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Although cisapride is widely used to treat gastrointestinal
motility disorders, it has been associated with QT prolongation,
torsades de pointes, and cardiac arrest. Only in children, how-
ever, has atrioventricular (AV) block after cisapride been re-
ported. This study used Langendorff perfusion to determine the
direct effects of cisapride (0.03, 0.1, 0.3, and 1 �M) on the
conduction properties of neonatal (�7 d) and adult (�3 mo)
rabbit hearts. At a clinically relevant dose (0.03 �M), cisapride
slowed the recovery of the His-Purkinje system. At 0.1 �M, the
refractoriness of the His-Purkinje system and conduction through
this system were prolonged. Corrected QT intervals and the
ventricular refractory period were also lengthened. These param-
eters were significantly more prolonged in neonates than in
adults. The level of AV block at rapid atrial pacing shifted from
the AV node to the His-Purkinje system, with an ED50 of 0.06

and 0.52 �M in the neonate and the adult, respectively. In the
neonate, cisapride even resulted in infranodal AV block rhythm
(ED50 � 0.12 �M), but this was not the case in the adult.
Polymorphic ventricular tachycardia after cisapride was induced
in one in seven neonates (14%;, 0.1 �M) and in one in seven
adults (14%; 0.03 �M). It is concluded that cisapride may affect
the refractoriness of cardiac tissue and that the His-Purkinje
system seems to be the most sensitive. In neonatal hearts, this
modification may, in fact, progress to infranodal AV block. Such
susceptibility to cisapride strongly indicates that the therapeutic
safety range used for the young heart should be narrowed.
(Pediatr Res 53: 493–499, 2003)

Abbreviation
AV, atrioventricular

Cisapride, a widely used gastrointestinal prokinetic agent,
has been associated with the development of prolonged QT
interval, malignant ventricular arrhythmias, and sudden death
(1, 2). Cisapride is a gastrointestinal prokinetic agent that
facilitates gastrointestinal motility by increasing lower esoph-
ageal sphincter pressure and improving gastric emptying (3).
The mechanism of such gastrointestinal action is attributable to
an enhanced release of acetylcholine at the mesenteric plexus
as well as a direct suppression of human ether-a-go-go–related
gene (HERG)-like K� currents in the esophageal smooth mus-
cle (4, 5). As for the mechanisms underlying the adverse
cardiac effects, a direct inhibition of the repolarizing K�

current and the subsequent prolongation of action potential
have previously been suggested. In rabbit Purkinje fibers,
cisapride (0.1–10 �M) lengthened the action potential duration
in a concentration-dependent and reverse rate-dependent man-

ner, and early after-depolarizations with the succeeding trig-
gered activity were observed at abruptly decelerating pacing
rates (6). Apart from this, in isolated rabbit myocytes, the rapid
component of the delayed rectifying K� current (IKr) was
blocked by cisapride with an IC50 of 9 nM (7).

In the immature heart, the presence of age-related differ-
ences in the K� repolarizing currents has been well docu-
mented (8, 9), but whether these differences make immature
hearts more vulnerable to cisapride has yet to be determined.
According to a report of the US Food and Drug Administration
Medwatch program, seven of 57 arrhythmias associated with
cisapride treatment occurred in children (2). In a cohort of 35
children, 31% of the patients developed a prolongation of the
QT interval beyond the normal range (�450 ms) after cisapride
treatment (10). In adults, adverse cardiac effects were attrib-
uted to prolonged QT intervals, leading to a malignant form of
ventricular tachycardia. Only in children has the development
of 2:1 atrioventricular (AV) block been reported (11). We
therefore conducted this study to identify changes in cardiac
electrophysiology after the administration of cisapride in iso-
lated Langendorff-perfused hearts. This experimental design
allowed for the determination of the direct cisapride effects on
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cardiac conduction as well as for any age-related differences in
these effects.

METHODS

The institutional research committee approved the experi-
mental design of this study. Anesthesia (sodium pentobarbital,
30 mg/kg) and heparin (300 units/kg) were administered i.p. to
neonatal (�7 d) and i.v. to adult (�3 mo) New Zealand White
rabbits.

