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Abstract

Objective: To identify predictors of requirement for readmission to the intensive care unit (ICU) for patients undergoing cardiac surgery.
Methods: The setting was a 17-bedded ICU in a tertiary level institute for specialist adult cardiorespiratory disease. The case notes and ICU
charts of 65 ICU readmissions and 65 controls, matched for day of initial ICU discharge, were analysed. Patient variables assessed included
preoperative risk stratification, ICU admission APACHE III score and intensive therapy interventions, complications and indication for
readmission if readmitted. Results: Twenty of 65 patients (31%) readmitted to the cardiac ICU died, compared with no mortality among the
control group. Significant univariate determinants of ICU readmission (odds ratio, 95% confidence interval) included worse angina (1.38,
0.99–1.91) and dyspnoea (1.70, 1.10–2.61) classes and corresponding non-elective surgery (2.04, 1.31–3.19), higher Parsonnet score (1.06,
1.01–1.11) or EuroSCORE (1.14, 1.01–1.28), APACHE III score (1.03, 1.00–1.05), body mass index . 27 (4.25, 1.43–12.63), non-usage of
beta-blockers (1.53, 1.03–2.26), emergency resternotomy (5.00, 1.10–22.79), and lower haemoglobin (0.75, 0.58–0.96), higher required
inspiratory oxygen (1.05, 1.02–1.08), and higher respiratory rate upon ICU discharge (1.09, 1.01–1.18). Renal failure, respiratory failure and
cardiac arrest were the most common indications for ICU readmission. Thirty-five of 65 patients readmitted to the ICU required ventilation
for a mean of 7.1 days. The mean ICU readmission duration for all 65 cases was 5.7 days. Conclusions: Readmission of cardiac surgical
patients to the ICU is associated with high morbidity and mortality, and substantial resource consumption. Parsonnet or EuroSCORE risk
stratification models in combination with obesity, operative urgency, resternotomy and respiratory indices at time of intended ICU discharge
are strongly associated with readmission to ICU. q 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Staffed intensive care unit (ICU) beds are at a premium.
The return of patients to the ICU is yet another cause of
staffed intensive care bed shortages, dealing a financial blow
to the throughput of the cardiac surgical service. It also
impacts adversely on patients awaiting their operation.
Furthermore, the mortality rate among those readmitted is
appreciably high [1,2]. The discharging physician’s judge-
ment is constantly put to the test as he/she is called upon to
rationalize a scarce resource [3,4]. Intensive care decision-
making needs to be guided by quantitative data and risk
probabilities [5]. The question of an intermediate care unit
as a step-down to the general ward also needs to be
addressed [6]. A retrospective study of the readmissions to

our cardiac surgical intensive care unit, compared to a case
controlled group of patients, was undertaken in an attempt to
profile these patients with regards to risk stratification and
treatment dependence and outcomes.

2. Materials and methods

Papworth Hospital (Cambridge, UK) is a specialist
tertiary health care institute for adult cardiopulmonary
disease, and performs around 1800 general cardiac and 80
cardiac transplantation operations annually. During the time
period of this study, it was outfitted with a 17-bedded ICU
with primary dedication to surgical cases, but no high
dependency unit.

The study was of a matched case control design. All adult
general (non-transplant) cardiac surgical patients who were
admitted to the ICU over the time period January 1, 1998 to
December 31, 1998 inclusive, and who subsequently
required readmission within a single hospitalization were
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identified from hospital admissions databases and clinical
records were studied. Of the 71 patients identified, six were
excluded because the first admission had taken place pre-
operatively. The remaining 65 made up the cases of read-
mission to ICU. For each case a control was selected from
the hospital admissions database on the basis of no return to
ICU in the same admission, and being the nearest age–sex
match discharged from ICU on the same day as the case was
first discharged from ICU.

A range of potential risk factors for readmission to ICU
were considered including preoperative comorbidity, opera-
tive factors, and cardiac, pulmonary and renal function on
the initial admission to the ICU. Risk scores were also
applied using both Parsonnet [7] and EuroSCORE [8]
systems. APACHE III scores [9] for three key times were
derived from examination of the patients’ intensive care
charts and notes: (1) the first 24 h or part thereof in the
ICU, (2) at initial discharge from the ICU, and (3) the first
24 h following readmission to the ICU.

2.1. Statistical analysis

Data collection was carried out using Microsoft Excel
2000 spreadsheet. Statistical analysis was carried out
using the statistical software package S-Plus (MathSoft,

Seattle, WA, USA). Associations between risk factors and
return to ICU were assessed using conditional logistic
regression and odds ratios of readmission to ICU calculated.
The matched case-control design was also taken into
account to produce more accurate estimates of the associa-
tions. Initially, all important factors were assessed in
univariate models and statistical significance (P , 0:05)
was determined by the likelihood ratio test.

