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The frequency of ICU readmission appears to have  
increased over the last 20 yrs. In four large U.S. multi-in-
stitutional studies, ICU readmission rate was 4.6% from 

1988 to 1989 (1), 5.6% from 1993 to 1996 (2, 3), and 6.4% from 
2002 to 2003 (4). These values, however, may underestimate re-

admission rates because they are based on all admissions rather 
than only the number of patients discharged alive (3, 5).

ICU readmission rate is of concern because these patients 
have a higher mortality and longer ICU and hospital lengths 
of stay (3, 5–8). In addition, studies report that 22% to 42% 
of readmitted patients may have been prematurely discharged 
(5, 7, 9, 10). It is intuitive that readmission rate might be an 
attractive quality indicator because it is easily measured, 
associated with poor outcomes, and discharge decisions are 
subjective and to some extent influenced by bed demand 
(11–14). Two organizations have recommended using the 
unplanned ICU readmission rate within 48 to 72 hrs as a clinical 
performance measure (15, 16). Although ICU readmission is 
associated with adverse outcomes and premature discharge, 
there is no convincing link between readmission rate and 
objective measures of quality (3, 8, 17, 18).

There are additional problems with using ICU readmission 
as a quality measure. First, it is difficult to establish an accept-
able readmission rate because rates differ with case mix (5, 6). 
A recent study examined patient-specific factors that influ-
ence readmission (19). This study demonstrated that multiple  
patient characteristics, most importantly severity of illness at 

Objective: To examine the association between ICU readmission 
rates and case-mix–adjusted outcomes.
Design: Retrospective cohort study of ICU admissions from 2002 
to 2010.
Setting: One hundred five ICUs at 46 United States hospitals.
Patients: Of 369,129 admissions, 263,082 were first admissions 
that were alive at ICU discharge and candidates for readmission.
Interventions: None.
Measurements and Main Results: The median unit readmission 
rate was 5.9% (intraquartile range 5.1%–7.0%). Across all ad-
missions, hospital mortality for patients with and without read-
mission was 21.3% vs. 3.6%, mean ICU stay 4.9 days vs. 3.4 
days, and hospital stay 13.3 days vs. 4.5 days, respectively. We 
stratified ICUs according to their readmission rate: high (>7%), 
moderate (5%–7%), and low (<5%) rates. Observed and case-
mix–adjusted hospital mortality, ICU and hospital lengths of stay 
were examined by readmission rate strata. Observed outcomes 

were much worse in the high readmission rate units. But after 
adjusting for patient and institutional differences, there was no 
association between level of unit readmission rate and case-
mix–adjusted mortality. The difference between observed and 
predicted mortality was −0.4%, 0.4%, and −1.1%, for the high, 
medium, and low readmission rate strata, respectively. Addition-
ally, the difference between observed and expected ICU length 
of stay was approximately zero for the three strata.
Conclusions: Patients readmitted to ICUs have increased hospital 
mortality and lengths of stay. After case-mix adjustment, there were 
no significant differences in standardized mortality or case-mix–
adjusted lengths of stay between units with high readmission rates 
compared to units with moderate or low rates. The use of readmis-
sion as a quality measure should only be implemented if patient 
case-mix is taken into account. (Crit Care Med 2013; 41:24–33)
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ICU admission and discharge, are associated with the risk for 
readmission. Second, ICUs with a low readmission rate may 
simply have a length of stay that is longer than necessary. Third, 
in ICUs with high  readmission rates, it is unclear whether a 
longer ICU stay would prevent deterioration and readmission. 
Finally, physicians must be able to alter the rate of readmission 
to make it a viable quality measure. Although methods have 
been developed to help physicians make safer ICU discharge 
decisions, these tools have not been externally validated or 
widely used (20–22).

The objectives of this study are: 1) to describe the frequency 
of ICU readmission across multiple ICUs; and 2) to determine 
whether high ICU readmission rates are associated with in-
creased case-mix–adjusted mortality and lengths of stay.

METHODS
Data were obtained from admissions from January 1, 2002, to 
December 31, 2010, in ICUs that had installed an Acute Physi-
ology and Chronic Health Evaluation (APACHE) system. The 
APACHE system (Cerner Corporation, Kansas City, MO) pro-
vides information for ICU performance benchmarking and 
quality improvement. Data from each hospital were stripped of 
patient identifiers in compliance with Health Insurance Porta-
bility and Accountability Act requirements. This study was re-
viewed by the Institutional Review Board at Baystate Medical 
Center and deemed not to be human subject research requiring 
Institutional Review Board approval.

