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Table 2 Standards and definitions of early complications*

Complication Definition

Standard

Overall Any event that required surgical
intervention in the first 12 months

after implantation of permanent pacemaker
Visible change of lead tip’s position on
chest x ray or a threshold rise as detected
by a failure to capture at maximal output
Air in the pleural cavity requiring drainage

Lead displacement

Pneumothorax

Haematoma Swelling of the generator pocket requiring surgery

for haemostasis

1 Local inflammation or abscess formation in the
generator pocket

2 Erosion of part of the pacing system through
the skin with secondary infection

3 Fever and positive blood cultures in a patient
without focus of infection elsewhere

Infection

5%
Atrial 5%
Ventricular 2%

2%
1%

0-5%

number of outpatient attendances. The cost of
pacing hardware was assessed using an arbi-
trary currency unit based on the cost of a single
chamber generator and one lead being 100
units of currency. Using this arbitrary cur-
rency the cost for a dual chamber generator
and two leads was 141 units, and for a VDD
system it was 111 units.

Preliminary evaluation of these data showed
a high rate of early complications. To evaluate
the magnitude of the problem, further data
were collected in a retrospective manner on
361 consecutive patients having a primary
pacemaker implant from January 1992-
October 1993. Based on the results from
both periods (January 1992-June 1994; 476
patients) a quality assessment was made and
corrections were implemented.

Following this implementation a new
prospective data collection was performed
from January 1995-October 1995 in 140 con-
secutive patients.

STATISTICAL ANALYSIS

Complication rates and mode of pacing were
tested against standards using one tailed bino-
mial test with continuity correction.
Proportions were tested using the y? test with
Yates’s correction when  appropriate.
Significance was defined as P < 0-05.

Results

PATIENTS AND INDICATIONS FOR PACING
Fanuary 1992-October 1993 A total of 371
patients had a primary pacemaker implant and
complete data were available for 361 patients
(97-3%)

October 1993—Fune 1994 A total of 115 patients
had a primary pacemaker implant and data for
all patients were available.

Fanuary 1995-October 1995 A total of 140
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patients had a primary pacemaker implant
data for all patients were available.

Demographic data and indications for per-
manent pacing in all three periods are listed in
table 3.

SELECTION OF PACING MODE

Mode of pacing in the three periods is pre-
sented in the figure, and fulfilment of stan-
dards and reasons for not following standards
are summarised in table 4.

The most frequent reason stated for not
selecting a physiological pacing mode during
October 1993-June 1994 for patients with
atrioventricular block was age. The median
age in this group meeting the guidelines was
75 years (range 21 to 91) compared with 82
years (75 to 94) in the group not meeting the
guidelines. A similar difference was found for
the period January 1995-October 1995;
median age 72 years (range 7 to 93) and 86
years (81 to 94), respectively. The frequency
of stating patient age as a reason for not select-
ing a physiological pacing mode was lower in
the January 1995-October 1995 group (8 of
140 patients, 5-7%) than in the October
1993—June 1994 group (21 of 115 patients,
18:3%). In the October 1993-June 1994
group, inexperienced operators (residents in
training) selected a ventricular single chamber
pacemaker for 38 of 69 patients (55-1%) while
experienced operators selected this pacing
mode for 14 of 46 patients (30:4%).

COST ASSESSMENT
Table 5 summarises costs of pacing hardware,
duration of procedures, mean inpatient bed
days, follow up, and hospitalisation due to
pacemaker related problems.
October 1993—fFune 94 Mean duration of
implantation was 58 minutes for a ventricular
single chamber pacemaker, 75 minutes for an
atrial single chamber pacemaker, and 82 min-
utes for a dual chamber pacemaker.
FJanuary 1995-October 1995 Mean duration of
implantation was 55 minutes for a ventricular
single chamber pacemaker, 79 minutes for an
atrial single chamber pacemaker, 67 minutes
for a VDD pacemaker, and 85 minutes for a
dual chamber pacemaker.
October 1993—Fune 1994 No difference in dura-
tion of outpatient attendance was identified
for physiological pacing compared with ven-
tricular single chamber pacing (25 v 23 min-
utes, P = 0-25).

