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from published nomogrems based on surface area. The initial TV Z-score 
was significantly smeller in those undergoing shunt than in those undergoing 
vadous RV outflow tract procedures (RVOT) with or without concomitant 
shunt (-2.2 -4- 0.3, -0.8 :l: 0.2 respectively, p = 0.0002, data shown as mean 
4- SEM). However the change in TV Z-scere post-prscedure was similar 
(shunt -0.7 4- OA, RVOT -0.8 -4- 0.2, p = N~). Similarly, the RV inlet Z-score 
was smaller in the shunt group than the RVOT group (-1.6 d: 0.1, -1.2 d: 0.1 
respectively, p = 0.0009). Again, the change in the Z-score was similar (shunt 
-0.06:1: 0.1, RVOT -0.3 4- O. 1, p = NS). Of those patients undergoing RVOT 
alone, neither type of procedure (catheter versus surgery), nor requirement 
for a shunt within 6 weeks of procedure aitected the change in TV or RV 
infst Z.score. However, in patients with pdmary RVOT, change in TV and RV 
inlet Z-score was weakly correlated with TV and RV Z-scores pre-procedure. 
Larger increases in TV and RV inlet size post-procedure were associated 
with smaflerini~al TV and RV inlet sizes (r = 0.47, p = 0.01 and r = 0.44, 
p = 0.01 respectively). There was no such correlation in patients shunted 
alone. Following establishment of RV to PA continuity, growth of the TV and 
RV frequently does not exceed somatic growth but is more likely in those 
ventricles with small initial TV and RVs. 

~ ' ~  Posteatsl Left Ventr icular Growth Potential In 
Selected Infants With Non-Apex-Forming Left  
Ventrickm 

L. LuAnn Minich, Lloyd Y. Tanl, John A. Hawkins, Robert E. Shaddy. Prlma.'y 
Child,en's Medical Center and the University of Utah, Salt Lake City, UT 

To evakmto left ventricular (LV) growth potential, the echocardiogrems Of 5 
term infants presenting with lesions including a marginally sized, but morpho- 
logically normal LV that was not apex-forming were reviewed. Four infants ini- 
tially required a PDA to maintain cardiac output and received prostaglandins 
for 1.5 to 8 wks. Because of LV hypaplasia, 2 were listed for transplantation. 
Diagnoses were aortic stenosis in 4 (with coarctation in 3) and poiysplenia in 
1. Echo measurements at birth (3.6 -4- 2 days) (mean ± SEM) were compared. 
to measurements ~ ~ 1 me (25.4 + 2 days). Over this time pedod, weight (3.0 
4- 0.1 vs 2.9 ~- 0.1 k~) and BSA (0.2 ~ 0.01 vs 0.2 :l: 0.01 n~) did not change. 
However, there were significant increases in the diameters of the aortic an- 
nulus (ANN, ram) and aortic root (ROOT, ram), mitral valve area (MVA, cm2), 
LV end-diastolic volume (LVED, co), LV end-systo{io volume (LVES, co), LV 
area (LVA, crn2), and the ratio of the long axis of the LV to the long axis of 
the heart (LAR). 

ANN ROOT MVA LVED LVES LVA LAR 
Birth 4.4,*-0.3 5.Td:OA 0.5:1:0.1 2,2:1:0.1 1.0:t:0,3 2.4:1:0,1 0.80d:0.1 
1 Me 3.7:1:0,4" 7,3~-0.6" 0.7:t:0.'1" 5.6-*-0,8* 2.2:1:0.5* 3.8-*-0.4" 0.91 -*-0.1 ° 

*indicates p < 0.05 when compared Io birth. 

Tricuspid valve diameter (12 -*- 1 vs 12 4- 0.6 ram), long axis of the heart 
(26 d: 2 vs 28 -~ 2 mm) ant, LVEF (53 + 13 vs 55 :l: 10%) did not change. Four 
of 5 infants had surge W with 1 death. At fo[Iow-,Jp (1-4 yr), all 4 surviving 
infants have biventdcular physiology. Echo at 290:1:41 days showed normal 
tAR (0.97 ± 0.1). These data suggest that a moq~hologically normal, but 
non-apax-formlng LV may have postnatal growth potential. Because LV size 
influences treatment options, a pednd of observation (maintaining ductal 
patency, if necessary) with sedal echo measurements may be warranted in 
selected infants. 

