OBSERVATIONAL STUDY

The Impact of Timing on Clinical and
Economic Outcomes During Inter-ICU
Transfer of Acute Respiratory Failure
Patients: Time and Tide Wait for No One

IMPORTANCE AND OBJECTIVE: Approximately one in 30 patients with acute
respiratory failure (ARF) undergoes an inter-ICU transfer. Our objectives are to
describe inter-ICU transfer patterns and evaluate the impact of timing of transfer
on patient-centered outcomes.

DESIGN: Retrospective, quasi-experimental study.

SETTING: We used the Healthcare Cost and Utilization Project State Inpatient
Databases in five states (Florida, Maryland, Mississippi, New York, and Washington)
during 2015-2017.

PARTICIPANTS: We selected patients with International Classification of
Diseases, 9th and 10th Revision codes of respiratory failure and mechanical ven-
tilation who underwent an inter-ICU transfer (n = 6,718), grouping as early (< 2
d) and later transfers (3+ d). To control for potential selection bias, we propensity
score matched patients (1:1) to model propensity for early transfer using a priori
defined patient demographic, clinical, and hospital variables.

MAIN OUTCOMES: Inhospital mortality, hospital length of stay (HLOS), and cu-
mulative charges related to inter-ICU transfer.

RESULTS: Six-thousand seven-hundred eighteen patients with ARF underwent inter-
ICU transfer, 68% of whom (n = 4,552) were transferred early (< 2 d). Propensity
score matching yielded 3,774 well-matched patients for this study. Unadjusted out-
comes were all superior in the early versus later transfer cohort: inhospital mortality
(24.4% vs 36.1%; p<0.0001), length of stay (8 vs 22 d; p<0.0001), and cumulative
charges ($118,686 vs $308,977; p < 0.0001). Through doubly robust multivariable
modeling with random effects at the state level, we found patients who were trans-
ferred early had a 55.8% reduction in risk of inhospital mortality than those whose
transfer was later (relative risk, 0.442; 95% ClI, 0.403-0.497). Additionally, the early
transfer cohort had lower HLOS (20.7 fewer days [13.0 vs 33.7; p < 0.0001]), and
lower cumulative charges ($66,201 less [$192,182 vs $258,383; p < 0.0001]).

CONCLUSIONS AND RELEVANCE: Our study is the first to use a large, multi-
state sample to evaluate the practice of inter-ICU transfers in ARF and also define
early and later transfers. Our findings of favorable outcomes with early transfer are
vital in designing future prospective studies evaluating evidence-based transfer
procedures and policies.

KEY WORDS: early; inter-intensive care unit transfer; later; outcomes; respiratory
failure; timing

States leading to 2.5 million ICU admissions annually (1, 2) resulting
in over 30% mortality (3, 4) with an estimated cost of 27 billion dollars
(5, 6). Patients with ARF have improved outcomes when treated at centers with

3 cute respiratory failure (ARF) is a major health problem in the United
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greater expertise and higher case volumes (7-9) and
thus may benefit from an inter-ICU transfer (i.e., refer-
ring hospital 1 to regional hub hospital 2). Current, al-
beit limited, data estimates that one in 30 patients with
respiratory failure will undergo an inter-ICU transfer
typically to receive a higher level of care (10, 11). More
broadly, there is a robust and growing body of literature
demonstrating that earlier access to advanced thera-
peutics and evidence-based care improves outcomes
in critical illness (12-15). Indeed, patients transferred
from a community emergency department to a tertiary
care ICU have improved outcomes (16, 17) likely be-
cause smaller, low-volume hospitals have fewer critical
care resources, less aggregated experience, and thus,
may be less likely to provide evidence-based early man-
agement (7, 18). On the contrary, single-center studies
of inter-ICU transfer have found that transferred ICU
patients experience worse outcomes compared with
severity-matched patients directly admitted to the ter-
tiary care center (19, 20). This may be because inter-
ICU transfers tend to occur later (21) in the course of
illness; thus, mitigating the potential benefits of cen-
ters with greater expertise (10, 11, 22).