Intracardiac ECG Recording

Animal preparation. Our methods have been described
elsewhere (12), but in brief, the heart was excised via thora-
cotomy, and the aorta was retrogradely perfused. For pacing
the atria, a high right atrial electrode was placed near the
junction of the superior vena cava and the right atrium. A
bipolar electrode consisting of a tungsten-soldered silver wire
was placed on an area near the apex of the triangle of Koch to
record the His bundle electrograms. In the next stage, ventric-
ular recording electrodes were placed on the epicardium of the
right ventricular apex, thereby providing easily recognizable T
waves, and a ventricular pacing electrode was placed on the
pericardium near the right ventricular apex. In the pacing
studies, a programmable stimulator (Bloom Ltd, DTU 215)
was used, with the pacing stimulus set at three times the
diastolic threshold voltage for 1 ms in duration. The signal was
continuously monitored on an oscilloscope (Hewlett Packard,
54503A), and pertinent data were recorded on a two-channel
physiologic recorder (Gould, RS 3200) with a paper speed of
100 mm s�1.

Experimental protocol. An average of four stable cycle
lengths of spontaneous heartbeats were taken as the basic cycle
length. The QT interval and corrected QT interval (corrected
by the square root of the RR interval) were used as the
parameters for monitoring ventricular repolarization. The right
atrium was then paced at a constant rate, which was slightly
faster than the spontaneous heart rate. At this constant pacing
rate, the intra-atrial conduction time (SA interval), AV nodal
conduction time (AH interval), and the His-Purkinje conduc-
tion time (HV interval) were measured.

Incremental right atrial pacing rates were used to determine
the Wenckebach cycle length—that is, the point at which the
1:1 AV conduction was lost. Atrial extrastimulation (S1S2) was
also performed to obtain the refractory periods of the atrial, AV
node and the His-Purkinje system. The basic driving pacing
cycle length (S1S1) was maintained at 250 ms for the neonates
and 400 ms for the adults throughout the experiment. The
ventricular effective refractory period was similarly determined
by a ventricular extrastimulation study protocol.

Control values for each measurement were taken after per-
fusion with Tyrode’s solution for at least 30 min. Experimental
values for each concentration of cisapride (0.03, 0.1, 0.3, and
1 �M) were determined after perfusion with cisapride-
containing Tyrode’s solution for 10 min. Each concentration of
cisapride was given in a sequential cumulative pattern. Finally,
wash data were obtained after washing with Tyrode’s solution
for 1 h.

Solutions. Tyrode’s solution contained (in mM) 120.3 NaCl,
1.2 NaH2PO4, 24.2 NaHCO3, 5 KCl, 1.3 MgCl2, 1.2 CaCl2,
and 11 glucose; this was saturated with 95% O2 and 5% CO2

to yield a pH of 7.4, and subsequently the solution was warmed
to 37°C.

Statistics

The data were expressed as the mean � 1 SEM for each
parameter, and the data in the form of ratios (where appropri-
ate) were used for statistical comparisons. A two-way repeat-
ed-measures ANOVA was used to examine the significance of
the differences between the two age groups for each parameter
(13). The significance of the changes for each concentration of
cisapride compared with that of the control values was deter-
mined by a Student’s paired t test. Because the drug testing was
cumulative in nature, the significance of the differences be-
tween two concentrations was not reported, and only differ-
ences of p � 0.05 were considered to be statistically
significant.

