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Objective This study was performed to observe the

number of pacemakers that had never been reprogram-

med after implantation, and the effect of optimised output
programming on estimated longevity of pulse generators
in patients with pacemaker

Methods Sixty patients with Teletronics Reflex pace-
makers were evaluated in a pacemaker clinic, from the
time of the beginning of its activities, in June 1998, until
March 1999. Telemetry was performed during the first cli-

Electric pacing of the heart began around forty years
ago and stands out as one of the major achievements in car-
diac therapy in the 20th century, combining both physiolo-
gic knowledge and technologic advances in the treatment
of potentially disabling and fatal bradyarrhythmias. Curren-
tly, about 400 thousangisicemakers are implanted every
year world-widé, and 50% of pacemaker recipients are still
alive when the pulse generator lifespan is over, making them
eligible for a new pulse generator. Therefore, the prolonga-
tion of the life of pulse generators has been considered de-

nic visit, and we observed how many pulse generators re- sirable and cost-effective because it would postpone a se-
tained nominal output settings of the manufacturesindica- cond surgical intervention, eliminating the expense of new
ting the absence of reprogramming until that date. After generatorsinits2.
evaluation of the capture threshold, reprogramming of pa- Pacemaker longevity is defined as the interval between
cemakers was performed with a safety margin of 2to0 2.5:1, implantation and detection of the end of pulse generator life,
and we compared the estimated longevity based on batte-which is determined by the energy consumption of the pulse
ry current at the manufacturer’s settings with that based on  generator and the deliverable capacity of its power sétirce
settings achieved after reprogramming. The deliverable capacity of the power source is fixed for a
certain battery, but energy consumption depends on both
Results 4n 95% of the cases, the original program-  fixed parameters and physiologic and programmable varia-
med setting was never reprogrammed before the patients bles. Thereforethe determinants of the consuption are:
attended the pacemaker clinic. Reprogramming the pace- pProgrammable output parameters of the system (voltage and
maker prolonged estimated pulse generator life by pulse width), the frequency and percentage of pacing, the le-
19.7+15.6 months (35.5%). ad impedance, and the static energy drain of the system. Al-
though programming the pacing rate and AV interval can op-
Conclusion -The majority of the pacemakers evalua-  timise the battery energy drain, the mostimportant para-
ted had never been reprogrammed. Estimated pulse gene-meters that are available to optimise the longevity of a pacing
rator longevity can be prolonged significantly, using this ~System are stimulation voltage and pulse width

simple, safe, efficacious, and cost-effective procedure. Original settings programmed by the manufacturer are
chosen to provide for a sufficient safety margin during the

subacute period when stimulation thresholds typically rise.
However, most leads used today enable stimulation with redu-
ced output parameters of pacing, resulting in significant re-
duction in energy drain and, therefore, prolongation of pulse
generator life. Thus, reprogramming a pacemaker after a su-
bacute period, according to an obtained stimulation thre-
shold, was a desirable practice recommended in most basic
textbooks and by international guidelidé$ However, the
majority of pacemakers remain at the original programmed
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settings and are never reprogrammed during their entire gramming in most patients. Patients had their pacemaker for
lifesparn’®. This study was performed to observe the number about 36.0+25.9 months when they first came to the laboratory,
of pacemakers that had never been reprogrammed after im-and their additional longevity was estimated at 52.7+21.8

plantation and the effect of optimised output programming on  months. Optimal programming enhanced predicted longevity

the estimated longevity of pulse generators. to 72.0+£32.7 months (p<0.001), prolonging the generator li-
fespan (fig. 1) by 19.7+15.6 months (35.5%). Benefit was greater
Methods when reprogramming was done within 24 months after im-

plantation (25.8+16.0 versus 13.2+12.8 months, p=0.001).
Sixty patients witieletronics Reflepacemakers were

evaluated in the Pacemaker Evaluation and Control Labora- Discussion
tory, of Hospital das Clinicas da UFMG, Belo Horizonte, Bra-
Zil, from the beginning of its aCtiVitieS, in June 1998 until Enhancing the |0ngevity of pu'se generamms

