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Objectives: To examine whether and how step-down unit admission
after ICU discharge affects patient outcomes.

Design: Retrospective study using an instrumental variable approach to
remove potential biases from unobserved differences in illness sever-
ity for patients admitted to the step-down unit after ICU discharge.
Setting: Ten hospitals in an integrated healthcare delivery system in
Northern California.

Patients: Eleven-thousand fifty-eight episodes involving patients who
were admitted via emergency departments to a medical service from
July 2010 to June 2011, were admitted to the ICU at least once dur-
ing their hospitalization, and were discharged from the ICU to the
step-down unit or the ward.

Interventions: None.

Measurements and Main Results: Using congestion in the step-down
unit as an instrumental variable, we quantified the impact of step-
down unit care in terms of clinical and operational outcomes. On
average, for ICU patients with lower illness severity, we found that
availability of step-down unit care was associated with an absolute
decrease in the likelihood of hospital readmission within 30 days of
3.9% (95% CI, 3.6-4.1%). We did not find statistically significant
effects on other outcomes. For ICU patients with higher illness sever-
ity, we found that availability of step-down unit care was associated
with an absolute decrease in in-hospital mortality of 2.5% (95% Cl,
2.3-2.6%), a decrease in remaining hospital length-of-stay of 1.1
days (95% ClI, 1.0-1.2 d), and a decrease in the likelihood of ICU
readmission within 5 days of 3.6% (95% Cl, 3.3-3.8%).
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Conclusions: This study shows that there exists a subset of patients
discharged from the ICU who may benefit from care in an step-down
unit relative to that in the ward. We found that step-down unit care
was associated with statistically significant improvements in patient
outcomes especially for high-risk patients. Our results suggest
that step-down units can provide effective transitional care for ICU
patients.

Key Words: admission decision; hospital bed capacity; hospital
length of stay; patient readmission; quality of healthcare; step-down
unit; transitional care

are often congested contributing to worsened health outcomes

(1-4). Step-down units (SDUs) are sometimes used to provide
an intermediate level of care for patients whose illness severity
may not warrant ICU care, but who are not stable enough to be
treated in the ward (5, 6). As such, they can improve ICU through-
put. With one nurse for every three to four patients, SDUs provide
a higher nurse-to-patient ratio than the general wards but are gen-
erally less expensive to operate than ICUs (7). Although consid-
erable variation exists in how SDUs are used in practice (5), this
report focuses on the originally intended role of SDUs, which is to
provide transitional care for patients discharged from the ICU (8).

There is much debate within the medical community about
the potential benefits of SDU care (5, 9). Some researchers have
shown that receiving transitional care after discharge from an ICU
can reduce the likelihood of adverse events (10). Several studies
suggest that these units provide a cost-effective and safe transition
from the ICU to the ward or home for very ill patients (11-13).
Conversely, some studies show that SDU care is not associated
with improved patient outcomes following ICU discharge (14)
and argue that there is insufficient evidence of their cost-effective-
ness (15, 16). Hence, many hospitals are uncertain about whether
and how best to use an SDU.

The purpose of this study was to empirically investigate the
impact of SDU care on patient outcomes after ICU discharge.
Specifically, we examined whether transfer to an SDU, rather
than to a ward, after an ICU stay affects in-hospital mortality

ICUs provide the highest level of care in a hospital setting but
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(Mortality), hospital readmissions (HospReadm), ICU read-
missions (ICUReadm), and remaining hospital length-of-stay
(RemHospLOS). In contrast to our prior study, which focused
on evaluating the impact of SDU care for various patient cohorts
admitted from the emergency department (ED) (17), this study
focused on patients who were discharged from the ICU and
extended our prior analyses by stratifying patients based on sever-
ity of illness.