3. Results

Of the 1745 adult patients who underwent general (non-
transplant) cardiac operations during the study period, 65
had at least two postoperative admissions to the ICU during
the same hospitalization. Case controls were selected from a
total of 390 potential candidates matched for date of initial
ICU discharge.

Case and control groups did not differ significantly in age
(67.4 years versus 66 years, respectively) or sex ratio (67.7
versus 72.3%male, respectively). The most significant char-
acteristics analysed for ICU readmission prediction are
listed in Table 1. Symptom severity and correspondingly
operative urgency were both statistically significant. 52.3
and 44.6% of readmission cases were CCS class III or IV
and NYHA class III or IV, respectively, compared with only
26.2 and 27.7%, respectively, of control patients. The distri-
bution of surgical urgency is shown in Fig. 1. Both Parson-
net and EuroSCORE risk stratification systems were found
to be statistically significant univariate predictors of ICU
readmission. The admission APACHE III score was also
significant but the ICU discharge APACHE III score just
failed to reach statistical significance (mean control
APACHE III 57.4 versus mean readmission APACHE III
63.3, P ¼ 0:051). Non-elective urgency of surgery
(P , 0:001) and higher required inspiratory oxygen upon
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Table 1
Univariate odds ratios for significant variables in exploratory analysisa

Variable Odds ratio (95% CI) LR Statistic (x 2(1)), significance

NYHA per class 1.70 (1.10–2.61) 6.34, P ¼ 0:012
CCS per class 1.38 (0.99–1.91) 3.91, P ¼ 0:048
Parsonnet score per point 1.06 (1.01–1.11) 7.05, P ¼ 0:008
EuroSCORE per point 1.14 (1.01–1.28) 5.30, P ¼ 0:021
24 h APACHE score per point 1.03 (1.00–1.05) 4.96, P ¼ 0:026
Discharge APACHE score per point 1.03 (1.00–1.05) 3.81, P ¼ 0:051
Non-elective surgery 2.04 (1.31–3.19) 12.51, P , 0:001
Body mass index per kg/m2 1.14 (1.02–1.27) 5.88, P ¼ 0:015
Body mass index. 27 4.25 (1.43–12.63) 8.66, P ¼ 0:003
Beta-blockers 1.53 (1.03–2.26) 4.94, P ¼ 0:026
Resternotomy for any reason 5.00 (1.10–22.79) 5.82, P ¼ 0:016
ICU discharge haemoglobin per g/dl 0.75 (0.58–0.96) 6.02, P ¼ 0:014
ICU discharge FiO2 per % 1.05 (1.02–1.08) 13.35, P , 0:001
Respiratory rate per breaths/min 1.09 (1.01–1.18) 5.44, P ¼ 0:020
Urea at initial ICU discharge 1.07 (0.98–1.18) 2.84, P ¼ 0:092

a CI, confidence interval; LR, logistic regression.

Fig. 1. Distribution of surgical urgency.



discharge (P , 0:001) were the strongest predictors for
readmission.

Multivariate models for relative risk of ICU readmission
were developed using either cardiac surgical risk stratifica-
tion system. While Parsonnet score remained significant in
the final model (P ¼ 0:016), EuroSCORE did not
(P ¼ 0:058) (Table 2).

The mean number of days elapsed from initial ICU
discharge to ICU readmission was 5.2 days (range , 12 h
to 24 days), with eight patients being readmitted within 12
h. The indications for ICU readmission are listed in Table 3.
The most common indication was renal failure (16 patients)
followed by respiratory failure (15 patients) and cardiac
arrest (14 patients). The mean APACHE III score (derived
from 59 patients) on readmission was 66.6. Two patients
underwent a second cardiac operation while four had a
laparotomy. Seven readmission patients had undergone ster-
nal debridement for mediastinal sepsis.

Thirty-three readmissions required reventilation, of
whom 15 were ventilated for more than 24 h, three ulti-
mately needing a tracheostomy. Five patients were haemo-
filtered and eight were electrically cardioverted for
haemodynamically compromising arrhythmias.

Complications developing during the second admission
to the ICU are shown in Fig. 2. Cardiac arrest and pneumo-
nia were the most common, occurring in seven patients
each. Eight patients who were discharged from the ICU a
second time were further readmitted for at least a second
time. The mortality among readmissions was 30.8%. There
was no mortality among the control group.

4. Discussion

ICU readmission and its resultant extended ICU stay have
several adverse sequelae, from futile consumption of valu-
able resources [10–13] and prolonged hospital length of
stay, to increased mortality and poor quality of life follow-
ing discharge [14]. In a setting of cardiac surgery, ICU
readmissions comprise a group contributing to significant
yet poorly defined morbidity and mortality. A retrospective
study of the readmissions to our cardiac surgical intensive
care unit, as compared to a case-controlled group of
patients, was undertaken in an attempt to profile these
patients with regards to risk stratification, treatment depen-
dence and outcomes.