Patient Data
Data were generated as a result of patient care and collected 
on day 1 after admission for consecutive unselected first ICU 
admissions, first ICU discharges, first ICU readmissions, and 
at hospital discharge. The institutional, demographic, clinical, 
and physiological data collected are shown in Appendix 1. De-
tails about APACHE data collection and reliability have been 
described elsewhere (23–25). The characteristics of each hos-
pital and unit were self-reported. We excluded patients with 
burns, ICU stay lasting <4 hrs, patients aged <16 yrs, ICU non-
survivors, and ICU survivors who were not candidates for re-
admission during the same hospitalization. ICU survivors who 
were not candidates for readmission included patients directly 
discharged from the ICU to home, another hospital, another 
ICU, or a postacute care facility.

Outcomes recorded after each patient’s first ICU admission 
included hospital mortality and exact length of stay at ICU and 
hospital discharge. Lengths of stay were measured in minutes 
and converted to days and fractions of days. ICU stay was trun-
cated at 30 days and hospital stay at 50 days to limit the influ-
ence of extreme outliers (4, 26).

ICU readmission was defined by a patient’s return to the 
same or a different ICU after discharge to an area that provided 
a lower level of care during the same hospital stay. For each first 
ICU admission, we compared characteristics and outcomes for 
patients with and without readmission. Univariate statistical 
comparisons used Student’s t test to derive p values for contin-
uous variables and the chi-square test for categorical variables.

Analysis of Readmission Rates Across ICUs
We calculated each ICU’s readmission rate by dividing the num-
ber of readmissions at each ICU by the number of patients who 
were discharged alive and were candidates for readmission. We 
eliminated ICUs that collected data for <400 patients to ensure 
a sufficient number of readmissions for analysis. To examine the 
impact of ICU type at readmission, we compared rates across 
medical, surgical, mixed medical–surgical, cardiothoracic surgi-
cal, cardiac, and neurological ICUs.

To examine the association of mortality and resource use 
with ICU readmission, we defined three readmission strata 
representing low (<5%), moderate (5%–7%), and high (>7%) 
rates. These ranges were selected as they represent the first 
quartile, interquartile range, and the last quartile, respectively. 
Patient factors previously identified as being associated with 
readmission (3, 5, 7, 19) were compared across ICUs in these 
three strata. Because an increased risk for ICU readmission has 
been associated with increased ICU occupancy (11, 13, 14, 27) 
and with night (11, 28, 29) and weekend discharge (30), we also 
examined the association of these factors with high, moderate, 
and low readmission rates. To assess occupancy, we first cal-
culated the daily census for each ICU. We then calculated the 
following for every patient: difference between the daily census 
on the day before the patient’s ICU discharge and that ICU’s 
mean census during the previous 2 wks. Nighttime discharge 
was defined as a discharge occurring between 1900 and 0700 
hrs. Weekend discharge was a discharge on Saturday or Sun-
day. The availability of a step-down unit (SDU) was based on 
whether an ICU discharged at least 10% of patients to an SDU.

The association of the three readmission rate levels with 
case-mix–adjusted outcomes was examined as follows: pre-
dicted hospital mortality, ICU length of stay, and hospital 
length of stay were calculated using the APACHE IV models 
(4, 23, 26). These predictions were summed across admissions 
within each ICU and compared to the observed outcome. We 
excluded patients admitted from another ICU in this analy-
sis due to inaccuracies in outcome predictions caused by the 
impact of prior life support on day 1 physiological data (4, 
23). Because the APACHE IV models were validated for con-
secutive unselected ICU admissions, these analyses were per-
formed using day 1 data for all ICU admissions. Observed and 
expected mortality were compared using the chi-square test, 
and observed minus expected lengths of stay were compared 
using the paired t test.

RESULTS
There were 369,129 ICU admissions to 130 ICUs at 60 U.S. hos-
pitals from 2002 to 2010. We excluded 26,582 admissions who 
died before ICU discharge, 2,035 admissions with age <16 yrs, 
ICU length of stay <4 hrs, or a burn diagnosis and 47,268 ICU 
survivors who were not candidates for readmission because of 
discharge to home, another hospital, another ICU, or a postacute 
care facility. In addition, we excluded 23,067 admissions that 
were a second or later readmission. These exclusions left 270,177 
admissions (73.2% of the database), of which 7,095 (1.9%) were 
eliminated because they occurred in ICUs that had <400 admis-
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sions. Thus, our analyses were carried out on 263,082 admis-
sions (71.3%) in 46 hospitals and 105 ICUs.

Characteristics of the hospitals and ICUs are shown in Table 1.  
The 46 hospitals were well dispersed across bed size, teaching 
status, and geographic region except the Northeast. The me-
dian number of total ICU admissions at each hospital was 3,322  
(intraquartile range 1629–8600). The 105 ICUs varied in 
type and included 13 specialized cardiac (coronary) and nine 
 neurological units. Although only two ICUs were specifically 
designated as trauma units, another ten units had >25% of their 

admissions with a trauma diagnosis. Of the 105 ICUs, 83 (79%) 
had access to a SDU available as evidenced by >10% of their 
admissions being discharged there. The median number of ad-
missions at each ICU was 1,932 (intraquartile range 937–5138).