Estimating the impact of SDU admission is challenging
because patients who are admitted to the SDU from the ICU are
more likely to be sicker and thus have worse outcomes compared
to patients who are discharged directly to the ward. Since we could
not randomly assign patients to the SDU or the ward and com-
pare patient outcomes, we relied on an observational study and
used an instrumental variable (IV) approach to address potential
unobserved treatment selection biases. We used SDU congestion
as an IV to estimate the impact of SDU care by comparing differ-
ences in outcomes between patient groups with similar observable
characteristics but who were discharged to different units due to
congestion in the SDU.

MATERIALS AND METHODS

This project was approved by the Kaiser Permanente Northern
California (KPNC) and Columbia University Institutional Review
Boards for the Protection of Human Subjects.

Setting

Our study sample consisted of all adult (age > 18 yr) inpatient
episodes that were initiated between January 2010 and November
2011 in one of 10 KPNC hospitals. We restricted our sample to
patients meeting these criteria: 1) admitted via the ED to a medical
service; 2) admitted to the ICU during their hospitalization; and
3) admitted to an SDU or the ward following their first ICU stay.
Since it is possible that SDU care may not provide the same ben-
efit for all ICU patients, we additionally divided patients by sever-
ity level as measured by the Simplified Acute Physiology Score
3 (SAPS3) score (18-20). We defined “Low Severity Patients” as
those with SAPS3 below the 33rd percentile (SAPS3 < 42) and
“High Severity Patients” as those with SAPS3 above the 66th per-
centile (SAPS3 > 51). The SAPS3 score was updated at the time of
each ICU admission.

For each hospital in our study, inpatient beds could be catego-
rized by level of care: the ICU with 1-2 patients per nurse, the
SDU with 2.5-4 patients per nurse, and the joint general medi-
cal/surgical ward (Ward) with up to five patients per nurse. Each
hospital’s ICU was staffed with intensivists and each had an SDU
staffed by hospitalists. The SDUs generally allowed for continuous
oximetry and noninvasive ventilation.

Instrumental Variable Approach

The use of observational data to estimate the impact of SDU
admission is vulnerable to treatment selection biases. This is
because severity factors which are known to the physician at the
time of the discharge decision, but are unobservable in the data,
for example, poor perfusion or agitation, could affect both SDU
admission and patient outcomes, making the SDU admission
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decisions endogenous. To reduce the aforementioned bias, we
used an approach that mimics a randomized study by introducing
an IV which is a factor that influences SDU admission decisions,
but which otherwise does not affect patient outcomes (see [21] and
[22]). Supplementary Figure 1 (Supplemental Digital Content
1, http://linkslww.com/CCX/A171) illustrates our econometric
framework.

We employed SDU congestion as an instrument. We defined
an SDU as being “busy” (SDU Busy = 1) if the number of available
SDU beds 1 hour prior to ICU discharge was less than or equal to
two. We used patient flow data to derive hourly occupancy levels
for each SDU and defined its capacity as the maximum occupancy
level observed for that unit over the 12-month time horizon in our
study. For SDU congestion to be a valid instrument the following
must hold: 1) SDU congestion affects SDU admission decisions
and 2) SDU congestion is uncorrelated to the unobservable sever-
ity factors which affect patient outcomes. In other words, SDU
congestion must affect patient outcomes only through its effect on
the likelihood of SDU admission. For condition 1, we looked at
the proportions of patients who were routed to the SDU when the
SDU was congested versus not congested. As shown in Table 1,
when the SDU was “busy;” the percentages of patients admitted to
the SDU decreased substantially. The effect of SDU congestion on
SDU admission is formally validated with the results of the admis-
sion decision model. For condition 2, we used SAPS3 as a proxy
for unobservable severity factors. We performed two-sample
Kolmogorov-Smirnov tests, the results of which suggest that the
distribution of SAPS3 for patients who were discharged from the
ICU when the SDU was busy is not statistically different from that
when the SDU was not busy (p = 0.521 and 0.281 for low and high
severity patients, respectively). Supplementary Figures 2 and 3
(Supplemental Digital Content 1, http://links.lww.com/CCX/
A171) depict the distributions of SAPS3 for low and high severity
patients who were discharged from the ICU when the SDU was
busy and not busy. In addition, we conducted a sensitivity analysis
for violations of Condition 2 (22).

