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Summary 

Buckground: The improvement of surgical techniques and 
the use of immunosuppressive drugs within the past 15 years 
has made heart transplantation an increasingly performed pro- 
cedure and an accepted treatment for end-stage cardiac failure. 

Hypothesis: The aim of this study was to describe the 
changes of the 12-lead electrocardiogram (ECG) after heart 
transplantation and to determine their prognostic value on 
complications such as rejection or graft coronary artery dis- 
ease during follow-up. 

Methods: The ECGs of 62 consecutive patients were ana- 
lyzed for 5 years at follow-up periods of l ,  2,3,6 months and 
yearly after transplantation. 

Results: The most prevalent abnormality was the presence 
of complete or incomplete right bundle-branch block 
(RBBB). New RBBB appeared in 69% (43162) of the pa- 
tients, mainly during the first month ( 2  1/43). There was no 
left bundle-branch block. We detected nine episodes of 
supraventricular arrhythmias: one atrial fibrillation, six atrial 
flutter, one junctional tachycardia, one orthodromic tachycar- 
dia on a Wolff-Parkinson-White syndrome; all appearing dur- 
ing the first 3 months. Three of the six episodes of atrial flut- 
ter occurred during an episode of acute rejection. There was 
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no relation between RBBB and the gender and age ofrecipi- 
ents and donors, nor with the graft ischemic time and the pre- 
transplantation hernodynamic values. Right bundle-branch 
block was not associated with acute rejection nor with graft 
coronary artery disease. 

Conclusion: The ECG abnormalities after heart transplan- 
tation have no predictive value on the long-term evolution. 
Right bundle-branch block is very frequent and is not associat- 
ed with adverse prognosis. 

Key words: heart transplantation, electrocardiography, con- 
duction delay, bundle-branch block, arrhythmia 

Introduction 

The improvement of surgical techniques and the use of im- 
munosuppressive drugs within the past 15 years has made 
heart transplantation an increasingly performed procedure 
and an accepted treatment for end-stage cardiac failure.'-3 
The development ofthis therapy is also due to better selection 
criteria of potential recipients and donors and a careful post- 
operative management.- Regular follow-up is necessary to 
assess the cardiac function and to detect complications such 
as rejection, infection, or graft coronary artery disease. 

The surgical technique and the denervated state of cardiac 
allografts result in new electrophysiologic properties.'. 
Electrocardiographic (ECG) abnormalities. mainly rhythm 
disturbances and conduction abnormalities, are often noted 
after orthotopic heart transplantation. Most of the publica- 
tions so far focus on the immediate postoperative period and 
the early months, and there are only a few studies describing 
the late evolution of the 12-lead ECG. We reviewed our pop- 
ulation of heart transplant recipients and identified the tran- 
sient or permanent changes of the ECG at the early period and 
during a 5-year follow-up. We then examined the association 
of ECG changes with post-transplant complications. 
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Methods 

Between January I986 and April 1994, 62 con\ecuttve pa- 
tients (54 inen and 8 women) underwent orthotopic heart trans- 
plant,ition and were I-egulirly followed in our ho\pital. We ex- 
clucled one patient because ot early death (48 h after surgery ). 

Electrocardiographic Criteria 

Twelve-lead ECCs were obtained in  all piitients. All 
ECGs were analyzed for PR. QRS, QT intervals ( m a ) .  QRS 
axi\ (degrees ), rate (beats/min). rhythm, conduction delays, 
and repolarization abnormalities, if present. The recipient 
atrid activity ("recipient P wave") was systematically looked 
for. Standard definitions tor ECG evaluation were used: and 
the lidlowing criteria were establisherl tit the beginning of 
our \tudy. Complete right bundle-branch block (cRBBB) 
w a  delinetl ;is a QRS width of2 I20 ins, an rSR' pattern in 
lend V I (or ;I wide R pattern in  V I ) and a wide S wave i n  leads 
I and V(,. Incomplete RBBB (IRBBB) was defined with the 
sainc patterns as cRBBB but with a QRS intervd >80  and 
< I20  ins. L A  bundle-branch block (LBBB) was defined as 
a QKS duration 2 120 nis. a pure wide R wave in leads 1 and 
V(,. :uid ;I hoad S wave in  V I .  Nonspecific ventricular con- 
duction delay was diagnosed with ;I QRS 2 I20 ins without 
the specific RSR' patterns of right o r  left bundle-branch 
bloch. Axis deviation required ;I QRS axis <-30" (left axis 
debiation) or >+90" (right axis deviation). Normal sinus 
rhythm was diagnosed in  the presence of P waves. with the 
P nuis being positive i n  lcads I ,  11. and a V E  and a heart rate 
2 60 and I I00 beats/min. Repolarization changes were clas- 
sified as "specific" and "nonspecific." Specific modifica- 
tions were characterized by ST segment alterations 2 1 nim 
and/or the presence of Q waves. Nonspecific modifications 
inclucled T-wave tlattening or inversion and ST changes 
secondary to bundle-branch block. 

