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Abstract

Objective—The decision to admit a patient to the intensive care unit (ICU) is complex, reflecting

patient factors and available resources. Previous work has shown that ICU census does not impact

mortality of patients admitted to the ICU. However, the effect of ICU bed availability on patients

outside the ICU is unknown. We sought to determine the association between ICU bed

availability, ICU readmissions, and ward cardiac arrests.

Design—In this observational study using data collected between 2009 and 2011, rates of ICU

readmission and ward cardiac arrest were determined per 12-hour shift. The relationship between

these rates and the number of available ICU beds at the start of each shift (accounting for census

and nursing capacity), were investigated. Grouped logistic regression was used to adjust for

potential confounders.

Setting—Five specialized adult ICUs comprising 63 adult ICU beds in an academic medical

center.

Patients—Any patient admitted to a non-ICU inpatient unit was counted in the ward census and

considered at risk for ward cardiac arrest. Patients discharged from an ICU were considered at risk

for ICU readmission.

Measurements and Main Results—Data were available for 2086 of 2190 shifts. The odds of

ICU readmission increased with each decrease in the overall number of available ICU beds

(OR=1.06 [95% CI, 1.00–1.12], p=0.03), with a similar but not statistically significant association

demonstrated in ward cardiac arrest rate (OR= 1.06 [95% CI, 0.98–1.14], p=0.16). In subgroup
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analysis, the odds of ward cardiac arrest increased with each decrease in the number of medical

ICU beds available (OR= 1.26 [95% CI, 1.06–1.49], p=0.01).

Conclusions—Reduced ICU bed availability is associated with increased rates of ICU

readmission and ward cardiac arrest. This suggests that systemic factors are associated with

patient outcomes and flexible critical care resources may be needed when demand is high.
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Introduction

An analysis of trends in critical care use from 2000–2005 in the United States reported that

the number of intensive care unit (ICU) beds, days, and occupancy rates have all increased

over time (1). Importantly, demand for critical care resources increased at a greater rate than

the ICU bed supply (1) with further increases in demand expected due to an aging

population with increased comorbidities (2). As demand for ICU beds outpaces the supply,

the number of available ICU beds will become increasingly limited, potentially resulting in

sicker patients being left on the wards.

Reports on the association between limited ICU bed availability and adverse effects in ICU

patient populations have been mixed. A large study of the APACHE database demonstrated

no association between bed availability and ICU mortality (3). However, decreased ICU bed

availability has been shown to be associated with increased severity of illness in patients

admitted to the ICU (4), (5), (6), suggesting that bed availability plays a role in triage

decisions. Some studies have demonstrated a shorter ICU length of stay associated with

limited bed availability, which may indicate increased pressure to discharge patients when

beds are limited (3), (5), (6). Finally, one study of a neurological ICU demonstrated an

association between increased patient flow rates and increased rates of readmission to the

ICU (7).

Meanwhile, studies of the effects of the ICU bed availability on patients outside the ICU

have only examined high-risk ward patients that are evaluated for transfer to the ICU (8),

(9), (10), (11), (12), (13). In these populations, decreased ICU bed availability has been

associated with decreased rates of transfer into the ICU (8), (9), (12), (14), and an increase

in mortality among patients refused transfer to the ICU (8), (13), (14). However, the effects

of ICU bed availability on ward patients may extend beyond those patients directly

evaluated for transfer to the ICU.

Determining the impact of limited ICU bed availability on outcomes both on the wards and

in the ICU has important implications for the health and safety of hospitalized patients. The

aims of this study were to examine the effects of ICU bed availability on both the general

ward and ICU patient populations. We hypothesized that decreased ICU bed availability

would be associated with an increase in readmission to the ICU within twenty-four hours.

Additionally, we hypothesized that decreased ICU bed availability would be associated with

an increase in the rate of cardiac arrest on the general wards.
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Materials and Methods

Study Population and Setting

We conducted an observational cohort study between January 1, 2009 and December 31,

2011 at a tertiary care academic medical center with 63 total adult ICU beds, including

specialized medical, cardiac, surgical, and neurological ICUs, and 272 adult general

inpatient ward beds. Our hospital has had a rapid response team (RRT) in place since 2008

composed of a critical care nurse, with the availability of a respiratory therapist and hospital

medicine or critical care attending as previously described (15). RRT trigger criteria are

general, such as “tachypnea” and “staff worry,” and are not tied to specific vital signs. This

study was approved by the Institutional Review Board at the University of Chicago. A

waiver of informed consent was granted on the basis of minimal risk and general

impracticability. Collection of patient information was designed to comply with the Health

Insurance Portability and Accountability Act of 1996 (HIPAA) regulations.

Data Collection

ICU bed availability was collected in a hand written institutional log. At the start of each

7am and 7pm shift the ICU manager or charge nurse recorded the census and capacity of

each ICU. The census refers to the number of patients within the ICU at the start of the shift.