The Admission Decision Model

In the first stage of the two-stage IV approach, we regressed the
endogenous variable, SDU admission, on the instrument, SDU
congestion. In order to conduct risk-adjusted analysis, we also con-
trolled for seasonality and patient characteristics including three
illness severity scores, which were assigned at the time of hospital
admission. A full list of covariates is provided in Supplementary
Table 1 (Supplemental Digital Content 1, http://links.lww.com/
CCX/A171).

The Patient Outcome Models

In the second stage, our dependent variables were patient out-
comes: Mortality, RemHospLOS, ICUReadm, and HospReadm.
RemHospLOS is measured as the number of days between first
ICU discharge and hospital discharge. We defined ICUReadm
(ICUReadm—2 d, ICUReadm—5 d) as a subsequent stay in the
ICU within 2 or 5 days after ICU discharge and prior to hospi-
tal discharge; that is, the ICUReadm must occur during the same
hospital stay (23). We defined HospReadm (HospReadm—2 wk,
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TABLE 1. Proportions of ICU Patients Who Were Routed to the Step-Down Unit and Ward

Unit Following the ICU

SDU Not Busy

SDU
Ward

36.3%
63.7%

When Step-Down Unit Was Busy Versus Step-Down Unit Was Not Busy

Low Severity Patients

High Severity Patients

SDU Busy SDU Not Busy SDU Busy
9.2% 38.1% 8.0%
90.8% 61.9% 92.0%

SDU = step-down unit.

HospReadm—30 d) as a new hospital admission within 2 weeks
or 30 days following the index hospital discharge. We excluded
patients who died in the HospReadm models.

The principal independent variable was SDU admission. As in
the admission decision model, we controlled for patient charac-
teristics and hospital fixed effects. Because congestion during a
patient’s hospital stay could impact the patient’s outcomes (24), we
also controlled for the daily average occupancy level (AvgOccStay)
each patient experienced for all inpatient units he/she was admit-
ted to after leaving the ICU and before hospital discharge. For
ICUReadm, we calculated AvgOccStay based on the window
between two consecutive ICU admissions. Because we do not have
dynamic severity information, we cannot control for the severity
of other patients treated in the same unit during the patients stay.

We estimated patient outcome models jointly with the admis-
sion decision model via maximum likelihood estimation. We used
the bivariate probit model for our binary outcomes (Mortality,
HospReadm, ICUReadm). For RemHospLOS, we used the treat-
ment effect model. For comparison, we also estimated the patient
outcome models without the IV. Stata 15.1 was used for statistical
analyses (StataCorp, College Station, TX).

RESULTS

Patient Cohort

Our initial dataset consisted of 165,948 hospitalizations. Figure 1
depicts the data selection process. We restricted our study sam-
ple to patients admitted in the 12 months in the center of the
22-month period to avoid censored estimates of capacity and
occupancy. We excluded surgical patients because the care path-
ways for them tend to be fairly standardized and protocol driven,
making our statistical strategy more challenging for these patients.
Our final patient cohort of 11,058 hospitalizations is character-
ized in Supplementary Table 2 (Supplemental Digital Content
1, http://links.lww.com/CCX/A171). We observed that patients
who went to the SDU immediately following the ICU tended to be
older and male, had more preexisting comorbidities (as measured
by the Comorbidity Point Score 2 score), and spent more time in
the ICU than those who went to the Ward. In our full dataset,
64.5% of patients (71.7%) in the ICU (SDU) were admitted via the
ED to a medical service.