The mean cost of pacing hardware for all
indications rose from 112 to 114 units (1-8%)

Table 3 Demographic patient data and indications for pacing

Fanuary 92—-October 93 October 93—Fune 94 Fanuary—October 95
Age (years) median (range) 76 (6-93) 77 (21-94) 76 (7-95)
Is\/lortality during one year follow up (n) 11-1% (40) 10-4% (12) 10:7% (15)
ex (n):

Female 48% (174) 43% (49) 44% (62)

Male 52% (187) 57% (66) 56% (78)
Indication for pacing (n):

Sinus node disease 30% (107) 24% (28) 21% (30)

Sinus node disease and atrioventricular block 7% (24) 10% (11) 6% (9)

Atrioventricular block 46% (168) 44% (51) 41% (57)

Atrial fibrillation and bradycardia 14% (50) 16% (18) 23% (32)

Other 3% (12) 6 % (7) 9% (12)
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Pacing mode in patients
paced for sinus node disease
or atrioventricular block.
AAI, atrial single chamber
pacemaker; DDD, dual
chamber pacemaker; VVI,
ventricular single chamber
pacemaker.

January 1992-October 1993

October 1993-June 1994
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January 1995-October 1995

DDD DDD
Aﬁ«l
Sinus node 41%
disease AAIl
63%
48% 36%
DDD
DDD
s 3% yy 47%
. . 31%
ﬁltncly(ventncular
OcCl vVI
62% o ‘
VDD
22%
after implementation of changes, mostly (table 6), which was not significantly higher

related to increased expenses for patients with
atrioventricular block. No difference in costs
for patients with sinus node disease was identi-
fied (table 5).

COMPLICATIONS

It was decided to pool data regarding early
complications for the period January
1992-June 1994 during which time there were
486 consecutive patients and data were avail-
able on 476 (97-9%). Complications were
encountered in 77 patients (16:2%) (table 6),
which was significantly higher (P < 0-001)
than the standard (table 2). From January
1995-October 1995 complications were
encountered in 12 of 140 patients (8:6%)

than the standard (P = 0-09). The overall
complication rate was significantly higher in
January 1992-June 1994 compared with
January 1995-October 1995 (P = 0-03).

Leads and displacement

Fanuary 1992—Fune 1994 Of the 186 atrial leads
used 71% were tined unipolar leads, 2:1% were
unipolar screw-in leads, and 26-9% were tined
bipolar leads; of the 407 ventricular leads
90-2% were bipolar tined and 9-8% were tined
unipolar leads. Atrial lead displacement
occurred in 19 patients (10-2%) and ventricular
lead displacement in six patients (1-5%)
(P <0-001). Standards for lead displacement
were met for ventricular but not for atrial leads.

Table 4 Fulfilment of guidelines for selection of pacing mode and reasons for not meeting guidelines

Stnus node disease Atrioventricular block
FJanuary 92—  October 93— FJanuary 95— FJanuary 92—  October 93—  Fanuary 95—
October 93 Fune 94 October 95 October 93 Fune 94 October 95
Maintaining atrioventricular
syncrony (n) 51% (67) 64% (25)* 84% (33)* 38% (64) 43% (22)* 70% (50)*
Reason for not maintaining
atrioventricular syncrony (n):
Age of patient NA 12% (5) 3% (1) NA 31% (16)* 12% (7)*
Disabled by another disease NA 3% (1) 8% (3) NA 14% (7) 7% (4)
Short life expectancy due to
another disease NA 0% (0) 0% (0) NA 4% (2) 5% (3)
Technical problems NA 13% (5) 5% (2) NA 4% (2) 5% (3)
Atrial fibrillation at implant NA 8% (3) 0% (0) NA 4% (2) 0% (0)

NA, Data not available.
*Significant difference between periods (P < 0-05).

Table 5 Cost of pacing hardware, duration of implantation and fluoroscopy, inpatient bed days, outpatient attendances,
patients readmitted because of pacemaker related problems, and costs of extra hardware because of complications

Stnus node disease Atrioventricular block
October 93— Fanuary 95— October 93— Fanuary 95—
Fune 94 October 95 Fune 94 October 95
Mean cost of hardware* 109 110 118 122
Mean duration of operation
(min) (SD) 78 (31) 81 (34) 72 (24) 75 (32)
Mean duration of fluoroscopy
(min) (SD) 12 (10) 12 (7) 11 (7) 14 (11)
Mean inpatient bed days (SD) 3-5(2-8) 3-9 (2-3) 3-8 (3-0) 3:6 (2-2)
Number of outpatient attendances,
median (range) 4 (1-11) 2 (1-8) 3 (1-10) 2 (1-6)
Readmitted because of pacemaker
problems 10-2% (4/39) 7-8% (3/39) 9-8% (5/51) 5-2% (3/57)
Cost of extra hardware because
complications (unit/patient) 36 33 2:0 0