~ Prngrsesive AsPIc  Valve Insuff iciency Due to 
Kawseaki Disease 

Hirohisa Kate, Teljl Akagi, Takeyo Kasue, Tetsu Sugimure, Kanoko Hashino, 
Yasuki Maeno, Osamu Inoue. Kurume University, Kurume, Japan 

Valvular involvements have been recognized as one of the cardievascular 
sequelae of K~asakl diocese, and may become a fatal complication. In this 
regard, ;lille is known about the clinical features of aortic insufficlancy (At) in 
this disease. From 1973 to 1994, 1588 patients w~re seen in our institution, 
of whom 4 (0.3%) cases complicated with audible AI. All patients were male, 
whose onset of disease were ranged from 2 to 10 months. Aspirin alone 
or aspidn plus steroid were chosen as the acute stage treatment in 2 of 
each cases. All but I complicated with coronary artery aneurysms, and these 
lesions have not been resolved up to date. Heart murmur was noted at 1.4, 
1.5, 7.0 and 15.0 years alter the onset et disease, respectively. In 2 of 4 
cases, Al was progressively worsened and valve replacement was required 
at 13 years after the onset of AI. On macroscopic view, the leaflets of ex- 
cised valves were firmly thickened and rolled over. Calcification and nodular 
change of leaflets, which frequently seen in rheumatic valvular disease, were 
not observed. Histciogic examination revealed that massive proliferation of 
collagen fiber without acute inflammatory change.~, which suggested that 
these abnormalities may be induced by the healing process of acute inflam- 
matory changes and progress due to the iong-stonding hemndynamic stress. 
in other 2 cases, whose onset of AI were > 7 years after the onset of disease, 

the degree of Al has not progressed dudng the follow-up. Although we could 
not address the long-term outcome of mild Al which occurred in the late 
convalescent stage, the more than moderate degree of AI is progressive and 
may require valve replacement. The coasibility of Al should be considered 
if new diastolic murmur appears dudng the follow-up, and careful long-term 
follow-up would be recommended. 

C a r d i a c  P a c i n g :  T e c h n i c a l  A d v a n c e s  a n d  
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• Chronic Ventricular Pacing at Physiological Heart 
Rate Affects Local Myocardial Blood Flow and 
Local  Wall Thickness 

Matthijs F.M. van Oosterhout, Fdts W. Pdnzea, Thee Arts, Robert 
S. Raneman. Carrliovasc. Rea. Inst. Maastri#nt, Univ. of Limburg, 
Maastricht, Tim Netherlands 

Previous acute canine experiments indicated that asynchronous electrical 
a~vation reduces mechanical load and blood flow tn early activated regions 
and increases them in late activated regions. We Investigated the st~uctaral 
adaptation and the distribution of blond flow in the left ventdcular (LV) wall 
dudng chronic asynchronous activation, as induced by ventdcutar pacing. 
Under general anaesthesia 6 dogs received a pacemaker, with the stimulus 
electrode implanted 1 cm below the base of the LV tree wall (LVFW). After full 
recovery the dogs were paced chronically (CVP) at physiological heart rate 
(A-V sequential, A-V interval 25 ms), for six months. On 2D-echncardld-grams 
the cross-section of the LV wall atthe level o1 the stimulation electrode was 
divided into 6 sectors, from which mean local wall thickness was measured. 
Myocardial blood flow (microepheres) was determined in these sectors: dur- 
ing sinus rhythm (SR) and 15 min alter venfdcular pacing (VP), both at time 
of implantation and termination procedures. Wall thickness of the early ac- 
tivated LVFW decreased by 6.5:1: 8.8% and thickness of the late activated 
septum is) increased by 24.0 + 12.2% (p < 0.05) after CVP, compared with 
baseline. The retie of LVFW and S (LVFW/S) thickness decreased from 1.17 
d: 0.11 (baseline) to 0.88 :t: OAt (CVP). The LVFWlS blood flow ratio was 
calculated as an index of blood flow distribution. This ratio was 0.81 4- 0.22 
dudng SR and decreased to 0.62 d: 0.10 after 15 rain of VP. After 6 months 
of continuous VP the LVFWlS ratio had ratumed to baseline values (0.80 -4- 
0.22) and increased to 1.19 4- 0.22 (p < 0.05) 15 min after return to SR. 
We conclude that 1) myocardial structural adaptation to mechanical overload 
occurs locally, 2) local wall mass adapts so that myocardial blood flow par 
unit weight rctums to initial (pre-pacing) values, so 3) changes of myocaroial 
blood flow caused by VP predict changes in local wall mass. 

