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Summary
Objective: To assess hospital costs associated with coronary artery bypass grafting performed on elective coronary
patients, and the relation of costs with the number of grafts.

Methods: Descriptive prospective study carried out at Instituto Dante Pazzanese de Cardiologia in April, May and
June of 2005. Coronary patients of different ages and both genders were included. Emergency patients, patients with
other associated heart conditions and reoperation cases were excluded. Appropriate forms for the operating room,
early postoperative period and for the final period in the ward were developed for the initial hospitalization phase
preoperatively.

Results: The procedure was performed on 103 patients, at an average cost of R$6,990.00 (US$2,784.98), at a minimum
of R$5,438.69 (US$2,166.81), and maximum of R$11,778.96 (US$4,692.81); standard deviation was R$1,035.47
(US$412.54) and the confidence interval was 95%, ranging from R$6,790.33 - R$7,190.27 (US$2,705.31 - US$2,864.67).
The total average cost for three to five bypass grafts was higher (R$7,148.05) than for one and two bypass grafts
(R$6,659.29) and the difference was significant (p < 0.05).

Conclusion: The highest average costs were in the operating room (R$4,627.97), and in the early postoperative period
(R$1,221.39), followed by costs incurred in the ward after the early postoperative period (R$840.04) and by the initial

preoperative period in the ward (R$300.90).
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Introduction

Technological progress in the area of health with the
introduction of new equipment, new diagnostic methods and
new therapeutic processes has led to increased expenditures,
thus affecting the economy of various countries'?. This relative
growth may become unsustainable in the long term, and cost
control strategies have to be studied.

The first step is to assess the cost of certain medical
procedures, analyzing their cost-benefit and cost-effectiveness
in order to obtain the best possible result for patients and
compare these indicators, so as to choose the procedures that
least impact the funding allocated to the area of health.

As concerns the treatment of coronary artery disease, many
papers have been published in the last decades in scientific
literature, dealing with these and other economic aspects
of clinical treatment procedures, of coronary artery bypass
grafting, of percutaneous transluminal angioplasty and stent
implantation®=.

In Brazil very few studies have been published regarding
the economic aspects of therapeutic procedures for coronary
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artery disease®!%'.

The objective of this paper is to assess the average cost
of coronary artery bypass grafting from initial hospitalization
through discharge of patients with chronic coronary artery
disease with an elective indication for this procedure and
relate this cost to the number of grafts performed.

Methods

Patients - This is a descriptive, prospective study carried
out at the Instituto Dante Pazzanese de Cardiologia (IDPC,
Dante Pazzanese Institute of Cardiology), hospital of the Sao
Paulo State Secretariat of Health, and included coronary artery
disease patients with an elective indication for coronary artery
bypass grafting.

The study was carried out with 103 consecutive patients
operated in the months of April, May and June 2005, of both
genders and different ages. Exclusion criteria were emergency
patients, those with other associated heart conditions and
reoperation patients.

For the purpose of recording data on the consumption
of material, medicines, serum, blood and derivatives, use
of equipment, human resources, complementary tests,
etc., we developed appropriate forms for the four phases of
medical care provided to patients: 1) initial stay in the ward
during the preoperative period; 2) operating room; 3) early
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postoperative room; 4) final ward stay following the early
postoperative period.

The nurses in charge of each area have trained the nurse
aides to fill out the forms. After such training, an assessment
was carried out with a pilot sample with ten patients. On-
duty nurses were in charge of supervising the forms which
were completed on a daily basis. The nurses in charge of
each sector were responsible for the general supervision on
a weekly basis.

Direct hospital costs were calculated at average prices
valid for April, May and June 2005, and were classified as
follows:

1) Consumption material: needles, syringes, probes, lines,
gloves, aprons, gauze, solutions, etc;

2) Medication, serums, blood and derivatives;
3) Surgical threads;

4) Perfusion material: set of tubes, crystalloid cardioplegia,
hemoconcentrator, arterial line filter, pump-oxygenator [heart-
lung machine], etc;

5) Complementary tests: laboratory tests, electrocardiogram,
echocardiogram, x-rays, etc;

6) Specific staff: physicians, anesthesiologists, perfusionists
and scrub nurses.

The use of equipment, its depreciation, indirect costs
relating to water, light, gases and telephone consumption,
food, laundry, cleaning, maintenance, administration, security,
etc, and costs relating to personnel such as nurses, nurse aides,
and other employees were estimated within the operating
room rate and the daily rates of early postoperative room
and wards.