Patient Characteristics and Outcomes
Among the 263,082 admissions, 16,481 (6.3%) had one or 
more ICU readmissions; 11,134 (68%) were to the same ICU 
that originally discharged the patient. Patient and institutional 
factors based on whether or not there was an eventual readmis-
sion are shown in Appendix 2. Compared to patients who were 
not readmitted, those with readmission were significantly old-
er, had more comorbidities, nonoperative diagnoses, dialysis, 
emergency surgery, physiological abnormalities (higher acute 
physiology score [APS]), longer initial ICU stay, and were more 
frequently discharged to a SDU at ICU discharge (all p < 0.001).

Readmitted patients had a significantly higher postdischarge 
mortality than patients not readmitted (21.3% vs. 3.6%), lon-
ger initial ICU stays (4.9 days vs. 3.4 days), and longer hospital 
stays (13.3 days vs. 4.5 days). All p values were < 0.001. Among 
readmissions, 5,631 readmissions (34.2%) were within 48 hrs.

Readmission Rates Across ICUs
Figure 1 shows the distribution of ICU readmission rates for 
the 105 units. Mean readmission rate was 6.3% (range 1.2% to 
14.5%), and the median rate was 5.9% (interquartile range 5.0% 
to 7.1%). Patient characteristics at units with low, moderate, and 
high readmission rates are compared in  Table 2. Patients at ICUs 
with high readmission rates had a higher APS and longer hos-
pital stay before admission; were more likely to have at least one 
chronic health condition, admitted to hospitals with a large num-
ber of beds, be a medical admission, and discharged at night; and 
were less likely to be admitted after cardiac surgery. Patients at 
ICUs with low readmission rates were less likely to have an SDU 
available, and had the lowest percentage of medical admissions 
as well as patients requiring mechanical ventilation. An increase 
in the daily census the day before discharge, marking limited bed 
availability, was highest in the units with a low readmission rate.

TABLE 1. Characteristics of Participating 
Hospitals (n = 46) and ICUs (n = 105)

Characteristics n (%)

Region

 Northeast 4 (8.7)

 South 12 (26.1)

 Midwest 17 (37.0)

 West 13 (28.3)

Number of hospital beds

 <300 10 (21.7)

 301–399 12 (26.1)

 400–524 6 (13.0)

 525–799 9 (19.6)

 ≥800 9 (19.6)

Hospital teaching status

 Council of Teaching Hospital member 16 (34.8)

 Teaching, not member of Council of Teaching 
Hospital

15 (32.6)

 Nonteaching 15 (32.6)

Number of participating intensive care units at each hospital

 1 22 (47.8)

 2 9 (19.6)

 3 6 (13.0)

 ≥4 9 (19.6)

Type of ICU

 Cardiac (coronary) 13 (12.4)

 Cardiothoracic 8 (7.6)

 Medical 17 (16.2)

 Surgical 19 (18.1)

 Mixed medical–surgical 37 (35.2)

 Neurological 9 (8.6)

 Trauma 2 (1.9)

 Step-down unit readily availablea 83 (79.0)
aDefined as having at least 10% of discharges go to step-down units.

Figure 1.   Percentage of patients who were ICU readmissions and 95% 
confidence interval at 105 ICUs.
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Association of ICU Readmission Rate With  
Risk-Adjusted Outcomes
Observed and adjusted hospital mortality stratified by read-
mission frequency is shown in Figure 2. There was a substan-
tial increase in mortality across the three readmission strata: 
10.0% in the low readmission rate group, 11.6% in the mod-
erate rate group, and 13.3% in the high rate group. After ad-
justment for patient risk factors, these differences ceased to 
exist. Figure 3 shows mean observed and predicted ICU and 
hospital lengths of stay, stratified by readmission frequency. 
As with hospital mortality, a trend existed between increas-
ing readmission and increasing ICU length of stay. However, 
the difference between observed and expected ICU lengths of 
stay was almost zero (4–5 hrs) within each readmission strata.  
For hospital length of stay, the observed minus expected val-
ues were slightly better for the low (˗16 hrs) and moderate  
(˗16 hrs) readmission rate groups than for the high (˗5 hrs) 
rate ICUs. These differences, however, were negated after  
taking into account the length of hospital stay before ICU ad-
mission (Table 2).