~ ' ~  Effect o f  Pacing at Alternate and Combined Sites 
in the Right  Ventricle on  Systol ic  and  Disstol lc 
Funct ion 

Thomas A. Buckingham, Reto Candinas, Manfred Ritter, 
Christine Altenhnfer, Otto Hess, Hetty van Hoeven, Wcifgang Amann. 
University Hospital, Zurich, Switzerland 

We hypothesized that pacing at 2 venfdcular sites simultaneously would 
activate the myocerdium more rapidly and improve function. Others have 
shown that dght venfdcular outflow tract (RVOT) pacing produces a better 
cardiac output (CO) than traditional RV apical (RVA) pacing. In 7 pts with 
EF < 40% (30 ~- 8%) we measured QRS duration, CO, EF, dP/dt, -alP/dr, 
and Tau during baseline rhythm, DVI pacing at the RVA, the RVOT and both 
RV sites in random order. There were no significant differences in CO, El=, 
LV pressure, and Tau with different pacing sites. Significant differences were 
noted in peak dP/dT, -dP/dT, and QRS. With RVA pacing dP/dt was the 
shortest and the QRS the IoegasL As shown, dP/dT then tended to Impreve 
pmgrsssively with pacing in the RVOT and at 2 sites, dP/dt was inversely 
related to the changes in QRS durations. 

OP/DT with Paring Interventions 
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These data suggest that in pts with poor LV function, there are subtle 
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improvements In diastolic and systolic function with pacing in the RVOT and 
at combined sites in the RV compared to RVA pacing. Thus asynchrony with 
prolongation of QRS is an important determinant of LV function. 

. 9 ~ - 7 - ' ~  Sens ing o f  Mechanical Atr ial  Systo le  ~ A Novel 
' Technique fo r  VDD Pacln9 

Andraas Gcafte, Clegg Honeycutt, Claus Harder, Kevin McTeague, 
Woifgang M. Har!ung, Andrew Wickliffe, Jonathan J. Langberg. Carlyle 
Fraser Heart Center, Atlanta, GA; Biotronik GmbH, Be#in, Germany 

Single-lead VDD pacemakers are limited by inconsistent atrial sensing, In 
addition, the latency between electrical and mechanical atdal systole may be 
variable, making optimization of AV delay difficult. The purpose of the current 
study was to asseSs the feasibility of sensing mechanical a~al systole using a 
Ssthetsr-based piezoelestdc oystal (XTAL). A quaddpalar electrode catheter 
was modified by adding an XTAL (7 x 2 ram) between pales 1 and 2. In 5 
closed-chest dogs, the XTAL catheter was placed against the inferoleteral 
wall of the right atrium. XTAL output (handpass 1-25 Hz), right atrial (RA) 
pressure and RA eleofregrams (EGM) were recorded at baseline, dudng In- 
fusion of isoproterenol (1.5/zg/kg/min), during RA pacing, and alter induction 
of complete AV block using radiofrequsncy catheter ablation. Resu~: Stable 
XTAL signals were recorded in all an!;'nals. Mean XTAL amplitudo was 28 ± 
20 mV in sinus rhythm (SR) and 15 :~ 5 mV during RA pacing. There was 
no detectable "faflield" signal resulting from ventricular systole during any 
recording. There was less variability in the latency between the peak of the 
XTAL signal and the peak of the A wave than between the RAEGM and the 
A wave (8.2:1:6.4 ms vs. 15.1 :l: 6.8 ms, p < 0.01). Complete AV clock 
did not a~ct  the morphology or timing of the XTAL si¢:jnal. Conclusions: A 
catheter-based XTAL placed against the lateral RA produces signals that are 
largo in amplitude and correlate r,~oro closely with r,le peak Of the A wave 
than the endocardial EGM. Further study of XTAL-based single-lead VDD 
pacing systems is warranted. 