Costs relating to the services provided by physicians,
perfusionists and scrub nurses were estimated based on the
working time during surgery; anesthesiologist-related costs
were recorded per procedure performed.

To present the results in US currency, we established an
average conversion rate of R$ 2.51 reals per US dollar for the
months of April, May and June 2005.

For the statistical analysis, quantitative data are presented
with average values, standard deviations, minimum and
maximum values, and qualitative variables were presented
in percentages. Confidence intervals of 95% were calculated,
and the average values were compared using Student’s t test,
with a significance level of p < 0.05.

The project was analyzed and approved by IDPC’s Research
Ethics Committee and the patients who participated in the study
read and signed the informed and free consent term.

Results

Table 1 presents the average cost in reals and in percentage
of initial preoperative ward care where we observed that the
highest cost was associated with daily rates which accounted
for 92.8% of the total cost, with no significant difference
between a surgery with one or two grafts and surgeries with
three to five grafts. In this phase, the average duration of
hospital stay for all patients was 2.8 days, with a minimum of
one day and a maximum of 12 days, standard deviation of

2.3 days. There was no difference in the average duration of
hospital stay between those who received one or two grafts
and those who received between three and five grafts.

In the operating room the highest average cost was the cost
of perfusion material, followed by consumption material, staff,
operating room rate and surgical threads.

For the patients who received from three to five grafts, the
higher costs were those of threads, medication, serums, blood
and derivatives, and specific staff, as compared to the cost for
those who received one and two grafts (Table 2).

Table 3 shows that, in the early postoperative period, the
highest costs for patients who received from three to five
grafts had to do with consumption material and medication,
serums, blood and derivatives. In this phase, the average
duration of hospital stay was 3.2 days, with a minimum of 2
and maximum of 9 days, standard deviation of 1.04 day. The
average duration of hospital stay was slightly longer for those
who received from three to five grafts (3.3 days) than for those
who received one or two grafts (3.0 days).

As regards costs at the final phase of ward stay, the highest
costs had to do with daily rates and consumption material
(Table 4). The average duration of hospital stay was 5.7
days, with a minimum of 3 days and a maximum of 32 days,
standard deviation of 4.34 days. For one and two grafts, the
average duration of hospital stay was 4.9 days, with a minimum
of 3 days and a maximum of 10 days, standard deviation
of 1.59 day. For three to five grafts, the average duration of
hospital stay was 6.1 days, with a minimum of 3 days and a
maximum of 32 days, standard deviation of 5.14 days.

Table 5 presents the global average costs. We observed that
they were higher in the operating room (R$4,627.97 — 66.2%),
followed by the early postoperative period (R$1,221.39
—17.5%) and postoperative ward stay (R$840.04 — 12.0%).

The average cost of the whole coronary artery bypass
grafting procedure was R$6,990.30, with a minimum of
R$5,438.69, and a maximum of R$11,778.96, standard
deviation of R$1,035.47 and confidence interval of 95% from
R$6,790.33 - R$7,190. 27.

In US currency, the global average cost was US$2,784.98,
minimum of US$2,166.81, maximum of US$4,692.81,
standard deviation of US$412.54 and confidence interval of
95% US$2,705.31 - US$2,864.67.

The average total cost of the procedure was higher for
surgeries involving three to five grafts (R$7,148.05) than for
surgeries involving one or two grafts (R$6,659.29) and the
difference was statistically significant (p < 0.05).

Discussion

The results obtained in this study reflect the costs of
coronary artery bypass grafting in elective, non-emergency
patients, with no other associated heart condition, throughout
the hospitalization period, from the preoperative period
through discharge. The study was carried out in a public
hospital specialized in cardiology that serves primarily patients
referred by the public health care network.

