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Cardiac Dysrhythmias Related to Ex-
tracorporeal Shock Wave Lithotripsy
Using a Piezoelectric Lithotriptor in

Patients With Kidney Stones
R —

Abstract

Shock waves delivered by a spark-gap generator during extracorporeal shock wave lithotripsy (ESWL)
for kidney stones frequently cause cardiac arrhythmias. However, detailed data about the
arrhythmogenicity of this therapy using a piezoelectric lithotriptor are not available even though this type
of machine is generally not considered to induce cardiac arrhythmias. The prevalence and nature of car-
diac dysrhythmias during piezoelectric ESWL were assessed in 34 patients with kidney stones in whom
cardiac disease other than dysrhythmias had been excluded. Each patient underwent 24-hour ambulatory
electrocardiography (ECG) recording 2 to 3 days before ESWL. On the day of ESWL, ECG was per-
formed continuously from 4 hours before and throughout the procedure. The relationship between ESWL-
related dysrhythmias and autonomic neural activity was also evaluated by heart rate spectral analysis.
Piezoelectric ESWL was found to elicit new or worsened tachyarrhythmia originating from the atria or
ventricles or both in 20 patients (59 %), atrial premature contractions in 4, ventricular premature contrac-
tions in 7, both types in 7, atrial and ventricular premature contractions plus extreme sinus bradycardia in
1, and neurally mediated sinus bradycardia and hypotension in 1. However, piezoelectric ESWL-related
dysrhythmias were not related to the dysrhythmias seen in the usual life. Heart rate spectral analysis
suggested that changes in autonomic neural activity were involved in the mechanism(s) of ESWL-related
dysrhythmia.

Although lethal dysrhythmias have not yet been encountered at our institution, patients at risk of sus-
tained life-threatening cardiac dysrhythmias should be monitored closely even if ESWL for kidney stones
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is undertaken using a piezoelectric lithotriptor.
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Table 1 Grading of atrial and ventricular premature contractions

Atrial premature contractions (APC)
0 : no APCs
1 : fewer than 5/hr
2 : frequent APCs
(more than 5 APCs with or without couplets)
3 : atrial tachycardia of 3 or more beats
4 : atrial fibrillation
Ventricular premature contractions (VPC)
0 : no VPCs
1 : fewer than 30 monofocal VPCs/hr
2 : frequent (more than 30/hr)
monofocal VPCs
3 : multifocal VPCs
4a : couplets
4b : ventricular tachycardia of 3 or more beats
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Fig. 1 Electrocardiograms showing several examples of dysrhythmias during piezoelectric extracorporeal shock wave

lithotripsy (ESWL)

A : Paroxysmal atrial tachycardia converted to normal sinus rhythm by carotid sinus massage.

B : Ventricular couplets.
C : Ventricular tachycardia.

D : Combination of atrial tachycardia, ventricular tachycardia and extreme sinus bradycardia recorded during ESWL

therapy.
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Fig.2 Status of atrial tachyarrhythmia of 34 patients with kidney
stones before and during ESWL therapy

Abbreviation as in Fig. 1.
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Fig. 3 Status of ventricular tachyarrhythmia of 34 patients with kid-
ney stones before and during ESWL therapy

Abbreviation as in Fig. 1.
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Table 2 Association of higher grade atrial or ventricular dysrhythmias during 24-hour ambulatory (Holter) ECG recording taken 2-3 days before

ESWL and continuous ECG recording during ESWL

Higher grade atrial dysrhythmias

Higher grade ventricular dysrhythmias

ESWL ESWL
Absent Present Absent Present
Holter Absent 21 5 Holter 24 9
Present 6 2 1 0

(chi-squared =0.34, NS)

(chi-squared =0.37, NS)

ECG=kelectrocardiogram; NS=not significant. Other abbreviation as in Fig. 1.

Table3 ESWL-related dysrhythmias and changes in heart rate variability during minimal shock wave delivery

During shock wave delivery

Groups Baseline
Initial half Latter half

R-R intervals (msec)

No deterioration 920+174 945+170 948+168

Worsened APCs 908+95.5 979 +128*! 988 +127*!

