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DGYDQWDJH RYHU VLQJOHFKDPEHU YHQWULFXODU SDFLQJ 7KH
DLPRIWKLVVWXG\ZDVWRGHWHUPLQHZKHWKHUHOGHUO\SDWLHQWV
ZKR KDYH LPSODQWHG SDFHPDNHUV IRU FRPSOHWH DWULRYHQ
WULFXODU EORFN JDLQ VLJQLÀFDQW EHQHÀWV IURP GXDOFKDPEHU
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XODU 99,5 SDFHPDNHUV

$PDoúNLRGDF×NO×X\DU×YHUHQNDO×F×NDOSSLOOHULQLQWHNRGD
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RGDF×NO× ''' NDO×F×NDOSSLOOHULQLQEHOLUJLQ\DUDUODU×Q×QROXS
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SHULRGFURVVRYHUVWXG\HDFKSDFLQJPRGHZDVPDLQWDLQHG
IRUPRQWK7KLUW\SDWLHQWV PHQPHDQDJH
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acemaker (PM) technology and clinical practice
permit the use of either single-chamber ventricular pacemakers (VVIR) or dual-chamber pacemakers
(DDD) for patients who require cardiac pacing. Ventricular pacemakers are less expensive, are easier to
implant, and have longer service lives than dual-chamber pacemakers. However, dual-chamber pacing has
an advantage over single-chamber ventricular pacing
in that it more closely resembles cardiac physiology
by maintaining atrioventricular (AV) synchrony and
dominance of the sinus node.[1] Because of this, it may
reduce cardiovascular morbidity[2-4] and mortality, and
may contribute to survival and improved quality of life
(QoL).[3-5] According to previous data, both DDD and
VVIR modes lead to similar improvements in exercise tolerance.[6-8] Our study was designed to assess the
LQÀXHQFHRIGLIIHUHQWSDFLQJPRGHVRQWKHKHDOWKUHlated QoL (HRQoL), 6-minute walk test (6MWT), and
echocardiographic parameters in elderly patients with
dual chamber pacemakers implanted for AV block.

Study design
The study included two periods with crossover comparisons of DDD and VVIR modes. Each mode was
maintained for one month. At enrollment, clinical
baseline characteristics were assessed and a 12-lead
surface ECG was obtained from each patient. After patient selection, a non-permanent transvenous
pacemaker was placed and the pacing rate was programmed to 60 beats per minute. Next, a dual chamber pacemaker was implanted and the patient was
randomized to either VVIR or DDD modes (mode
1). One month later the patient returned for his/her
¿UVW YLVLW$ VWDQGDUG SURWRFRO ZDV VXEPLWWHG ZKLFK
included PM syndrome assessment (breathlessness,
pulsation, dizziness, blackout, wheeze, fatigue, palpitation, and cough), HRQoL questionnaires assessed
by an SF-36 test,[9] 6-minute walk test,[10] and transthoracic echocardiographic examinations with Doppler

3$7,(176$1'0(7+2'6

We studied 30 consecutive patients aged 68.9±6.9
years (men 69.4±2.2 years; 16 men) that had been
referred for permanent pacemaker implantation. Patients were included in the study if they had an electrocardiogram (ECG) that showed sinus rhythm and
complete heart block before implantation, and if they
had been able to do the daily activity tests described
below. Patients with left ventricular dysfunction, acute
coronary syndromes, sick sinus syndrome, hypertro-
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WLVVXHLPDJLQJ '7, PHDVXUHPHQWV$WULDO¿EULODWLRQ
(AF) was detected by asking patients for newonset
palpitations and by either analysing the pacemakers
rhtym memory or by a 24 h rhtym holter ECG. After
data were collected, the patients’ pacemaker modes
were reprogrammed to the alternative modes (mode
2). One month later, patients were reevaluated. The
same protocol as previously described was once again
performed on the patients. After this period, the study
was stopped and all patients were returned to DDD
pacing (Fig. 1).
Pacemaker programming
In all modes the lower and upper rates were set at 60
and 120 beats/minute, respectively. The range of a-v
delay was set as 120-150 ms. In VVIR mode, the rate
response threshold was set at medium, and the curve
was set between 6 and 8.
Echocardiography
All echocardiographic studies were performed by two
experienced operators using a commercially available system (GE Vivid 3, General Electrics, USA).
Two-dimensional and M-mode measurements were
performed according to the recommendations of the
American Society of Echocardiography, working
together with the European Association of Echocardiography.[11] Patients were examined while lying in
the left lateral supine position. Echocardiography was
performed twice during the study: it was repeated
at the end of each one month period prior to reprogramming of pacing parameters. The left ventricular
ejection fraction (LVEF) was determined using the
PRGL¿HG6LPSVRQ¶VPHWKRG DUHDOHQJWK /HIWDWULDO
areas and dimensions were obtained from apical four
chamber, parasternal long axis, and apical two chamber views. Left atrial volumes were calculated with

