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Abstract

The present study is a 2-year follow-up of the 104
patients participating in the ESBY study (Electrical $tim-
ulation versus Coronary Artery Bypass Surgery in Se-
vere Angina Pectoris), a randomised prospective study
including patients with increased surgical risk and no
prognostic benefit from revascularisation. Hospital care
costs, morbidity and causes of death after spinal cord
stimulation {SCS} and coronary artery bypass grafting
{CABG) were assessed, as well as the complication rate
of SCS treatment. SCS proved to be a less expensive
symptomatic treatment mcdality of angina pectoris than
CABG (p < 0.01). The SCS group had fewer hospitalisa-
tion days related to the primary intervention {p < 0.0001}
and fewer hospitalisation days due to cardiac events (p <
0.05). The groups did not differ with regard to causes of
death. There were no sericus complications related 1o

the SCS treatment.
Copyright® 2003 S.Karger AG,Basel

Introduction

Spinal cord stimulation (SCS) was introduced in the
treatment of angina pectoris in patients resistant to con-
ventional treatment modalities in the 1980s [1, 2]. About
80% of the patients subjected to SCS treatment have
experienced significant relief of angina, reduced frequen-
cy of anginal attacks, reduced need for short-acting ni-
trates and improved quality of life in several studies;
experimental as well as clinical studies have shown the
efficacy of SCS in angina treatment [3-9].

Earlier studies have indicated that myocardial ische-
mia is reduced by SCS, which in turn seems tobe dus toa
reduction in oxygen consumption, and that the treatment
does not deprive the patient of a waming signal [1, 3-5,
10-20].

The ESBY (Electrical Stimulation versus Coronary Ar-
tery Bypass Surgery in Severe Angina Pectoris) study was
a randomised, prospective, open comparison of coronary
artery bypass grafting (CABG) and SCS in patients with
coronary artery disease, severe angina pectoris, no antici-
pated prognostic benefit from CABG and increased surgi-
cal risk. The patients were all acceptable for CABG on a
strict indication of symptom relief. One hundred and four
patients were randomised to SCS (n = 53) or CABG (n =
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51). Within 6 months, both groups had adequate symp-
tom relief without any differences between the groups,
while the SCS group had lower mortality (p = 0.02) and
lower cerebrovascular morbidity (p = 0.03) than the
CABG group [%].

The primary aim of the present study was to compare
the cost-effectiveness of SCS and CABG and to analyse
morbidity and causes of death during 2 years of follow-up
in the ESBY study population. In addition, the complica-
tion rate of SCS treatment during the period was as-
sessed.

Methods

Out of the 104 original ESBY study patients, 2 patients from the
CABG group declined participation in the follow-up; thus, there were
49 patients in the CABG group and 33 patients in the SCS group.
There were no health-related differences between the groups except
for current smoking and renal disease (table 1) [9].

Costs of the primary intervention, hospitalisation days and the
cost of interventions due to coronary heart disease during the 2-year
follow-up period - including angiography, percutaneous coronary
intervention (PCI), CABG, SCS implantation, replacement of SCS
clectrodes and pulse generators — were included in the analysis. All
costs are accounted for in Euro in year 2000 prices.

Morbidity was measured as the number of hospital days due to
occurrence of heart events and cerebrovascular events. The causes of
death were recorded for all the fatalities occurring from the inclusion
date up to 2 years thereafter.

Complications after SCS treatment were assessed in the patients
who were randomised to SCS according to the study protocol {except
1 patient who had a CABG before the primary intervention and nev-
er received SC8), and 5 patients in the CABG group who received
SCS during the study period. The SCS-related complications as-
sessed included infections, electrode fractures and electrode displace-
ments. In order to estimate the cost of the SC8 treatment, the pulse
generator life span was analysed for up to 5 years after intervention.

As statistical methods, the Mann-Whitney U test was used to
compare the costs of the treatment groups and the number of hospital
days, and Fisher's exact test was used to analyse differences in the
number of events and causes of death. The data were analysed on an
intention-to-treat basis.