Studies on costs of medical procedures give results that
cannot be generalized to other countries or even regions of the
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Table 1 - Average cost, in reais and in percentage, for patients undergoing coronary artery bypass grafting,
in the preoperative ward according to the number of grafts and type of cost

One or two grafts Three to five grafts Total
Type of cost Average % Average % Average %
Consumption material 2.43 0.8 3.10 1.0 2.89 1.0
Medication and serums 11.46 3.8 15.46 5.1 14.21 4.7
Complementary tests 3.97 1.3 4.98 1.7 4.66 1.5
Daily rates 284.58 94.1 276.68 92.2 279.14 92.8
Total 302.44 100.0 300.22 100.0 300.90 100.0
Table 2 - Average cost, in the Operating Room, in reais and in percentage, for patients undergoing
coronary artery bypass grafting, according to the number of grafts and type of cost
One or two grafts Three to five grafts Total
Type of cost Average % Average % Average %
Threads 590.82 13.0 656.50 14.0 635.46 13.7
g’ﬁtﬁi‘é’: serums, Blood and 135.13 3.0 150.93 3.2 145.87 3.2
Perfusion material 1,363.84 30.1 1,371.82 29.4 1,369.26 29.6
gzmz‘ggfﬁsgisdthsisr'uotl)ofifrt:es 723.81 16.0 774.07 16.6 757.97 16.4
Room rates 728.74 16.1 728.74 15.6 728.74 15.7
Total 4,532.59 100.0 4,672.92 100.0 4,627.97 100.0
TOTAL 4. 532,59 100,0 4.672,92 100,0 4.627,97 100,0
Table 3 - Average cost, in the early postoperative period, in reais and in percentage, for patients undergoingcoronary
artery bypass grafting, according to the number of grafts and type of cost
One or two grafts Three to five grafts Total
Type of cost Average % Average % Average %
Consumption material 146.16 13.3 200.40 15.7 183.02 15.0
S’Ler:i'ggf/';” serums, Blood and 217.01 19.7 278.44 21.8 258.76 21.2
Complementary tests 91.86 8.3 98.18 7.7 96.15 7.9
Daily rates 647.61 58.7 700.37 54.8 683.46 55.9
Total 1,102.64 100.0 1,277.39 100.0 1,221.39 100.0

same country, since they depend on the economic structure
where health care is provided. Human resources, medication,
equipment, complementary tests and other inputs generate
higher or lower costs depending on the region or country.

With respect to the costs of myocardial revascularization,
one of the first papers published in the literature was written by
Kelly et al®, and compared a consecutive series of 78 patients
who underwent percutaneous transluminal angioplasty with
85 patients who underwent coronary artery bypass grafting of
a single vessel with a one-year follow-up. The total cost of the
procedure, per patient, was 43% lower for angioplasty.

Krueger et al*, in a retrospective study, assessed the cost of
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coronary artery bypass grafting in 50 patients who received
three and four grafts, and found an average cost of 14,328.00
Canadian dollars. In a comparison with previous studies, they
observed that the cost increases with the number of vessels
treated and the age of patients.

Ohashi et al®, in Japan, studied cost-effectiveness for 313
patients who underwent angioplasty and 161 patients who
underwent coronary artery bypass grafting, with a follow-up
of 3 years and 10 months. They observed that the average
duration of hospital stay and the initial costs were higher for
surgery, but that the uneventful survival rate was worse for the
group that underwent angioplasty.
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Table 4 - Average cost, in the early postoperative ward stay, in reais and in percentage, for patients undergoingcoronary
artery bypass grafting, according to the number of grafts and type of cost

One or two grafts

Type of cost Average %
Consumption material 136.12 18.9
Z\;;:\i;:;s;n, serums, Blood and 87.95 12.2
Complementary tests 4.45 0.6
Daily rates 493.10 68.3
Total 721.62 100.0

Three to five grafts Total
Average % Average %
207.87 23.2 184.43 22.0
69.98 7.8 75.85 9.0
5.21 0.6 4.96 0.6
614.46 68.4 574.80 68.4
897.52 100.0 840.04 100.0

Table 5 - Average total cost of coronary artery bypass grafting, in reais and in percentage, according to the number of grafts and type of medical care

One or two grafts

Type of cost Average %
Initial preoperative ward stay 302.44 4.5
Operating room 4,532.59 68.1
Early postoperative 1,102.64 16.6
Postoperative ward stay 721.62 10.8
Total 6,659.29 100.0

Peigh et al® carried out a retrospective study of the clinical
records and bills of 250 patients who underwent coronary
artery bypass grafting according to age bracket. The authors
observed that older patients presented more complications,
longer hospital stay and higher costs than younger patients.

Mauldin et al” studied the association of certain preoperative
factors with postoperative complications and the costs of
coronary artery bypass grafting in 807 patients, and found
higher costs for more severe degrees of angina, previous
myocardial infarction, older age, congestive heart failure and
the number of impaired vessels.