DISCUSSION
This study examined the readmission rate for ICU survivors at 
105 U.S. units for 263,082 admissions from 2002 through 2010. 
Compared to patients who were not readmitted, ICU readmis-

Figure 2.   Mean observed and predicted hospital mortality among 
105 ICUs stratified by frequency of readmission, high (>7%), moderate 
(5%–7%), or low (<5%).

TABLE 2. Risk Factors for Potential Readmission, Stratified by Unit Readmission Frequencya

Risk Factor

Frequency of ICU Readmission

Low  
(≤5%) n = 101,112

Moderate  
(5.1%–7%) n = 145,257

High  
(>7%) n = 102,600

Acute Physiology Score, mean (SE) 40.0 (0.1) 39.9 (0.1) 44.5 (0.1)

Age, mean (SE) 62.7 (0.1) 61.7 (0.1) 60.2 (0.1)

Hospital stay before intensive care unit admission 
(hrs), mean (SE)

16.5 (0.1) 19.0 (0.1) 28.5 (0.1)

% With ≥1 chronic health item 11.7 11.6 19.4

% Mechanical ventilation on day 1 38.2 41.7 41.2

% Active life-supporting therapy on day 1b 23.8 22.3 25.0

% Medical admissions 66.2 68.9 71.7

% Coronary artery bypass graft and/or valve 
surgery

9.4 9.6 1.7

% Emergency surgery 5.0 4.9 5.8

% Unable to have Glasgow Coma Score assessed 
(sedated)

7.6 4.9 5.9

% Dialysis at admission 4.3 4.5 5.2

% With step-down unit in the hospital 53.5 84.1 77.5

Number of beds in hospital, mean (SE) 544 (0.9) 507 (0.6) 820 (0.5)

% Discharged Saturday or Sunday 24.3 24.5 25.9

% Discharged from 7:00 PM to 6:59 AM 16.3 22.8 24.0

% With increase in daily censusc 26.5 23.7 23.7
aBold numbers indicate highest risk. For % on mechanical ventilation on day 1, the moderate and high readmission groups had similar values, so both of those cells 
were bold.
bNot including mechanical ventilation.
cIncrease in census the day before discharge vs. 7-day mowving average.  
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sions were significantly (p < 0.001) older, had more comorbidi-
ties and nonoperative diagnoses, greater severity of illness, a 
higher hospital mortality, and longer ICU and hospital stays. 
The characteristics, risk factors, and outcomes of these ICU 
readmissions have been described in greater detail in a recent 
publication (19), and are similar to those in previous reports 
(3, 5–7, 10, 18). Institutional factors also influenced the risk for 
ICU readmission. The univariate relative risk for ICU readmis-
sion was higher in cardiac, medical, and surgical ICUs (1.11–
1.13); the Northeast (1.54); teaching hospitals (1.13–1.49); and 
among patients discharged to a SDU (1.19) or at night (1.11). 
We did not find an increased risk for readmission in patients 
discharged on weekends or when there was an increased census 
on the day before discharge.

The 6.3% readmission rate is within the 6.0% to 8.8% range 
reported for single (20, 31, 32) and multiple U.S. ICUs (33) 
over the last decade. The 6.7% readmission rate for cardiac 
(coronary) ICUs may reflect the recently reported increase in 
complexity and severity of illness among these patients (34, 
35). We included cardiac ICUs in our study because their out-
comes and performance are of interest to most hospitals. There 
was considerable variability in readmission rates across ICUs. 
Units with higher readmission rates had an increased mean 
hospital mortality, ICU and hospital lengths of stay. These re-
sults have been previously reported (3, 5–7), although not in a 
cohort as large as the one in this study.

Because readmission rate is easily measured and is associated 
with worse patient outcomes, it is tempting to consider it as a 
quality measure. However, we found no association between unit 
readmission rate and quality of care as reflected by aggregate 
mortality and lengths of stay when adjusted for patient case mix. 
This lack of a consistent association between ICU readmission 
rate and case-mix–adjusted measures of ICU performance in our 
study confirms and extends findings from 38 ICUs at 28 hospitals 
in Northeast Ohio (18). Furthermore, there were major differ-
ences among the low, moderate, and high readmission subgroups 
in factors that affect outcome apart from quality of care. Patients 
in ICUs with a high readmission rate had the highest mean APS, 
were more likely to be a medical admission, and have at least one 
chronic health condition. Conversely, patients in ICUs with a low 

readmission rate had the highest percentage of patients initially 
admitted after cardiac surgery. The above suggests that readmis-
sion rate is more of a proxy for patient characteristics, particu-
larly severity of illness, than a quality measure for ICUs.