0HDQ6'

WKHHOOLSVRLGIRUPXOD7UDQVPLWUDOÀRZSDWWHUQVZHUH
recorded from apical four-chamber views with a 3-5
mm pulsed-sample Doppler volume placed between
PLWUDO YDOYH WLSV LQ GLDVWROH GXULQJ ¿YH FRQVHFXWLYH
FDUGLDFF\FOHV0LWUDOLQÀRZ DWHQGH[SLUDWLRQ SHDN
early velocities (E) were recorded.[12] The tissue Doppler program was set in pulsed-wave Doppler mode.
A 3-5 mm sample volume was placed at both the lateral and septal corners of the mitral annulus. The early
phase of diastole (Ea) was recorded.[13] In order to calculate the E/Ea ratio, the average of the velocities of
the septal and lateral mitral annulus was used.
Statistical analyses
Analyses were performed using an SPSS 14.0 for
Windows package program and all hypothesis testLQJZDVSHUIRUPHGDWWKHOHYHORIĮ VLJQL¿FDQFH
Parameters normally distributed were compared with
the paired Student’s t-test. Analyses of variance for
repeated measures ANOVA and Fisher’s Full Probability Test (Fisher’s Exact Test) were used. For pairwise comparisons the Bonferroni test was used.
5(68/76

The mean age of the patients was 68.8±6.9 years. The
average ejection fraction was measured to be 60.2±4.2
by the ellipsoid formula. Eighteen patients had hypertension, six had coronary artery disease (CAD), and
nine had type II diabetes mellitus. Basic demographic
GDWDDUHSUHVHQWHGLQ7DEOH7KH¿UVWSDFLQJPRGH
(DDD or VVIR) and the order of implantation did not
affect our study results (Table 2).
Average walking distances were found to be similar between the two groups; 419±102 m for the VVIR
JURXS DQG  P IRU WKH ''' JURXS S  
(Table 2). We evaluated 8 different parameters for the
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physical function subscale and the physical role subVFDOHRI6)7KHUHZHUHQRVLJQL¿FDQWGLIIHUHQFHV
in these scores between the ventricular- pacing and
the dual-chamber-pacing groups. Only parameters of
pain scores were found to be higher with DDD pacLQJ S   7DEOH   (FKRFDUGLRJUDSKLF GDWD ZHUH
available in 28 patients. We excluded two patients who
had inadequate echocardiographic image quality. The
left atrial volume was found to be smaller within the
DDD pacing group (VVIR group 38.5±14.3 vs. DDD
JURXSS   7DEOH 7KH((DUDWLRZDV
VLJQL¿FDQWO\ ORZHU LQ WKH ''' SDFLQJ JURXS 99,5
JURXSDQG'''JURXSS  
Symptoms of PM syndrome were observed in two
patients during VVIR stimulation. However, this was
QRWVWDWLVWLFDOO\VLJQL¿FDQW S  
',6&866,21