Patient characteristics and outcome variables for low and high
severity patients are summarized in Table 2, while more detailed
information on primary conditions is reported in Supplementary
Table 3 (Supplemental Digital Content 1, http://links.lww.com/
CCX/A171). On average, patients who were classified as “High
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Severity” based on their SAPS3 were older, had higher comorbid-
ity and laboratory-based physiology scores, and spent more time
in the ICU than those classified as “Low Severity” Not surpris-
ingly, high severity patients were more likely to be admitted to
the SDU following their first ICU stay than low severity patients.
Supplementary Table 4 (Supplemental Digital Content 1, http://
links.lww.com/CCX/A171) summarizes patient outcomes for the
patients in our cohort based on severity class and the unit which
followed the first ICU stay. On average, patients who were dis-
charged to the SDU had higher RemHospLOS, ICUReadm, and
HospReadm as expected, whereas patients discharged to the Ward
had slightly higher Mortality.

Supplementary Table 5 (Supplemental Digital Content 1,
http://links.lww.com/CCX/A171) summarizes the maximum and
average occupancy level within each level of care across the 10
hospitals. Using this as an estimate for the capacity of each unit,
we found that the average occupancy level in the ICU, SDU, and
Ward were 61%, 67%, and 68%, respectively.

Estimated Effect of SDU Occupancy on SDU Admission
There were more than two available SDU beds upon ICU discharge
for 89.4% of the patients. Supplementary Table 6 (Supplemental
Digital Content 1, http://links.lww.com/CCX/A171) summarizes
the results of the admission model. The effect of SDU congestion
on the likelihood of SDU admission was negative and statistically
significant. Decreasing the SDU occupancy level from having two
or fewer available SDU beds to more than two available increased
the chance of SDU admission from 15.9% to 35.2% for low sever-
ity patients and from 12.5% to 36.9% for high severity patients.

Estimated Effect of SDU Admission on Patient
Outcomes

Table 3 summarizes the results for the low severity patients using
our IV approach and using a simple probit model without an IV
(non-IV approach). We did not find a statistically significant effect
of SDU admission on Mortality, RemHospLOS, or ICUReadm. We
did find a statistically significant effect (p < 0.01) of SDU admis-
sion on HospReadm following hospital discharge. To get a sense of
the magnitude of the effect of a busy SDU, we estimated the aver-
age treatment effect of the SDU being busy versus not busy. Recall
that a busy SDU was associated with a more than 50% decrease
in likelihood of SDU admission for low severity patients. In turn,
this translates to an increase in likelihood of HospReadm within 2
weeks (30 d) from 13.0% to 15.5% (20.2-24.1%). We do not pres-
ent average treatment effects by assuming all patients are admitted
to the SDU and comparing this to the case where all patients are
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Total hospitalizations:
165,948*

Admitted during the 1-year
period: 130,698

Admitted as ED-Medical:
77,418

Admitted to ICU at least
once: 14,996

Admitted to Ward/SDU
after1st ICU: 11,058

! 1

Admitted outside the study
L. period: 35,250 (21.24%)

---------—------*

Admitted as Surgical or non-
ED patients: 53,280

Never admitted to ICU:
62,422 (80.63%)
--—_---------—--*

Out-of-hospital or non-
Ward/SDU units :

within 2 days (5 d) of 1.9% (3.6%).
When not using an IV, we found
a negative and statistically signifi-
cant coeflicient for SDU admission
on Mortality, a positive and statisti-
cally significant coefficient for SDU
admission on RemHospLOS and
HospReadm, and no statistically sig-
nificant coefficient for ICUReadm.
The results were quite robust to
changes in the SAPS3 cutoffs for low
and high severity (Supplementary
Tables 7 and 8, Supplemental Digital
Content 1, http://links.lww.com/
CCX/A171), to various definitions
of SDU congestion (Supplementary
Tables 9 and 10, Supplemental
Digital Content 1, http://links.Iww.
com/CCX/A171), and to using linear
probability models for the discrete
outcomes (Supplementary Tables
11-13, Supplemental Digital Content
1, http://links.Iww.com/CCX/A171).
Additionally, while we can never
completely rule out the possibility
of unobserved confounders impact-
ing our results, our sensitivity analy-

(40.77%)

3,938(26.26%)

SAPS3 <331 SAPS3 > 66"
percentile: 3,839**

percentile: 3,892%*

sis (Supplementary Figs. 4 and 5,
Supplemental Digital Content 1,
http://links.lww.com/CCX/A171)

vv

suggests that our results are very
robust to potential unobserved

Low severity group

High severity group

confounders.