AREF patients are heterogeneous, and only some of
those patients might benefit from inter-ICU transfer.
However, there is currently limited data on who, why,
and when ARF patients undergo an inter-ICU transfer.
Thus, our objectives were to measure frequency of
transfer, characterize the timing of transfer, and ex-
amine the association between transfer and clinically
relevant outcomes. In this study, we hypothesize that
timing of transfer is a key factor and that patients with
ARF who are transferred early in their hospital course
will have reduced inhospital mortality, length of stay
(LOS), and hospital charges compared with matched
patients with later transfer.

METHODS
Study Design and Data Source

We conducted a retrospective cohort study utiliz-
ing the Agency for Healthcare Research and Quality’s
Healthcare Cost and Utilization Project State Inpatient
Databases (HCUP-SID) (23) from five U.S. states—
Florida, Maryland, Mississippi, New York, and
Washington—during the years 2015-2017. We selected
these states because they were geographically diverse,
and these states’ data allowed for longitudinal tracking of
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individual patients across acute care hospitals. Our local
Institutional Review Board at the Medical University of
South Carolina (Pro00094124) reviewed the study and
waived the need for approval based on research criteria
set forth by the code of federal regulations.

Cohort Identification

All adult patients 18+ years old with an International
Classification of Diseases, 9th and 10th Revision, Clinical
Modification (ICD-9 and -10) diagnosis code corre-
sponding to ARF (ICD-9-CM 518.81-.85, ICD-10-CM
J96.00-.02), and procedure codes corresponding to me-
chanical ventilation (ICD-9-procedure code [PCS] 96.70-
.72, ICD-10-PCS 5A1935Z, 5A1945Z, 5A1955Z) were
identified. We excluded patients whose median LOS at
hospital 1 was greater than 25 days as this is indicative of
long-term acute care facilities (24, 25), as demonstrated
in our prior study (10). In addition, we excluded patients
in psychiatric hospitals to obtain our ARF cohort.
Finally, the ARF cohort was then partitioned into a
transfer and a nontransfer cohort. The transfer cohort
(from hospital 1 to hospital 2) was identified using two
methods: first, all ARF patients with a discharge destina-
tion code of inter-facility transfer to a second acute care
hospital were initially included. Second, all ARF patients
discharged and then subsequently admitted to a different
acute care hospital within the same calendar day were
included. This strategy was used to compensate for cod-
ing errors in discharge destination. Of note, we did not
use ICU revenue codes but presumed that these were all
ICU transfers to a second acute care hospital as typically
patients on a ventilator are cared for in an ICU setting.
In accordance with our a priori-defined statistical
analysis plan, we evaluated our inter-ICU transfer co-
hort to understand the distribution of transfer timing
in days after admission to hospital 1 to inform the def-
inition of early versus later ICU transfer. Doing so, we
discovered approximately 70% of inter-ICU transfers
occurred within the first 2 calendar days of admission.
Based on these preliminary analyses, we defined early
transfers less than or equal to 2 days and later transfers
as 3+ days (eFig. 1, http://links.lww.com/CCX/A915).

Variable Selection and Construction

Demographics. Patients were grouped by age as fol-
lows: less than 65, 65-79, and 80+ years. Race was
categorized as White, Black (non-Hispanic), Hispanic,
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and other/missing. Patient payer was classified as com-
mercial, Medicare, Medicaid, and other.

Construction of Clinical Factors. Based on our
prior work, we selected clinical variables that influ-
ence inter-hospital transfer (eFig. 2, http://links.lww.
com/CCX/A916) (10). Specifically, we constructed an
indicator variable for invasive mechanical ventilation
(IMV) atadmission to hospital 1 denoted as (early IMV
< 2 d). We also constructed a variable for prolonged
IMV (> 30 d). Indicators for shock (ICD-9-CM 785.5x,
ICD-10-CM R57.x), dialysis (ICD-9-CM V56.x, ICD-
9-PCS 39.95, ICD-10-CM Z49.x), tracheostomy (ICD-
9-CM V44.0, ICD-10-CM Z93.0, clinical classification
software-procedure code 34), and major surgery were
also constructed using the diagnosis-related grouper
(26). Finally, we constructed a categorical (0, 1-2, 3+)
update to Charlson Comorbidity Index due to the
right-tailed distribution of this measure (27).