RESULTS

Changes with regard to the electrophysiological parameters
after cisapride treatment were assessed in seven neonatal and
seven adult rabbit hearts. Intracardiac recordings detected the
atrial activities, the His potential, and ventricular activities and
repolarization (T waves). Representative electrograms before
and after cisapride application are shown in Fig. 1 (adult
rabbits; control, 0.03, 0.1, 0.3, and 1 �M cisapride and wash)
and Fig. 2 (neonatal rabbits; 0.03, 0.1, and 0.3 �M cisapride
and wash). Because the neonatal rabbit heart developed AV
block after 0.3 �M cisapride, the effects of cisapride at 1 �M
were not examined in the neonatal rabbits. The changes in the
electrophysiological parameters after cisapride treatment are
summarized in Table 1. We found that the electrophysiological
parameters in adult rabbit hearts exposed to cisapride could not
be completely restored to baseline levels after washing with
Tyrode’s solution for 1 h. The same situation existed but to a

Figure 1. Representative His bundle electrograms (right) and ventricular
electrograms (left) of an adult rabbit heart before and after cisapride (0.03, 0.1,
0.3, and 1 �M cisapride) as well as after washout of the cisapride. Cisapride
prolonged the corrected QT intervals in a dose-dependent manner. A, atrial
activity; H, His potential; T, T wave; V, ventricular activity.
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lesser extent in the neonatal rabbits. Therefore, the time control
of the present experiment model was examined in another two
adult rabbits to determine the effects (if any) of perfusing with
Tyrode’s solution over time. Using the present experimental
setting, no parameter changed significantly for 3 h (data not
shown). In addition, the changes in the electrophysiological
parameters with time after washout of cisapride (1 �M) were
assessed in two other adult rabbits. The changes persisted even
after washing with normal Tyrode’s solution for 2 h. On the
basis of these controls, the changes after cisapride in adult
rabbits were deemed as partially irreversible effects caused by
cisapride. No previous studies have documented the reversibil-
ity of changes as a result of cisapride in mature animals (4, 6,
7, 14).

Rhythm disturbances. Cisapride (0.1 �M) resulted in in-
franodal AV block (2:1 blocked below the His potential) in
three of the seven neonatal rabbits (Fig. 2). At 0.3 �M, all of
the neonatal hearts developed AV block, with the AV block
varying from 4:3 to 2:1, all but one being ratios below the His
potential. In the presence of AV block, the AH interval re-
mained minimally prolonged, but the HV interval progres-
sively lengthened and led to the AV conduction block. The AV
block could be converted by washing out the cisapride in all
neonatal rabbit hearts along with a recovery of the QT interval
prolongation. The ED50 for the development of infranodal AV
block rhythm by cisapride in the neonate rabbit hearts was 0.12
�M. In contrast, none of the adult rabbit hearts developed the
AV block. The elevation of extracellular (perfusate) K� level
to 6 mM failed to prevent the development of the AV block in
the neonatal rabbit hearts after cisapride. Polymorphous ven-

tricular tachycardia was induced by programmed ventricular
extrastimulation in one neonatal rabbit (1/7; 14%) with cisa-
pride 0.1 �M and in one adult (1/7; 14%) with cisapride 0.03
�M (Fig. 3).

Spontaneous cycle length. Neither spontaneous sinus nor
atrial cycle length, in the absence of the development of AV
block, was significantly changed by cisapride.

QT interval and ventricular electrophysiological functions.
Cisapride at the clinically relevant dose (0.1 �M) prolonged
the QT intervals in both the neonates and the adults. Higher
concentrations of cisapride might have induced infranodal
block. Because the corrected QT interval would not be a good
index of ventricular repolarization in the presence of AV block,
only the QT intervals measured during 1:1 conduction were
analyzed. QT prolongation was significantly greater in the
neonates than in the adults.

The QT intervals measured during the stage with incremen-
tal atrial pacing rates determined the degree of QT intervals
shortening at faster heart rates. At high pacing rates, when the
phenomenon of T wave alternans developed or the Q wave was
fused with the next ventricular activation wave, the QT inter-
vals were not measured. We found that the QT interval could
progressively be shortened as the pacing atrial cycle length was
shortened. This relationship persisted for neonates and adults
given with cisapride (Fig. 4). Because the QT interval may
have changed with cycle length, the cisapride-induced changes
in the QT intervals were compared at the same atrial pacing
cycle length of 300 ms (Fig. 5). We found under these condi-
tions that the QT interval was still significantly more prolonged
in the neonates.

