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Abstract
Background-Patients who have coro-

nary artery surgery normally occupy

intensive care beds for less than 24 hours.
Longer stays may result in under use of
cardiac surgical capacity. One approach
to optimise surgical throughput is
prospectively to identify fast track
patients-that is, those who occupy an

intensive care bed for less than 24 hours.
A prospective audit of patients was per-

formed to identify fast track patients by
simple clinical criteria. Total length of
hospital stay was also assessed in an

attempt to predict which patients were

likely to have a short postoperative stay,
defined as < 7 days.
Methods-Baseline demographic details,
cardiovascular risk factors, angiographic
and operative details were recorded for
431 consecutive patients who underwent
coronary surgery at a regional centre
over a nine month period. Outcome mea-
sures were the duration of the stay in the
intensive care unit in hours and total
duration of the postoperative stay in hos-
pital in days. In addition, two groups of
patients who were thought to be fast
track were identified prospectively. Fast
track 1 patients were identified by crite-
ria selected by cardiovascular physicians.
These were age less than 60 years, stable
angina, good left ventricular function
(ejection fraction > 50%!.), good renal
function (serum creatinine < 120 pmol/l),
and no obesity, diabetes, or other serious
disease. Fast track 2 patients were identi-
fied by criteria defined by cardiovascular
surgeons. These were male sex, age less
than 65 years, good left ventricular func-
tion and no peripheral vascular disease,
diabetes, or other serious disease. The
efficacy ofboth sets of criteria in predict-
ing outcome was tested.
Results-344 (79.8%) patients were fast
track. Significant factors for the predic-
tion of fast track patients by univariate
analysis (with positive predictive accu-

racy and sensitivity) were left ventricular
ejection fraction > 50%/O (83%, 80%!.), left
ventricular end diastolic pressure < 13
mm Hg (90%, 59%!.), creatinine less than
120,molI1 (83%, 87%), and one or two

vessel coronary disease (89%!., 34%). Of

the patients categorised as fast track 1
890/o proved to be fast track (sensitivity
24%), however, the fast track 2 charac-
teristics were not significant. Age, sex,
obesity, diabetes, hypertension, a history
of obstructive pulmonary disease and
unstable angina were not predictive of
the duration of intensive care stay.
Multivariate analysis indicated that only
left ventricular end diastolic pressure
and the number of diseased coronary
arteries predicted fast track patients.
These criteria separated patients into
three groups. Those who were good risk
had one or two vessel disease and left
ventricular end diastolic pressure < 13
mm Hg. They comprised 19% of the total
and 93% of them were fast track. Those
who were intermediate risk had either
three vessel disease or left ventricular
end diastolic pressure > 13 mm Hg but
not both. They comprised 490 of the
total and 85% of them were fast track.
Those who were poor risk had both three
vessel disease and left ventricular end
diastolic pressure > 13 mm Hg. They
comprised 32% of the total and 62% of
them were fast track. The 106 (24%)
patients who spent < 7 days in hospital
after surgery were significantly younger
(mean (SD) 55(8) v 58(8) years; P <
0O001) with a lower incidence of previous
myocardial infarction (positive predic-
tive accuracy 30%, sensitivity 53%), were
less likely to have a history of obstructive
pulmonary disease (25%, 98%), and more
likely to have one or two vessel coronary
disease (33%, 41%). They were more
likely to have an internal mammary
artery as a bypass conduit (2r/o, 89%)
and more likely to need fewer than three
distal anastomoses of the vein graft (29%!.,
63%). By multivariate analysis only age
was significantly predictive of hospital
stay. Total hospital stay could not be sat-
isfactorily modelled on the basis of the
criteria tested here. Sex, obesity, dia-
betes, hypertension, unstable angina,
renal function, and left ventricular func-
tion were not associated with hospital
stay.
Conclusions-Most patients who had
coronary artery surgery spent < 24
hours in intensive care, but most spent
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Intensive care stay after CABG

> 7 days in hospital. The chance of a
patient spending < 24 hours in intensive
care could be predicted by the number of
coronary arteries diseased and the left
ventricular end diastolic pressure. Poor
risk patients (32%) had only a 62%
chance of an intensive care unit stay of
< 24 hours. A policy of scheduling no
more than one such patient for surgery
per day would be simple to institute and
would maximise the use of surgica
capacity.

(Br HeartJ 1995;73:92-98)

Keywords: intensive care stay, coronary artery surgery,
fast track.

