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Abstract

Context: Cardiovascular disease and cardiac
surgery, in particular, are associated with a large
expenditure of healthcare resources. Identifying the
factors that affect length of stay for patients hospital-
ized for cardiac surgery and ways to safely and effec-
tively shorten stays could have significant impact on
healthcare costs.

Objective: To identify obstacles to and the effects of
early discharge on outcome after cardiac surgery.

Study Design: A prospective approach using a proto-
col consisting of modifying anesthesia, limiting the use
of postoperative narcotics, early extubation, and early
mobilization, with a goal of discharge at < 5 days.

Patients and Methods: The study group consisted
of 422 consecutive patients (age range 15-89 years,
65% males): coronary artery bypass graft (CABG)
(n = 290), valve procedures (n = 54), and CABG +
valve procedures (n = 78). The discharge criteria
included hemodynamic stability, normal bowel func-
tion, independence in activities of daily living,
absence of fever, and no incision problems.

Results: Predictors of prolonged postoperative stay
were prolonged intensive care unit stay (P < 0.0001),
postoperative atrial fibrillation (P = 0.0006), preoper-
ative congestive heart failure (P = 0.002), combined
CABG and valve procedure (P = 0.005), prolonged ven-
tilator support (P = 0.01), increasing age (P = 0.012),
history of peripheral vascular disease (P = 0.02), and
female gender (P = 0.025). The 30-day readmission
rate for the early discharge group was 7.8% vs 16.2%
for the late discharge group (P = 0.01). The mortality
rate for the entire group was 3.3%.
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Conclusion: We have identified several obstacles to
early discharge after cardiac surgery. Future efforts
can be directed toward minimizing their impact on
postoperative length of stay.
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morbidity and mortality and expenditure of

healthcare resources in the United States.
The number of patients undergoing cardiac surgery
exceeds 600,000 per year, and cardiac surgical care is
associated with an annual cost exceeding $5 billion.’
Escalating medical costs and widespread application
of managed care have been an impetus for improve-
ment in efficiency throughout the healthcare deliv-
ery system. Thus, identification of strategies that
decrease the cost associated with cardiac surgery
while maintaining or improving the quality of care is
important.

“Fast track” protocols that include early extuba-
tion, change in anesthesia management, and early
ambulation are associated with a shorter intensive care
unit (ICU) stay and postoperative length of stay
(LOS), with an implied cost savings.”” Earlier pub-
lished studies indicate early extubation is safe and
advantageous in the majority of cardiac surgery
patients.” No significant increases in the early read-
mission or mortality rates have been reported with
these changes.>”

The purpose of our study was to identify the clin-
ical predictors that have a negative effect on early
discharge after cardiac surgery. In addition, we
sought to determine whether an early discharge pro-
gram is associated with a reduction in ICU stay and
postoperative LOS, while maintaining quality of
care.

C ardiovascular disease is the leading cause of
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- METHODS -+

Patient Selection

From October 1994 through July 1995, we enrolled
422 consecutive patients, mean age of 65 + 12 years
(range 15-89) and predominately male (65%), in the

early discharge program.

- PRACTICE PATTERNS -

Coronary artery bypass graft (CABG) surgery was per-
formed in 290 patients (69%), isolated valve surgery in 54
patients (19%), and combined CABG and valve proce-

dures in 78 patients (13%). The exclusion criteria were
emergent surgery, cardiogenic shock, or hospital mortality.
The baseline characteristics and perioperative data