Patient profiling of cardiac surgical readmissions is lack-
ing, and only few studies have been undertaken to examine
patients readmitted to general medical and surgical ICUs.
Indeed, major ICU severity scoring systems abjectly avoid
including this group of patients in their profile analysis
[6,15,16]. The prediction of outcomes of cardiac surgical
patients has remained elusive [17]. Our study identified
worse angina and dyspnoea severity, impaired left ventricu-
lar function, operative urgency, and case complexity (endo-
carditis and aortic surgery) as significant preoperative
characteristics for ICU readmission. Postoperatively, cardi-
ovascular support, ventilation beyond 24 h and ICU compli-
cations (particularly resternotomy) were significant.

The readmission rate to general medical and surgical ICUs
has been quoted at 4.6–12% [1,2,18–21]. In the general ICU,
recurrence or persistence of the original condition is the usual
cause for ICU readmission [1,18]. Pulmonary failure and
general sepsis are also major causes of ICU readmission
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Table 2
Predictive model for risk of readmission to the ICU

Variable Odds ratio (95% CI) LR Statistic (x 2(1)), significance

Parsonnet score per point 1.13 (0.99–1.29) 5.84, P ¼ 0:016
Non-elective surgery 2.13 (0.90–5.03) 12.51, P , 0:001
Body mass index. 27 7.20 (0.94–55.28) 3.76, P ¼ 0:052
FiO2 per% 1.09 (1.02–1.17) 7.99, P ¼ 0:005
Respiratory rate per breaths/min 1.30 (1.01–1.66) 4.13, P ¼ 0:042

Table 3
Indications for ICU readmission (not mutually exclusive)

Cardiac arrest 14 (21.54%)
Shock (without cardiac arrest) 5 (7.69%))
Pulmonary oedema 4 (6.15%)
Pulmonary embolism 4 (6.15%)
Respiratory failure 15 (23.08%)
Renal failure 16 (24.62%)
Septicaemia 2 (3.08%)
Rewiring 7 (10.77%)
GI complication 5 (7.69%)
Myocardial infarction 1 (1.54%)
Dysrhythmia 12 (18.46%)
Neurological event 7 (10.77%)
Other 2 (3.08%)

Fig. 2. Complications of patients readmitted to ICU.



[1,2,18]. In our adult general cardiac surgical ICU, acute
renal failure, pulmonary failure and cardiac arrest were the
main contributors to the readmission rate of 3.7%.

The 30.8% mortality rate amongst readmissions in our
unit is over-represented compared with the control group
since 14 of the patients were resuscitated from sudden
death and transferred emergently to the ICU. This, never-
theless, is in keeping with rates of 26–50% quoted for
general medical and surgical ICU readmissions, which are
about two to three times that of the unit as a whole
[1,2,16,21]. The most common mode of death was of
primary cardiac origin, reflecting decreased cardiac func-
tional reserve.

Postoperative morbidity is notably the major contributor
to quality of life and hospital cost following surgery [22].
Readmissions to the ICU provide good argument for the
establishment of an intermediary care unit prior to the
general ward to avoid premature discharge of patients
[23]. This argument is supported by Fox and colleagues
[24] who prospectively analysed the dependency status of
88 critical care patients since the opening of their high
dependency unit (HDU), having no patient readmissions
to the ICU, compared with five out of 60 patients in their
previous study [25]. As not all readmissions require reven-
tilation, these patients would essentially fulfil the criteria for
HDU level therapy. From a financial standpoint, the current
average daily cost of a National Health Service (NHS)
hospital ICU bed to be about GB£1000, compared with
about GB£300 for an HDU bed.

While mortality is regarded as the most important perfor-
mance indicator of heart surgery and is the usual end-point
of risk-stratification analyses, the diversity of non-fatal
outcomes makes morbidity prediction difficult. Undoubt-
edly, the robustness of any morbidity prediction model
would depend on the selection of adverse outcome
measures. Since many of the factors were inter-related,
any individual model is not a uniquely good predictor and
other models could be developed which could have similar
predictive value. The risk factors for prediction of mortality
as used in Parsonnet and EuroSCORE systems may differ
significantly from those for morbidity. Our study acts as a
doorway into prediction of one of the most significant
morbidity outcomes and serves to guide clinical decision-
making in daily ICU discharges.

5. Conclusion

The readmission of cardiac surgical patients to the ICU is
a major morbidity outcome associated with high mortality
and often prolonged ventilation, in addition to high
economic cost. A multivariate prediction model can be
built around established risk stratification systems and
include measures for obesity, operative urgency, and
respiratory parameters. The commonest indications for
ICU readmission are renal failure, cardiac arrest and respira-

tory failure. About half of all readmissions ultimately
require reventilation; about half are suitable for HDU
level management, at substantially less economic cost.
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