The availability of intensive care beds often
determines the throughput of patients who
have cardiac surgery. Stays of < 24 hours on
intensive care (fast track patients) free inten-
sive care beds for the next day's routine
operating list and allow optimum bed usage.
Patients who have coronary artery surgery
form the largest single cardiac surgical group.
Most are fast track but a few require more
than 24 hours intensive care. Identification of
patients with the best chance of being fast
track would allow throughput, at least in a
proportion of beds, to be optimised.
Conversely, identification of patients who are
likely to need intensive care for more than 24
hours (slow track patients) would allow oper-
ations on these patients to be spread over the
operating week thus minimising the chance of
closure of the intensive care unit.
The need for conventional intensive care in

the management of routine cardiac surgical
patients has recently been questioned.' 2 Also
the practice of designating a proportion of
coronary surgery patients as fast track is gain-
ing popularity.3 Both these practices would
speed surgical throughput but it is difficult to
identify suitable patients. Most are probably
suitable but it would be helpful to identify
suitable and unsuitable patients more confi-
dently. Others have examined predictors of
mortality in cardiac surgical procedures" but
there has been only one study of the factors
affecting length of postoperative hospital
stay.9 Scoring systems that predict intensive
care mortality have been developed'01' but
not predictors of the duration of intensive
care stay after cardiac surgery.

In an attempt to determine whether fast
track patients could be identified by simple
preoperative clinical criteria we prospectively
surveyed all patients who underwent coronary
artery bypass gratfing in our unit over a 9
month period. We also assessed the total
duration of postoperative hospital stay.
Blockage of cardiac surgical ward beds is, in
our experience, usually less of a problem than
blockage of the intensive care unit. However,
it would help us to plan our operating lists if
we could identify those patients who are likely
to need longer stays on the cardiac surgical
ward.

Patients and methods
We prospectively studied 431 consecutive
patients who underwent coronary surgery
over a 9 month period (table 1). Data were
collected from review of patient records and
included baseline demographic details, details
of cardiovascular risk factors, Canadian
Cardiovascular Society angina grade'2 and
treadmill exercise tolerance, and the presence
of serious coexistent disease. We obtained
data on coronary angiography from patients'
records. These included the number of major
epicardial coronary arteries with significant
obstructive disease (> 70% stenosis), the
presence of a left main stem stenosis (>
50%), the left ventricular ejection fraction
(calculated using standard computer software
from the left ventricular cineangiogram, 300
right anterior oblique projection), and left
ventricular end diastolic pressure. Surgical
details were obtained from the operation
record including the urgency of surgical inter-
vention, the number of distal anastomoses,
and the nature of the bypass conduit. Twenty
three (5-3%) of the cases were re-operations
and there were no second or further re-opera-
tions.

For the purposes of analysis the following
clinical variables were dichotomised prospec-
tively: obesity (body mass index > 30); good
or impaired renal fimction (creatinine < 120
,umol/l or > 120 ,umol/l; mild to moderate
angina (grades 1 and 2); severe angina

Table 1 Baseline characteristics of 431 coronary surgery
patients

No or (SD)

Clinical characteristics:
Age (yr) 57-4 (8 4)
Sex male 84-0% 362
Smoking 26-5% 114
BMI > 30 12-5% 54
Diabetes 9-5% 41
Hypertension 20-4% 88
COAD 49% 21
Creatinine > 120 pmol/l 16-5% 71
Anginagrade 3 & 4 74-7% 322
Bruce EITT< 6 min 74-7% 322
Previous'MI 57-3% 247
Unstable angina 29-0% 125

Angiographic chsracterstics:
Coros < 3 31-1% 134
LMS 21-1% 91
LVEF (%), 59 9 (14-2)
Good LVEF 77-2% 328
LVEDP (mm Hg) 14 (7-1)
Low LVEDP 53-6% 162

Operative details:
SVG > 3 47-1% 203
LIMA/RIMA 80-7% 348
Bypass time (min) 90 4 25-1
Emergency 37-1% 160
Previous operation 5-3% 23

Outcome:
ITU time (h) 43-6 (81-9)
TU time > 72 h 10-2% 44

Hospital time (days) 9-6 (8.7)
Mortality (%):
On table 0-002 1
In hospital 3-7 16
Total 30dy 4-9 21