* to determine capacity and occupancy
** patient cohorts used in our econometric model

DISCUSSION
Our work suggests that SDU care

Figure 1. Data selection and severity categorization. ED = emergency department, SAPS3 = Simplified Acute

Physiology Score 3, SDU = step-down unit.

admitted to the ward because there are some patients who will
not be admitted to the SDU no matter how much capacity there
is. When not using an IV, we found a negative and statistically
significant coefficient for SDU admission on Mortality, a posi-
tive and statistically significant coefficient for SDU admission on
RemHospLOS, and no statistically significant coeflicient for ICU
and HospReadm.

Table 4 summarizes the results for the high severity patients
with our IV approach and without. We found a statistically signifi-
canteffect of SDU admission on Mortality (p <0.05), RemHospLOS
(p < 0.001), and ICUReadm within 2 days (p < 0.01) and 5 days
(p < 0.001). However, we did not find a statistically significant
effect of SDU admission on HospReadm. Again, we estimated the
average treatment effect of the SDU being busy versus not busy. We
found that a busy SDU was associated with an absolute increase
in hospital mortality of 2.5%, an increase in RemHospLOS of 1.1
hospital days, and an absolute increase in likelihood of ICUReadm

4 www.ccejournal.org

can benefit a subset of patients who
are discharged from the ICU. The
benefit of transitional care is most
evident among ICU patients with higher illness severity whose
characteristics are shown in Table 2. For these patients, we saw
statistically significant reductions in mortality, RemHospLOS,
and ICUReadm. Although we did not find that SDU care was
associated with a decrease in HospReadm for high severity
patients, we did find the effect in patients with lower illness
severity. This may be due to competing failure rates between
readmissions and postdischarge mortality; if high severity
patients are more likely to die than low severity patients, they
may appear to be less likely to be readmitted. Unfortunately, our
data does not include postdischarge mortality, so we cannot test
this hypothesis. Furthermore, since our results suggest that for
many patients SDU care reduced ICUReadm, HospReadm, and
RemHospLOS, the use of SDUs can potentially decrease hospital
bed utilization and stafling costs in the long term. We note there
exist SDU alternatives, such as flexible ICU beds, that have the
potential to realize these benefits.
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TABLE 2. Patient Characteristic and Outcome Summary Statistics

Patient Characteristics

Low Severity

and Outcomes Patients

Number of hospitalizations 3,839

Age, yr, mean * sp 550t 154

Male (%) 56.0

Laboratory Acute Physiology Score 22, 782+ 355
mean =+ sb

Comorbidity Point Score 2°, mean + sb 3b5.3 +38.8

Simplified Acute Physiology Score 3, 366+ 44
mean * sb

ICU LOS, hr, mean % sp 476 + 65.0

LOS before ICU, hr, mean % sp 232+ 576

Top three primary conditions 1) Acute respiratory failure

(9.1%)
2) Chest pain (9.0%)

3) Endocrine and related

conditions (8.9%)

Post-ICU disposition (%)

Ward 66.4

Step-down unit 33.3
In-hospital mortality (%) 2.1
Remaining hospital LOS, d 5.1
ICUReadm—2 d (%) 38
ICUReadm—>5 d (%) 6.2
HospReadm—2 wk (%)° 10.9
HospReadm—30 d (%)° 171

High Severity Entire

Patients Cohort

3,892 11,058
740+ 130 665+ 16.5

509 53.1

115.2 + 437 973+ 424
654 +519 50.7 £ 47.5
59.1+73 476+ 108
80.4 £ 100.2 615+ 820
444+ 1316 306 £94.0