Smith et al® also studied preoperative factors that might
influence total cost in 604 patients who underwent coronary
artery bypass grafting and observed higher costs, with statistical
significance for the following characteristics: old age, lower
ejection fraction, previous coronary artery bypass grafting,
female patients, no previous angioplasty, severe coronary
disease, black race patients and diabetes.

Henderson et al®, in the RITA-I study, chose 1,011 patients
with coronary disease at random and had them undergo
angioplasty or surgery, with a 5-year follow-up. There was no
significant difference between the proportion of deaths and
acute myocardial infarction in the two groups. These events
were five times as frequent in the first year of follow-up than
in the following years for both groups. Among those who
underwent angioplasty, 26% had to undergo surgery in the
follow-up period, mostly in the first year of follow-up. In the
group submitted to surgery, there was a reintervention rate of
2% per year. The incidence of angina was consistently higher
in the group that underwent angioplasty. The total costs in five
years showed no statistically significant difference between the

Three to five grafts Total
Average % Average %
300.22 4.2 300.90 4.3
4,672.92 65.4 4,627.97 66.2
1,277.39 17.9 1,221.39 17.5
897.52 12.5 840.04 12.0
7,148.05 100.0 6,990.30 100.0

two initial strategies — angioplasty or surgery. They concluded
that the procedure should be chosen so as to balance the more
invasive nature of the surgery and the higher risk of recurring
angina and reintervention associated with angioplasty over
several years.

Abizaid et al'?, in the ARTS study, conducted a draw to
select 1,205 multivessel coronary disease patients to undergo
stent implantation (600) or coronary artery bypass grafting
(605), with 112 diabetic patients in the first group and 96 in
the second group. After one year, the uneventful survival rate
was lower in the group of diabetic patients who had undergone
stent implantation (63.4%) than in diabetic patients who had
undergone surgery (84.4%), and the costs were higher in the
second group.

Reynolds et al'® conducted a retrospective study with
multivessel coronary disease patients in which 100 underwent
stenting and 200 underwent coronary artery bypass grafting.
They compared the clinical and economic results over a two
year follow-up. There was no statistically significant difference
in the mortality rates and in the incidence of acute myocardial
infarction. The initial cost of stent implantation was 43% lower
than the surgery and was even 27% lower after two years. They
concluded that, despite repeated revascularizations, the cost
of stenting was significantly lower than the cost of grafting for
multivessel coronary disease patients.

Yock et al™ analyzed the cost-effectiveness of coronary
artery bypass grafting and of angioplasty with stenting in
multivessel coronary artery disease patients of the BARI
study considering the quality of life index and concluded
that the surgery provides better results than angioplasty and
at a lower cost.
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In Brazil, Bittar & Castilho? evaluated only the direct
costs of the material used in the operating room in patients
undergoingcoronary artery bypass grafting. The items
associated with perfusion material, threads and consumption
material were the ones that accounted for the higher average
cost. They also observed a statistically significant difference
between the costs of materials according to the number of
grafts. These findings are similar to our findings in this study
as regards the operating room.

Favarato etal', in Brazil, in the MASS Il study, analyzed the
cost-effectiveness of clinical treatment procedures, angioplasty
with stenting and coronary artery bypass grafting in 611patients
with multivessel coronary artery disease and preserved left
ventricular function. The patients were randomized in three
groups and followed up over one year. The effective costs of
angioplasty increased over the one-year period and almost
reached the costs of surgery. Clinical treatment cost was lower
upfront but rose higher over the year because of the high rate
of angina, whereas surgery presented more stable costs.

Weintraub et al'> compared the initial costs and the costs
over one year arising from myocardial revascularization surgery
and angioplasty with stenting performed in 988 multivessel
coronary disease patients. The average duration and the cost
of initial hospital stay were higher for surgery. Over one year,
reintervention was needed by 17.2% of the patients in the
angioplasty group and 4.2% in the surgery group. At the end
of this period, although the difference had decreased, the
costs remained higher for the surgery group.

Chee et al'® studied events and costs for 2,272 old patients,
aged 75 or more, comparing them with 9,745 younger
patients, aged less than 75, in five American states and four
Canadian hospitals. When compared with younger patients,
older patients remained for longer in hospital, with higher
mortality rates and higher costs.

Zhang et al'” compared the costs and the need for new
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