Angina grade, Canadian Cardiovascular Society angina grade;
BMI, body mass index; Bruce ETT, Bruce protocol exercise
tolerance; Bypass time, time spent on cardiopulmonary
bypass; COAD, history of asthma. or chronic obstructive pul-
monary disease;-Cros, number of epicardial coronary arteries
diseased; Good LVEF, LVEF > 50%; LIMA/RMA, use of
right and/or left in mammary artery as a bypass conduit;
LMS, left main stem stenosis; 'low LVEDP, LVEDP < 13
mmHg; LVEDP, left ventricular end diastoloc pressure;
LVEF, left venticular ejection fraction; MI, myocardial
infarction; SVG, number of saphenous vein graft distal anas-
tomoses.
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(grades 3 and 4); good exercise tolerance
(Bruce protocol exercise time > 6 minutes);
and poor exercise tolerance (Bruce protocol
exercise tolerance < 6 minutes, including
patients unable to attempt an exercise test
because they had unstable angina. The
prospectively defined angiographic variables
included good (ejection fraction > 50%)
and poor (< 50%) left ventricular finction;
low (< 13 mm Hg) and high (> 13 mm Hg)
left ventricular end diastolic pressure; three
vessel coronary disease; and one and two ves-
sel coronary disease. The prospctively
defined surgical variables were the number of
saphenous vein graft distal anastomoses (< 3
v 3), the use of either or both internal
mammary arteries as a bypass conduit or no
internal mammary artery; and the urgency of
the surgical intervention as elective (waiting
list) cases or urgent cases. Urgent cases were
further subdivided into those requiring
surgery within 24 hours of admission (includ-
ing patients with intra-aortic balloon pumps
in situ) and those requiring surgery during
the current admission.

Duration of stay on the intensive care ward
was obtained from the ward diary. Fast track
status was defined as discharge from the
intensive care unit < 24 hours after admis-
sion. The remaining patients were defined as
slow track. Duration of stay for patients
spending > 24 but < 72 hours on intensive
care was expressed to the nearest 12 hours.
For patients spending > 72 hours on inten-
sive care the length of stay was expressed in
multiples of 24 hours. Duration of hospital
stay, expressed as days after surgery, and 30
day mortality were obtained from the hospital
events database. Short stay patients were
defined as those spending < 7 days in hospi-
tal after surgery; other patients were defined
as long stay.

Potential fast track patients were identified
prospectively according to two sets of criteria.
The first set of criteria, fast track 1, defined

Table 2 Characterstics of431 coronaty surgery patients by duration ofstay on ITU
> 24 h (n = 87) < 24 h (n = 344)
(No or (SD)) (No or (SD)) P

Clinical characteristics:
Age (yr) 58-5 (8-3) 57-2 (8-5) 0.19
Sex male 83-9% 73 84-0% 289 0-98
Smoking 21-8% 19 27-3% 94 0-28
BMI> 30 14-9% 13 11-9% 41 045
Diabetes 12-6% 11 8-4% 41 0-23
Hypertension 25-2% 22 19-1% 66 0-21
COAD 6-8% 6 4-3% 15 0 49
Creatinine >l120pmol 29-9% 26 13-8% 45 0-0002
Angi grade M & IV 79 4% 69 73-8% 254 0-29
Bruce ETT< 6 min 81-8% 63 72-4% 212 0 09
Previous MI 68-9% 60 54-3% 187 0-014
Unstable angina 33-3% 29 27-9% 96 0-32

Angiographic characteristics:
Coros < 3 17-2% 15 34-3% 117 0-0021
LMS 22-9% 20 20-6% 71- 0-60_
LVEDF (%) 56-0 (17-0) 60-9 (13-2) 0-005
Good LVEF 62-1% 54 79-1% 272 0-0015
LVEDP (mm Hg) 16-4 (7.5) 13-5 (69) 0 005
Low LVEDP 27-5% 16 59 5% 144 0 00001

Operative details:
SVG > 3 55-1% 48 45 0% 154 0 09
LIMA/RIMA 77 0% 67 81-8% 280 0 3
Bypass time (min) 99-6 (28.9) 87-9 (24-1) 0 0001
Emergency 44-8% 39 34-5% 119 0-076
Previous operation 10-3% 9 4-1% 14 0-02

See footnote to table 1 for abbreviations

by cardiovascular physicians, was stable
angina; age < 60, good left ventricular func-
tion (left ventricular ejection fraction
> 50%); good renal function (creatinine
< 120 rumol/l); and the absence of obesity
(body mass index greater than 30), diabetes,
or other serious disease. The second set, fast
track 2, defined by cardiac surgeons, was
male sex, age < 65 years; stable angina; good
left ventricular function (left ventricular ejec-
tion fraction > 50%); and the absence of dia-
betes; peripheral vascular disease or other
serious disease. Renal function was not speci-
fied beyond the absence of a need for dialysis.
The physicians and surgeons were unaware
that the other was being canvassed. Potential
fast track patients were treated in exactly the
same way as the remainder of the group and
the efficacy of the criteria in predicting an
intensive care stay of . 24 hours was
assessed.