The ventricular refractory period was significantly increased
at the clinically relevant concentration (0.1 �M) in the neo-
nates and adults, alike. However, the extent of the lengthening
of the ventricular refractory period was significantly higher in
the neonates.

His-Purkinje function. The effective refractory period of the
His-Purkinje system increased at clinically relevant concentra-

Figure 3. (A) After 0.03 �M of cisapride, by ventricular extrastimulation
(S1S2), ventricular tachyarrhythmia (VT) was induced in an adult rabbit heart.
(B) After 0.1 �M of cisapride, ventricular extrastimulation (S1S2) also induced
VT in a neonatal rabbit heart. A, atrial activity; H, His potential; T, T wave;
V, ventricular activity.

Figure 2. Representative His bundle electrograms (right) and ventricular
electrograms (left) of a neonatal heart before and after cisapride (0.03, 0.1, and
0.3 �M cisapride) as well as after washout of the cisapride. The neonatal rabbit
heart developed the AV block after 0.3 �M cisapride; therefore, the effects of
cisapride at 1 �M were not examined. Cisapride also prolonged the corrected
QT intervals in a dose-dependent manner, and the prolongation was more
evident in the neonate than in the adult. At 0.3 �M cisapride, the rabbit heart
developed 2:1 infranodal AV block. The arrowhead indicated a ventricular
activation after the His potential (conducted beat), but the arrow indicated no
ventricular activation after the His potential (nonconducted beat at the infran-
odal level). This atrioventricular block was restored after washout of the
cisapride. A, atrial activity; H, His potential; T, T wave; V, ventricular
activity.
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tions dose dependently in the neonates and the adults. Al-
though the period was more prolonged with the neonates, no
statistical significance was evident. This may be explained, at
least partially, by the missing data rejected after the develop-
ment of the infranodal AV block in the neonates at the con-
centration of 0.3 �M. The conduction through the His-Purkinje
system was prolonged by cisapride but significantly more
prolonged in the neonates. The recovery curves of the His-
Purkinje system (H2V2 versus V1H2 relation) were shifted to
the right dose dependently in the neonates and the adults (Fig.
6). In the neonates, AV conduction was blocked at the His-
Purkinje system (below the His potential) with higher concen-
trations of cisapride.

AV nodal function. Although the conduction through the
AV node was not significantly modified by cisapride, the
refractory period could be prolonged in the neonate and the
adult with higher concentrations of cisapride. The AV nodal
recovery curves (i.e. the A2H2 versus H1A2 relations) were also
shifted to the right after cisapride in both the adult and neonate
but to a much smaller degree than the shift of the His-Purkinje
recovery curves. The Wenckebach AV block during incremen-
tal rapid atrial pacing initially occurred above the level of the
AV node (above the His bundle activation) in all control
neonatal and adult rabbit hearts. It did, however, shift to the
level of the His-Purkinje system (below the His bundle acti-
vation, infranodally) after cisapride with an ED50 of 0.06 and
0.52 �M in the neonate and adult rabbits, respectively.

Atrial electrophysiological function. Cisapride did not sig-
nificantly alter conduction through the atrial tissue (SA inter-
val) or the refractoriness of the atrial tissue (atrial effective
refractory period) in either the neonates or the adults.

DISCUSSION

Cisapride is a widely used prokinetic agent that is clinically
useful for the improvement of gastrointestinal motility disor-
ders (3). The major adverse cardiac effects in infants and adults
are related to a prolonged QT interval and subsequent ventric-
ular arrhythmias and torsades de pointes (1, 2). In infants, the
prolonged QT interval had previously been associated with a
2:1 AV block (11). The data presented here are the first to
present in detail the electrophysiological changes that occur
after cisapride in intact isolated neonatal and adult rabbit
hearts. Besides noting the prolongation of the QT interval, we
also identified a high susceptibility of the His-Purkinje system
to cisapride. The QT interval and the refractoriness of the
His-Purkinje system were prolonged by cisapride in both neo-
natal and adult hearts. However, the degree of prolongation
was significantly greater in the neonates. Such modification
may have even progressed to the infranodal AV block rhythm
in the neonates. Our observations are indicative of the electro-
physiological mechanisms involved in the adverse cardiac
effects resulting from cisapride.

