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Abstract. Balloon dilatation of valvar and vascular ste- atrial communication. Since the brain is extremely sen-
noses has become routine therapy in pediatric cardiolsitive to hypoxia, this may lead to a rapid impairment of
ogy. Repeated balloon inflations cause many episodes aferebral function, and if longer lasting it may lead to
low cerebral oxygen delivery. This study is a prospectivepermanent damage and dysfunction. This has been dem-
study to assess the effects of balloon dilatation on cereenstrated in adults after comparable repetitive short epi-
bral perfusion and oxygenation. The study included 11sodes of low cerebral oxygen delivery during defibrilla-
patients scheduled for elective catheterization and baltion threshold (DFT) testing following implantation of
loon dilatation at a university pediatric hospital. Blood cardioverter defibrillators [8]. To date, two patients with
flow velocity in the middle cerebral artery(,.) and stroke and two cases of brain death have been reported
regional cerebral oxygen saturation (rg@ere moni-  after balloon valvuloplasty in children [5, 9, 12]. Al-
tored by means of transcranial Doppler sonography anthough these numbers are small compared to the number
near infrared spectroscopy, respectively. In group 1, conef interventions that are carried out annually, the seri-
sisting of 6 patients without an intracardiac shunt, infla-ousness of these complications and the fact that neuro-
tion of the balloon resulted in a decrease\Vip,, fol- logical complications are probably underdiagnosed and
lowed by a minor decrease in r$Qn group 2, consist- underreported warrant further investigation. The aim of
ing of 5 patients with an interatrial communication, the current study was to assess the changes in cerebral
inflation resulted in an increase in right-to-left shunt hemodynamics and oxygen metabolism during balloon
fraction, arterial desaturation, and a major decrease idlilatation in children.

rSO, with minor changes inv,,., Balloon dilatation

causes an important decrease in cerebral oxygen delivery

by different mechanisms. This may lead to serious morpatients and Methods

bidity and even mortality. Neuromonitoring is a useful

tool in assessing the cerebral effects of balloon dilatatiorrhe study was approved by the Institutional Research Board. Eleven
and brain recovery. consecutive patients scheduled for elective balloon dilatation of an
aortic valve (AS), pulmonary valve (PS), or pulmonary artery stenosis
(PAS) were enrolled in the study after parental informed consent. The
demographic data are listed in Table 1. Patients were divided into two
groups according to the presence or absence of an intracardiac shunt;
group 1 consisted of patients with stenosis of the pulmonary trunk after
a previous arterial switch procedure for transposition of the great ar-

Balloon valvulo- and angioplasty has replaced or post_terlesh = 4) or congenital ASr{ = 2). The five patients in group two

. . . . . . .. had congenital PS and an associated interatrial communication with the
poned surgical interventions in children [1, 5]. It is mini- potential for a right-to-left shunt. All procedures were performed under

mally invasive compared to surgery and has a good efgeneral anesthesia. The blood flow velocity in the middle cerebral
ficacy and safety record [7]. Balloon inflation causes aartery ,..) was monitored by means of transcranial Doppler (TCD)
temporary decrease in oxygen de|ivery under normothersonography. The right middle cerebral artery was interrogated via a
mic conditions either by a critical reduction in cardiac transtemporal window using a MultiDop X (DWL, Sibblingen, Ger-
output (e_g_, by fuIIy obstructing the aortic outflow dur- many). Power and depth were adapted to the size of the patient and the

. . . . . . quality of the signal. The cerebral regional oxygen saturation £fSO
ing aortic valve dllatatlon) or by enhancmg ”ght'to'leﬂ was monitored by means of near-infrared spectroscopy (NIRS) using

shunting, as occurs while inflating the balloon in the ye nvos 3100A (Somanetics, Troy, MI). A patch containing a light
pulmonary valve or artery in the presence of an inter-emitter and two receivers was placed over the right side of the forehead
and secured with a stretch bandage. Further monitoring consisted
N of electrocardiograph, noninvasive blood pressure, pulse oximetry
Correspondence tdN. Sreeram (SpG,), capnography, and nasopharyngeal temperature measurement.
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Table 1.Demographic data to-left shunt in whom systemic arterial pressure was in-
vasively recorded, the mean arterial blood pressure

Group 1 Group 2 decreased to 20 mmHg. In the two patients with right-

No. of patients 6 5 to-left shunt, the decrease in invasive mean arterlall pres-
Age median 7 years 0.5 years sure was less than 10 mmHg compared to baseline. In
Range 2 days-14.7 years 2 days—11.7 yearsCONtrast, in the latter group the arterial oxygen s_a_turanon
Lesion PAS:n = 4 PS:n =5 fell to values as low as 36%. There was a positive cor-