STATISTICAL ANALYSIS
Statistical analysis was performed with the
SPSS/PC. Continuous variables were
analysed by t tests. Dichotomised variables
were analysed by the x2 test. Stepwise logistic
discriminant analysis was used for GLIM.13

Results
INDIVIDUAL PREDICTORS OF FAST TRACK
STATUS
Table 2 shows the characteristics of all coro-
nary surgery patients according to fast track
status. Overall 344/431 (79 8%) of patients
spent < 24 hours on intensive care-that is,
were fast track-and 44/431 (10.2%) of
patients spent > 72 hours on intensive care.
The only clinical characteristics significantly
associated with being a fast track case were
the absence of previous myocardial infarction
and good renal function. Age, sex, body mass
index, obesity, diabetes, hypertension, a his-
tory of obstructive pulmonary disease, angina
grade, exercise tolerance, and unstable angina
were not significantly associated with time
spent on the intensive care unit.
The time spent in the intensive care ward

was significantly associated with left ventricu-
lar function as assessed by left ventricular
ejection fraction and left ventricular end dias-
tolic pressure. Left ventricular ejection frac-
tion was significantly higher and left
ventricular end diastolic pressure was signifi-
cantly lower in fast track patients. The associ-
ation with left ventricular function was also
reflected by a significantly higher proportion
of fast track patients who had a left ventricu-
lar ejection fraction >50% and left ventricular
end diastolic pressure <13 mm Hg. One or
two vessel coronary disease was significantly
predictive of fast track status but left main
stem stenosis was not associated with time on
the intensive care ward.

Fast track patients spent significantly less
time on cardiopulmonary bypass. This was
not associated with a significantly smaller
number of distal vein graft anastomoses or
with a greater use of internal mammary
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Table 3 Positive predictive accuracy and sensitivity ofsignificantfactors in prediction of
fast track status and a short stay in hospital and positive predictive accuracy and
sensitivity ofdifferentfast tract characteristics

Positive predictive
accuracy ) Sensitivity (/)

Fast track status (< 24 h in ITU):
Good LV function (LVEF > 50%) 83 80
Low LVEDP (LVEDP < 13 mm Hg) 90 59
1 or 2 vessel disease 89 34
Good renal function (creatinine < 120 umol/1) 83 87

Short stay in hospital (< 6 days):
No history MI 30 53
No history COAD 25 98
1 or 2 vessel disease 33 41
<3SVG 29 63
LIMA/RIMA 27 89

Fast track characteristics:
Fast track 1 89 24
Fast track 2 80 35

See footnote to table 1 for abbreviations.

arteries as the bypass conduit in the fast track
group, although there was a non-significant
trend in this direction for both variables,
Bypass time was significantly longer in
patients operated on by consultants than in
patients operated upon by those in sub-con-
sultant grades (93 (25) minutes v 85 (24)
minutes (mean (SD), P = 0 001).

There was a -trend towards an association
between emergency surgery and slow track
status; this did not reach statistical signifi-
cance. This trend was not associated with a
preponderance of unstable angina in the
group that was not fast track (see above).
Eight patients required surgery within 24
hours of admission and three of these had
intra-aortic balloon pumps in situ. All were
first operations and all survived. The three
patients with balloon pumps in situ were slow
track; the other five patients were fast track.
Patients undergoing repeat surgery were
significantly more likely to be slow track.