Our elderly population with dual-chamber pacemakHUVLQVHUWHGIRUFRPSOHWH$9EORFNEHQH¿WHGHTXDOO\
from both modes of pacing that were tested. However,
some echocardiographic parameters improved with
DDD pacing more than with VVIR pacing.
Ouali et al.[14] demonstrated that elderly patients
(over 70 years) with DDD pacing had a better QoL
than did patients with VVIR pacing. CTOPP and
0267VKRZHGWKDWSDFLQJLWVHOIKDGDVLJQL¿FDQWEHQH¿WRQ4R/7KLVVLJQL¿FDQWEHQH¿WFRXOGEHDFKLHYHG
with pacing and with the restoration of chronotrop-

ic competence. In both trials, pacing mode was not
found to be important.[9,15,16] In our study, seven SF-36
test parameters were similar in both groups. Only the
sub-parameter of pain was better in the VVIR group.
+RZHYHU WKLV ¿QGLQJ ZDV QRW FRQVLGHUHG WR EH LPportant.
Previous studies have demonstrated similar exercise tolerance results in both pacing modes.[7,14,17,18]
We also observed that exercise performance assessed
E\WKH0:7ZDVQRWVLJQL¿FDQWO\LQÀXHQFHGE\WKH
pacing mode.
Höjier et al.[19] found smaller left atrial end-systolic diameters with DDDR pacing than with VVIR
pacing. Ouali et al.[14] showed that VVIR pacing elicLWHGVLJQL¿FDQWHQODUJHPHQWRIWKHOHIWDWULXPGHVSLWH
a relatively short follow-up period of 3 months. In our
VWXG\OHIWDWULDOYROXPHZDVVLJQL¿FDQWO\VPDOOHUZLWK
DDD pacing as compared to VVIR pacing. Previous
studies have suggested that LA enlargement was one
of the major risk factors for AF.[20,21] As a consequence
of atrial enlargement, it might be speculated that AF
may develop more frequently with VVI pacing as
compared to DDD. However, in our study AF was not
detected in any of our patients. Left atrial volumes
were different between groups. However, these differences were not found to be predictors of health
status (QoL) or exercise capacity of the patients. The
follow-up period of our study was restricted to one
month. With a longer follow-up period, the volume

&RPSDULVRQRI'''YHUVXV99,5SDFLQJPRGHVLQHOGHUO\SDWLHQWVZLWK$9EORFN



GLIIHUHQFHV PD\ UHÀHFW HOHFWURFDUGLRJUDSKLF DQG
echocardiographic parameters. E/Ea ratios are indiFDWRUV RI /9 ¿OOLQJ SUHVVXUHV[22] In our study, E/Ea
UDWLRV ZHUH VLJQL¿FDQWO\ VPDOOHU ZLWK ''' SDFLQJ
7KHUHIRUHZHFDQFRQFOXGHWKDW/9¿OOLQJSUHVVXUHV
with DDD pacing are smaller than those with VVIR
SDFLQJ7KLV¿QGLQJPLJKWVXJJHVWWKDW'''SDFLQJ
is more physiological than VVIR pacing. On the other
hand, DDD pacing also provided better left ventricular diastolic functions in our study.

ing might yield to similar improvements in QoL and
exercise performance. However, after a short followXSSHULRG99,5SDFLQJFDXVHGVLJQL¿FDQWOHIWDWULDO
enlargement and impaired diastolic functions, which
could increase the risk of AF and PM syndrome in
these patients.

According to previous data, PM syndrome was
found in 5-15% of patients with VVI pacing.[23] The
MOST study demonstrated that the frequency of patients who were switched to DDD pacing due to PM
syndrome was 1% per year; all of these patients began with VVIR pacing.[9] Sulke et al.[15] found that
subclinical PM syndrome occurred in 75% of patients
after switching from DDD to VVI pacing mode. In
our study, two patients reported fatigue and tiredness
with VVIR pacing that improved after switching to
DDD pacing. The 6MWT and QoL tests of these patients were not different from those of the others. This
¿QGLQJZDVFRQVLGHUHGDVVXEFOLQLFDO30V\QGURPH
KRZHYHULWGLGQRWUHDFKVWDWLVWLFDOVLJQL¿FDQFH