Our findings have several implications: First, they indicate 
that high ICU readmission rates are associated with the care of 
patients with more severe and complex illnesses. This means 
that tracking readmission rates within or across ICUs without 
accounting for case mix would penalize ICUs that care for 
more severely ill patients. Our findings strongly suggest that al-
though ICU readmission rates are easily measured, they are of 
little value as an indicator of quality of care. ICUs with a high 
readmission rate might have a higher mortality or length of 
stay, but this could be attributable to patient risk factors rather 
than quality of care. Second, future studies of ICU readmission 
should eliminate from consideration patients who die before 
ICU discharge (3, 5) as well as patients who are not candidates 
for readmission. Among 369,129 ICU admissions, our analysis 
eliminated 26,582 (7.2%) who died before ICU discharge and 
42,237 (11.4%) patients who could not be readmitted during 
the same hospitalization. Failure to eliminate the large num-
ber of patients who cannot be readmitted because of discharge 
to home, another hospital, another ICU, or a postacute care 
facility results in an artificially low readmission rate. Third, pa-
tients are readmitted to ICUs for reasons that are numerous 
and complex. Multiple patient and institutional factors such as 
time of discharge and the availability of SDU beds affect risk 
for readmission. The complexities of these factors indicate that 
predicting readmission for individual patients would be very 
difficult. Fourth, our earlier report of an (19) increased risk for 
ICU readmission among patients discharged to an SDU raised 
a concern that SDUs “may just act as a revolving door for some 
patients” (36). The absence of differences in adjusted mortal-
ity and resource use among ICUs with high, moderate, and 
low readmission rates in this analysis suggests an alternative 
explanation. The availability of a SDU may allow physicians to 
discharge ICU patients with physiological abnormalities that 
pose an increased risk for readmission. Because the increased 
risk for ICU readmission among SDU patients is not associ-
ated with an increase in adjusted mortality and resource use, 

Figure 3.   A, Mean observed and mean predicted ICU length of stay, stratified by frequency of unit readmission, high (>7%), moderate (5%–7%), or low 
(<5%). B, Mean observed and mean predicted hospital length of stay, stratified by frequency of unit readmission, high (>7%), moderate (5%–7%), or low (<5%). 
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these patients do not appear to suffer consequences from what 
in retrospect might have been a premature ICU discharge. In 
other words, SDUs may be functioning as a “safety zone” for 
patients at increased risk for readmission after ICU discharge.

Finally, our study has implications for assessing hospital re-
admission rates. Similar to ICU readmission, patient and insti-
tutional characteristics also influence hospital readmission rate 
(37, 38), and the enumeration and tracking of patients following 
hospital discharge are also complex (39, 40). These factors should 
also be accounted for when assessing the relationship between 
hospital readmission rates and quality of care. The simplicity of 
measuring hospital readmission rate makes the use of raw data 
an enticing quality measure, but may do more harm than good.

Our study has several limitations. First, our results may not 
be representative of all U.S. ICUs because we only studied units 
that had installed an APACHE system and only 9% of the study 
hospitals were in the Northeast. In addition, our results may not 
apply to ICU readmissions in countries with different health-
care systems. Second, we may have overestimated the frequency 
of unanticipated readmissions because we could not identify 
planned readmissions, particularly surgical and trauma patients 
who return to the ICU following staged operative procedures 
(3, 6, 18), and patients readmitted to an ICU not collecting 
APACHE data. Third, our data did not include information 
about do-not-resuscitate orders or treatment limitations. Al-
though these limitations might impact ICU readmission rates, a 
prior study showed no difference in rates for patients with and 
without do-not-resuscitate orders (5). Fourth, we acknowledge 
that adjusted mortality and lengths of stay are not the only mea-
sures of ICU performance and quality. Structural and process 
measures also reflect ICU quality and performance. Fifth, physi-
ologic derangement was assessed using the day 1 APS, rather 
than the day of discharge APS. Our previous study of patient-
level factors showed that the APS taken on day 1 and day of 
discharge, respectively, were both associated with subsequent 
readmission risk (19). Although the day of discharge APS was 
more strongly associated with readmission risk than day 1 APS 
in our prior study, the predictive equations used in this study 
were all day 1 equations, thus we utilized the day 1 APS in our 
prediction of outcomes. Finally, we could not determine if lon-
ger ICU stays or the use of objective models to assist discharge 
decisions might prevent readmission or change outcomes.

CONCLUSIONS
Readmission rates vary considerably across ICUs. Using  
readmission rate to assess ICU performance might be counter-
productive, as ICUs with high readmission rates provide care 
for patients with more complex and severe illnesses. After ad-
justing for these factors, high unit readmission rates are not as-
sociated with increased hospital mortality, ICU length of stay, 
or hospital length of stay.