Table 3 shows the positive predictive accu-
racy and sensitivity of the factors significantly
associated with fast track status. The factors
with the highest predictive accuracy were low

Table 4 Characteristics of431 coronary surgery patients by duration ofstay on hospital

Age (yr)
Sex (male)
Smoking
BMI > 30
Diabetes
Hypertension
COAD
Creatinine > 120 psnol
Angina grade m & IV
Bruce ETT <6m6
Previous MI
Unstable angina

Angiographic characteristics:
Coros < 3
LMS
LVEDF (%)

Good LVEF
LVEDP (mm Hg)
Low LVEDP

Operative details:
SVG > 3
LIMA/RMA
Bypass time (min)
Emergency
Previous operation

< 7days (n = 106)
(No or (SD))

55-1 (8.9)
88-6% 94
25 5% 27
8-5% 9
9-5% 10
16-0% 17
0.9% 1
10-4% 11
66-0% 70
71-0% 71
47-2% 50
21-7% 23

40 9% 43
21-7% 23
61-1 (14-3)
80-0% 84
14-7 (7-1)
46-1% 35

37*1% 39
88-5% 93
81-8 (27-1)
31-1% 33
5-7% 6

> 7 days (n = 325)
(No or (SD))

58-1 (8-1)
82-5% 268
26-7% 87
14-1% 46
9-2% 30
21-8% 71
6-1% 20
18-2% 59
77-8% 253
75-2% 204
60-9% 198
31-4% 102

27-5% 89
20-9% 68
59-5 (14-2)
74-5% 242
13-7 (7-1)
56-3% 224

50 5% 164
78-7% 256
92-8 (24-4)
38-5% 125
5-2% 17

p

0-001
0-12
0-78
0-13
0 95
0-20
0-048
0-061
0-017
0-48
0-014
0-056

0 009
0-83
0-31
0-41
0-29
0-12

0-018
0-026
0-0001
0-18
0-85

See footnote to table 1 for abbreviations.

left ventricular end diastolic pressure (90%)
and one or two vessel disease (89%). The
most sensitive factors were good left ventricu-
lar function (80%) and good renal function
(87%).

Fast track patients had a significantly
shorter mean postoperative hospital stay (8&1
(3-5) days v 15-6 ± 16-8 days, P < 0-0001)
although the difference between the two
groups was magnified somewhat by patients
who died early (24 hours or less) after surgery
(see below for further discussion of this
point).

INDIVIDUAL PREDICTORS OF A SHORT STAY IN
HOSPITAL
Table 4 shows the characteristics of all the
patients by duration of stay in hospital. Short
stay patients were significantly younger and
were less likely to have a history of obstruc-
tive pulmonary disease. They had a lower
incidence of previous myocardial infarction.
Unlike the length of stay in the intensive care
ward this latter factor was not reflected in a
significant trend in left ventricular function,
however assessed. Also in contrast to inten-
sive care time, there was a significant associa-
tion between mild to moderate angina and a
short stay in hospital. There was a trend
towards an association- between unstable
angina and poor renal function, and a long
stay in hospital which was of borderline sig-
nificance for each variable. Sex, smoking
habit, body mass index, obesity, diabetes,
hypertension, and exercise tolerance were not
associated with duration of hospital stay.

Short stay patients were significantly more
likely to have one or two vessel coronary dis-
ease. There was a similar (presumably
related) significant trend in the number of
distal -vein graft anastomoses, in the use of an
internal mammary artery as a bypass conduit,
and in time spent on cardiopulmonary
bypass. Short stay patients were more likely
to have received < 3 saphenous vein grafts
and an internal mammary artery, and had a
shorter time on bypass. The presence of a left
main stem stenosis was not related to length
of hospital stay.
Somewhat surprisingly reoperation was not

related to hospital stay. This is in contrast to
intensive care time (see above): but because
the numbers were small both these results
should be interpreted with caution. Neither
emergency nor elective operation was signifi-
cantly related to length of hospital stay.
The positive predictive accuracy and sensi-

tivity for the factors that were of significance
in predicting hospital stay are listed in table 3.
No factor was of sufficient predictive value to
be of use in planning hospital bed usage and
only absence of obstructive pulmonary dis-
ease and the use of an internal mammary
artery as a bypass conduit was of useful sensi-
tivity.
Most short stay patients spent < 24 hours

on the intensive care unit (90-6% compared
with 76-3% of long stay patients, P = 0-017).
This group contains several patients who died
early after surgery.
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MORTALITY STATISTICS
Twenty one (4 9%) patients died within 30
days of surgery (table 1). Most deaths
occurred in hospital (17/21) and there was
one death on the operating table. Ten of the
17 hospital deaths occurred on the intensive
care unit. Six of these died within 24 hours of
entering intensive care and were therefore
classified as fast track. The other four stayed
on the intensive care unit for 48 to 816 hours
(mean 222 hours). The six patients who died
in hospital after leaving intensive care had
stays ranging from 48 to 816 hours (mean
348 hours) and spent a total of 14-77 (mean
35) days in hospital. Four patients died after
leaving hospital. Two of these were fast track
and the other two spent 48 and 312 hours in
intensive care. Hospital stay ranged from 6 to
21 days.