 6WHZDUW:-'LFROD9&+DUWKRUQH-:*LOODP/':H\PDQ
$('RSSOHUXOWUDVRXQGPHDVXUHPHQWRIFDUGLDFRXWSXWLQSD
WLHQWVZLWKSK\VLRORJLFSDFHPDNHUV(IIHFWVRIOHIWYHQWULFX
ODUIXQFWLRQDQGUHWURJUDGHYHQWULFXORDWULDOFRQGXFWLRQ$P-
&DUGLRO>&URVV5HI@
 /DPDV*$3DVKRV&/1RUPDQG6/0F1HLO%3HUPDQHQW
SDFHPDNHUVHOHFWLRQDQGVXEVHTXHQWVXUYLYDOLQHOGHUO\0HGL
FDUHSDFHPDNHUUHFLSLHQWV&LUFXODWLRQ
 /DPDV*$2UDY(-6WDPEOHU%6(OOHQERJHQ.$6JDUERVVD
(%+XDQJ6.HWDO4XDOLW\RIOLIHDQGFOLQLFDORXWFRPHVLQ
HOGHUO\SDWLHQWVWUHDWHGZLWKYHQWULFXODUSDFLQJDVFRPSDUHG
ZLWKGXDOFKDPEHUSDFLQJ3DFHPDNHU6HOHFWLRQLQWKH(OGHUO\
,QYHVWLJDWRUV1(QJO-0HG>&URVV5HI@
 &RQQROO\6-.HUU&5*HQW05REHUWV56<XVXI6*LOOLV
$0 HW DO (IIHFWV RI SK\VLRORJLF SDFLQJ YHUVXV YHQWULFXODU
SDFLQJRQWKHULVNRIVWURNHDQGGHDWKGXHWRFDUGLRYDVFXODU
FDXVHV&DQDGLDQ7ULDORI3K\VLRORJLF3DFLQJ,QYHVWLJDWRUV1
(QJO-0HG>&URVV5HI@
 7RII:'&DPP$-6NHKDQ-'8QLWHG.LQJGRP3DFLQJDQG
&DUGLRYDVFXODU (YHQWV 7ULDO ,QYHVWLJDWRUV 6LQJOHFKDPEHU
YHUVXV GXDOFKDPEHU SDFLQJ IRU KLJKJUDGH DWULRYHQWULFXODU
EORFN1(QJO-0HG>&URVV5HI@
 2OGUR\G.*5DH$3&DUWHU5:LQJDWH&&REEH60'RX
EOHEOLQGFURVVRYHUFRPSDULVRQRIWKHHIIHFWVRIGXDOFKDPEHU
SDFLQJ ''' DQGYHQWULFXODUUDWHDGDSWLYH 99,5 SDFLQJRQ
QHXURHQGRFULQH YDULDEOHV H[HUFLVH SHUIRUPDQFH DQG V\PS
WRPVLQFRPSOHWHKHDUWEORFN%U+HDUW-
 0HQR]]L&%ULJQROH00RUDFFKLQL39/ROOL*%DFFKL0
7HVRULHUL0&HWDO,QWUDSDWLHQWFRPSDULVRQEHWZHHQFKURQLF
99,5 DQG ''' SDFLQJ LQ SDWLHQWV DIIHFWHG E\ KLJK GHJUHH
$9 EORFN ZLWKRXW KHDUW IDLOXUH 3DFLQJ &OLQ (OHFWURSK\VLRO
>&URVV5HI@
 6XONH 1 &KDPEHUV - 'ULWVDV$ 6RZWRQ ($ UDQGRPL]HG
GRXEOHEOLQG FURVVRYHU FRPSDULVRQ RI IRXU UDWHUHVSRQVLYH
SDFLQJPRGHV-$P&ROO&DUGLRO>&URVV5HI@
 1HZPDQ'5HODWLRQVKLSVEHWZHHQSDFLQJPRGHDQGTXDOLW\
RIOLIHHYLGHQFHIURPUDQGRPL]HGFOLQLFDOWULDOV&DUG(OHF
WURSK\VLRO5HY>&URVV5HI@
6ROZD\ 6 %URRNV ' /DFDVVH < 7KRPDV 6 $ TXDOLWDWLYH
V\VWHPDWLFRYHUYLHZRIWKHPHDVXUHPHQWSURSHUWLHVRIIXQF
WLRQDOZDONWHVWVXVHGLQWKHFDUGLRUHVSLUDWRU\GRPDLQ&KHVW
>&URVV5HI@