Worsened VPCs 854+143 841%114 863+143
Low-frequency power (msec?)

No deterioration 3.38+1.63 5.59+2.87 4.66+2.94

Worsened APCs 5.02+£2.42 9.49+4.63%2 9.21+4.37*!

Worsened VPCs 9.04+4.97¢ 8.88+6.75 7.90+5.54
High-frequency power (msec?)

No deterioration 294+1.34 2.89+1.74 3.32+2.01

Worsened APCs 3.16£1.57 6.651+4.05% 5.11%+1.74*2

Worsened VPCs 3.45+2.67 4.611t3.42 3.90%2.80
Ratio of low- to high-frequency power

No deterioration 1.50+1.43 2.0410.69 1.65+1.07

Worsened APCs 1.95£0.68 1.641+0.83 2.04+0.98

Worsened VPCs 3.47+1.59 3.34+2.56 2.37£1.02

*1 p<0.05 versus baseline, *? p<0.01 versus baseline,  p<0.05 versus patients with no deterioration.
The subjects included 7 patients without deterioration of dysrhythmia, 8 with worsened APCs and 5 with worsened VPCs.

Abbreviations as in Tables 1, 2.

BRI H 25 Z LAY EITERICEDNS, BRICH
B LA ERBEEOTFHPEEMICTETHT IV
A, WATORKH.GCERESHFL? L IEIATETH o 7.
FERBESBIEE 2D ) 5 &) RHENLEEE
BIHEFICBNT, BRERICE D ELLERAE
ROBRIIAHTH Y, SOLLRIRFAVLETHS.
TARERBRERICEE L TRET AAREROBF &
BHO2ICT 5720, AFETIIAEERTHATIA
¥k % Holter VEX THEER, T -AEROBERTF O
FTOEELBbN S BEMERIED &, BRGER
# TUAEE) D% Fourier BHIC X 5/87 —AX7 b
WERHTIZ X D EFAE L, BERMEHRPICRAE LT ERE
ORETHNT L7z, 2 BOIHEBORFMICH 72> T,

J Cardiol 1995; 26: 185-191

AERBEEROHALE ZOWTHHEIEZRE L
A5, SR OEEFFIIAEIREA % B0 HIEF IS
{, DICELLESDEBRHIHEETH o 7272040
EREF L e o7z, 20D 0IC, TERREAE & BT
5K, B/NROBEER (520 barr, 60 [El/45) F&HHIC
R4t L D BRI B W T TEE R S ER/ &
N7, ThE2@Ficd T/,
FEHEBEEFICLIELIEASNAEREOEH
APC BLU'VPC i3, BEDHEAGPICHATEZ
LIZBHTENT, EVICHE®RE Yo7, D
s, BREEICEE LAAERIIAEEETIEIAL
NEVWERLRETICAELAZLE2EKRT S, 20T
DIORBIRATIC & 5 BEMEREEE A5 &, VPCEAL



190 K

HTIMWEIOLF, LFHF SEfEX R L, MR
TUEDTRE SNz, F 72 APC BEALEE TIIEHRIE O RS

2B HE 135 E, ZH2fEVv RR BBIZERL, &l
REEAIREB OE LR SNz, B, LEEEID
IR BRN & b & IR ERELED BEMREFINERE
SR LIBENBREINDE L) I2h ), REMRES
& VPC®9), BIZZEAMEIES) & APC® & DBEE % 1545
THMELALNS, IThoDEmEE, BEGEEICHE
WEAT ZRERSY, BEMEFEESETROMEICLY
APC $ 5\ VPC Z Efke L THBE L2 L 2154
L72AEDOHREEFETS.

BRI ) BEMEEEIRILe &L ThA
) BAERHRTELTE, 1) HRRICLSESR, o0
EBREIE ORI & B MERS, 2) AR, AMLR
% EREMIERIC X 5 RBEMERIER, 3) EEROE
BRI L B 0MERS?D, 4) HEEDLH
DEEERZ EEEORTFIER IN LS. RBFFEIC
BWT, ERTEICE L 5 BEBREBE & RER

2

AN=2 Fx v THRAD, bW a8 | BRI L 260N EEEERAHRIGEDOBERIC,
LIZLIZEIREAEIRSER SRS 2 LIF L CABNT VS, 0%, BROFE2, %3 1L
BARBINTH LI, BREPOBESHIIHHIEEVEITTEHIHI2RY, 3L A LERER
VER % B SRV ERBEINTIZV 52, BRREPOSHBLIIZEIEA LRV, KFFETIE, F
BICHENEEDR WM BIOBKABE LR L LIzRimEMEICL Y, EXNBEICL 25
PRGBS BEE L AREIROMBEE, %5 X2 OFBUICOWTRE L 7.