REFERENCES
 1. Knaus WA, Wagner DP, Zimmerman JE, et al: Variations in mortality  

and length of stay in intensive care units. Ann Intern Med 1993; 
118:753–761

 2. Zimmerman JE, Wagner DP, Draper EA, et al: Evaluation of acute physi-
ology and chronic health evaluation III predictions of hospital mortality in 
an independent database. Crit Care Med 1998; 26:1317–1326

 3. Rosenberg AL, Watts C: Patients readmitted to ICUs*: A systematic 
review of risk factors and outcomes. Chest 2000; 118:492–502

 4. Zimmerman JE, Kramer AA, McNair DS, et al: Intensive care unit length 
of stay: Benchmarking based on Acute Physiology and Chronic Health 
Evaluation (APACHE) IV. Crit Care Med 2006; 34:2517–2529

 5. Rosenberg AL, Hofer TP, Hayward RA, et al: Who bounces back? Phys-
iologic and other predictors of intensive care unit readmission. Crit Care 
Med 2001; 29:511–518

 6. Chen LM, Martin CM, Keenan SP, et al: Patients readmitted to the in-
tensive care unit during the same hospitalization: Clinical features and 
outcomes. Crit Care Med 1998; 26:1834–1841

 7. Metnitz PG, Fieux F, Jordan B, et al: Critically ill patients readmitted 
to intensive care units–lessons to learn? Intensive Care Med 2003; 
29:241–248

 8. Renton J, Pilcher DV, Santamaria JD, et al: Factors associated with in-
creased risk of readmission to intensive care in Australia. Intensive Care 
Med 2011; 37:1800–1808

 9. Durbin CG Jr, Kopel RF: A case-control study of patients readmitted to 
the intensive care unit. Crit Care Med 1993; 21:1547–1553

 10. Kaben A, Corrêa F, Reinhart K, et al: Readmission to a surgical intensive 
care unit: Incidence, outcome and risk factors. Crit Care 2008; 12:R123

 11. Goldfrad C, Rowan K: Consequences of discharges from intensive care 
at night. Lancet 2000; 355:1138–1142

 12. Beck DH, McQuillan P, Smith GB: Waiting for the break of dawn? 
The effects of discharge time, discharge TISS scores and discharge 
facility on hospital mortality after intensive care. Intensive Care Med 
2002; 28:1287–1293

 13. Chrusch CA, Olafson KP, McMillan PM, et al: High occupancy increas-
es the risk of early death or readmission after transfer from intensive 
care. Crit Care Med 2009; 37:2753–2758

 14. Baker DR, Pronovost PJ, Morlock LL, et al: Patient flow variability and 
unplanned readmissions to an intensive care unit. Crit Care Med 2009; 
37:2882–2887

 15. SCCM Quality Indicators Committee: Candidate Critical Care Quality 
Indicators. Anaheim, CA, Society of Critical Care Medicine, 1995

 16. Australian Council on Health Care Performance and Outcomes Service: 
Intensive care indicators: Clinical indicator users’ manual. Version 3. 
Canberra, Australia, Australian Council on Health Care Standards, 2009

 17. Angus DC: Grappling with intensive care unit quality – does the readmis-
sion rate tell us anything. [editorial] Crit Care Med 1998; 26:1779–1780

 18. Cooper GS, Sirio CA, Rotondi AJ, et al: Are readmissions to the in-
tensive care unit a useful measure of hospital performance? Med Care 
1999; 37:399–408

 19. Kramer AA, Higgins TL, Zimmerman JE: Intensive care unit readmissions 
in U.S. hospitals: Patient characteristics, risk factors, and outcomes. Crit 
Care Med 2012; 40:3–10

 20. Gajic O, Malinchoc M, Comfere TB, et al: The Stability and Workload 
Index for Transfer score predicts unplanned intensive care unit patient 
readmission: Initial development and validation. Crit Care Med 2008; 
36:676–682

 21. Fernandez R, Serrano JM, Umaran I, et al; Sabadell Score Study Group: 
Ward mortality after ICU discharge: A multicenter validation of the Sab-
adell score. Intensive Care Med 2010; 36:1196–1201

 22. Campbell AJ, Cook JA, Adey G, et al: Predicting death and readmission 
after intensive care discharge. Br J Anaesth 2008; 100:656–662

 23. Zimmerman JE, Kramer AA, McNair DS, et al: Acute Physiology and 
Chronic Health Evaluation (APACHE) IV: Hospital mortality assessment 
for today’s critically ill patients. Crit Care Med 2006; 34:1297–1310

 24. Kahn JM, Goss CH, Heagerty PJ, et al: Hospital volume and the out-
comes of mechanical ventilation. N Engl J Med 2006; 355:41–50

 25. Knaus WA, Wagner DP, Draper EA, et al: The APACHE III prognostic 
system. Risk prediction of hospital mortality for critically ill hospitalized 
adults. Chest 1991; 100:1619–1636