The capacity refers to the total number of beds available to accommodate patients with the

available nurses for the shift. Therefore, if there were ten physical beds, but only enough

nurses to care for eight patients, then the capacity would have been logged as eight. Bed

availability represents the capacity minus the census. Data from each log were entered into a

spreadsheet (Microsoft Excel 2010, Microsoft, Redmond, WA) independently by two

authors (MH, JT). Shifts with missing or incomplete data were excluded. When there was a

difference in data entry between MH and JT (representing a transcription error by one or

both of the authors), author TY examined the handwritten log and resolved the difference by

entering the correct data point in the final data set. All data were entered, checked, and

finalized prior to being merged with the outcomes data. As such, all authors were blinded to

outcomes at the point of data entry. Once merged with outcomes, no changes were made to

the data. Demographic data and hospital ward occupancy at the start of each shift was

obtained from electronic administrative databases.

ICU readmission was defined, a priori, as an ICU readmission or a ward cardiac arrest

within 24 hours of discharge from an ICU to a ward. The ICU readmission rate was

calculated per shift using the total number of discharges as the denominator and the number

of those patients who had an ICU readmission as the numerator. ICU readmission rate was

analyzed as a proportion rather than as a whole number to account for variation in transfer

rates out of the ICU. ICU readmission data were obtained from the Admission-Discharge-

Transfer administrative database. Cardiac arrest was defined as the loss of palpable pulse

with attempted resuscitation on any general inpatient ward (medical or surgical). The cardiac

arrest rate was calculated per shift using the number of patients on the general wards as the

denominator and the number of arrests as the numerator. The cardiac arrest rate was reported

as arrests per 10,000 ward patients per shift for simplicity. Cardiac arrests were identified

using a prospectively collected and verified quality improvement database previously
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described (16). Comfort care deaths (e.g. deaths in patients with a DNAR order) were

excluded from analysis.

Statistical Analysis

Analyses were performed using a statistical software application (Stata version 11.0,

Statacorp, College Station, TX). Descriptive statistics were compared using Student’s t-test,

χ2 test, or Wilcoxon rank sum test as appropriate. The associations between ICU bed

availability and ICU readmission rate or cardiac arrest rate on the general inpatient wards

were analyzed using grouped logistic regression. The final models were adjusted for

potential confounders by adding the variables of calendar year (i.e. 2008, 2009, etc.), season

(i.e. Summer, Spring, etc.), day of week (i.e. Monday, Tuesday, etc.), and time of day (day

versus night). A sub-group analysis was conducted by separately analyzing the data using

medical ICU (MICU) and non-MICU bed availability. All tests of statistical significance

used a two-sided p<0.05.

Results

Over the study period, there were 60,355 admissions over 2,190 consecutive shifts, of which

2,086 (95.3%) had complete data. Shifts with missing data were evenly distributed by year,

season, day of week, and day versus night. The mean age of all admitted patients was 54 ±

18 years, 43% were male, and 24% were surgical admissions. The median length of hospital

stay was 3 days (IQR 2–6). There were 8238 discharges from the ICU with 245 (3%)

readmitted within twenty-four hours. There were 117 ward cardiac arrests, resulting in a

ward cardiac arrest rate of 2.63 per 10,000 patient-shifts. Descriptive statistics of bed

availability are shown in Table 1.

ICU readmission rates by ICU bed availability in quartiles are illustrated in Figure 1. The

odds of readmission to the ICU significantly increased with each unit decrease in total ICU

bed availability after adjusting for potential confounders (OR=1.06 [95% CI, 1.00–1.12],

p=0.03) (Figure 2).

Figure 3 shows the ward cardiac rates by ICU bed availability in quartiles. The association

between the number of available ICU beds and ward cardiac arrest rates was similar to that

of ICU readmissions but was not statistically significant (OR 1.06 [95% CI, 0.98–1.14], p =

0.16). In unadjusted analysis of the MICU bed availability, the rate of cardiac arrest on the

general wards nearly doubled when comparing zero versus one or more available MICU

beds (3.89 vs. 2.11 per 10,000 patients-shifts, p=0.01) (Figure 4). After adjusting for

potential confounders, MICU bed availability was significantly associated with ward cardiac

arrest rates (OR= 1.25 [95% CI, 1.06–1.49], p=0.01). Non-MICU bed availability was not

associated with ward cardiac arrest rates (OR 1.01, [95% CI, 0.92–1.10], p = 0.86).

Discussion

In this study, we found that the ICU readmission rate increased significantly as ICU bed

availability decreased. In addition, the cardiac arrest rate among all ward patients increased

with decreasing medical ICU bed availability. This is the first study to demonstrate this
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association, which was most pronounced when the MICU was full as compared to when one

or more MICU beds were available, as the unadjusted rates of cardiac arrest nearly doubled

when the MICU was full. This study demonstrates that limited ICU bed availability is

associated with adverse effects in the hospital population at large, including both ward and

ICU patients.

Associations between the outcomes of ICU patients (including readmission) and various

indicators of ICU activity such as ICU census (3), admission volume and occupancy (17)

(18), workload (19), and patient turnover (7) have previously been reported. Our study is

unique in that it analyzes multiple specialized ICUs within our institution over an extended

period of ICU traffic from a systems-level perspective. Lack of ICU bed vacancy was a

significant risk factor for ICU readmission in one study (20), however, the authors defined

readmission using a longer window of 7 days from ICU discharge and did not specifically

account for nursing staffing in their ICU bed availability data.