Construction of Hospital Factors. Similarly, for hos-
pital factors, we used our prior work, following the meth-
ods by Nadig et al (10). Hospitals were categorized as for
profit or not-for-profit and small (< 100 beds), medium
(100-300 beds), and large (> 300 beds). The case volume
of ARF (in increments of 100) was identified using ICD
codes for mechanical ventilation (ICD-9-PCS 96.70-.72,
ICD-10-PCS 5A1935Z, 5A19457, 5A19557). The emer-
gency department volume was also calculated using in-
patient records that indicated utilization of emergency
department services. Indicators for solid organ trans-
plant care and extracorporeal membrane oxygenation
(ECMO) care (ICD-9-PCS 39.65,ICD-10-PCS 5A1522x,
current procedural terminology 33946/33947) were also
constructed as measures of advanced critical care re-
sources (eFig. 2, http://links.lww.com/CCX/A916).

Propensity Score Matching

We elected to propensity score (PS) match due to the
inherent differences that may exist in patients who are
transferred earlier versus later. PS matching allowed us
to pseudorandomize patients who, by all observed meas-
ures, could have been transferred earlier or later—allow-
ing us to select the most similar patients in each group
to obtain unbiased estimates of the effect of early versus
later transfer. PS matching using the nearest-neighbor
method with a ratio of 1:1 and a caliper distance of 0.1
was employed to match the early versus later transferred
patients in order to minimize the potential impact of
selection bias in this observational study design (28).

Critical Care Explorations

Inclusion of all of the above-mentioned demographic,
clinical, and hospital factors in the greedy-match algo-
rithm yielded an overall bias reduction of 99.54%.

Outcomes

The primary outcome was inhospital mortality at hos-
pital 2 and was defined as the discharge destination:
“deceased” The secondary outcomes were total hos-
pital LOS and total cost, which were estimated by in-
cluding data from both hospitals 1 and 2 and using the
HCUP hospital-level charge data and publicly available
hospital-specific cost-to-charge ratios. These charges
were inflation-adjusted to 2019 dollars using the con-
sumer price index for all urban consumers, medical
care in U.S. City average (29).

Statistical and Analytic Approach

Descriptive statistics of the transferred, nontransferred,
early, and later cohorts were calculated. We conducted a
power analysis based on mortality and cumulative LOS
estimates in transferred ARF patients in two prior un-
matched studies (30, 31), estimating a sample of 1,774
patients in each group would have 80% power to find
a difference in mortality rate of 3 percentage points.
Similarly, based on existing estimates of LOS variation
(sp,17-25d) (19,20), a sample size of 1,134 in each group
would have 80 % power to find at least a 2-day difference
in LOS. With no prior studies estimating charges, we had
no basis on which to estimate power, thus this secondary
outcome was considered exploratory.

Covariate inclusion was iteratively revised using
stepwise backward purposeful selection based (32)
on model performance to arrive at parsimonious final
models—entering all clinical, demographic, and hos-
pital factors. Predictors with significance levels less
than 0.25 were closely examined prior to their removal
using guidelines of removal based on the following sta-
tistical criteria: 1) no more than 20% change in other
parameter estimates after removal; 2) smaller Akaike
information criterion, indicating a better model fit
without the covariate; and 3) likelihood-ratio test. For
all models, generalized linear mixed models using
PROC GLIMMIX in SAS/STAT 14.3 (SAS Institute,
Cary, NC) was used, with random effects at the state
level with empirical sandwich estimates for the fixed-
effect standard errors (33). For the primary outcome
of inhospital mortality, a binary-distributed model

www.ccejournal.org 3


http://links.lww.com/CCX/A916
http://links.lww.com/CCX/A916
http://links.lww.com/CCX/A916

Nadig et al

with a log link was used. For the secondary outcome of
LOS, two model types were tested: Poisson and nega-
tive binomial models with a log link, with final model
selection based on which model had a deviance closest
to unity (1.0); ultimately, the negative binomial model
was chosen. For the tertiary outcome of total charges,
a gamma-distributed log-linked model was used (34).
We used SAS Version 9.4 (Cary, NC) for all analyses,
considering a two-sided alpha of 0.05 as the threshold
for statistical significance.