 26. Kramer AA, Zimmerman JE: The relationship between hospital and in-
tensive care unit length of stay. Crit Care Med 2011; 39:1015–1022

JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1




Kramer et al

30 www.ccmjournal.org January 2013 • Volume 41 • Number 1

 27. Iwashyna TJ, Kramer AA, Kahn JM: Intensive care unit occupancy and 
patient outcomes. Crit Care Med 2009; 37:1545–1557

 28. Priestap FA, Martin CM: Impact of intensive care unit discharge time on 
patient outcome. Crit Care Med 2006; 34:2946–2951

 29. Hanane T, Keegan MT, Seferian EG, et al: The association between 
nighttime transfer from the intensive care unit and patient outcome. Crit 
Care Med 2008; 36:2232–2237

 30. Obel N, Schierbeck J, Pedersen L, et al: Mortality after discharge from the 
intensive care unit during the early weekend period: A population-based 
cohort study in Denmark. Acta Anaesthesiol Scand 2007; 51:1225–1230

 31. Sun X, Zhang L, Lowery R, et al: Early readmission of low-risk patients 
after coronary surgery. Heart Surg Forum 2008; 11:E327–E332

 32. Afessa B, Keegan MT, Hubmayr RD, et al: Evaluating the performance 
of an institution using an intensive care unit benchmark. Mayo Clin Proc 
2005; 80:174–180

 33. Butler I, Rachoin JS, Schorr C, et al: Characteristics of patients readmit-
ted to the ICU. [abstract] Crit Care Med 2009; 37(Suppl):A309

 34. Katz JN, Turer AT, Becker RC: Cardiology and the critical care crisis: A 
perspective. J Am Coll Cardiol 2007; 49:1279–1282

 35. Katz JN, Shah BR, Volz EM, et al: Evolution of the coronary care unit: 
Clinical characteristics and temporal trends in healthcare delivery and 
outcomes. Crit Care Med 2010; 38:375–381

 36. Schorr CA: Fishing for answers to avoid intensive care unit readmissions: 
Are we reeling in a “catch 22”? Crit Care Med 2012; 40:295–296

 37. Marcin JP, Romano PS: Impact of between-hospital volume and within-
hospital volume on mortality and readmission rates for trauma patients 
in California. Crit Care Med 2004; 32:1477–1483

 38. Gorodeski EZ, Starling RC, Blackstone EH: Are all readmissions bad 
readmissions? N Engl J Med 2010; 363:297–298

 39. Axon RN, Williams MV: Hospital readmission as an accountability mea-
sure. JAMA 2011; 305:504–505

 40. Jha AK, Orav EJ, Epstein AM: Public reporting of discharge planning and 
rates of readmissions. N Engl J Med 2009; 361:2637–2645

APPENDIX 1. Data Collected for ICU Admissions and Used to Assess Patients With and 
Without ICU Readmission

Variable Measurement

Sex Male (reference), female

Age Continuous measure

Acute physiology score variables on ICU day 1 Weight determined by most abnormal value on ICU day 1 and day of discharge, 
sum of weights equals the acute physiology score, which ranges 0–252. Vari-
ables include pulse rate, mean blood pressure, temperature, respiratory rate, 
PAO2:FIO2 ratio (or A-aD02 for intubated patients with FIO2 >0.5), hematocrit, 
white blood cell count, creatinine, urine output, blood urea nitrogen, sodium, 
albumin, bilirubin, glucose, acid base abnormalities, and neurological abnor-
malities based on Glasgow Coma score. Continuous measure

Chronic health items Acute immunodeficiency syndrome, cirrhosis, hepatic failure, immunosupres-
sion, lymphoma, leukemia or myeloma, metastatic tumor. Not used for elec-
tive surgery patients. Binary variable created for 0 vs. >0 items

ICU admission diagnosis 116 Acute Physiology and Chronic Health Evaluation IV categories. Listed in 
references (4, 23)

Location prior to ICU admission Operating or recovery room, emergency room, acute care floor (reference), 
step-down unit, transfer from another ICU, other hospital, direct ICU admis-
sion from home, and other/unknown

Length of stay before ICU admission Square root of time from hospital admission to ICU admission (in fractional 
days)

ICU discharge destination Acute care floor (reference), step-down unit, other

ICU length of stay, first admission Continuous measure, truncated at 30.0 days

Hospital length of stay Continuous measure, truncated at 50.0 days

Patient admitted after emergency surgery Yes, no

Active therapy on day 1 Patient received one or more of 32 active life-supporting therapies not  
including mechanical ventilation