Overall nine patients who died were fast
track in that they died on the operating table,
early on intensive care, or left intensive care
within 24 hours and died later. Eleven
patients spent < 7 days in hospital and of
these nine died on the intensive care ward
and one died on the operating table.
The number of deaths was small so it is

difficult to draw meaningful predictive statis-
tical associations. However, patients who died
had significantly poorer left ventricle function
(left ventricular ejection fraction 51 (21)% v
60 (14)% (mean (SD)), P = 0-003). There
was no association between unstable angina
or emergency surgery and mortality.

PREDICTWVE VALUE OF FAST TRACK CRITERIA
Fast track patients were a prospectively
defined subset of the coronary surgery popu-
lation who were thought likely to have a high
probability of spending < 24 hours on the
intensive care unit. Two sets of criteria were
tested.

Fast track 1 criteria predicted that 92
(21%) of patients would be fast track. The
positive predictive accuracy of these criteria
was 89% (P = 0-016). Sensitivity was, how-
ever, only 24% because many patients who
were not predicted to be fast track spent < 24
hours on the intensive care unit. Five (5 4%)
fast track 1 patients spent more than 72 hours
on the intensive care unit. Only one fast track
1 patient died.

Fast track 2 criteria predicted that 149
(35%) of patients would be fast track. The
positive predictive accuracy of fast track 2 cri-
teria was 80% and sensitivity was 35% (table
3) and neither of these was significantly better
than chance in predicting fast track status.
Five (3-4%) of fast track 2 patients died.

Table 5 ModeUed and actual propornions offast track patients based on the LVEDP and
the number ofdiseased coronary artries

Fast track patients (%)
Low LVEDP No of
(< 13 mm Hg) arteries % ofgroups Modelld Actual Risk

Yes < 3 19 94 92 Good
No < 3 15 82 86 Intermediate
Yes 3 34 86 88 Intermediate
No 3 32 62 61 Poor

See footnote to table 1 for abbreviations.

MULTIVARIATE ANALYSIS
By univariate analysis the most significant
predictors of fast track status-were good left
ventricular function as assessed by both left
ventricular ejection fraction and left ventricu-
lar end diastolic pressure, good renal func-
tion, the number of coronaries diseased, and
time spent on cardiopulmonary bypass. Of
the variables available preoperatively, only the
left ventricular end diastolic pressure and the
number of coronaries diseased were required
to predict fast track status by stepwise logistic
discriminant analysis (residual deviance 19-87
on 12 degrees of freedom). Table 5 shows the
modelled and actual proportions of fast track
patients based on a simplified model incorpo-
rating these two risk factors. Ninety two per-
cent of patients with 1 or 2 vessel disease and
a low left ventricular end diastolic pressure (<
13 mm Hg) were fast track compared with
61% of patients with three vessel disease and
a poor left ventricular end diastolic pressure.
Takdng the mean of modelled and actual pro-
portions, patients with one or two vessel dis-
ease and a low left ventricular end diastolic
pressure had a 93% chance of being fast track
(good risk patients), those with either 3 vessel
disease or a poor left ventricular end diastolic
pressure (intermediate-risk patients) had an
85% chance of being fast track, and those
with both three vessel disease and a poor left
ventricular end diastolic pressure (poor risk
patients) had only a 62% chance of being fast
track. There were 19%, 49%, and 32% good,
intermediate and poor risk patients respec-
tively in the group.

Only age and cardiopulmonary bypass time
were significant predictors of a short stay in
hospital (.! 7 days) by multivariate analysis.
Modelling of hospital stay was not attempted.

Discussion
In recent years there has been considerable
interest in optimising throughput of cardiac
surgery patients to make the most efficient
use of limited resources. Most cardiac surgery
patients will spend some time in intensive
care or an equivalent nursing unit so the fac-
tors affecting the duration of this part of the
hospital stay have clear planning implications.
It is especially important in planning day to
day operating schedules because if all the
intensive care beds are blocked, operating
lists may be cancelled and theatre staff under-
employed.