March 1999. We chose patients who received a pacemakerhas heen, since the beginning, an important aim of artificial
of this make and model because the software of the pro- cardiac stimulatiotf. Chemical energy available in the bat-
grammer provides, in this case, an automatic estimate ofge—tery is consumed by its regular use and is depleted after a
nerator longevity. The original algorithms used to calculate ,5riaple period, but all the other devices of the system of
estimated longevity considerattery voltage, pulse width,  ¢ardiac stimulation are designed to lastindefinitaighen
frequency and stimulation mode, and cell and lead impe- ¢ gltage output falls to a level in which cardiac stimu-
dance. Patients who received pacemakers of other makesation can no longer be maintained, the battery needs to be
and models were excluded because no method was availa-gpjaced and, therefore, the entire pulse generator. Major
ble to estimate longevity of the generator using the same al- 1o .hnglogical advances have been made in the last decades
gorithms useq by trigeflemodel. , that have improved the development of batteries and the ef-
. .MOSt patients (750/.0) underwent pacemaker implanta- ficiency of pulse generators, enabling progressive miniatu-
tion in other clinics, coming to HCUFMG for regulqrfollow- . risation of pacemakers and enhancing generator lifespan.
up control. Other patients underwent pacemaker implantati- However, advances in lead design have led to the most dra-

on atin HCUFMG, before laboratory activities began. Fifty o . . .
) . matic improvements in pacing system longevity, as they
three patients received VVI pacemakers 8218 and 8220, enable cardiac stimulation at low enetgy.

whereas °T"y sevenreceived DDD pacemaker 82.24‘. Estima- Benefits obtained from modern leads as the result of
ted longevity of VVI pacemakers 82.18.and 82201s six YIS e reased stimulation thresholds are dependent on repro-
and that of the DDD 8224 generator is five years. One patient
with a DDD 8224 pacemaker was receiving, by unknowing
cagses_, Single-Chambe-r pacemal-(er stimuli. Only 3 (5%) had Table | — Cardiac stimulation parameters obtained through
eplcardlal pacemakers, itwasthe first pacemaker Implamatlon telemetry in 60 patients withTeletronics Reflexpacemakers before
for 32 (56.1%) patients. All the 60 patients (58+19 years, 18 and after power output reprogramming.

men) were included in systematic follow-up, according to a

protocol based on international recommendaficFedeme- Before Aiter P
try was performed usinigletronicgprogrammer model 9602. Pulse amplitude (volits) 5.040.7 3.241.2 0.000
After measuring the threshold command, reprogramming of Pulse width (milliseconds) 0.395+0.130 0.319+0.127000
pulse amplitude and width was performed, with a safety Estimated longevity (months) 52.7+21.8 72.0£32.7 0.000
margin of 2 to 2.5:1 (according to Barold et al.” recommen- Data are average = standard deviation.

dation®). Safety margin was defined according to the pulse
amplitude voltage, with programming values of voltage
100% to 150% above the threshold obtained for a certain pul-
se width. All patients were still in clinical follow-up in March meses
1999, and no complications were reported related to output
settinggeprogramming.

Statistical analysis was carried out using Minitab sof-
tware version 11. Data were expressed average + standard
deviation. Analysis for differences in the groups’ average
was performed using Student’s t test for paired and unpa-
ired data, according to the situation.