elements were obtained by concurrent chart audit,

Table 1. Univariate Associations With ICU and Postoperative LOS

LOS in ICU Postoperative LOS
Continuous variables Correlation Coefficient P Correlation Coefficient P
Days in ICU 0.641 < 0-0001
Age 0179 0.0002 0.250 < 0.0001
Ventilator hours 0587 < 0.0001 0.466 < 0 0001
Left ventricular function 0.151 0.002 0.149 0.002
LOS in ICU Postoperative LOS
Categorical variables (n) Mean + SD P Mean * SD P
Gender Male (274) 227 +24 < 0.0001 7.47 £ 64 < 0.0001
Female (148) 3.29 £ 3.7 9.66 £ 7.3
Race Black (45) 298+26 0.169 8.84 153 0.145
Other (377) 259+30 8.17x7.0
Morbid obesity Yes (69) 3.14 £ 4.1 0.099 8.36 £ 5.5 0.850
No (353) 253127 8.22+7.0
Diabetes Yes (115) 321142 0.086 8.85 6.5 0 068
No (307) 241 +£23 8.01 169
History of hypertension Yes (273) 286+ 34 0025 849168 0118
No (149) 220%£19 778168
Previous stroke Yes (19) 1891094 0176 62115 0.849
’ No (403) 2661 3.03 834169
Chronic obstructive Yes (44) 316 2.7 0.043 886143 0.097
pulmonary disease No (377) 257+3.0 81870
Peripheral vascular disease Yes (57) 375143 0.009 1172121 0.001
No (365) 245+27 7.70+£ 5.3
Preoperative congestive Yes {191) 3.25%£35 < 0.0001 1011290 < 0 0001
heart failure No (231) 212+£23 67135
Procedure CABG (290) 2.32+£23 < 0 0001 717247 < 0 000t
Valve (54) 206116 798135
CABG + valve (78) 418149 12412117
Return surgery for Yes (11) 4.00+£3.3 109163
bleeding No 411) 259+3.0 0.019 817170 0.052
Postoperative atrial fibrillation Yes (110) 3701 4.0 10.5£8.5
No (312) 225+24 0.0008' 746 £59 <0.0001
Perioperative myocardial Yes (4) 625+34 0.0102 105+24 0.033
infarction No (418) 259+29 8.221+6.8
Previous cardiac surgery Yes (55) 2951240 8.271t46
No (367) 258+28 Q772 8.24 + 7.1 0493

ICU = intensive care unit; LOS = length of stay.
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~+ OBSTACLES TO EARLY DISCHARGE AFTER CARDIAC SURGERY -

using the Society of Thoracic Surgeon definitions and
guidelines (Table 1). Left ventricular function was
quantified according to the classification of the
Coronary Artery Surgery Study.’

Patient Management

Intraoperative anesthesia was modified by using
short-acting anesthetics, including propofol, and by
minimizing or avoiding the use of narcotics. No other
intraoperative techniques were altered.

A short-acting anesthetic infusion (propofol) was con-
tinued postoperatively until the weaning procedure was
initiated. An indomethacin suppository, for pain control,
was given prior to discontinuing the propofol and then
the weaning process began. Narcotic sedation was avoid-
ed or minimized to allow for early excubation. Patients
were targeted for extubation within 6 to 10 hours post-
operatively, exclusive of vasoactive and inotropic drug
use, or intra-aortic balloon pump support.

An activity regimen was initiated after extubation.
The patient was assisted to the sitting position on the
side of the bed and up in a chair within 24 hours after
surgery. Ambulation was gradually advanced to 4 times
a day.

With minimal narcotic use, nausea and other gas-
trointestinal discomforts were diminished, enabling
the start of a clear liquid diet in the immediate post-
extubation period.

Discharge Protocol and Outpatient Follow-up

The established discharge criteria were stable hemo-
dynamics, afebrile for the past 24 hours, no incision
problems, independence in the activities of daily living,
oral food intake, and normal bowel function.

Education on activity, diet, and how to identify
possible incision problems, including written informa-
tion, was given throughout the postoperative course
and re-emphasized to the patient and family members
at discharge. Phase I cardiac rehabilitation was started
during the hospital stay. When appropriate, home care
nursing was arranged with the initial visit scheduled
for the first day after discharge.