Electrophysiological modifications by cisapride at low con-
centrations. Whereas in adults the effective plasma levels of
cisapride varied from 0.15 to 0.30 �M (15), in the young
infants receiving enterally administered cisapride for gastro-
esophageal reflux, the plasma concentration determined from
108 samples showed a greater variation ranging from 0.03 to
0.35 �M (16). In the presence of ketoconazole or other agents
that inhibit the cytochrome P450 3A4 enzyme system, the
levels of cisapride can even be sharply higher. Even when the
extensive plasma protein binding of cisapride is considered

Table 1. Changes in the electrophysiological parameters after cisapride (�M) in the neonatal and adult rabbit hearts

Adult (n � 7) Neonate (n � 7)

p(�) 0.03 0.1 0.3 1 Wash (�) 0.03 0.1 0.3 1 Wash

BCL 475 (16) 480 (16) 507 (22) 518 (25) 508 (26) 554 (27) 296 (22) 278 (22) 305 (75) 316 (35) -- 293 (28)
100 (0) 101 (2) 106 (2) 107 (3) 106 (3) 116 (5) 100 (0) 94 (3) 102 (3) 102 (9) -- 100 (8) 0.56

QTc 368 (9) 383 (9) 402* (9) 430* (5) 450* (5) 469* (8) 405 (13) 427 (12) 480* (13) 559* (42) -- 440 (14)
100 (0) 104 (1) 109 (2) 117 (2) 122 (2) 122 (2) 100 (0) 106 (3) 119 (3) 149 (20) -- 109 (5) 0.01*

WCL 237 (12) 248 (21) 250 (19) 263 (14) 292* (8) 297* (15) 166 (8) 176 (8) 213* (8) 365* (75) -- 184 (9)
100 (0) 104 (5) 105 (4) 112 (3) 126 (9) 129 (13) 100 (0) 107 (5) 140 (13) 227 (66) -- 111 (3) 0.048*

SA 10 (0) 10 (0) 10 (1) 10 (1) 10 (0) 10 (1) 10 (0) 10 (1) 10 (1) 10 (2) -- 10 (1)
100 (0) 102 (2) 110 (8) 114 (11) 104 (4) 100 (0) 100 (0) 100 (0) 102 (3) 103 (3) -- 103 (2) 0.46

AH 57 (5) 60 (8) 59 (5) 61 (8) 63 (5) 59 (3) 53 (3) 55 (3) 62 (7) 60 (0) -- 60 (5)
100 (0) 103 (4) 103 (2) 106 (6) 111 (5) 100 (6) 100 (0) 104 (3) 104 (2) 120 (0) -- 115 (16) 0.48

HV 30 (2) 30 (2) 31 (2) 32 (2) 35 (2) 33 (3) 18 (2) 18 (2) 23 (2) 23 (8) -- 20 (2)
100 (0) 100 (0) 102 (2) 106 (3) 115 (5) 108 (3) 100 (0) 100 (0) 130 (6) 145 (5) -- 115 (5) 0.01*

AERP 87 (6) 85 (8) 87 (6) 87 (9) 95 (10) 95 (10) 77 (8) 78 (7) 90 (10) -- -- 86 (10)
100 (0) 97 (4) 100 (5) 99 (4) 108 (6) 109 (4) 100 (0) 102 (5) 98 (4) -- -- 113 (10) 0.06

AVERP 153 (14) 167 (16) 170 (14) 190* (10) 230* (15) 149 (11) 163 (10) 200* (20) -- -- 155 (14)
100) (0) 109 (5) 113 (7) 129 (13) 155 (14) 129 (9) 100 (0) 110 (3) 139 (12) -- -- 109 (4) 0.37

