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Objective—To assesstheincidence of problemsregui-
ring reprogramming of atrioventricular pacemakersina
long-termfollow-up, and al so the causesfor thisprocedure.

Methods— During the period from May ' 98 to De—
cember ' 99, 657 patientswereretrospectively studied, An
actuarial curvefor the event reprogramming of the stimu-
lation mode was drawn.

Results—Thefollow-up period ranged from12t0 178
months (mean = 81 months). Eighty-two (12.4%) patients
underwent reprogramming of the stimulation mode asfol -
lows: 63 (9.5%) changed to VVI,(R/C); 10 (1.5%) chan-
gedto DVI,C; 6 (0.9%) changed to VDD,C; and 3 (0.5%)
changedto DOO. The causesfor thereprogramming were
asfollows: arrhythmia conducted by the pacemaker in 39
(37.6%) patients; loss of atrial sensitivity or capture, or
both, in 39 (38.6%) patients; and microfracture of atrial
electrodein 5 (4.9%) patients. The stimulation mode
reprogramming free probability after 15 yearswas 58%.

Conclusion —Inalong-termfollow-up, the atrioven-
tricular pacemaker provided a low incidence of compli-
cations, a high probability of permanencein the DDD,C
mode, and the most common cause of reprogramming was
arrhythmia conducted by the pacemaker.
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Atrioventricular stimulation, introduced by Nathan et
al 1in 1963 with the ventricular pacing synchronouswith
the Pwave, hasbeen greatly improved sincethe 80’swith
the appearance of specific algorithmic functions, lithium
batteries, and atrial electrodesof activefixation?.

Controversiesinregardtothecost-benefit ratio of the
ventricular (VVI1,C) or theatrioventricular (DDD,C) pacema
kerspersist*¢. Themagjor advantagesrelated to dual cham-
ber pacemakers are atrioventricular resynchronizationin
patientswith atrioventricular block, and the ability to use
thesinusnode asasensor, causing physiological variation
in heart rate. In addition, in cases of sick sinus syndrome,
atrioventricular stimulation preventsthe consequences of
theatrioventricular nodedisease progression, aswell asthe
pacemaker syndrome’. Among the disadvantages of dual
chamber pacing, we can cite its higher cost and technical
difficultiesfor implantationandfollow-up?.

The most commonly reported complications of the
atrioventricular systemarelossof atrial sensitivity, atria ar-
rhythmias, and alterationsin the stimulation threshold °*°,
However, therelation betweenthesefindingsandthethera-
peutical procedures has not been established.

The objective of thisstudy wasto assesstheinciden-
ceof complicationsrequiring reprogramming of the atrio-
ventricular stimulation systemsin along-term follow-up,
and al so the major causesfor thisprocedure.

Methods

Atthepacingclinic of theheart ingtitute, 4,250 pacema-
ker patientsareregularly followed up, 2,820 of whom have
atrioventricular stimulation systems. Among these, we se-
lected 657 patients, who, during the period fromMay ' 98to
December ’ 99, cameto our institution searching for regular
(clinical and electronic) pacing assessment. All of themhad
beenfollowed upfor at | east oneyear and wereretrospecti-
vely assessed (medical record and database), with special
attention to system reprogramming recordings and the
causesfor thisprocedure. These dataunderwent statistical
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analysis, and a curve of the accumulated probability of
permanence in the DDD,C mode was drawn (Kaplan-
Méeier).

In the study, 355 patients were males and 302 were
females. Their agesranged from 7 to 92 years (mean = 58
yearsand 2 months). Themost commonindicationfor pace-
maker implantation wastotal atrioventricular block, obser-
ved in 359 patients. Other indicationsincluded the follo-
wing: type |l or advanced second-degree atrioventricular
block in 138 patients, sick sinussyndromein 115 patients,
hypersensitivity of thecarotid sinusin 34 patients, long QT
syndromein 8 patients, and othersin 3 patients (Tablel).
Chagas' was the most common underlying heart disease
presentin 227 patients, followed by ischemic heart disease
in 196 patients, hypertension in 92 patients, valvar heart
diseasein 71 patients, congenital heart diseasein 28
patients, and other causesin 43 patients(Tablell).

Results

Themean follow-up duration was81 months, ranging
from12to 178 months. At theend of thestudy, 101 (15.3%)
patientshad undergonesystemreprogramming, 82 (12.4%)
of themfor changesin the stimulation mode, asfollows: 63
(9.5%) changedtoVV1,(R/C); 10(1.5%) changedtoDVI,C; 6
(0.9%) changedto VDD, C; and 3(0.5%) changed to DOO.
The findings regarding the other types of reprogramming
areshownintablelll.