1) Sepsis (10.7%) 1) Acute respiratory failure

(10.3%)

2) Acute respiratory failure 2) Sepsis (9.0%)

(10.29%)

3) Coma, stupor, and brain
damage (8.0%)

3) Chest pain (6.0%)

65.5 65.4
34.5 34.6
13.3 7.1
7.0 6.0
4.5 4.2
7.1 6.6
16.0 132
25.9 21.2

HospReadm = hospital readmission, ICUReadm = ICU readmission, LOS = length of stay.
2Laboratory Acute Physiology Score 2 is a physiology-based score calculated using data from the 72 hr preceding admission into a hospital unit other than the

emergency department (25).

5Comorbidity Point Score 2 is a comorbidity score calculated using data from inpatient and outpatient utilization during the 12-mo period preceding each monthly data

scan (25).

“We excluded patients with in-hospital death since patients who died could not be readmitted.

In contrast to our IV analysis, prior studies on the impact of
SDU care primarily relied on before-and-after comparisons (15,
26-29) and direct comparisons between patients who were and
were not discharged to an SDU (11, 30). Although several studies
controlled for patient characteristics through multivariate regres-
sion (31) and propensity score matching (32), those studies con-
sidered only patient characteristics that were observable in patient
records. These approaches do not address endogeneity bias caused
by factors that are unobservable in the data but known to the phy-
sician. For instance, a physician may determine that a patient who
has poor perfusion at the time of the discharge decision, despite
having relatively stable vital signs and normal laboratory test
results, should be discharged to the SDU. But because this patient
is more critical than the average patient discharged to the ward,
he/she is also more likely to have worse health outcomes.

Critical Care Explorations

In Tables 3 and 4, we observe a substantial difference between
IV and non-IV estimates. Without an IV, the estimates suggest
that SDU care increased RemHospLOS for both severity groups,
and increased HospReadm for high severity patients. Additionally,
despite the potential presence of endogeneity bias, the treatment
effect for mortality for high severity patients was still negative,
although smaller in magnitude. This provides strong evidence
that SDU admission is associated with a reduction in mortality
risk, as the results of both the IV and non-IV models support this
finding. That said, the differences in magnitude and statistical sig-
nificance of the estimate coefficients suggest that ignoring poten-
tial bias introduced when using observational data could result
in underestimates of the potential benefit of SDU care, as well as
produce mixed results where the estimated treatment effect may
be in either direction. Thus, one likely explanation for the mixed
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TABLE 3. Estimated Effect of Step-Down Unit Admission on Patient Outcomes for Low
Severity Patients

IV Approach

Non-IV Approach

Predicted Outcomes'’

Outcome Coefficient*® IZDC e — ﬁ;DC — Coefficient?

Mortality 0.62 0.48 3.7% 2.7% -0.25¢ 0.08
log (remaining hospital length-of-stay) 0.12 0.20 3.0 2.9 0.33¢ 0.04
ICUReadm—2 d 0.74 0.58 4.4% 3.0% -0.02 0.07
ICUReadm—5d -0.60 0.65 7.1% 8.6% 0.10 0.07
HospReadm—2 wk -0.61¢ 0.23 13.0% 15.5% -0.01 0.07
HospReadm—30 d -0.73¢ 0.21 20.2% 24.1% -0.01 0.06

HospReadm = hospital readmission, ICUReadm = ICU readmission, IV = instrumental variable.
2Coefficient estimates of the impact of step-down unit (SDU) admission on health outcomes are shown followed by their significance level ®(p < 0.01), ¢(p < 0.001), or

no significance indicator (not statistically significant).

9The coefficient signs indicate the direction of change in the outcome. To interpret the magnitude of each coefficient, we calculate the average predicted outcome if the
SDU was never busy and if the SDU was always busy, as probit coefficient magnitudes are not directly interpretable.

*Pgpc susv=o—Average predicted outcome if the SDU was never busy. Py pusy

length-of-stay (RemHospLOS) (d) is shown instead of log (RemHospLOS).