l'ransient rhythm or conduction disturbances occurring 
during or just after a cardiac invasive procedure (catheteriza- 
tioil or endomyocardial biopsy) were excluded: they lasted 
only ;I few hours or days at most .  

We nnalyzed and compared the standard 1 ?-lead ECGs 
for 5 years at follow-up peiiods of I ,  2.3.6 months and yearly 
after trnnsplniitation. 

TAli1.i 1 Elcctrncardiograpliic characteristics after transplantation 

Statistical Analysis 

All data are expressed as mean with standard deviation 
(SD). Comparisons between groups were made using paired 
or unpaired data and Student's t-test. A p value of<  0.05 was 
considered significant. 

Results 

General Characteristics of the Recipients and Donors 

There were 54 men (87%) and 8 women (13%), with a 
mean age at transplantation of48 k I2 for the recipients and 
33 * 13 for the donors. Idiopathic dilated cardiomyoputhy 
was the main preoperative diagnosis (50%)) followed by is- 
chemic heart disease (3 I %). The mean ischemic time was 
100.6 2 39.3 min. Eight of the 62 patients ( 13%) died in  a 
mean time of I4  months after transplantation (range 2-26 
months). The cause of death was infection (three patients), 
acute rejection (two patients), coronary artery disease (one 
patient with acute infarct, one patient with sudden death and 
known signiticant coronary lesions), neoplasia (one patient), 
and trauma (one patient). 

All patients were on triple immunosuppressive re&' 7imen 
(cyclosporine A 4 mglkglday. azathioprine 2 mg/kg/day, ster- 
oids) immediately after transplantation. Steroids were tliscon- 
tinued in  almost all patients during the first year, and azathio- 
prine during the second yeat: 

Serial Electrocardiographic Analysis 

The ECG characteristics and the prevalence of abnormal 
findings at selected follow-up periods after tr;insplnntation are 
summarized in Tables I and 11. 

E l r c ~ t , v ~ r r r - r I i r ~ ~ r r i ~ ~ ~ ~ i ~ ~  iiitrndv: The PR and rate-corrected 
QT intervals were normal and there was no significant change 
over time. The average QRS interval was prolonged through- 
out follow-up and increased from 87 * 13 ms at I month to I02 
k 2 I ms at 5 years. Mean heatz rate increased over time (8.5 * 
I5 beatdniin at 1 month vs. 95 * I2 at 2 years). P waves ofdif- 
ferent morphology and dissociated from the QRS complexes. 
representing the activity oithe remaining part of the recipient 

I Month 2 Months 
( n = h 2 )  ( n = h 2 )  

3 Months 
(n=S6) 

1 Year 
(n=444) 

113 (20) 
9S(21) 
354 (28) 
38 (48) 

660 ( 84) 
92(12) 

2 Years 
(n=31)  

141 (22) 
95 (20) 
346 (26) 
42 (47) 
(543 (87) 
%(I?) 