~ Serial  F luoroscopic  Evaluat ion o f  the Telectronlcs 
Accuflx TM 330-801 "J"-Shal~=d Atrial Pacing Lead 

Margaret A, Lloyd, David L. Hayes, David R. Holmes, Jr.. Mayo Clinic, 
Rochester, MN USA 

A recall of the Telectronics Accufix TM 330--801 atrial lead was issued in 
November 1994, because of frasture of the *J"-shaged retention wire, To 
assess the Integrity of the retention wire, we have performed fluoroscopic 
screening on 209 patients with the 330-801 atrial lead in place. Each reten- 
tion wire was classified as normal, indeterminate, fractured without protru- 
sion, and fractured with protrusion. Cine films of all 135 patients originally 
classified as normal were re-evaluated after the odginal screening. Eighty 
patients have undergone two serial fluoroscopic evaluations separated by 
158:1:5.4 days 

Nine retention wires originally classified as normal were re-classified as 
fracture without protrusion, and two were re-classified as fracture with protru- 
sion when the original films were re-evaluated. Eight of the 11 leads recias- 
sifted were screened during our first two days of fluoroscopic evaluation of 
this lead. Of the 80 patients who undeP, vent a second fluoroscopic screening, 
70 were initially classified as normal (nine of which were later re-classified 
as described above), one fractured, and nine indeterminate, There were no 
new lraetures detected in this group; of the indeterminate group, four were 
reclassified as fractured after rescraening, three were classified as normal, 
and two remained indeterminate. The fractured retention wires in this group 
did not appear to change dudng this period. 

We conclude that there is a definite learning curve associated with fluoro- 
scopic evaluation of this lead, and recommend that screening be performed 
by cardiologists experienced in fluoroscopic screening. Fractured retention 
wires remained stable in appearapca during this observation time, and no 
new retention wire fractures were oetected. 

~ Assessment  o!  Lead and Stroin Pacing Curvature 
With Three Dlmenslonal Reconstruction of Biplane 
Clneanglographlc Imagee In Vlvo 

Timothy Harrigan, Richard Kirkealds, Sohail Jalet, Thomas Bevefidge, 
Baxter D. Montgomery. Hue-Teh Shih. Un~. of Texas Medioat Schoo! at 
Houston, Houston, TX 

Pacing lead integrity is vital to pacemaker function and patient safety. Under- 
standing the point of maximum strain on implanted pacing Iseds will help in 
lead design to minimize the occurrence of lead fracture. However, there has 
been no study on pacing lead strain In vivo. The dynamic position of newly 
implanted pacing leads were imaged with biplane cineangiography. The three 
dimensional (3D) description of the leads in each frame was determined by a 
triangulation technique previously developed i~, quamitative artedography for 

determining stenosts or catheter location in space. Both atrial and ventdcular 
leads were studied in each of 8 patients. To estimate stun in the lead wire in- 
sulation, the 3D curvature was calculated from geometric data using a seven 
point smoothing operation. The components of curvature were calculated at 
23 ± 7 (range 11--31) frames. The curvature magnitude was computed .frOm 
the components. Results: High localized areas of curvature were note ,t 
0 to 6 cm from the proximal e l ~  of the atrial lead, corresponding, j 
the curvature of the J-loop. Significant components of curvature occurred 
in the anterioropestedor direction. The peak curvature of the a,'rial lead was 
2.5 4- 0.5/cm, indicating a minimum radius of 4.1 :E 0.9 mm. Contrarily. the 
locations of the venthcular lead curvatures were scattered, compatible with 
the tricuspid movement. The peak curvature of the ventricular lead was 2.0 
:E 0.6/cm, indicating a mit~imum radius of 5.8 • 0.3 ram. 

Conclusions: Using 3D reconstruction of lead position in space and a 
seven point smoothing oporatio~ for calculation of curvature, it is feasible 
Io localize the areas Of curvature and quantify the magnitude of curvature 
for pacing leads in vlvo. The information derived from such analysis in large 
scale studies of acute ¢'~d chronic leads should be important for improvement 
in the design of pacing leads to reduce the incidence Of lead fracture. 