Thecausesfor changing the stimul ation modewereas
follows: arrhythmia conducted by the pacemaker in 38
(37.6%) patients; lossof atrial sensitivity or captureor both
in39(38.6%) patients; microfractureof theatrial electrodein
5 (4.9%) patients; anincreasein ventricular thresholdin 8
(7.9%) patients; pectoral musclestimulationin 6 (5.9) pati-
ents; and alterationinventricular sensitivity in’5 (4.9%) pa-
tients(TablelV).

Table | —Indications for the implantation of a definitive pacemaker
Indication N %
Total atrioventricular block 359 54.6
Type Il second degree atrioventricular block 138 21.0
Sick sinus syndrome 115 175
Hypersensitivity of the carotid sinus 34 5.2
Long QT syndrome 8 1.2
Others 3 0.5

Table Il — Prevalence of heart diseases

Type N %

Chagas' Heart Disease 227 34.6
Ischemic Heart Disease 196 29.8
Hypertension 92 14.0
Valvar Heart Disease 71 10.8
Congenital Heart Disease 28 4.3
Others 43 6.5
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Table 111 — System reprogramming

Type n %
Stimulation mode 82 81.1
Energy, atrial sensitivity or polarity, or both 9 8.9
Ventricular stimulation energy 5 4.9
Ventricular sensitivity 5 4.9

Forty-three patientsunderwent temporary reprogram-
ming of thestimul ation mode, 5 patientsdueto microfractu-
re of the electrode (DOO mode) while awaiting surgical
treatment and 38 patientsdueto arrhythmias conducted by
the pacemaker. Theselatter underwent reprogramming for
theVVI,C modetoundergo chemical or éectrical cardiover-
sion, and 15 of them did not return to the DDD,C mode
because definitive reversion of the atrial rhythm to sinus
rhythm was not possible.

The stimulation system reprogramming did not
allow definitivecorrectionin 13 patientswho underwent
surgical treatment. Inregard to atrial leads, 3 changes
and 5 repositionings were performed, and in regard to
ventricular leads, 2 changes and 3 repositionings were
performed.

Analysis of the event-free curve showed probability
of reprogramming at 5, 10, and 15 years of 10%, 18%, and
42%, respectively. During follow-up, 12 deaths occurred

(fig. ).

Table 1V — Causes of system reprogramming

Causes n %
Arrhythmia conducted by the pacemaker 38 37.6
Loss of atrial capture 21 20.8
Atrial undersensing 18 17.8
Microfracture of atrial electrode 5 4.9
Increase in the ventricular threshold 8 7.9
Pectoral muscle stimulation 6 5.9
Ventricular undersensing 5 4.9
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Fig. 1- Actuaria curveof events(Kaplan-Meier) depicting thereprogramming-free
probability of the stimulation mode throughout follow-up. Notethat at 5 years, the
reprogramming-free probability was90%, and at 15 yearsit was58%.
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Discussion

The extraordinary technological advanceinvolving
devicesusedfor artificial cardiac stimulation throughout a
relatively short period of time, fromitsintroduction to the
current days, has been marked by very well defined
developmental phases. Starting with primary systems
comprising one chamber with fixed frequency and no
sensitivity, pacemakers with a progressive functional
capacity have been manufactured until reachingthesystem
characterized asphysiological: atrioventricular, multifunc-
tional, with frequency variation guided by thechronotropic
response of the normal sinus node 113,

Despite these favorable technological characteristics,
theclinical consequences of thistherapy have not yet been
assessed enoughtoallow definitiveconclusions. Inaddition,
the complication rates attributed to the most sophisticated
systemshave been considered high and of difficult manage-
ment, particularly for thenonspecialized physician .

Several studieshave showntheclinical and hemody-
namic advantages of the DDD,C mode stimulation as
compared withtheVVVI,C mode, both for total atrioventri-
cular block and sick sinus syndrome #6101415 TheVVI,C
pacemaker has been associated with alower physical ca-
pacity 45, aworse quality of life %115 an enlargement of
thecardiac silhouette, the pacemaker syndrome?®, and a
higher mortality rate?’.

Other studieshave shown no significant differencein
regard tomortality ®or functional capacity 5. Atrioventricu-
lar resynchronization, considered responsible for impro-
ving physical capacity by someauthors*4, waschallenged
by Chu-Pak Lau et al 8, who attributed thisincrement
basically tovariationsinheart rate.

Mueller et al *° have recently challenged the highest
indicesof complication attributed to DDD,C pacemakersby
showing resultssimilar to those of the ventricular systems
(WVIO).