Today, in clinical practice, patients who receive a
PM are usually over 60 years old.[24-26] Hemodynamic
studies have revealed the importance of atrial contriEXWLRQ WR YHQWULFXODU ¿OOLQJ ZLWK DGYDQFLQJ DJH[27,28]
In our study, although it was a short follow-up peULRGOHIWDWULDOYROXPHVZHUHFDOFXODWHGWREHVLJQL¿cantly larger, and left ventricular diastolic functions
were observed to be impaired with VVIR pacing. As
a consequence to atrial enlargement, AF may develop
in a longer term of follow-up. In elderly patients with
complete heart block, efforts should be made to maintain AV synchrony, and DDD pacing should be the
preferred pacing mode.
Limitations
Patients with permanent cardiac PM may develop PM
syndrome over a long period of time. Our follow-up
period was one month for each mode. In order to perform more accurate monitoring of PM syndrome, a
longer term of follow-up is needed.
Conclusion
Our study revealed that in active elderly patients with
complete heart block, DDD pacing and VVIR pac-

&RQÀLFWRILQWHUHVWLVVXHVUHJDUGLQJWKHDXWKRUVKLSRU
DUWLFOH1RQHGHFODUHG
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1HZPDQ ' /DX & 7DQJ$6 ,UYLQH - 3DTXHWWH 0 :RRG
HQG.HWDO&7233,QYHVWLJDWRUV(IIHFWRISDFLQJPRGHRQ
KHDOWKUHODWHGTXDOLW\RIOLIHLQWKH&DQDGLDQ7ULDORI3K\VL
RORJLF3DFLQJ$P+HDUW->&URVV5HI@
/DPDV *$ /HH ./ 6ZHHQH\ 02 6LOYHUPDQ 5 /HRQ $
<HH 5 0DULQFKDN 5$ HW DO 9HQWULFXODU SDFLQJ RU GXDO
FKDPEHU SDFLQJ IRU VLQXVQRGH G\VIXQFWLRQ 1 (QJO - 0HG
>&URVV5HI@
&KDQQRQ .0 +DUJUHDYHV 05 &ULSSV 75 *DUGQHU 0
2UPHURG2-'''YV99,SDFLQJLQSDWLHQWVDJHGRYHU
\HDUV ZLWK FRPSOHWH KHDUW EORFN D GRXEOHEOLQG FURVVRYHU
FRPSDULVRQ4-0HG
+DUJUHDYHV 05 &KDQQRQ .0 &ULSSV 75 *DUGQHU 0
2UPHURG 2- &RPSDULVRQ RI GXDO FKDPEHU DQG YHQWULFXODU
UDWHUHVSRQVLYHSDFLQJLQSDWLHQWVRYHUZLWKFRPSOHWHKHDUW
EORFN%U+HDUW->&URVV5HI@
+|LMHU&-%UDQGW-:LOOHQKHLPHU5-XXO0|OOHU6%RVWU|P
3$,PSURYHGFDUGLDFIXQFWLRQDQGTXDOLW\RIOLIHIROORZLQJ
XSJUDGH WR GXDO FKDPEHU SDFLQJ DIWHU ORQJWHUP YHQWULFXODU
VWLPXODWLRQ(XU+HDUW->&URVV5HI@