Low Pacing Thresho lds  fo r  Heart Wires Using a 
New ~umulat ion mchn lque  

Harald C. Eichstaedt, Michael Schmid, Wolfgang Dauer I , Michael Horst, 
Ernst R. de Vivie. Clin!c for Cardiac Rurgery, University of Cologne; 
1 Institute ~r Biomedical Engineering, University of E#angen-Nuremberg, 
Germany 

OverLapping Biphasic (OLBI) stimulation of the heart is a new way of biphasic 
pacing by two pulses of different polarity. A significant threshold reduction 
has been reported in initial experiments. 

Methods: External OLBI-stimulalian was tested in 20 consecutive patients 
who underwent bypass or heart valve surgery before. Intmoperatively a bipo- 
lar heart wire (MHW 60-BP, BIOTRONIK) was fixed onto the right ventricle 
and a second (MHW 60-UP, BIOTRONII0 subcutaneous working as an in- 
different electrode. Measuremerds of the threshold were performed up to the 
8th postoperative day and were co.mpared with thresholds ofconventional 
unipolar and bipolar stimulation at the same time, 

Results: 

Day of surgery 1.5 + 0.6V 1.1 :EOAV 0.5 ± 0.1V 
4th p.o. day 6.8 ± 2.7 V 4.3:E 1.5V 1.9 • 0.7 V 
8tit p.o. day >15V =, 8.8 :E 4.7 V'* 3.5:t:1.1 V 
*'In 4 patients no effective unipo!ar and bipolar stimulation was possible at day 8 but for 
all patients by OLBI stimulation. 

Conclusion: 1) OLBI-stimulation is effective and shows lower thresholds 
compared with conventional unipolar and bipolar stimula~n. 2) The increase 
of pacing threshold is less pmnounoed fur OLBI-stimulalion. 3) Therefore ef- 
fective cardiac stimulation is poss~le fur a tsnge,- period and gives mere 
safety, especially in therapy of patients with conquer arrythmias postopera- 
tively, 4) Using OI.BI-stimulation irritation of the myocardial tissue caused by 
stimulation is reduced. 

~ " ~  E t ~  ~ V~dcu~.  ~ ~ ~ 
Blood Row 

Masaaki Takeuchi, Yulchi Nohtomi, Akio Kureiwa. University of 
Occupational and Environmental Health, IClt~#cyushu, Japan 

Ventricular pacing is thought to produce the impairment of LV function by 
altering the sequence of ventdcular activation and AV dyasyrchreny. We hy- 
pathesized that vantricular pacing may produce deleterious effect on coronary 
blood flow (CBF). To test this hypothesis, we studied me effect of venthculer 
pacing on phasic coronary flow velocity (CFV), comnanj arterial diameter 
(CAD) and coronary flow reserve (CFR) in 15 patients with normal corenary, 
arteries. CFV, CAD and CFR in the left anterior descending coronary arte~ 
were measured using doppler flow wire dudng sinus rhythm, and during beth 
atrial and ventricular pacing at a rate of 100 bpm in the same patient. Double 
product increased signircantly during beth pacing. CAD Outing ventricolar 
(% increase: 16A :1: 20.2%; P < 0,001) and atrial pacing (5.8.4- 10.1%; P 
< 0.001) signif'cantiy increased compared to that ,tudng sinus rhythm. APV 
dudng ventricular pacing (-18.9 ± 12.9%) significantly decreased compared 
to that during sinus rhythm (P < 0.001) and dudng atrial pacing (5.0 :E 19.9%; 
P < 0.005). CBF increased significantly dudng atrial pacing (34.9 ~ 20.3%; 
P < 0.001), but not dudng ventricutar pacing (24.5:1:45.4%; P = NS). Since 
the hyperemic flow after the administration of papaverine was not different 
among them, CFR during both atrial (3.8 4-1 ~) ano vantricular pacing (3.8 4- 
0.9) decreased compared to that during sinus rhythm ~.5 :t: 1.5). There was 
a significant positive correlation between CFR during sinus rhythm arKi the 
ratio of CBF during ventricular and atrial pa~,ing (R2 = 0.84, P < 0.001). Also 