*Arbitrary unit of currency based on the cost of a single chamber generator and one lead be set to 100 units of currency.
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Table 6 Complication rates

Complication Fanuary 92-Fune 94 Fanuary 95-Ocrober 95
Overall (n) 16:2% (77) 8:6% (12)*
Displacement (n):
Atrial 10-:2% (19) 1-4% (1)*
Ventricular 1-5% (6) 1-8% (2)
Pneumothorax (n) 3-2% (15) 1-5% (2)
Haematoma (n) 1-:3% (6) 2-1% (3)
Infection (n) 0:6% (3) 0% (0)
Conductor fracture (n) 0:7% (4) 0-5% (1)
Other complications (n) 5-0% (24) 2:1% (3)

*Significant difference between periods (P < 0-05).

Fanuary 1995-October 1995 Of the 70 atrial
leads 90% were unipolar screw-in leads and
10% were unipolar tined leads; of the 114 ven-
tricular leads 44-7% were tined unipolar,
43-9% were tined bipolar leads, and 11-4%
were single pass leads with floating atrial dipole.
Atrial lead displacement occurred in one
patient (1-4%) and ventricular lead displace-
ment in two (1-8%). Standards for ventricular
and atrial lead displacement were met. During
this period significantly fewer atrial lead dis-
placements occurred compared with January
1992-June 1994 (P = 0-04), while the differ-
ence between ventricular lead displacement was
not significant for the same two periods (P =
0-98).

Other complications needing intervention
Pneumothorax requiring drainage From January
1992-June 1994, 15 patients (3-2%) developed
pneumothorax requiring drainage compared
with two patients (1-4%) from January
1995-October 1995 (P = 0-42). In both peri-
ods standards were met.

Haematoma From January 1992—-June 1994, six
patients (1-3%) developed haematoma in the
pacemaker pocket needing surgical evacuation
compared with three patients (2-1%) from
January 1995-October 1995. In both periods
standards were met.

Late infection From January 1992-June 1994,
three patients (0-6%) developed late infection
requiring removal of the pacing system. No
infections occurred from January 1995-
October 1995. All patients received prophylactic
antibiotic treatment.

Other complications Local inconvenience from
generator requiring reoperation, conductor
fracture, intermittent exit block due to looping
of the lead, thrombosis of the subclavian vein or
accidental puncture of the subclavian artery
associated with bleeding occurred in 24
patents (5%) from January 92-June 94 and
three patients (2:1%) from January 95-
October 95.

Deaths There were no deaths related to the sur-
gical procedure during any of the time periods.

Mode of pacing

FJanuary 1992—Fune 1994 Thirty eight of 184
patients (20-6%) given a physiological pace-
maker and 39 of 292 (13-:4%) given a ventricu-
lar single chamber pacemaker suffered
complications (P = 0-04).

Fanuary 1995—October 1995 Six of 84 patients
(7-1%) given a physiological pacemaker and six
of 56 (10-7%) given a ventricular single chamber
pacemaker suffered complications (P = 0-30).
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Venous access

Fanuary 1992—Fune 1994 Cephalic cut down
was used as venous access for 301 of 593 leads
(50-8%), subclavian puncture for 289
(48-7%), and external jugular vein for three
(0-5%). A significantly higher rate of compli-
cations related to venous access (pneumotho-
rax and haematoma) was found after
subclavian puncture compared with cephalic
cut down (19 of 289 v 0 of 301, P <0-001).
No pneumothorax was seen after cephalic cut
down while 15 were seen after subclavian
punctures. Subclavian puncture was used in
77 of 119 patients (64-7%) given a dual cham-
ber pacemaker, and 116 of 292 patients
(39-7%) given a ventricular single chamber
pacemaker.

Fanuary 1995-October 1995 One hundred and
sixteen of 184 leads (63-0%) were implanted
via the cephalic vein, while subclavian punc-
ture was used for the remaining 68 (37-0%).
The complication rate for the cephalic cut
down group was 0-9% (1 of 116) and 5-9% (4
of 68) for the subclavian puncture group (P =
0-12). Subclavian puncture was used for 17 of
44 patients (38:6%) paced with dual chamber
pacemaker, and for 22 of 57 (38-:6%) paced
with single chamber ventricular pacemaker.

Operators

FJanuary 1992-Fune 1994 Seven residents in
training implanted 51-1% of the 476 pacemakers
and 48-9% were implanted by two experienced
cardiologists. No significant increase in compli-
cations was found for residents in training (42
of 243) compared with experienced operators
(35 of 233) (P = 0-67).