7UN.DUGL\RO'HUQ$Uü

6FKRWWHQ 8 9HUKHXOH 6 .LUFKKRI 3 *RHWWH$ 3DWKRSK\VL
RORJLFDOPHFKDQLVPVRIDWULDOÀEULOODWLRQDWUDQVODWLRQDODS
SUDLVDO3K\VLRO5HY>&URVV5HI@
1HXEHUJHU+56FKRWWHQ8%ODDXZ<9ROOPDQQ'(LMVERXWV
6YDQ+XQQLN$HWDO&KURQLFDWULDOGLODWLRQHOHFWULFDOUH
PRGHOLQJDQGDWULDOÀEULOODWLRQLQWKHJRDW-$P&ROO&DUGLRO
>&URVV5HI@
*RWWGLHQHU -6 %HGQDU] - 'HYHUHX[ 5 *DUGLQ - .OHLQ $
0DQQLQJ :- HW DO$PHULFDQ 6RFLHW\ RI (FKRFDUGLRJUDSK\
UHFRPPHQGDWLRQVIRUXVHRIHFKRFDUGLRJUDSK\LQFOLQLFDOWUL
DOV-$P6RF(FKRFDUGLRJU>&URVV5HI@
+HOGPDQ'0XOYLKLOO'1JX\HQ+0HVVHQJHU-&5\ODDUV
GDP $ (YDQV . HW DO 7UXH LQFLGHQFH RI SDFHPDNHU V\Q
GURPH3DFLQJ&OLQ(OHFWURSK\VLRO>&URVV5HI@
%D\DWD6<HüLO0$U×NDQ(3RVWDF×1%HULOùHQ5&H\ODQ
g YH DUN %LU NDUGL\RORML NOLQLùLQGH DUG×ü×N  D\U× G|QHPGH
WDN×ODQNDO×F×NDOSSLOLQLQUHWURVSHNWLINDUü×ODüW×UPDO×LQ
FHOHPHVL$QDGROX.DUGL\RORML'HUJLVL>&URVV5HI@
.LOLoDVODQ ) 'RHV RXU SHUPDQHQW SDFHPDNHU LPSODQWDWLRQ
SUDFWLFHFKDQJH"$QDGROX.DUGL\RO'HUJ
(UGLQOHUú7XUNL\H·GHNDO×F×NDOSSLOLLPSODQWDV\RQXQXQGX
UXPX7XUN.DUGL\RO'HUQ$Uü
)ULHOLQJVGRUI-'U3*HUEHU$(9XLOOLRPHQHW$%HUWHO2
3K\VLFDOZRUNFDSDFLW\ZLWKUDWHUHVSRQVLYHYHQWULFXODUSDF
LQJ 99,5  YHUVXV GXDO FKDPEHU SDFLQJ '''  LQ SDWLHQWV
ZLWK QRUPDO DQG GLPLQLVKHG OHIW YHQWULFXODU IXQFWLRQ ,QW -
&DUGLRO>&URVV5HI@
.XR/&4XLQRQHV0$5RNH\56DUWRUL0$ELQDGHU(*
=RJKEL:$4XDQWLÀFDWLRQRIDWULDOFRQWULEXWLRQWROHIWYHQ
WULFXODU ÀOOLQJ E\ SXOVHG 'RSSOHU HFKRFDUGLRJUDSK\ DQG WKH
HIIHFW RI DJH LQ QRUPDO DQG GLVHDVHG KHDUWV $P - &DUGLRO
>&URVV5HI@
.H\ ZRUGV $JHG FDUGLDF SDFLQJ PHWKRGV FURVVRYHU VWXGLHV
''' SDFLQJ KHDUW EORFNWKHUDS\ SDFHPDNHU DUWLÀFLDO TXDOLW\ RI
OLIH99,5SDFLQJ
$QDKWDUV|]FNOHU<DüO×SDFHPDNHU\|QWHPOHUoDSUD]oDO×üPD
''' NDOS SLOL NDOS EORùXWHGDYL NDOS SLOL \DüDP NDOLWHVL 99,5
NDOSSLOL