In our study, rates related to reprogramming of the
stimulation modewerelow (12.4%). Grosset d *°, studying
486 patientsin DDD,C mode, observed definitive change
ratesin 18% of the patients and established arelation
between these findings and the presence of atrial fibrilla-
tion. Weattributethese differenceswith our findingsto cri-
teria established by the authorsin the therapeutical ap-
proach of atrial arrhythmia, more conservativeintheindi-
cation of electrical cardioversion. Our protocol for thiscli-
nical situation isbased on reestablishing sinusrhythmin
regard to hemodynamic improvement, and also on the
prophylaxisof thromboembolism. Electrical cardioversion
is not contraindicated and should not be minimizedinits
indication, because aslong asit is performed in special
technical conditions and under the protection of the
pacemaker generator, it is perfectly feasible. On the other
hand, Markewitz et a %, without considering the causesfor
mode reprogramming in atrioventricular stimulation
systems, observed very low indices(5%). Inthisstudy, 345
patients enroled during 5 years were followed-up for 6
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years, themain objective being themaintenanceof atrioven-
tricular synchronism, independent of themode(DDD, DD,
DVI,VDD).

Inregardtothecausesfor reprogramming thesystem,
our study has shown that arrhythmiaconducted by the pa—
cemaker wasthemost commonfinding. Inthiscategory, we
include all arrhythmias generated in the atrial chamber,
such asfibrillation, tachycardia, atrial flutters, and others
that trigger ventricular stimulation in an inadequate fre-
guency and rhythm. In these cases, our general approach
wastemporary reprogrammingtotheVVI,C mode, immedia-
techemical or electrical cardioversionunder thecareful te-
chnique of protection and, depending on theresult, there-
turnto the DDD,C or DVI,C modes. In our study, thispro-
tocol was applied to 38 patients, and in 23 patients we ob-
tained definitive success. Hummel et a 2 and Chamberlain-
Webber et al °inasmaller seriesof patientsobserved simi-
lar rates of complication, but they did not report theindices
of therapeutical success. In our study, 5 patientsdid not re-
turntothecondition of atrioventricular stimulation, remai-
ninginVVI,Cmode, becauseof failureintheattempt of car-
dioversionto sinusrhythm. Several authors®2+2 havecor-
related this withtheevolution of theunderlying heart disea-
se, whichisusually associated with aggravation of the
congestiveheart failurefunctional class. Detollenaereet al 2
have shown that theincidence of these arrhythmias (12%)
does not correlate with mortality. Ibrahim et al % have ob-
served that in the presenceof sick sinussyndrome, therisk
of pacemaker patientsfor developing atrid fibrillationis1.5
timeshigher thanthat of thosewith disordersin atrioventri-
cular conduction.

In our study, dysfunctionsrelated to the presence of
theatrial pacemaker lead, suchaslossof atrial sensitivityin
21 patients, and capturein 18 patients, had indices of com-
plication closetothe mean reported by Chamberlain-Web-
ber et al ® and Grosset al . Thesedysfunctionsalso seemto
be associated with the anatomic and functional conditions
of theatrial chamber. Ontheother hand, microfractureof the
electrode, whichisanentity characterized by disruptionin
thelead causing noi sesand inhibition of thestimulation, is
exclusively inherentinatechnical defectinthesystem. No
referencetothiscomplication existsintheliterature, and our
study has shown that in these cases temporary program-
ming of the DOO is saf e and adequately protects against
pacemaker inhibition caused by adefect whileawaiting sur-
gery (change of the pacemaker lead). Infact, the 5 patients
withthisdysfunction revealed no symptomsof low cerebral
blood flow, including the 2 patients who awaited surgery
foralongtime.

Theincidence of changesin ventricular stimulation
and sensitivity threshold, as well as pectoral muscle
stimulation, did not differ fromthe classical ratesshown by
studiesperformedinventricular systems.

Our percentageof surgery, including thecasesrefrac-
tory to reprogramming, was much lower than that reported
by Grosset al *°and Ibrahim et al 2%, whoseva ueswere4 and
9.6%, respectively.
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Thereprogramming-free probability throughout the
follow-up was assessed only in regard to the stimul ation
mode, because this was the most common therapeutical
procedure performed (82/101). Throughtheactuarial cur-
ve of this event, we could document the rates of perma-
nencein DDD,C modeinregard toimplantationtime, the
major aim of indicating adual chamber system. Thevalues
found exceeded our expectation, asfollows: by 5 years,
only 10% of the patients did not remain in theinitially
programmed stimulation mode, and by 15 years, 58% of
those who started the study remained in the DDD,C
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mode. These findings were not reported in the literature,
which usually reports curves of eventsin patients with
atrioventricular stimulation systems considering only
mortality.

In conclusion, our study has shown that atrioventri-
cular stimulation provides alow incidence of compli-
cationsrequiring reprogramming and ahigh probability of
permanenceintheinitial stimulation mode(DDD,C)ina
long-termfollow-up. The causes of reprogramming were
varied, the most common being arrhythmiaconducted by
the pacemaker.
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