FJanuary 1995-October 1995 Four residents in
training implanted 79-3% of the 140 pacemakers
and 20-7% were implanted by two experienced
cardiologists. No significant increase in compli-
cations was found for residents in training (8 of
111) compared with experienced operators (4
of 29) (P = 0-45).

Complications not requiring reoperation

Fanuary 1992—Fune 1994 Seven cases of atrial
undersensing in 186 patients (3-8%) and two
cases of ventricular undersensing in 407
patients (0-5%) were observed. Atrial under-
sensing was significantly more frequent than
ventricular (P = 0-05). In 476 patients, five
cases of diaphragmatic stimulation (1-1%) and
two cases of oversensing (0-4%) were seen.
Pacemaker mediated tachycardia occurred in
two of 119 patients (1-7%) with dual chamber
pacemaker implanted. All these complications
were successfully treated by reprogramming.
Pacemaker syndrome led to upgrading to a dual
chamber system in 10 of 292 patients (3:-1%).
One patient having an atrial single chamber sys-
tem was upgraded to a dual chamber system
due to atrioventricular block.

Fanuary 1995-October 1995 One case of ventric-
ular undersensing in 114 patients (0-9%), one
case of atrial undersensing in 70 patients
(1-4%), and three cases of diaphragmatic stimu-
lation in 140 patients (2-1%) were seen. Of the
58 patients with dual chamber pacing/
sensing, one (1-7%) suffered a pacemaker
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mediated tachycardia. All these complications
were successfully treated by reprogramming.

One patient had an atrial single chamber sys-
tem upgraded to dual chamber system due to
atrioventricular block.

Discussion

MODE OF PACING

There is a general agreement on the advan-
tages of atrial over ventricular pacing in sinus
node disease. In a randomised trial, Andersen et
al® showed that atrial pacing was associated
with lower frequencies of atrial fibrillation and
thromboembolic complications compared
with ventricular pacing, and a low risk of
development of atrioventricular block; how-
ever, no difference in mortality was found. In a
prospective but not randomised study,
reduced mortality was found in atrial com-
pared with ventricular pacing.® Maintenance
of atrioventricular synchrony in patients with
atrioventricular block is associated with
improvement of effort tolerance and subjective
variables as breathlessness, palpitations and
general well being.”® However, many patients
still receive single chamber ventricular pace-
makers,? '°!! probably due to the simplicity of
implantation and follow up procedures of single
lead ventricular systems, lower costs,®!'!2 and
possibly a lower rate of complications.'

Our results indicate that selection of VVI
mode in patients with atrioventricular block or
sinus node disease was related to patient age,
disability from another disease, atrial fibrilla-
tion at implant, and implantations performed
by inexperienced operators. Cost of pacing
hardware seemed an insignificant issue in the
selection of pacing mode.

To improve the quality of pacing mode
selection it was decided to disregard patient
age as a reason for not selecting a physiological
pacemaker, to use single pass lead VDD pac-
ing in selected patients with normal function
of the sinus node, to facilitate stable atrial lead
position by use of screw-in leads, and to
implant atrial leads in patients with intermit-
tent atrial fibrillation at the time of implant.
Follow up indicated an increased use of physi-
ological pacing and a decrease in patients
where age was the sole reason for not selecting
the recommended pacing mode. The stan-
dards were met after implementations (table
1). Our results support the effect of internal
audit on pacemaker prescription reported by
Mounsey ez al.'? In their study internal audit
led to an increased use of atrial pacing in sinus
node disease and an increase in dual chamber
pacing for atrioventricular block. Our finding
that experienced implanters are more likely to
use complex pacemakers also supports earlier
reports.?

Registrations in the Danish Pacemaker
Register showed an increased use of physiolog-
ical pacing in Denmark from 47% in 1993 to
63% in 1995. This general tendency to
increased use of physiological pacing in
Denmark has to be considered, when the
improvements of mode selection found in our
study are evaluated.
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COST ASSESSMENT
Earlier reports'''? have identified increased
costs of pacing hardware as a consequence of
increased use of physiological pacing, especially
from increased costs for patients with atrioven-
tricular block. In these studies VDD pacing
were not used routinely. Our results indicated
the improvement in selection of pacing mode
was associated with less than 2% increase in
costs of pacing hardware—without additional
duration of procedures, complications or out-
patient attendances. The use of VDD pacing in
selected patients with atrioventricular block
seemed to be a cost efficient way of adopting
the guidelines for selection of pacing mode.
The present study suggests no estimate of
long term costs. A recently published study by
Sutton and Bourgeois' indicates the long term
costs of physiological pacing for sinus node dis-
ease and atrioventricular block to be less than
the costs of ventricular single chamber pacing
because of the reduced risk of long term com-
plications (chronic atrial fibrillation, stroke, and
congestive heart failure). This emphasising the
benefits of physiological pacing.