Ventilated on day 1 Yes, no

Duration of mechanical ventilation <4 days (reference), ≥4 days

Diabetes Yes, no

Dialysis at admission Yes, no

Unable to assess Glasgow Coma score due to 
sedation/paralysis on day 1

Yes, no

Glasgow Coma score on day 1 Binned into the following ordinal categories: 3–6, 7–10, and 11–14 and 15
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APPENDIX 2. Patient and Institutional Characteristics for ICU Survivors Who Were 
Candidates for Readmission: Univariate Relative Risk and p Value

No. Admissions % Readmission Relative Risk p

Categorical variables of sex

 Female 116,223 6.0 0.92 <0.001

 Male 146,711 6.5

Location prior to first admission <0.001

 Operating room, recovery room 92,300 5.6 0.63

 Emergency room 88,610 5.2 0.58

 Other ICU 8,417 6.3 0.71

 Other hospital 26,249 7.4 0.83

 Direct admissiona 1,022 4.9 0.55

 Step-down unit 11,196 9.7 1.08

 Telemetry 1,730 7.3 0.83

 Floor 32,046 9.0 Reference

Discharge destination at ICU discharge <0.001

 Step-down unit 96,208 7.0 1.19

 Telemetry 8,494 5.1 0.87

 General floor/other 158.380 5.9 Reference

Emergency surgery = yes 14,302 7.5 1.22 <0.001

 No 248,779 6.2

Received active therapy on day 1  
(not including mechanical ventilation) = 
yes

62,862 6.1 0.97 0.06

 No 197,442 6.3

Sedated, unable to assess Glasgow Coma 
score on day 1 = yes

15,229 7.3 1.18 <0.001

 No 247,846 6.2

≥1 chronic health conditions = yes 33,943 8.6 1.45 <0.001

 No 229,139 5.9

Diabetes = yes 68,133 7.1 1.18 <0.001

 No 194,949 6.0

Dialysis = yes 11,443 9.4 1.54 <0.001

 No 254,631 6.1

Mechanically ventilated on day 1 = yes 97,885 7.4 1.31 <0.001

 No 165,192 5.6

Admission on weekend = yes 55,313 6.7 1.10 <0.001

 No 207,769 6.1

Discharge on weekend = yes 68,089 6.3 0.98 0.37

 No 194,993 6.2

(Continued)
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No. Admissions % Readmission Relative Risk p

Categorical variables

Discharge at night (7:00 PM–6:59 AM) = yes 66,770 6.8 1.11 <0.001

 No 196,312 6.1

Glasgow Coma score on day 1 <0.001

 3–13 72,482 7.5 1.33

 14 37,775 6.5 1.15

 15 152,442 5.6 Reference

Hospital bed size <0.001

 <300 47,775 5.6 0.80

 301–399 35,618 5.0 0.71

 400–524 27,729 5.9 0.84

 525–799 41,984 6.4 0.90

 >800 109,976 7.0 Reference

Hospital teaching type <0.001

 Council of Teaching Hospitals 89,219 7.7 1.49

 Non-Council of Teaching Hospitals Teach-
ing

111,885 5.8 1.13

 Nonteaching 61,978 5.1 Reference

Hospital region <0.001

 Northeast 14,656 8.3 1.54

 South 96,666 6.4 1.19

 Midwest 98,581 6.4 1.19

 West 53,179 5.4 Reference

ICU type <0.001

 Coronary 36,181 6.7 1.13

 Cardiothoracic 23,600 5.7 0.96

 Medical 41,646 6.6 1.11

 Neuro 21,809 5.9 0.99

 Surgical 45,105 6.6 1.12

 Traumab 3,824 8.3 1.40

 Mixed 90,917 5.9 Reference

Change in daily censusc from 7-day moving  
average

<0.001

 Large decrease (≤−5) 5,072 7.4 1.16

 Small decrease (−2, 3, or 4) 32,753 6.4 1.01

 No change (−1, 0, +1) 157,908 6.4 Reference

 Small increase (+2, 3, or 4) 52,534 5.9 0.92

 Large increase (≥5) 12,928 5.8 0.91

APPENDIX 2 Continued.

(Continued)
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No. Admissions % Readmission Relative Risk p

Continuous variables (mean + SE) % difference

 Age (yrs) 63.5 + 0.1 61.4 + 0.1 3.4 <0.001

 ICU length of stay, first admission only 
(days)

4.91 + 0.04 3.39 + 0.01 44.8 <0.001

 Hospital length of stay (days) 13.25 + 0.11 4.49 + 0.02 195 <0.001

 Acute physiology score on day 1 44.9 + 0.2 37.1 + 0.1 21.0 <0.001

 Hospital stay prior to ICU admission 
(days)

0.98 + 0.02 0.58 + 0.01 69 <0.001

aDirect admission from ambulatory care facility, home, postacute care facility. 
bSpecifically designated trauma unit; other units may have had trauma admissions.
cCensus on day before discharge.

APPENDIX 2 Continued


