quantitative radionucide method. Am I Med 1977;63:746-754.

8. Davis HH, Schwartz Di, Le Frak SS,SusmanH, SchainkerBA. Alveolar
capillaiy oxygen disequilibrium in hepatic cirrhosis. Chest 1978;73:507â€”511.

9. Andersen BL, GordonL, Buse MG. Intrapulmonatyshuntingassociated
with cirrhosis: incidental diagnosis by perfusion lung scan. Clin Nuci Med
1982;7:108â€”110.

10.BankER,ThrallJH,DantzkerDR.Radionuclidedemonstrationofintrapul
monaty shunting in cirrhosis.AmlRoentgend 1983;140:967-969.

11.VergnonJM,DeBonadonaJF,RiffatJ,etal.Techniquesd'explorationdes

shunts arterio-vemeux pulmonaires au cours des cirrhoses hepatiques. A
propos de deux observations. Rev Ma! Resp 1986;3:145â€”152.

12. Laberge JM, Brandt ML, Lebecque P. et al. Reversalof cirrhosis-related
pulmonaty shunting in two children by orthotopic liver transplantation.
Transplantation1992;53:1135â€”1165.

13. Gaultier CL, BoulÃ©M, Allaire Y, Clement A, Buviy A, Girard F. Deter
mination of capillary oxygen tension in infants and children. Assessment of
methodology and normalvalues duringgrowth. BullEuropPhysiopath Resp
1978;14:287â€”297.

14.SnellAM.Theeffectsofchronicdiseaseoftheliveronthecompositionand
physiochemical properties ofblood: changes in serum proteins; reduction in
the oxygen saturation ofthe arterial blood.Ann Intern Med 1935;9:690â€”711.

15. Chiesa A, Ciappi G, Balbi L, Chiandussi L. Role of various causesof
arterial desaturation in liver cirrhosis. Clin Sci 1969;37:803-814.

16.RuffF, HughesJMB,StanleyN, et al. Regionallungfunctionin patients
with hepatic cirrhosis. I Cliii Invest 1971;5O:2403â€”2413.

17. Edell ES, CorteseDA, Krowka Mi, RehderK. Severehypoxemiaand liver
disease.Am RevRespirDis 1976;114:59â€”65.

18. Krowka MJ, Cortese DA. Pulmonary aspects of liver disease and liver
transplantation. Cliii Chest Med 1989;1O:593â€”616.

19. Thorens JB, Junod AF. Hypoxemia and liver cirrhosis: a new argument in
favour of a â€œdiffusion-perfusiondefectâ€•.Eur Respiri 1992;5:754â€”756.

20.CaIneRY,WilliamsR,RollerK. Livertransplantationintheadult.World
JSw@g 1986;1O:422â€”431.

21.MewsCF.DorneySF,SheilAG,ForbesDA, Hill R. Failureof liver
transplantation in Wilson's disease with pulmonary arteriovenous shunting.
I Pediatr GastroenterolNutr 1990;1O:230-233.

22.ChenNS,BamettCA,FarrerPA.Reversibilityof intrapulmonaryarterio
venous shunts in liver cirrhosis documented by serial radionuclide perfusion
lung scans. Clin NuciMed 1984;9:279â€”282.

23. StollerJK, MoodieD, SchiavoneWA, et al. Reductionof intrapulmonaiy
shunt and resolution of digital clubbing associated with primary biiaiy
cirrhosis after liver transplantation. Hepatology 1990;11:54â€”58.

24.Mc@JoskeyJJ,SchleienC, SchwarzK, KleinA, ColombaniP.Severe
hypoxemia and intrapulmonary shunting resulting from cirrhosis reversed
by liver transplantation in a pediatric patient. I Pediat 1991;118:902â€”904.

25.GatesGF,OrmeHW,DoreEK. Measurementof cardiacshuntingwith
technetium-labeled albumin aggregates. J Nuci Med 1971;12:746â€”749.

26.NationalCouncilonRadiationProtectionandMeasurements.Radiation
absorbed dose estimates. In: NCRP Publications, eds. Nuclear medicine
facto,@sinfluencingthe choke and i&xeof radionuclidesin diagnosisand
therapy. Washington: NCRP; 1962;116-150.

27.ParkHM, SmithET, SilbersteinEB. Isolatedrightsuperiorvenacava
draining into left atrium diagnosed by radionuclide angiocardiography. I
Nuci Med 1973;14:240-243.

28.GatesGF,HarryWD,DoreEK.Cardiacshuntassessmentinchildrenwith
macroaggregatedalbuminTechnetium-99m.Radiology1974;112:649â€”653.

29.SetoH, FutatsuyaR,KameiT, KakishitaM,HisidaK. Myocardialvisu
alisation on a routine perfusion scintigram: relationship to the amount of
right-to-left shunt. Eurl NuciMed 1983;8:482â€”484.

30.VerzijbergenF,vanTeiligenC,PlokkerWM.Significanceof thesiteof
injection in unexpected right-to-left shunting. I Nuci Med 1984;25:1103-
1105.

31. DaoudFS,ReevesiT, SchaeferJW.Failureof hypoxicpulmonaryvaso
constriction in patientswith liver cirrhosis.JClin Invest 1972;51:1076â€”1080.

32.NakamuraT, Nakamura5,TazawaT, AbeS.AikawaT, TokitaT. Mea
surement of blood flow through portopulmonaxyanastomosis in portal hy
pertension.ILab ClinMed 1965;65:114-121.

1332 TheJournalofNuclearMedicineâ€¢Vol.35â€¢No.8â€¢August1994