KHEBI & A 2-3 HETIC Holter {LERIC & 5 24 BeL.LEREESR, #7 4 BT & ) AR T
FTOLERREHEIT, WREEPBICHLY T 2 MRS dBe LT, BERPORERD
HE, BboFEEZRETL, /2 4 BROERRFERICHE LTERE OBELRE L7 .
E 51220 BITIE, HRERSTOBEHBEEREICRIZTREL OHEEEIC K DEHMEL . 8238
FEDBFEE ) REIROEILIL 20 B (59%) ICA bR, ZDORFRILLEELSILE 4 61, O
SIS 7 B, MEOAHE 76, WEIMABRIROBES 16, MERFIC L BEIKE S
CWRIMEZ 72 L22Bl 1 BITH o7z, ZOWFEERPICHRTI2ARERIE, BEOREER
HFICRELAEREEETSDDTIE Do/, LHEERNC L 25 ClE, BRIEEICEED
HEMRTEEI L L REIRFEE L OBEITR SN,

ek, bRLbhOMERTIRBIEHAKIRRBEDERIT R, FALMED 20 LX) H A
SN, ERRBERISBIEHE R ) B LEREET 2 BEAEEOWBIERICT, Hlz
ERABBICIAEETHoTHEEILELEDNRS.

J Cardiol 1995; 26: 185-191

BEFHEONIZERE LTIE, ERFOFEEDOHE
PHESNDY, SORIRHVLETHE.

] B
FRICBENVERDO L WAREITORS - #fE
IZ L BRE TS 555, RN EHEIREEARRIER
WKEBELT, BEUEAEROLBAIFEINTIEILZWI L 2E
L. MfES L URENGREEEOLEHHIT
DHAEMESVEE ENbZ L3R EELZVD,
82, 83 HABREIC L AWREEROBRRE TOR
BeEREERL, ZOBREICHEDLEM, /X7 X
FA ML, BEFAEICEE L TE LA IR IC
B oRMErRETRETH 5.

RERZDIIHIY, EFORBEBITIEREVLLE WV
UBTWR AR ANFEZRE, &6 IS LHEERFTIC IRV
TV BARE AHB K% 0 I HPRARICEH L
LET¥.

%9

J Cardiol 1995; 26: 185-191



X ®

1) Chaussy C, Brendel W, Schmiedt E : Extracorporeally induced
destruction of kidney stones by shock waves. Lancet 1980;
II: 1265-1268

2) Riehle RA Jr, Fair WR, Vaughan ED Jr: Extracorporeal shock-
wave lithotripsy for upper urinary tract calculi : One year’s expe-
rience at a single center. JAMA 1986; 255 : 2043-2048

3) Drach GW, Dretler S, Fair W, Finlayson B, Gillenwater J, Griffith
D, Lingeman J, Newman D : Report of the United States coopera-
tive study of extracorporeal shock wave lithotripsy. J Urol 1986;
135: 1127-1133

4) Marberger M, Tiirk C, Steinkogler I : Painless piezoelectric extra-
corporeal lithotripsy. J Urol 1988; 139 : 695-699

5) Kim SC, Moon YT, Kim KD: Extracorporeal shock wave
lithotripsy monotherapy : Experience with piezoelectric second
generation lithotriptor in 642 patients. J Urol 1989; 142 : 674-678

6) Tolon M, Miroglu C, Erol H, Tolon J, Acar D, Bazmanoglu E,
Erkan A, Amato S: A report on extracorporeal shock wave
lithotripsy results on 1,569 renal units in an outpatient clinic. J Urol
1991; 145 : 695-698