Open lines of communication between the
patient and hospital were established promptly after
discharge. The nurse clinician called within 24 to 48
hours after discharge to provide additional education
and to screen for any potential problems. If a problem
was identified by the patient, family member, or the
home care nurse, the nurse clinician gave instructions
to contact the surgeon’s office and arrangements were
made for the patient to be seen expeditiously. The

referring cardiologist and internist were informed of

the patient’s progress via telephone, fax, and mail.

The surgeon saw the patient for follow-up 4 to 6
weeks after surgery.

Statistical Methods

The data elements ('Table 1) were analyzed using
SAS version 6.11 (SAS, Cary, NC). The results are
expressed as mean + standard deviation, and standard
errors for regression analyses were reported when appro-
priate. Student’s 7 test or Wilcoxon’s test were used in
comparing two means. Chi-square tests were used in
comparing proportions. The log of postoperative and
ICU length of stay was used in the analyses because
both variables were more normally distributed after log-
arithmic transformation. Analyses of covariance were
used to produce significant predictors for both the loga-
rithm of the number of days in the ICU and the loga-
rithm of the number of postoperative days. These
analyses produced a model of the form Log(LLOS) =
o+ 1X1 + 2X2 + 3X3 + .... Using this model, the predicted
increase in LLOS associated with a predictor X; is found
by exponentiating and is given by exp(y). Ninety-five
percent confidence bounds on the expected increase in
the number of postoperative days were then computed
as exp [; + 1.96SE(®)].

In all analyses, age was evaluated in decades.
Consequently, the associated expected increase in LOS
or the associated odds ratio reflects the added number of
postoperative or ICU days that result from a 10-year
increase in age. Similaily, the left ventricular function
score was cvaluated using five incremental units.
Because the effect of the surgical procedure on length of
stay was similar for isolated CABG and isolated valve
surgery, these two surgical procedures were combined in
the multivariate analyses and the variable was treated,
dichotomously, as isolated CABG or valve procedure vs
the combined CABG + valve procedure.

- RESULIS -

Effects on Stay

By univariate analysis, gender, history of congestive
heart failure, combined CABG and valve procedure,
number of hours on the ventilator, age, postoperative atri-
al fibrillation, left ventricular function, peripheral vascu-
lar disease, and perioperative myocardial infarction were
significant predictors of increased ICU stay (P < 0.01).
These variables, with the addition of ICU stay, were also
predictive of increased postoperative L.OS (Table 1).

The significant independent predictors of
increased postoperative LLOS are prolonged ICU stay,
postoperative atrial fibrillation, combined CABG and
valve procedure, preoperative congestive heart failure,
history of peripheral vascular disease, female gender,
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- PRACTICE PATTERNS -

increasing age, and prolonged ventilator support ('Table
2). Each decade of age increased the postoperative
LOS by 3.67%. The mean postoperative L.LOS was 8.24
+ 6.8 days. One hundred and thircy-eight patients
(33%) were discharged in 5 days or less.

 The predictors of increased ICU stay were also
analyzed because of the significant impact of the ICU
stay (33% increase) on the overall postoperative stay.
Table 3 shows the 1esults of stepwise analysis of
covariance.

The independent predictors associated with an
increased stay in the ICU were perioperative myocar-
dial infarction, the combined CABG and valve proce-
dure, female gender, postoperative atrial fibrillation,

left ventricular dysfunction, and the number of hours
on the ventilator. Perioperative myocardial infarction
is a highly significant predictor (P = 0.005) of an
increased stay in the ICU, but there were only four
events. Consequently, we cannot be certain of the
true magnitude this event has on the increase in LOS
in the ICU. An increase from 1 to 2.7 days in the ICU
will vield an expected increase of 2.75 days in the
postoperative stay. The mean LLOS of stay in the ICU
was 2.63 + 3.0 days. The independent predictors were
similar to those identified for the postoperative LOS
with the additional risk factors of perioperative
myocardial infarction and left ventricular dysfunction
('Table 3). Extubation in 10 hours or less was accom-

plished in 43% and 47% had an

ICU stay of 1 day or less.