RESULTS

We examined a total of 245,626 acute care hospital
records (Florida, Maryland, Mississippi, New York,
and Washington) with ARF, of which 9,576 (3.9%)
had undergone a transfer. Specifically, the crude
transfer rates ranged from 2.8% in New York, 3.5% in
Washington to 4.5% in Florida, 4.6% in Mississippi,
and 4.7% in Maryland (eTable 1, http://links.lww.
com/CCX/A917). We excluded 2,858 patients due to
incomplete data creating a total inter-ICU transfer
cohort of 6,718 patients cumulatively across the five
states (Fig. 1). (eTable 2, http://links.lww.com/CCX/
A918) represents the demographic, clinical, and hos-
pital level variables of transferred patients in each of
the five states. Of note, the transferred patients in the
state of Maryland were younger and more often had
commercial insurance. Other notable differences in-
cluded lower rates of transfer of tracheostomy patients
in Mississippi and Washington. Among hospital level
variables, the annual ARF volume was lower in hospi-
tals in Mississippi and Washington.

We then conducted a successful 1:1 propensity
matching of the early (n = 1,887) and later transfer
(n = 1,887) cohorts as represented in Table 1. (eTable
3, http://links.lww.com/CCX/A919) showcases the
two cohorts prior to propensity matching). Unadjusted
outcomes were all lower in the matched early versus
later transfer cohort: inhospital mortality (24.4% vs
36.1%; p < 0.0001), LOS (8 vs 22 d; p < 0.0001), and
cumulative charges (118,686 vs 308,977; p < 0.0001)
(eTable 3, http://links.lww.com/CCX/A919). In the
final adjusted model, the relative risk of inhospital
mortality for the early transfer cohort in comparison
to the later transfer cohort was (odds ratio, 0.44; 95%
CI, 0.40-0.49) (Table 2). This represents a 20.5% ab-
solute risk reduction of inhospital mortality (16.2% vs
36.7% cumulative prevalence of inhospital mortality
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for early vs later transfers, respectively). Additionally,
patients who were transferred early had an inpatient
stay that was 20.7 days shorter than those who were
not (13.0 vs 33.7 d; p < 0.0001), after adjusting for early
ventilation, major surgery, shock, Charlson score, age,
payer, and whether the patient suffered an inhospital
mortality (Table 3). Similarly, for cost, adjusting for
early ventilation, major surgery, a low LOS (< me-
dian), shock, tracheostomy, age, sex, and inhospital
mortality, early transfers had $66,201 adjusted lower
charges ($192,182 vs $258,383; p < 0.0001) in compar-
ison to the later transfer cohort (Table 3).

To test if our results were robust to a specification
change in early versus later ICU transfer, we redefined
early transfer to be 0 or 1 day; later transfer was de-
fined as 2+ days. We then re-PS matched using our
prior methods—yielding 4,382 well-matched individ-
uals (2,191 in each group). We then reanalyzed the pri-
mary outcome of inhospital mortality, which yielded a
very similar risk ratio: 0.4251 (95% CI, 0.34-0.53). This
demonstrates our findings are robust against changes
in the definition in early versus later ICU transfer.

DISCUSSION

Our study is the first to use a large, multistate sample
to evaluate the practice of inter-ICU transfers in ARF
patients using novel techniques and detailed proto-
cols. This definition of early and later transfers is
also distinct from past work, which has more com-
monly analyzed all inter-ICU transfers together. The
main finding of our study is that ARF patients that
undergo early transfer within 2 days have an asso-
ciated 20.5% absolute risk reduction of inhospital
mortality than those whose transfer was greater than
or equal to 3 days. Additionally, we found that early
transfers were associated with shorter hospitaliza-
tion and lower cumulative cost even after adjustment
for inhospital mortality.