—Average predicted outcome if the SDU was always busy. Predicted remaining hospital

TABLE 4. Estimated Effect of Step-Down Unit Admission on Patient Outcomes for High

Severity Patients

IV Approach

Non-IV Approach

Predicted Outcomes’

Outcome Coefficient**® IA'-;DC = IZDC ] Coefficient?

Mortality -0.56° 0.29 156.0% 17.5% -0.18¢ 0.06
log (remaining hospital length-of-stay) -1.03¢ 0.08 50 6.1 0.444 0.04
ICUReadm—2 d -0.68¢ 0.21 6.56% 8.6% 0.08 0.08
ICUReadm—5d -0.86¢ 0.19 11.0% 14.6% 0.06 0.07
HospReadm—2 wk -0.09 0.66 16.2% 16.8% 0.12° 0.06
HospReadm—30 d 0.08 0.45 25.7% 25.1% 0.12° 0.05

HospReadm = hospital readmission, ICUReadm = ICU readmission, IV = instrumental variable.
2Coefficient estimates of the impact of step-down unit (SDU) admission on health outcomes are shown followed by their significance level (p < 0.05), ¢(p < 0.01),

4(p < 0.001), or no significance indicator (not statistically significant).

°The coefficient signs indicate the direction of change in the outcome. To interpret the magnitude of each coefficient, we calculate the average predicted outcome if the
SDU was never busy and if the SDU was always busy, as probit coefficient magnitudes are not directly interpretable.

’IE’SDc susv—o —Average predicted outcome if the SDU was never busy. Pg . puey_

length-of-stay (RemHospLOS) (d) is shown instead of log (RemHospLOS).

evidence in the literature on the effect of SDU care is because these
other studies do not explicitly address the potential for endogene-
ity biases.

This study has several limitations: 1) the IV approach estimates
the average effect of SDU admission only for the subset of patients
whose SDU admission decisions depends on the availability of
SDU beds and not to the more than 60% of patients who were
not admitted to the SDU when there were more than two beds
available; 2) all study participants were members of a single inte-
grated healthcare delivery system; 3) a large percentage of patients
(60%) were admitted to the SDU from the ED, yet our study only

6 www.ccejournal.org

—Average predicted outcome if the SDU was always busy. Predicted remaining hospital

provides insights into the benefits of SDU care for patients dis-
charged from the ICU; 4) we do not have information on do not
resuscitate or palliative status; and 5) our data were not taken
from the most recent time period. Kaiser Permanente decided to
remove all SDUs in Northern California several years ago and so
it is not possible to redo this study using more recent data. More
analysis would be necessary to understand how the impact of SDU
care has evolved over time.

Our study also has several strong points. It covers 10 hospitals
of different sizes, specialties, and locations, which helps to validate
the robustness and generalizability of the results. Furthermore,
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our data include detailed information on every unit in which
patients stayed, which allowed us to observe the entire care path-
way of each patient, determine the time spent in each unit, and
compute occupancy levels at any point of time in the study period.

CONCLUSIONS

Using patient data from 10 hospitals, we studied the use of SDUs
and used econometric models to estimate the benefit of providing
transitional care relative to that of the ward. Our work shows that
for patients discharged from the ICU, SDU care was associated
with improved patient outcomes for the subset of patients that
we studied. We found that SDU admission after an ICU stay was
associated with reduction in HospReadm rates for ICU patients
with lower severity. For ICU patients with higher severity, we
found evidence that SDU admission directly after an ICU stay was
associated with a reduction in mortality rate, RemHospLOS, and
ICUReadm rate. Our findings provide evidence that intermediate
care with a nurse-to-patient ratio that is higher than that of the
ward can measurably benefit ICU patients and can safely serve as
a bridge from ICU to ward or home.

Supplemental digital content is available for this article. Direct URL citations
appear in the HTML and PDF versions of this article on the journal’'s website
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