Effects on Cost

Table 2. Independent Predictors of Postoperative Length of Stay (LOS) Using the HBO cost account-
ing system, (HBO & Co., Atlanta,
Increase in GA) the hospital costs (not
Variable Postoperative LOS (days) % Increase P charges), both direct and indi-
U LOS e 134 0 0001 rect, per patient for diagnosis-
. <
related groups (DRG) 106 and
Postoperative atrial fibrillation 116« 14.1 0.0006 107 were analyzed To assess the
CABG + valve 121 14.7 0.005 cost savings realized by the initi-
Preoperative congestive 102 12.4 0.002 ation of the early discharge pro-
heart failure gram, we compared the first
Peripheral vascular disease 0.99 12.1 0.02 quarter of 1994, which was prior
Female gender 067 82 0.025 to the implemeqtation of the
Age 03 37 0.012 program, to the first quarter of‘
Ventilator h 007 08 001 1995. An overall cost savings of
entilator nours . g
' $3942 and $2028 per patient for
DRG 106 and 107, res i
ICU = intensive care unit; CABG = coronary artery bypass graft. G . ’ pectlvely,
was realized. During the same
time intervals, the mean postop-
erative LOS for the group
of patients undergoing only
CABG decreased by 2.1 days.
A decrease in postoperative
Table 3. Independent Predictors of Length of Stay in the ICU LLOS was seen in all decades
of age (P = 0.0002). The most
Increase in significant reduction in LOS
H [} . .
Variable ICU (days) % Increase p was seen in the octogenarians
Perioperative myocardial infarction k 321 122 0 005 (n =, 18) with a shortened postop-
erative LLOS from 12.7 to 8.1
CABG + valve 0.73 27.9 0 0008 days
Female gender 0.56 213 0001 '
Postoperative atrial fibrillation 0.56 213 0.002 Mortality
Left ventricular dysfunction 0.27 10.2 0.01 The mortality rate for the
Hours on ventilator 015 58 <0.0001 entire group of 422 was 3.3% com-
~ pared to 3.4% for the previous

ICU = intensive care unit; CABG = coronary artery bypass graft

time period (P = NS).
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Patient Satisfaction

The National Research Group, an independent
agency, conducted a satisfaction survey, after patients
were discharged from the hospital. Quality of care,
recommendation to family and friends, advocation,
and return to the hospital were the areas surveyed,
and the mean scores were in the very good to excel-
lent range.

-+ DISCUSSION -

In the era of managed care, cost containment is an
essential part of healthcare delivery. Decreasing LOS
can be one method to reduce the cost in cardiac
surgery. Clinical pathways and the use of home care
nurses have contributed to lowering LOS with no
adverse change in the rate of complications.’

Substantial cost savings can be achieved with the
early discharge program.* We were able to use cost pro-
vided by the hospital accounting system, which does
not include the surgeon or anesthesiologist fees. Other
reported studies used the Medicare cost-to-charge
ratio to determine savings. Smith and colleagues
reported increased cost with older age, female gender,
diabetes, and lower left ventricular ejection fraction;
we found these variables to negatively impact LOS,
which is a determinant of an increase in cost.”"
Smith’s group also found significant differences in
costs among surgeons, but the individual surgeon’s
impact on cost was not analyzed due to the small num-
bers of surgeons involved.” Katz and colleagues®
found a 10% to 20% higher cost in the 70 years and
older age group, but we have shown that the LOS can
be decreased in all age groups with the early discharge
program, which will equate to a costs savings.

We have shown that a reduction in postoperative
LOS can be achieved safely in a large number of
patients and in all age groups without any preselec-
tion process. Even though advanced age was associ-
ated with a longer postoperative LOS, we were able
to decrease LLOS in all age groups. The mean post-
operative LOS in the septuagenarians and the octo-
genarians who underwent only CABG was decreased
by 1 day and 4.6 days, respectively. Ott and col-
leagues had a LLOS of 8 days in a group of patients
older than 70 years undergoing isolated CABG vs 5.7
days in the younger group.” Similar studies have
reported a greater LOS for the elderly population.”