EARLY COMPLICATIONS

An acceptable rate of early complications after
pacemaker implantation was set to 5%, accord-
ing to the standard internationally accepted
since 1974." After introduction of dual cham-
ber and atrial pacing it has been debated
whether this standard is still valid. Several
authors did not observe any difference in com-
plication rates comparing single and dual
chamber pacemaker implantation,®*'® while
others found a higher frequency of complica-
tions for dual chamber pacing.

During the period October 1993-July 1994
we found an unacceptably high rate of compli-
cations. To evaluate the magnitude of the prob-
lem, a retrospective registration was made for
January 1992-October 1993. This was possible
via the prospective registrations in the Danish
Pacemaker Register, and the standard charts on
all pacemaker patients at Odense University
Hospital. All patients having a permanent pace-
maker implanted had as a minimum the dura-
tion of their first outpatient attendance at the
hospital recorded. The pooling of retrospective
and prospective data was, therefore, considered
acceptable in this case. A complication rate of
16:2% was found for the period January 1992-
June 1994. This was considerably higher than
the set standard.

A significant higher rate of complications was
seen after dual or atrial single chamber pace-
maker implants compared with single chamber
ventricular pacemaker implants, particularly in
relation to atrial compared with ventricular lead
displacement. A similar difference was reported
by Chauhan ez al,'® and Aggarwal et al,'® using
tined atrial leads, although their displacement
rates were substantially lower than ours. Other
series showed no difference in atrial and ven-
tricular lead displacement. In these series the
majority of atrial leads were screw-in leads.?*!”

For venous access the use of cephalic cut
down has been recommended to avoid the vas-
cular and pleural complications of subclavian
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puncture.'* However, no difference in compli-
cations related to venous access were found in
earlier series.””'® In these series the majority of
leads were placed using subclavian puncture. In
our study a significantly higher rate of compli-
cations related to venous access was found
when subclavian puncture was used rather than
cephalic cut down. The results indicated the
difference to be related to a significantly higher
rate of pneumothorax in the subclavian punc-
ture group.

Parsonnet et al®> found that complication
rates rose significantly with increasing numbers
of physicians and with the participation of inex-
perienced surgeons. In our series no significant
difference in complication rates were identified
between experienced and inexperienced opera-
tors. Inexperienced operators in our series were
defined as physicians implanting 25 to 75 pace-
makers during their training, which was some-
what more than the Parsonnet ez al study (12 or
fewer annually).’

A low incidence of pacemaker infections was
seen. Our finding of 0-6% was similar or lower
than earlier reported.’¢'¢ All patients in our
series received prophylactic antibiotics.

To reduce complication rates our results
from January 1992-June 1994 led to the follow-
ing measures: screw-in leads were first choice
for atrial pacing, and cephalic vein cut down
was encouraged.

After implementation the results from
January 1995-October 1995 indicated a signifi-
cant reduction (629%) of atrial lead displace-
ment; 90% of atrial leads used during this
period were screw-in leads. A potential disad-
vantage of screw-in leads is the risk of atrial wall
perforation; none was seen in our series.
During the follow up period a rise in cephalic
cut down was recorded and the pneumothorax
rate was low. There was no significant differ-
ence in the complication rates between subcla-
vian puncture and cephalic cut down.

After implementation the total complication
rate for physiological pacing was not higher
than for single chamber ventricular pacing. The
overall complication rate was significantly
reduced in the follow up group from 1995 com-
pared with that from the January 1992-June
1994. The set standards for complication rates
were all met during January 1995-October
1995.

Conclusion
At Odense University Hospital a better compli-
ance with international pacing guidelines was
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obtained by registration of reasons for devia-
tions followed by corrections of procedures.
This was accomplished with minimal increase
of costs of pacing hardware and without addi-
tional costs of procedures or of follow up. Early
complications of physiological pacing were
reduced by using atrial screw-in leads and by
using cephalic cut down as the preferred
method of venous access. After implementation
of corrections all the set standards were met.
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