HPERP 217 (6) 229 (9) 241* (9) 274* (8) 298* (9) 304* (9) 186 (12) 193 (8) 253* (19) -- -- 204 (10)
100 (0) 105 (2) 117 (3) 126 (3) 138 (4) 139 (2) 100 (0) 105 (6) 136 (13) -- -- 110 (5) 0.11

VERP 197 (6) 197 (13) 218* (5) 233* (7) 243* (8) 235* (12) 167 (12) 171 (15) 195* (14) 213* (31) 305* (5) 177 (15)
100 (0) 99 (4) 111 (3) 119 (4) 124 (6) 120 (6) 100 (0) 103 (8) 120 (10) 167 (4) 185 (10) 113 (8) 0.01*

BCL, basic cycle length; QTc, corrected QT interval; WCL, Wenckebach cycle length; SA, sinoatrial conduction interval; AH, atrio-His bundle conduction
interval; HV, His-ventricular conduction interval; AERP, atrial effective refractory period; AVERP, AV nodal effective refractory period; HPERP, His-Purkinje
system effective refractory period; VERP, ventricular effective refractory period.

* P � 0.05.
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(95–98%), concentrations of free drug can still reach the low
concentration range used in this experiment (15, 16). At the
lowest concentration (0.03 �M) used in the present study, none
of the electrophysiological parameters was significantly al-
tered. However, a right shift in the recovery curves of the
His-Purkinje system was observed in both the neonates and the
adults. Among the cardiac tissues, the action potential duration
of the His-Purkinje system was the longest. An earlier study in
isolated Purkinje fibers showed a stronger effect of cisapride in
fibers with action potential duration longer than 300 ms (6). In
isolated rabbit cardiac tissues, the action potential (at 90%
repolarization) was increased by 22 � 1.5% and 48 � 5.6% in
the ventricular muscle and the Purkinje fibers, respectively (7).
Therefore, the His-Purkinje system, being the cardiac tissue
with the longest duration of action potential can justifiably be
considered the most vulnerable of all cardiac tissues to cisa-
pride and, therefore, may be modified with clinically relevant
doses of cisapride, as our experiments have shown.

Potential cisapride effects on cardiac conduction and age-
related differences. At the concentrations 0.1–1 �M, we found
that the conduction and refractory periods of the His-Purkinje
system and the refractoriness of the AV and ventricular tissues
were prolonged. With corrected QT intervals lengthened,
changes were in a dose-dependent manner and were signifi-
cantly greater in the neonates. In both neonates and adults, the
AV block during rapid atrial pacing shifted from the nodal to
the infranodal level after cisapride. These data clearly indicate
that the His-Purkinje system had a higher sensitivity to cisa-
pride than did the AV nodal tissue. Besides this, the ED50 for
such a shift was much lower in the neonates in whom infran-
odal AV block rhythm might well have further occurred with
an ED50 of 0.12 �M. In contrast, the AV block rhythm was not
observed in adult rabbit hearts. Such findings echo the clinical
observations of cisapride toxicity, i.e. the findings of ventric-
ular arrhythmias in both children and adults and of AV block

Figure 4. Relationship between the atrial pacing cycle lengths and the QT
intervals after cisapride in adult (A) and neonatal rabbits (B). The QT interval
was progressively shortened as the pacing atrial cycle length shortened. This
relationship persisted for neonates and adults given cisapride.

Figure 5. Cisapride-induced changes in the QT intervals were compared at
the same atrial pacing cycle length of 300 ms in neonatal and adult rabbits. The
QT interval (A) and the normalized QT interval (B) were significantly more
prolonged in the neonate than in the adult.
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only in children (1, 2, 11). On the basis of the present data, we
suggest that cisapride may markedly prolong the refractoriness
and conduction of the His-Purkinje system, which may, in turn,
give way to further AV block in the Purkinje system in young
hearts.