We found prolonged ventilatory support to be a
predictor of increased ICU and postoperative 1LOS.
Change in anesthesia, using shorter-acting inhalation
anesthetics and minimal narcotics, facilates early extu-
bation. The patients have less sedative effect and are

more alert.” Criteria for early extubation remains the
same as for standard extubation.** Good pain control
and preoperative communication with patients about
their expected perioperative course help alleviate
their anxiety, which facilitates early extubation."

There are reported differences in “fast track” pro-
tocols. Normothermia has been advocated by some
surgeons.””” We and others have found that hypother-
mia, utilizing its myocardial protection, can be used
routinely with successful early extubation and dis-
charge.’” An important aspect of early extubation,
however, is to have the patient normothermic before
weaning is attempted.

Early extubation was accomplished in 43% of the
422 patients in our study. Cheng et al report an extu-
bation rate of 82% in a selected group of patients
younger than 75 years of age who underwent elective
CABG.” Reintubation rates have not been shown to
be higher in patients achieving early extubation vs
those undergoing standard extubation.” Arom and col-
leagues" reported reintubation rates of < 1%, while
Chong et al. reported a rate of 1.8%."

Intraoperative fluid restriction has been recom-
mended to reduce extravascular fluid accumula-
tion.”’ Steroids have also been used to decrease the
occurrence of the inflammatory response with car-
diopulmonary bypass.**”” Others use metoclo-
pramide to stimulate bowel function.”” The
prophylactic use of digoxin for the prevention of
postoperative atrial fibrillation has also been advo-
cated.”® We did not use steroids, metoclopramide, or
prophylactic digoxin and no fluid restriction was
implemented. In a meta-analysis, digoxin was not
shown to reduce the likelihood of the development
of supraventricular tachycardia after CABG.”
Without these additional modifications, our results
are comparable.

Current studies reported in the literature have not
consistently found gender to significantly impact LOS
or costs, but in our study female gender was an inde-
pendent predictor for increased LOS in the ICU and
postoperatively.””* Late extubation has a negative
impact on LOS and females have been found to have
longer intubation times."”

Readmission and mortality are outcomes that
address quality and cost concerns. No significant dif-
ference has been found in readmissions between the
patients in the early discharge group compared to the
group with longer LOS.”” In our series, the readmis-
sion rate for the early discharge group was 7.8%, lower
than the 16.2% rate for the group with the postopera-
tive LOS of 6 days or longer. Our most common read-
mission diagnosis was atrial fibrillation.
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We found no increase in our mortality rate after
implementation of the early discharge program. The
mortality rate for the entire group of 422 was 3.3%
compared to 3.4% from the previous time period.
Others have reported similar resules, validating that
early discharge can be accomplished safely.”

LOS in the ICU has an impact on the postopera-
tive LOS. ™" In our study population, 47% had an
ICU stay of 1 day or less. Patients with a perioperative
myocardial infarction had the largest increase in ICU
" length of stay (3.21 days). Previous observations have
found female patients to have longer intubation times,
and we noted that both female gender and intubation

time prolonged the ICU stay. Because the operating

room and the ICU are high-cost areas for cardiac
surgery, efforts to decrease the time in the ICU will
improve hospital resource consumption.

Future studies should address areas of patient
functional ability (status) after patients are discharged
home and the psychological implications of early dis-
charge. Anxiety levels, as well as the understanding
and retention of discharge instructions, need to be
examined. Readmission diagnoses and possible inter-
ventions to avoid hospitalization can be identified.
Follow-up by a home care nurse might be helpful in
early identification and treatment of problems to
avoid readmissions. Further efforts are needed to
identify the interventions that may decrease both the
ICU and postoperative LLOS in the female and older
populations. '
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