- AS:n =2 relation between inflation time and the time for all pa-
:“;'Imber of '”fzat'onsd | 31434 - 2303 toa rameters to recover to baseline (RTf (= 0.62,p <
nflation time (seconds 4 0. 3t . H :
Recovery time (seconds)  30.8 £ 12.5 440 4129 0.001). The RT was approximately twice as long as the

inflation time. There was no difference in this relation-

AS, aortic valve; PAS, pulmonary artery stenosis; PS, pulmonaryShip between the two groups.

valve. Balloon dilatation was successful in nine patients;
two patients later underwent successful surgical treat-
ment. Postprocedure recovery was uneventful in all

In four patients (two from each group), invasive arterial blood pressurecases-

was also monitoredv,, ., and rSQ values (a) at baseline, (b) maximal

inflation of balloon, (c) immediately after deflation of balloon, (d)

when hemodynamic parameters had returned to baseline, and (e) befo@jscussion
next intervention were expressed as deviations from baseline. The re-

covery time (RT) was defined as the interval from the moment of 1, o\ knowledge this is the first study to describe the
balloon deflation to recovery of all cerebral parameters to baseline . .
values. changes in cerebral hemodynamics and oxygen metabo-
Data were analyzed using Spearman’s rank correlation, KruskalliSm during balloon dilatation procedures in children.
Wallis test, and Wilcoxon test where appropriatep Aalue <0.05 was ~Four cases of gross neurological sequelae associated
considered significant. with balloon dilatation have been reported. Two patients
recovered without significant residual damage after suf-
fering from stroke possibly caused by emboli [12]. Two
Results patients suffered severe irreversible brain damage and
died [7, 9]. In one of them, cerebral ischemia was caused
Fifty-seven balloon inflations were performed—34 in by prolonged balloon inflation [9].
group 1 and 23 in group 2. In group 1, inflation of the We used TCD monitoring of th&/,,,., a reliable
balloon caused an instantaneous decreas¥ jn, fol-  trend monitor of cerebral blood flow, and the rs8y
lowed by a decrease in rSQOAfter deflation of the bal- means of NIRS [6, 14]. This latter parameter reflects
loon theV,,., showed a mild, statistically insignificant mainly the venous oxygen saturation, and for a smaller
overshoot before returning to baseline. The §3@d  proportion the capillary and arterial oxygen saturation
returned to baseline once the systemic hemodynamic pdi1]. Balloon dilatation affected cerebral oxygen deliv-
rameters had also normalized (Fig. 1). In group 2 infla-ery either by a decrease in blood flow velocity or a
tion of the balloon caused only a modest decreadé,jy ~ decrease in arterial oxygen content. In group 1 the pre-
but a massive decrease in rs@fter deflation of the cipitous decrease iV,,., induced a compensatory in-
balloon both systemic and cerebral oxygen saturationsrease in oxygen extraction causing a secondary decrease
returned to baseline levels. At time b (Fig. 1), duringin rSO,. In group 2 massive shunting at atrial level dur-
maximal balloon inflation, the difference N, be- ing balloon inflation led to a gross decrease in arterial
tween the groups was statistically significap(0.001).  oxygen content and subsequently in (S®he mild de-
At this time theV,,.,in group 1 had diminished signifi- crease inV,,., in these cases was probably due to re-
cantly when compared with baseline measurempnt ( stricted flow through the interatrial defect. After defla-
0.001). However, for group 2 there was no significanttion, the time for all parameters to recover to baseline
change in this parameter at any time during the balloorwas approximately twice the duration of balloon infla-
inflation—deflation cycle. At times b and c, during full tion in both groups.
inflation and immediately after balloon deflation, the dif- There is a striking similarity between the neuro-
ferences in rSQ between the groups were statistically physiological effects of short episodes of circulatory ar-
significant < 0.001), with a dramatic decrease in group rest due to ventricular fibrillation and balloon dilatation
2. At these times the rSOn group 2 also differed sig- in patients without right-to-left shunt [2—4, 10, 11, 13].
nificantly from baselineff < 0.001). Noninvasive blood From studies of DFT testing it is known that episodes of
pressure measurement and Sp@asurements were un- normothermic circulatory arrest for as little as 15 sec-
reliable during and immediately after all balloon infla- onds give rise to ischemic changes in the electroenceph-
tions in both groups. In the two patients without right- alogram (EEG) ranging from slowing to isoelectricity
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Fig. 1. Changes in rS@andV,,., from
Al baseline (mean + SD) at various times dur-
ing and after the balloon inflation/deflation
{ cycle. The asterisks indicate measurements
<0 that were statistically significanp(<
a b c d e 0.001) between the two groups and com-
time pared with baseline.