In some units patients are nursed in spe-
cialised high dependency areas in the imme-
diate postoperative phase.' 2 These units,
while retaining many of the features of an
intensive care unit, have the advantage of a
lower nurse/patient ratio and therefore (pre-
sumably) lower cost. The differences between
these units and the dedicated cardiac inten-
sive care area as detailed in this report are
subtle. Intensive care beds as described here
are not general intensive care beds, and car-
diac surgical patients do not compete for beds
with critically ill general medical patients.
Reports emanating from the high dependency
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units have emphasised modifications of surgi-
cal and anaesthetic practice including use of
minimum hypothermia and early extubation.
Certainly these practices seem to hasten
transfer to general wards, and surgical high
dependency areas are safe and effective for
most patients. Previous reports of surgical
high dependency units operated some form of
patient selection-based on disease severity
and patient condition-but neither formalised
their selection criteria. In our patients we did
not assess the effects of early extubation or
patient temperature on entry to intensive
care. We think it likely, however, that the risk
groups we defined, based as they are on sim-
ple variables, are likely to be as applicable in
high dependency units as they are after tradi-
tional hypothermic bypass. High risk patients
as we define them are likely to be those at
highest risk of a poor outcome in a high
dependency setting.

PREDICTORS OF FAST TRACK STATUS
Overall nearly 80% of this unselected series of
patients spent < 24 hours on intensive care-
indicating that coronary surgery patients as a
group have a high chance of being fast track.
This compares with a fast track rate of 93 4%
among selected patients in a centre operating
a high dependency unit.' By univariate analy-
sis, factors that were significantly better than
chance in predicting fast track status were
good renal function, good left ventricular
function, one or two vessel coronary disease,
and time spent on cardiopulmonary bypass.
Among the potential measures of left ventric-
ular function, left ventricular end diastolic
pressure was most closely associated with fast
track status.
Of the two groups of patients identified

prospectively who were thought likely to be
fast track, only fast track 1 was significantly
predictive of fast track status. The two sets of
criteria were similar apart from the stipulation
of good renal function in the fast track 1
group, which emphasises the importance of
renal function in predicting the duration of
stay in intensive care. Morbidity and mortal-
ity are well known to be increased in patients
with end stage renal failure requiring dialysis,
and those with functioning renal trans-
plants.'4 These patients have complex meta-
bolic derangements and often also multiple
medical problems. It is unlikely that any
metabolic derangement associated with the
modest elevations of creatinine observed in
most patients with "poor renal function" in
this study was sufficient to explain the
increased duration of stay on intensive care.
It seems more likely that impaired renal func-
tion was a marker for multiple system failure
and a patient at overall poor risk.

Previous attempts at risk stratification in
coronary surgery have focused mainly on
identification of the risk of peri-procedural
death. Parsonnet et al noted that old age,
female gender, diabetes, renal dialysis, emer-
gency surgery, re-operation, poor left ventric-
ular function, and preoperative catastrophic
states, including intra-aortic balloon pump-

ing, were associated with a high risk of opera-
tive mortality.4 Others have also emphasised
the importance of older age, emergency
surgery, severe and diffuse coronary disease,
and poor left ventricular function in the pre-
diction of operative mortality.'5 Munoz et al
studied predictors of the cost of hospital
admission and found that intensive care usage
(length of stay was not specified), treatment
with blood or plasma, and emergency admis-
sion were associated with higher than average
costs and a prolonged hospital stay.'5
When we planned this study it was thought

likely that fast track status would be governed
by risk factors similar to those predictive of
death-and both sets of prospectively defined
fast track characteristics included criteria sim-
ilar to those noted above. In the event the fast
track characteristics were poor predictors of
intensive care stay and only the simple physi-
ological variables-left ventricular function
and renal function-and the number of coro-
naries diseased were significantly predictive.
Other characteristics associated with high
operative mortality, and traditionally thought
to epitomise long stay intensive care
patients-for example old age, obesity, dia-
betes, and unstable angina-were not in
themselves associated with the duration of
stay in intensive care.
The model derived from multivariate