7) Weber W, Madler C, Peter K, Chaussy C : Anaesthesia in extra-
corporeal shock wave lithotripsy. Eur J Anaesth 1984; 2: P 160
(abstr)

8) Steinbeck G, Lehman P, Weber W, Lange C, Laubenthal H :
Induction of cardiac arrhythmias by extracorporeal shock wave
lithotripsy of kindney stones. Circulation 1986; 74 (Suppl II) :
11-182 (abstr)

9) Kataoka H, Tanigawa T : Vasovagal syncope elicited by extracor-
poreal shock wave lithotripsy. Am Heart J 1993; 126 : 258-259

10) Akselrod S, Gordon D, Ubel FA, Shannon DC, Barger AC, Cohen
RJ : Power spectrum analysis of heart rate fluctuation : A quanti-
tative probe of beat-to-beat cardiovascular control. Science 1981;
213: 220-222

11) Pomeranz B, Macaulay RJB, Caudill MA, Kutz I, Adam D, Gor-
don D, Kilborn KM, Barger AC, Shannon DC, Cohen RJ, Benson
H: Assessment of autonomic function in humans by heart rate
spectral analysis. Am J Physiol 1985; 248 (Part 2) : H151-H153

12) Pagani M, Lombardi F, Guzzetti S, Rimoldi O, Furlan R, Pizzinelli

J Cardiol 1995; 26: 185-191

BROBBGROEAERIER 191

P, Sandrone G, Malfatto G, Dell’Orto S, Piccaluga E, Turiel M,
Baselli G, Cerutti S, Malliani A : Power spectral analysis of heart
rate and arterial pressure variabilities as a marker of sympatho-
vagal interaction in man and conscious dog. Circ Res 1986;
59: 178-193

13) Tanigawa T, Tsutsumi T, Hukunaga Y, Sato H, Mimata H, Monura
Y, Ogata J : Clinical experience with extracorporeal shock wave
lithotripsy using the therasonic lithotripsy treatment system. Jpn J
Endourol ESWL 1991; 4: 77-80

14) Lown B, Wolf M : Approaches to sudden death from coronary
heart disease. Circulation 1971; 44 : 130-142

15) Manyari DE, Patterson C, Johnson D, Melendez L, Kostuk WJ,
Cape RD : Atrial and ventricular arrhythmias in asymptomatic ac-
tive elderly subjects : Correlation with left atrial size and left ven-
tricular mass. Am Heart J 1990; 119 : 1069-1076

16) Kennedy HL, Whitlock JA, Sprague MK, Kennedy LJ,
Buckingham TA, Goldberg RJ: Long-term follow-up of
asymptomatic healthy subjects with frequent and complex ven-
tricular ectopy. N Engl J Med 1985; 312 : 193-197

17) Malliani A, Schwartz PJ, Zanchetti A: Neural mechanisms in life-
threatening arrhythmias. Am Heart J 1980; 100 : 705-715

18) Huikuri HV, Valkama JO, Airaksinen KEJ, Sappinen T, Kessler
KM, Takkunen JT, Myerburg RJ : Frequency domain measures of
heart rate variability before the onset of nonsustained and sus-
tained ventricular tachycardia in patients with coronary artery dis-
ease. Circulation 1993; 87 : 1220-1228

19) BINE#, FREX, AH §E: LZHEHSMUEO.LHEK
L BEAABIREOZIR. L 1994; 26 : 442451

20) 7 LBk, FHEEER, AH & BEEVTR, NMEE—
BB, KHMZ, AFEW, YA 15 EHER: LEHHN
Wi & BB AR Y P IVERITIC & B BEHEEEIICOV
C. Jpn]J Electrocardiol 1994; 14 : 382 (abstr)

21) Lynch 1J, Paskewitz DA, Gimbel KS, Thomas SA : Psychologi-
cal aspects of cardiac arrhythmia. Am Heart J 1977; 93 : 645-657

22) Peters M, Penner SL : Orthostatic ventricular tachycardia. Am
Heart J 1946; 32 : 645-652

23) Ohe T, Tomobuchi Y, Shimomura K : Induction and termination
of ventricular tachycardia by changing body posture. Am J Cardiol
1985; 56 : 800-802