During SCS implantation, the patient is awake and placed in a
prone position. An incision is made at the mid-thoracic level after
administration of local anaesthesia. The epidural space is identified
and punctured using a Touhy needle. A quadripolar electrode is
introduced through the needle into the epidural space and is guided
to the level of the Th1-Th2 vertebrae during X-ray monitoring. The
electrode 1s placed at the midline, and during the intraoperative test
stimulation the patient experiences paraesthesia. It is important to
adjust the position of the electrode so that the paraesthesia in the
chest covers the area to which the patient localises the anginal pain.
This is to ensure that the area of the spinal cord innervating the heart
is stimulated. When adequate paraesthesia is obtained, the electrode
is fixed to the ligaments and an extension wire is tunnelled subcuta-
neously to below the left costal arch, where it is connected to a subcu-
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Table 1. Patient characteristics in the ESBY study

. CABG{n=51) SCS8in=53)

Gender; male/female

42/9 41/12
Mean age {range), years 68.7(40-81) 72.2(42-82)
Angina
Class 3 48 50
Class 4 3 3
History
Myocardial infarction 34 36
Cerebrovascular disease g 11
Carotid artery stenosis 1 12
Peripheral vascular disease 14 13
Renal disease 6 12
Hypertension 19 23
Diabetes 13 14
Current smoking 10 2
Previous CABG 11 14

tancous pulse generator [3, 21]. The CABG operations were per-
formed as open heart surgery with extracorporeal circulation, accord-
ing to standard clinical practice.

The ethical committee of the University of Géteborg approved
the study, Informed consent was obtained from all paticnts.

Results

Hospital Care Cost

The average total cost of a SCS patient (16,400 Euro)
was less than the average total cost of a CABG patient
{18,800 Euro; p < 0.01; table 2). SCS was also less expen-
sive than CABG (p < 0.01) in the group of patients (n =
87) for whom hospital care costs were incurred during the
whole study period, i.e. excluding patients that died or
denied follow-up during the period. The cost of primary
intervention is higher in the CABG group, while the inter-
ventions during the follow-up (including, for example,
replacement of the SCS device, when needed) generate a
higher cost in the SCS group.

Morbidity

The CABG group had more hospitalisation days in
connection with the intervention to which they were ran-
domised (p < 0.0001). The SCS group had fewer hospital-
isation days due to cardiac morbidity (p < 0.05). There
were no differences between the groups with regard to the
number of patients with fatal (3 patients in the SCS group
and 5 patients in the CABG group) and non-fatal myocar-
dial infarctions (7 patients in the SCS group and 3
patients in the CABG group). The absolute number of
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Table 2. Cost per patient in the SCS and

CABG groups, respectively, from inclusion 5CS - CABG CABG
to 2 years after intervention (in Euro) (Euro) o (Eqro) vs. 5CS
Total cost of the primary intervention 8,270 12,070 p<0.0001
Cost of hospital days during the follow-up 6,730 5,570 NS
Cost of interventions due to coronary heart disease
(during the follow-up) 1,420 1,150 p<0.05
Total cost of the average patient 16,400 18,800 p<0.01
Table 3. Morbidity (2-year follow-up)
o 1.SCS" . CABG  CABGwvs.SCS
Days of hospitalisation due to primary intervention (mean) 5.0 11.1 p<0.0001
Total number of hospital admissions {mean) 7 42 NS
Total number of days of hospitalisation (mezn) 23.0 26.0 NS (p=0.035)
Hospital admissions due to heart event (mean) 2.5 2.9 NS
Days of hospitalisation due to heart event (mean) 11.7 15.5 p<0.01
Hospital admissions due to other causes (mean) 1.2 1.1 NS
Days of hospitalisation due to other causes (mean) 9.5 9.6 NS
Number of patients hospitalised due to cerebrovascular event 1 6 NS (p=0.053

Table 4. Causes of death (2-year follow-up)

Causes of death SCS CABG <CABG
vs. SCS
Heart disease 3 5 NS
Cerebrovascular discase 1 1 NS
Cercbrovascular and heart disease 0 2 NS
Other causes 1 2 NS
Total deaths 5 10 NS

patients who had a cerebrovascular event was smaller in
the SCS group than in the CABG group. However, the
difference was not statistically significant {p = 0.033;
table 3). Neither did the groups differ with regard to all-
cause hospital admissions or hospitalisation days due to
other causes, which were defined as all other events that
were not related to heart disease or cerebrovascular dis-
ease (table 3).

Causes of Death

The long-term mortality data for the ESBY patients
have been presented elsewhere, and there were no differ-
ences between the groups [8]. The groups did not differ
with regard to moriality from heart disease or cerebrovas-
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cular disease, respectively (table 4). The 2-year mortality
was 14.7% in the ESBY patients, i.e. an approximate
annual mortality of 7.4%. Seven of the CABG patients
died before, in relation to, or shortly after the primary
mtervention.