3 Year5 4 Yean 
( n = 2 2 )  (n= 17) 

5 Years 
( n =  13) 

All ~alues are nieiin (stnndrud deviation). 



h X 2  Clin. Cardiol. Vol. 2 I. Scpteniber 1998 

' I . \ rr i  I :  I I Prevalence o~electrocardiograpliic nbnornialitics after heart transplantation 

I Month 
(I1 =62)  

3 Months 6 Months 1 Year 2  yea^\ 

(11=56) ( n = S 5 )  (n=M) ( i i = 3 l )  

32 ( 5 7 )  32 (5X) 
3 ( 5 )  I i2) ~ _ _ _ ~  _. 

k s t  clcgree AV bloch. 
"Iunctionnl rhythni. 
A / ~ / ~ ~ ~ , i , I ~ / ~ ; ( ~ ~ ~ . \ ~  cRBBB = complete right bundle-branch block, iRBBB = inconiplete right bundlc-branch bloch. AV = at~.~o~.c i~ i l . ic~~I :~~. .  

auricle al'ter surgery. can be seen in  most of the ECGs. Their 
rate is slowcr than that ofthe donor. The recipient P wave was 
evident i n  4 I patients (68%) at I month, and in 23% ofour pa- 
ticnts il was still found at 5 years. 

K h ~ t l l r r i :  At the first month of follow-up. 9S%, of the pa- 
ticnts were i n  nornial sinus rhythm. Except for the immediate 
postoperative pciiod, there was only one episode of transitory 
Litriovcntrictilar block (first-degree AV block) occurring at 6 
moiiths, ;ind one patient needed a permanent pacemaker for 
recurrent episodes of symptomatic bradycardia and sinus 
piiiises. 'The iu-rhythniias observed were atrial fibrillation (one 
patient ). atrial tlutter (six patients), and junctional rhythm 
(one patient ). They mainly occurred during the first 3 months 
ulter trarisplantatioii. However, we noted two episodes ofatri- 
al flutter Lifter I year follow-up: the first was diagnosed during 
311 acute re,jection and the second was not associated with re- 
.jection. These supraventricular tachyarrhythinias were treat- 
ed either with drugs or by overdrive pacing. and there was no 
~~ecut~ence in the sanic patient. One of our patients presented 
CL i lh  paroxy snial episodes of syinptoniatic supraventricular 
tachycarcliii I month after surgery. 

'The I2-lecid ECG at that time showed the typical pattein of 
;I W~)ltf-Parkiiison-White syndrome, and we successfully 
treated the patient with tlecainide. This case was detailed in a 
previous report. 

We found no significant ventricular arrhythmia. 
Irr/r~iri~rrtiriculur corzdrrctiorr: Ventricular conduction de- 

lays, mainly complete or incomplete RBBB associated or not 
with heiniblocks, were a frequent finding throughout the fol- 
low-up period. There was no LBBB. The conduction delays 

were mostly permanent, but we noted transient episodes ot' 
RBBB lasting from less th;in ii month to a niaxiniuni of 3 
months. Twenty-one cases of RBBB wcre observed ;it I 
month follow-up ( I 8  iRBBB and 3 cKBBH). Their incidence 
decreased over time: RBBB (complete o r  incompletc) newly 
appeared in seven patients at 3 inonth~, i n  three patient5 a1 I 
year, and in only one patient at 3 years follow-up. Among all 
the RBBB occuming during the I'irst 3 inonths. 39% ( 1213 I ) 

were transitory. However. in  50% (6/l2) of the patients ofthis 
latter group. RBBB reappeared months or even yeiirs later 
and persisted. 

Rr/'ola,-i,rrtion. Thc prevalence of repolart~ation modil'i- 
catiuns was high initially (at 1 month, 7 I (k of nonspecific 
changes with T-wave flattening or inversion and I Sh ol'spe- 
citic changes with ST depression) and decreased progressive- 
ly. However, mild. nonspecific repolnrimtioii changes were 
found throughout follow-up in over 50% 01 our population. 
One patient presented with ii silent anterior myocurdial i n l w t  
with typical ECG criteria (Q wave iincl ST elevation) 7 
months after transplantation. 

Discussion 

This study documents the main intemiittent and long-tern1 
persisting ECG changes after heart transplaiitation. 

The serial ECG analysis showed predoniinatcly sinus 
rhythm without significant changes in the PR and rate-cnrrect- 
ed QT interval. The accelerated resting heart rate. and conse- 
quently the shortened QT. reflects the denervatetl state of the 
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TAM I; 111 
tat ion 

New right bundle-branch bloch I month after trarisplan- 

-- __ - 
Complete or 

incomplete RBBB Without 
(11 = 2 I )  (n=41)  

__ ~ _ _ _ ~ _ _  
Recipient’s age (yews) 49.6( 12.5) 47.7 ( I 2.1 ) 
Donor’s agc (yeus) 33.9 ( 14.4) 33.1 12.0) 
GrJt ischeniic time ( m i n )  101.3 (43.4) 98.5 (35.5)  
nican PAP (~nmHg)“  28.8 ( 13.6) 30.3 ( I  I .8) 
__ -. -~ 
All \iiIiics are nie;ui (standard deviation). 