50 —|

Longevidade estimada

Results

Values of parameters reached before and after program- pe ) pos
ming are shown on Table |. Stimulation threshold with a pulse Programagéo
width of 0.375 ms was 0.7+0.3 volts. OUtpUt settings were Fig. 1 - Estimated pulse generator unit longevity before and after reprogram-
found in 57 patients (95%), indicating the absence of repro- ming.
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gramming of the pulse generator to a lower stimulation vol- tients with pacemakers. Although significant dysfunctions
tage: original settings programmed by the manufacturer are in the stimulation system do not occur frequently, they may
guite generous in an effort to provide an adequate safety be responsible for sudden pacemaker failure, and occasio-
margin, even during the subacute period, which is characte- nally for a patient’s deatfi. Griffin et al.”, while studying
rised by a transitory and significantincrease in the stimula- 1065 patients followed up for a year, found 61 systems
tion threshold. However, chronic thresholds are characteris- (5.7%) with significant dysfunction, of which, 85% required
tically stable, with circadian oscillation lower than 50%  Pacemaker reprogramming. Furthermore, in our country, pa-
Prospective studies published early in the 90s proved that, tients with pacemakers feel stigmatised, restricting themsel-
through programming of output settings, generator unit li- V€S harmfully and unnecessarily. They skip regular follow
fespan could be significantly enhancésiafely and wi- ~ Up, where they can find amultidisciplinary team, can settle
thout loss of command as verified by telemetry and 24-hour their dpubts, and can make use of all the benefits cardiac sti-
Holter monitoring®. mulation can provide. . . .
However, it is known that pacemakers are frequently Although the conclusions of this study are sustained
never reprogrammed after implantation: in the United States, by previous studies in the I|te_rature, some limitations must
Griffin et al.” acknowledge that only 43% of patients with D€ acknowledged. The studied cohort was formed by pa-
pacemakers were followed-up regularly in a pacemaker clinic ti€nts who sought or were referred for follow-up to the Hos-
in 1986, whereas in 1991, in Germany, Irnich étalealed pital das Clinicas of UFMG, rather than by patients, ran-
that 52.1% of the multiprogrammable generators taken d0mly chosen, who received pacemakers in Minas Gerais
postmortem were still programmed at the manufacturer’s se- State. Patients who were regularly followed up elsewhere
ttings. We do not have estimates in our country, but we ve- Were not mclqded in this stud_y; therefore, we cannot afflrm
rified that almost all our patients did not have their pacema- that systematic reprogramming has not been performed in
ker reprogrammed before evaluation in the pacemaker labo- Other groups of patients. However, itis irrefutable in this
ratory, even though the mean time of implantation was Study thatthe high number of patients observed whose pa-
36.0£25.9 months. These data are in accordance with the Cémakers had never been reprogrammed indicates that re-
data based on methods used in several clinics where pacerogramming is nota common practice in our country. Dif-
makers are followed up through simple evaluations, using fere_ntforml_JIas exist forcalculatmg estimated ge_nergtor Ion—
only the miniclinic, X-ray, and electrocardiogram. This gevity, and in all of them some vanaples are arbitrarily defi-
practice deprives patients with pacemakers from using re- N€d’ Thus, although the relationship between total battery
sources for reprogramming pulse generators, with a poten- C@Pacity and its consumption is known, no real guarantees
tial impact on the patient’s quality of life and, as previously existthatthe real Iongew_ty W|Il_b_e_the same as the estlr_n_ated,
mentioned, on generator unit longevity. also because phanges in artificial stimulation conditions
We verified a significantincrease in generator longevi- May occur during follow-up. In the present study, the ma-
ty through reprogramming, in that, the effectis greater when nufactl_Jrer’s glgorlthm was usedto calcula_lte the estimated
itis performed within 24 months of implantation. However, 0ngevity, whichwas unfortunately not available for the au-
even in patients where pacemakers had been implanted forthors of this study. Finally, trReflexmodelis no longer
more than two years, output settings reprogramming may available on the marl_<et, and new pulse generatgrs with se-
resultin significant increase in estimated longevity. The me- Veral new programming resources are used routinely.
dical and economical impact of this strategy cannotbe ig- ~ Among them, the systems with AutoCaptitéunc-
nored. Crossley et & while studying the efficiency and  tionstand out. They allow for the output to be automatically
cost-effectiveness of reprogramming in 122 patients in 1996 adjusted based on automatic evaluations of pacing thre-
reported a potential extension in the time of generator repla- shold, making the most of optimised outputwhen
cement of 4.25+2.14 years, when intervention was perfor- AutoCapturé" function (or a similar mechanism) be availa-
med within three to six months after implantation. Taking bleinall models, manual output reprogramming will no lon-
into consideration the charges for medical visits in the ger be necessary. However, presently, few pacemaker mo-
United States health system, the authors calculated that thedels have this resource, and a great number of pulse genera-
mean cost of this benefitwas $110 per patient, whichiisa  tors are implanted that do not have the AutoCaptdvec-
ghly cost-effectivé. Gillis et al'*estimated that, only by re- tion. Thus, pulse generator output setting programming,
programming pulse width to 3.5V (as opposed to the 5.0V of with the purpose of enhancing lifespan, is formally indica-
the manufacturer), the estimated savings obtained per pa-ted as part of postimplantation follow-up.
tientis between $2139 and $4584, depending on the type of In conclusion, we observed that almosReiflexpul-
pacemaker used. For these authors, total deliverable batteryse generators had never been reprogrammed in patients
capacity is importarif. They have estimated that the sa- who were sent to a new pacemaker clinic, indicating that
vings to the health system from using pacemakers with lon- follow-up was not properly conducted. Systematic repro-
ger lifespans versus those with shorter lifespans is $424 mil- gramming of output settings significantly enhanced pulse
lions, considering the different pulse generators and the generator lifespan. This simple and valuable procedure with
variable stimulation amplitudes. a favourable cost-benefit relationship must be performed
Economical advantages are only a part of the poten- routinely during follow-up after pacemaker implantation in
tially attainable benefits of systematically following up pa-  which AutoCaptur! is not available.
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