Cisapride-induced arrhythmias have been attributed to an
inhibition of the IKr and a subsequent prolonged duration of the
action potential, an action much like the class III antiarrhyth-
mic effect in Vaughan-Williams’ classification (6, 7). The
potency of cisapride (IC50 �44.5 nM) for the HERG channel
was in line with that of the class III antiarrhythmic agent
dofetilide (IC50 �15.5 nM) (14). Not unlike the case with
rabbits, in which cisapride could suppress the IKr with an IC50

of 9 nM (7), in guinea pigs, animals with repolarizing currents
that contain the IKr and IKs, cisapride similarly suppressed the
IKr to a greater extent than it did the IKs (17). Although we have

identified the significantly more increased refractoriness of the
His-Purkinje system, AV tissue and ventricular tissue after
cisapride in the neonate compared with the adult, the underly-
ing ionic mechanisms remain undefined. Cisapride blockage of
the IKr is associated with a high affinity to open and/or inacti-
vated states (18). The IKr is the major voltage-dependent and
time-dependent repolarizing current of rabbit ventricular and
Purkinje myocytes (19, 20). Selective IKr blockers increase
action potential duration to a greater extent at longer cycle
lengths, a property that is known as “reverse use dependence”
(21). In general, the neonatal Purkinje fibers have shorter
action potential duration and a less negative resting membrane
potential than their adult counterparts (22). At the same atrial
pacing cycle length, we also noted that the QT intervals were
still more prolonged in the neonate than in the adult. Therefore,
a higher sensitivity to cisapride in the neonatal hearts obviously
cannot be explained by the differences in the action potential
duration or cardiac cycle length between the neonate and the
adult.

In earlier literature, the age-related differences in the action
potential were explained by the postnatal maturation of the K�

outward currents (22, 23). In neonatal mice, a dominant role of
the IKr rather than transient outward current was described
(23). In rabbit ventricular myocytes, a postnatal decrease in the
slope conductance and an increase in the extent of inward
rectification have also been described (24). Nonetheless, post-
natal changes in the IKr of rabbits or humans have not been
defined. We suspect a differential inhibition of the IKr by
cisapride in neonatal hearts, but it is apparent that this needs to
be confirmed by further research.

In the present study, the incidence of ventricular arrhythmias
after cisapride in the neonate resembled that in the adult. The
incidence was low (14%) and did not increase with the con-
centration of cisapride. Other researchers have shown that the
torsades de pointes appeared in two of six rabbits in vivo given
cisapride and methoxamine (alpha-1 agonist) (7). In that
model, concomitant infusion of the alpha-1 adrenoceptor ago-
nist methoxamine and class III antiarrhythmic agents (e.g.
dofetilide) was consistently accompanied by the appearance of
torsades de pointes (25). The relatively low incidence of
torsades de pointes after cisapride and methoxamine was at-
tributed to an alpha-1 adrenoceptor blocking effect of cisapride
(7). In the present experimental model using Langendorff
perfusion, the autonomic influence was minimal. It seems more
reasonable that the cisapride-related arrhythmogenesis is
closely associated with cisapride-induced QT prolongation.

Throughout the experiments here, atrial refractoriness was
not modified. As shown in earlier studies, the IKr plays a major
role in the repolarization of cardiac ventricular tissue, whereas
the Ito is more dominant in the atrial tissue (26). Hence, the
selectivity of the K� channel blockade may account for the
profile of electrophysiological modulation after cisapride.

CONCLUSION

In conclusion, cisapride at clinically relevant doses may
modify the refractoriness of cardiac tissue, especially of the
His-Purkinje system. The sensitivity to cisapride is definitively

Figure 6. Recovery curves of the His-Purkinje system in a neonatal and an
adult rabbit heart before and after cisapride. Cisapride caused a right shift of
the recovery curves of the His-Purkinje system (H2V2 vs V1H2 relation) dose
dependently in both the neonate and the adult. Only in the neonate was AV
conduction blocked at the His-Purkinje system (below the His potential) as a
result of higher concentrations of cisapride.
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shown to be age related and to be higher in the neonate than in
the adult. The high susceptibility of the His-Purkinje system to
cisapride may cause infranodal AV block in the neonate.
Therefore, the use of a narrower safety range of cisapride
concentrations in the young is recommended.
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