Crossovers

There were 10 crossovers during the study period, 5
from the SCS group (1 patient before the primary inter-
vention and 4 patients thereafter) and 5 from the CABG
group (2 patients before the primary intervention and 3
patients thereafter) [9].

Complications and Efficacy of SCS

During the study period, an SCS system was implanted
in 57 patients. No intraspinal infection occurred. One
patient had a subcutaneous infection in the pulse genera-
tor pocket, and the system was extirpated. Three elec-
trodes were surgically replaced due to electrode fractures
during the study pericd. All minor electrode displace-
ments could be corrected by re-programming the stimula-
tor. There were three pulse generator replacements due to
battery depletion during the 2-vear study period. From
intervention up to 5 years thereafter, the average life span
of the pulse generator was 3.3 years — there were 17 pulse
generator replacements within 5 years from intervention.

Andréll/Ekre/Eliasson/Blomstrand/
Borjesson/Nilsson/Mannheimer



Forty-eight of the 57 patients (84%) had symptomatic
improvement from the treatment in terms of reduced fre-
quency and severity of angina attacks.

Discussion

In this study, SCS turned out to be less expensive than
CABG not only with respect to the primary intervention
costs but also the total costs during a 2-year follow-up. So
far, ne other randomised study has compared the cost of
CABG versus SCS, although the costs of treatment mo-
dalities have been analysed separately [22-25]. Concemn-
ing SCS, earlier studies have found that SCS in patients
with angina pectoris is more cost-effective than pharma-
cological treatment, in terms of the number of hospital
days and/or hospital admissions [22, 23, 26].

SCS treatment is capital-intensive (approximately
90% of the operation cost is material cost). CABG, on the
other hand, is personnel-intensive as it imcludes extracor-
poreal circulation and intensive care, for example, which
is not needed for the SCS implantation.

Compared to the SCS group, the CABG group needed
more than twice as many days of hospital care in connec-
tion with the primary intervention. In the ESBY study,
implantation of a stimulator required, on average, 5 days
of hospital stay but no intensive care — at present, the
average hospital stay in connection with SCS implanta-
tion has decreased to 2.5 days. After a CABG operation,
the patients stayed 11.1 days in hospital, on average,
which included intensive care during at least 1 day (the
present average hospital stay is 9 days). Furthermore, the
CABG patients with complicating diseases often require
2-4 weeks of additional rehabilitation. This cost is not
included in the present calculation.

During the follow-up period, the only significant dif-
ference between the groups is the number of days of hospi-
talisation due to heart events, which is higher in the
CABG group.

The ESBY patients have a mortality rate similar to that
of a pharmacologically treated angina pectoris population
with a similar extent of coronary ariery disease and co-
morbidity [8]. A considerable number of the CABG
patients died in relation to or shortly after the primary
intervention, which may be an indication of the hazard of
major surgery in patients with increased surgical risk.
Extracorporeal circulation during surgery is considered to
be a risk factor for cerebrovascular events. However, this
is not reflected by any difference in cerebrovascularly
caused deaths between the groups. No increase in the
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number of cardiac deaths was seen in the SCS group com-
pared to the revascularised group.

One of the most feared complications in connection to
SCSis epidural infection, as this may spread to the central
nervous system and cause serious neuroclogical sequelae.
In the ESBY study, there has been no epidural infection.
In addition, no SCS-related epidural infection has oc-
curred in Goteborg in any of the more than 600 angina
patients treated with SCS since 1983, when SCS for angi-
nawas introduced. This is in accordance with results from
other centres [27].

Postoperative subcutaneous infection in the pulse gen-
erator skin pocket developed in 1 patient in the ESBY
study. As the SCS system is fully implanted, without per-
cutaneous connections, the risk of late-occurring infec-
tions is minimal [21].

Study Limitations

The ESBY study investigators were not blinded as the
two procedures differ significantly and it was not possible
to blind the treatment to either patient or surgeen. The
study included a limited number of patients.

Conclusions

Previous studies have shown that SCS is effective at
relieving myocardial ischemia and severe angina pectoris.
The present study suggests that SCS is a more cost-effec-
tive symptomatic treatment method in angina pectoris
than CABG in a selected patient group, 1.e. patients with
coronary artery disease, severe angina pectoris, no antici-
pated prognostic benefit from CABG and at increased
surgical risk.

Taking into account that previously presented data
from the ESBY study have found SCS and CABG to be
comparable in terms of symptom relief, quality of life and
survival, this study further supports the results from the
ESBY study showing that SCS may be a therapeutic alter-
native for these patients.
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