The increased rate of cardiac arrest on the wards with reduced ICU bed availability is

consistent with previous studies showing increased mortality in patients refused transfer to

the ICU (6) (8) (9) (14), or who experience delays in critical care (21) (22) at times of

limited ICU bed availability. Robert and colleagues furthered this and showed an association

between refusal of ICU transfer due to a full ICU and increased patient mortality (13).

Despite the previous work on outcomes of patients evaluated for ICU admission in the face

of ICU bed limitations, we are not aware of any other studies examining the effects of ICU

bed limitations on the hospital population as a whole

In subgroup analysis, the increased rate of cardiac arrest with limited ICU bed availability

was driven by the availability of MICU beds, which is a unique finding. Over the data

collection period, 72% of ward cardiac arrests occurred in patients on a medical service

(data not shown). In our hospital, had clinical deterioration been identified in these patients

before cardiac arrest, they most likely would have been referred for transfer to the MICU

rather than another ICU. Our findings may indicate unintended effects of a higher barrier to

ICU admission as sicker patients may remain on the wards where they are at risk for

deterioration.

Our study has several implications. The first is the demonstrated need for improved triage of

ward patients into the ICU when ICU beds are scarce. While numerous decision-making

tools for ICU admission exist, none has proven to improve outcomes (23) (24). Our findings

also suggest the need to respond acutely to perturbations in ICU bed availability, particularly

accounting for MICU bed availability. During times of increased critical care strain, a

flexible, system wide process may help to meet unpredictable surges in critical care demand

(25) (26) (27) (28). In addition, the implementation of previously described quality

improvement practices to reduce ICU length of stay may increase the number of available

beds (29) (30) (31).

There are several important strengths of our study. First, we used prospectively collected

data in a large population of both medical and surgical patients. In addition, we accounted

for both physical beds and staffing resources in the determination of bed availability, which
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was not specifically accounted for in earlier studies (23). Finally, our study included all

patients at-risk in the general wards rather than just those evaluated by the ICU team.

This study has several limitations. First, this was a single-center study at an academic

hospital. Institutional factors, including policies for admission to individual ICUs, may make

the findings less generalizable. We conducted our analysis at the shift level and therefore

patient-specific data were not available. We therefore did not determine whether the ward

patients who suffered cardiac arrest were evaluated for transfer to the ICU prior to their

arrest. In addition, we defined our subgroups of medical and non-medical ICUs by the

physical bed location rather than admitting service. However, the vast majority of patients in

the MICU are on the MICU service. We acknowledge that this is an observational study of a

complex system and cannot establish causality between the ICU readmission rate and ICU

bed availability. Finally, we examined bed availability per shift rather than ICU turnover or

bed availability in real time.

In conclusion, we demonstrated an association between decreased total ICU bed availability

and increased rates of unplanned ICU readmissions within twenty-four hours. We also

demonstrated an association between decreased total ICU bed availability and increased

rates of cardiac arrest on the wards, driven by MICU bed availability. These findings

suggest sub optimal triage of patients into the ICU and premature discharge of patients from

the ICU when ICU beds are scarce. Additional research is needed to establish optimal triage

practices and hospital-wide bed allocation to maximize ICU bed availability for high-risk

patients.
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Figure 1.
Adjusted Intensive Care Unit (ICU) readmission rate by combined ICU bed availability, n =

number of 12-hour shifts, p = 0.03.
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Figure 2.
Odds ratios and 95% confidence intervals for ICU readmission and ward cardiac arrest per

unit decrease in ICU bed availability using grouped logistic regression and adjusted for

academic year, season, time of day, and day of week. The odds ratio for ward cardiac arrest

was also calculated for subgroups of available Medical ICU (MICU) and non-MICU beds.

*p<0.05
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Figure 3.
Ward cardiac arrest rate by combined ICU bed availability, n = number of 12-hour shifts, p

= 0.16.
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Figure 4.
Ward cardiac arrest rate by medical ICU (MICU) bed availability, n = number of 12-hour

shifts, p = 0.01.
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Table 1

Results

Total Shifts, n 2190

Shifts with complete data, n (%) 2086 (98.5)

Ward occupancy, median (IQR) 218 (201 – 231)

Combined ICU beds, median (IQR) 61 (58 – 63)

 Medical ICU 16 (15 – 16)

 Non-medical ICU 42 (38 – 44)

Combined ICU bed availability, median (IQR) 5 (3 – 7)

 MICU bed availability 1 (0 – 2)

 Non-MICU bed availability 3 (2 – 5)

Shifts with zero available ICU beds, n (%)

 Any ICU bed 6 (0.3)

 Medical ICU bed 557 (2.7)

 Non-medical ICU bed 65 (3.1)

Total ICU to ward discharges, n 8238

 ICU Discharges per shift, median (IQR) 4 (3–6)

Total ICU readmissions, n 245

 ICU readmission per 100 discharges 2.63

Total Cardiac arrests (n) 117

 Cardiac arrest rate per 10,000 ward patient-shifts 2.63
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