( I  Prcolwative nieasuren~eri~. 
A/j/~,(,i,ii,tio,i.s: KBBB =light bundle-branch block. PAP = pulmoci- 
nr) , U I ~  pressure. 

transplanted heart.”, The prolonged QRS interval through- 
out the follow-up. even inore marked later, is due to the high 
prevalence of RBBB. 

Bradyarrhythmia and AV blocks have been reported to be 
conmion in the early postoperative period.I3 They are mainly 
seconclary to sinus node dysfunction. often transitory, sonie- 
tinics needing pacing.IJ This trend declines later on, perma- 
ncnt pacing being rarely needed.’’ We found one patient with 
Iriinsilory firstdegree AV bloch. and only one of our patients 
needed a permanent pacemaker for recurrent symptomatic 
sinuuil pauses. 

I n  accordance with previous publications, tachymhythmias 
occuired during the first months after transplantation.l~l~ 
They were a11 supraventricular, with atrial tlutter being the 
moht frequent. Some authors found no influence of rejection in 
thc I>revolence ofarrhythniias. I(’, They related these rhythm 
disturbances to prolonged mean graft ischemic time. surgical 
trauiiia. preoperative antilurhythmic drugs, heart denei-vation. 
and hypersensitivity to cathecolamines. Ih.  

However. in a study by Scott rt ill., 69% of the episodes of 
atrial flutter were associated with acute rejection.I9 Our re- 
sul~s also suggest a relation between acute rejection and atrial 
arrhythmias. Among the six cases of tlutter that we observed, 
three were related to severe acute rejection. confiiiiied by en- 
domyocardial biopsy. One explanation niay be that the in- 
tlmmatoiy process in the myocardium during rejection caus- 
es conduction disturbances resulting i n  reentrant arrhythmo- 
gen ic ci 1-c ui ts. 

There were no signiticant ventricular arrhythmias i n  our 
sui-vey. Some authors reported them towcur mainly in the ini- 
mediate postoperative period,”-’ but others found them to be 
unrclated to the timi since surgery.”’ Ventricular iu-rythtiiias 
are also associated with graft coronary artery disease.lx, 
Nonetheless. we niay have underestimated the frequency of 
tnasitory arrhythmias. analyzing single ECGs rather than 
continuous rccordings. 

A s  previously reported, we observed a high prevalence of 
RBBB.” 25 This finding was manifest asearly as I month af- 
ter surgery and persisted during follow-up. We did not ana- 
1yi-e the immediate postoperative period, but right ventricular 

conduction defects tend to be present already in the first days 
after transplantation according to different studies.’“ lS Right 
bundle-branch block had been described after cardiac surgery 
(bypass or correction of congenital defects), where it seemed 
to be related to surgical and thermal injury.?(’. 27 The cause of 
RBBB after cardiac transplantation is subject to controversy. 
Most investigators relate it to the position ofa new heart (pos- 
terior rotation on its long axis) resulting from the surgical 
technique, as well as to some degree to initial right ventricular 
dysfunction,’‘, LZ.?X-3? As in our series, no relation with gen- 
der. age, and weight of recipients and donors, or with the pre- 
transplantation hemodynamic measurements (Table 111) has 
been established. Graft ischemic time has not been described 
to influence the incidence of RBBB: however, according to a 
recent study by Leonelli rt d., i t  would influence the persis- 
tence of these conduction delays after the immediate postop- 
erative period and even the degree of their severity.’s Right 
bundle-branch block was not associated with acute rejection 
nor with significant graft coronary artery disease in our study, 
and has not been correlated with any reports. 

Conclusion 

Right bundle-branch block is the most frequent ECG ab- 
normality found in the early as well as in  the late follow-up 
periods in orthotopic heart transplant recipients. Except for 
the immediate postoperative period, no adverse prognosis has 
been reported so far to be associated with this finding. On the 
whole, there are only few ECG abnormalities after heat trans- 
plantation, and most of these are of little clinical significance. 
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