analysis separated patients into good, inter-
mediate, and poor risk on the basis of the
number of coronaries diseased and the left
ventricular end diastolic pressure. Overall,
68% of patients were good or intermediate
risk, with at least an 85% chance of fast track
status. The remaining 32% of patients were
poor risk, with only a 62% chance of fast
track status. This model suggests two policies
that would minimise bed blockage in the
intensive care unit-selection of exclusively
good risk patients for a proportion of beds
and avoidance of operating on more than one
poor risk patient a day. Either policy would
be simple to institute but the latter would
have a greater impact on bed blockage. This
is because poor risk patients make up a higher
proportion of the cohort than good risk
patients and those patients are most likely to
block intensive care unit beds. If there are
about 250 routine operating days/year, then
for our case mix (and assuming, as seems rea-
sonable, a large pool of potential surgical can-
didates), a throughput of more than the 800
coronary surgery patients who pass through
this unit per year would be required to make
it necessary to operate on more than one poor
risk patient a day. Alternatively, since routine
cardiac surgery is performed over a five day
week, if poor risk patients had surgery
towards the end of the week, then the extra
time they would be likely to spend on the
intensive care unit would be at the week-
end-when the intensive care unit tends to be
quieter.

PREDICTORS OF A SHORT STAY IN HOSPITAL
Several factors were weakly predictive of a
short stay in hospital (< 7 days) by univariate
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analysis but by stepwise logistic regression
only age and time spent on cardiopulmonary
bypass were significant. These findings are in
accord with those of Weintraub et a19 who
showed significant associations of age, angina
grade, previous myocardial infarction, and
the use of an internal mammary artery with a
short stay in hospital, similar to those
reported here. However, in contrast to the
population reported here, Weintraub et al
showed that elective surgery and good left
ventricular function were predictive of a short
hospital stay.
The relation between patient age and total

hospital stay in our population is too approxi-
mate a guideline to be of practical value in
planning. The influence of age may reflect the
importance of less easily quantifiable variables
such as social circumstances, mobility, or
other non-cardiac disease in the highly com-
plex relation that governs total hospital stay.

CARDIOPULMONARY BYPASS TIME
Time spent on cardiopulmonary bypass can-
not be predicted in advance and is therefore
not of value in assessing the risk of a long stay
on intensive care or a long stay in hospital.
Bypass time may reflect the technical diffi-
culty of the operative procedure or the techni-
cal skill of the operator. The observation that
bypass time was significantly longer in
patients operated upon by consultants com-
pared with other grades suggests that the skill
of the operator is likely to be of less signifi-
cance than the technical difficulty of the case.
The lack of a relation between the number of
distal anastomoses of the saphenous vein
graft and intensive care stay suggests that fac-
tors other than the amount of surgery
required determined the technical difficulty of
the case.

Chaos theory indicates that, in complex
biological systems, predictability is the excep-
tion rather than the rule.'6 The inability to
predict with complete confidence the dura-
tion of intensive care or total hospital stay
after cardiac surgery is likely to be intrinsic to
the system rather than a consequence of inad-
equate knowledge about it. Weintraub et al
noted that an abnormally long hospital stay
(and by inference also a long stay on the
intensive care unit) was most often the result
of uncommon but severe complications such
as perioperative myocardial infarction,
strokes, and wound infection.9 These events
are not predictable from clinical or angio-
graphic variables and therefore an element of
unpredictability is inevitable. The data pre-
sented here indicate that although most
(80%) of coronary surgery patients are fast
track, groups can be identified with signifi-
cantly better or poorer risk of fast track sta-
tus. Application of our criteria should
minimise random bed blockage in the inten-
sive care unit and maximise throughput,

although some patients will inevitably con-
tinue to suffer unpredictable perioperative
complications. It would be of interest to test
the criteria in a second cohort of patients
managed in an intensive care unit and also to
test the applicability of the criteria predicting
a poor outcome in high dependency units.

In conclusion, as expected most (80%) of
coronary surgery patients spent < 24 hours in
intensive care. Patients could be separated
into good or poor risk of being fast track on
the basis of the number of diseased coronar-
ies and the left ventricular end diastolic pres-
sure. Patients with one or two vessel coronary
disease and a low left ventricular end diastolic
pressure had a 93% chance of fast track sta-
tus compared with a 62% chance for patients
with three vessel coronary disease and a high
left ventricular end diastolic pressure. These
poor risk patients represented only 32% of
the group and given our current workload we
could schedule only one such patient for
surgery each working day. This policy would
reduce bed blockage in the intensive care unit.

We acknowledge the assistance of Dr D Appleton of the
Department of Medical Statistics, Newcastle University, with
the statistical analyses in this paper.
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