[2-4, 10, 13]. Electroencephalography was not applied ireters of cerebral blood flow and oxygen saturation to
this study. However, it may be assumed that if cerebratecover to baseline, prior to the next balloon inflation.
oxygen delivery is as seriously affected by balloon dila-The recovery times of rSQand V,,., were approxi-
tation as observed in this study, regardless of whethemately twice the duration of balloon inflation. In the
these changes are induced by low flow or low oxygenabsence of these neurophysiological monitors, systemic
content, this must have effects on the EEG comparable tparameters such as arterial blood pressure, pulse oxime-
the effects observed during DFT testing. Murkin et al. [6] try, and capnometry should be used to assess recovery.
demonstrated the importance of a sufficiently long inter-  This study has several limitations, one of which is
val between two consecutive insults during DFT testingthe small number of patients. Also, monitoring of the
because short interval testing was associated with sighemodynamic parameters in the majority of the patients
nificant new neuropsychological deficits. It is likely that depended on slowly responding techniques with poor
this also applies to balloon dilatations to allow param-performance during inflation. However, in the four pa-
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tients in whom invasive measurements of arterial pres-5.
sure and saturation were performed during balloon dila-
tation, the changes in these parameters were consisterft
with the postulated mechanisms for decreased cerebral
oxygen delivery in each patient group. Additional studies
including larger numbers of patients and using invasive
blood pressure measurement are required. EEG monitor-
ing may provide evidence of more subtle neurologic in-
sult during repeated or prolonged balloon inflation.

In conclusion, balloon valvuloplasty and angioplasty g
affect cerebral oxygen delivery. Transcranial Doppler so-
nography and NIRS can reliably be used for the diagno-
sis of low cerebral oxygen delivery and the assessment of
cerebral recovery during pediatric balloon dilatation pro- ©.
cedures.

10.

References

1. Beekman RH, Rocchini AP (1989) Transcatheter treatment of con-12,

genital heart diseas€rog Cardiovasc Dis 34-30

2. Clute HL, Levy WJ (1990) Electroencephalographic changes dur-
ing brief cardiac arrest in human&nesthesiology 7821-825

3. de Vries JW, Visser GH, Bakker PFA (1997) Neuromonitoring in
defibrillation threshold testing. A comparison between EEG, near-
infrared spectroscopy and jugular bulb oximetdy.Clin Monit
13:303-307

AC (1998) Changes in cerebral oxygen uptake and cerebral elec-
trical activity during defibrillation threshold testindinesth Analg
87:16-20

11.

13.

. de Vries JW, Bakker PFA, Visser GH, Diephuis JC, van Huffelen 14.

Pediatric Cardiology Vol. 21, No. 5, 2000

Lababidi Z, Wu JR, Walls TJ (1984) Percutaneous balloon aortic
valvuloplasty; results in 23 patientdm J Cardiol 53194-197
Linden van der J, Wesslen, @kroth R, Tyde H, Ahen von H
(1991) Transcranial Doppler-estimated versus thermodilution-
estimated cerebral blood flow during cardiac operations. Influence
of temperature and arterial carbon dioxide tensibithorac Car-
diovasc Surg 1085-102

7. Malviya S, Burrows FA, Johnston AE, Benson LN (1989) Anaes-

thetic experience with paediatric interventional cardiologgn J
Anaesth 3820-324

Murkin JM, Baird DL, Martzke JS, Yee R (1997) Cognitive dys-
function after ventricular fibrillation during implantable cardio-
verter/defibrillator procedures is related to duration of the reper-
fusion interval.Anesth Analg 84186-1192

Prasad K, Radhakrishnan S, Bidwai PS (1992) Neurological com-
plications of balloon angioplastyediatr Cardiol 1465

Singer |, Edmonds H (1994) Changes in cerebral perfusion during
third-generation implantable cardioverter defibrillator testiAgm
Heart J 1271052-1057

Smith DS, Levy WJ, Maris M, Chance B (1990) Reperfusion hy-
peroxia in brain after circulatory arrest in humaAsesthesiology
7312-19

Treacy EP, Duncan WJ, Tyrrell MJ, Lowry NJ (1991) Neurologi-
cal complications of balloon angioplasty in childrétediatr Car-

diol 12.98-101

Vriens EM, Bakker PFA, de Vries JW, Wieneke GH, van
Huffelen AC (1996) The impact of repeated short episodes of
circulatory arrest on cerebral function. Reassuring electroencepha-
lographic findings during defibrillation threshold testing at defi-
brillator implantation.EEG Clin Neurophysiol 9236—242

Weyland A, Stephan H, Kazmeier S, et al. (1994) Flow velocity
measurements as an index of cerebral blood flow. Validation of
transcranial Doppler sonographic monitoring during cardiac sur-
gery. Anesthesiology 81401-1410