Our prior work evaluating frequency of transfer of
AREF patients in Florida showcased a modest transfer
rate of 2.9% (10). As a follow-up, in this study, we did
observe some variation in transfer frequencies at the
state level with the highest rate of transfer observed in
Maryland (4.7%). This study also showcased differences
in transfer frequency based on certain demographic,
clinical, and hospital level characteristics. Some, ex-
pected observations, on account of population diver-
sity included, lower median age of transferred patients
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All ARF ICU transfers in Florida,
Maryland, Mississippi, New York, and
Washington in HCUP-SID databases,

older population (over the
age of 65) in Florida may
be responsible for this ob-
servation of higher ARF
volumes in its hospitals.
Additionally, states such as
Washington that have more
palliative care options and
proactive end-of-life initia-

tives may serve as another
potential explanation of
this noted variation (37).
Although not evaluated
in this study, a practical
explanation for variation

Final cohort eligible for propensity
score matching
n=6,718
Early transfer, n=4,552
Later transfer, n=2,166

Final (1:1) propensity score matched
analytical dataset
n=3,774
Early transfer, n=1,887
Later transfer, n=1,887

2015-2017
n=9,576
Exclusions (n=2,858)
To/from psychiatric hospital, n=0
To/from rehab hospital, n=300
To/from LTAC, n=2,544
Unable to determine hospital size, n=14
v

in transfer practices are
the heterogeneous nature
of physician attitudes and
practice patterns. A na-
tional survey conducted by
Kahn et al (21) evaluating
over 500 critical care physi-
cians found that academic
physicians  practicing in
large tertiary centers readily
embraced critical care trans-
fers in comparison to com-
munity physicians. Another
study evaluating critical care
transfer networks among
Medicare beneficiaries (11)
found that current transfer
networks are not uniformly
hierarchical, however, net-
works appear to systemati-

Figure 1. Consort diagram of transferred patients with acute respiratory failure (ARF) culminating
in the final propensity matched cohort used for analysis. HCUP-SID = Healthcare Cost and
Utilization Project State Inpatient Databases, LTAC = long-term acute care.

cally move patients toward
larger and presumably bet-
ter-resourced hospitals. Our

in Maryland and Washington in comparison to Florida
(35). Similar anticipated patterns were seen with re-
spect to higher percentage of commercially insured
patients in Maryland and Washington (35). However,
one interesting observation was “twice” the annual
volume of ARF patients in Florida in comparison to
Washington hospitals. Patients develop ARF due to sev-
eral reasons but can often be linked to older age (36).
Thus, we speculate that the higher percentage (48%) of

Critical Care Explorations

study found that majority of
the transferred patients were initially in smaller hospi-
tals; however, the study was not designed to evaluate the
intricacies of the transfer network.

These above-mentioned structural and physician prac-
tice patterns, may not only affect transfer rates, but also
affect the timing of transfer, of critically ill patients. Prior
literature evaluating transfer delays from the “emergency
department to the ICU” (14, 38, 39) as well as from “in-
patient floor to the ICU” (16, 17) have consistently shown

www.ccejournal.org 5



Nadig et al

TABLE 1.

Demographics, Clinical, and Hospital Characteristics of the Final Propensity Score

Matched Groups

Characteristic

Demographics
Male
Age
Charlson score
Payer
Commercial
Medicaid
Medicare
Other
Race
Black
Hispanic
Other
White
Clinical factors

Early ventilator initiation at
hospital 1 (< 2 d)

Shock

Dialysis

Tracheostomy

Major surgery

Hospital factors

Hospital size?
Small (FP)
Small (NFP)
Medium (FP)
Medium (NFP)
Large

Annual emergency department volume
Annual acute respiratory failure volume

Solid organ transplantation

Extracorporeal membrane oxygenation

2,174 (57.6)

63.0 (52.0-73.0)
2.0 (1.0-4.0)

764 (20.2)

651 (17.2)
2,115 (56.0)

244 (6.5)

694 (18.4)

379 (10.0)

289 (7.7)
2,412 (63.9)

2,927 (77.6)

800 (21.2)

105 (2.8)
73 (1.9)

314 (8.3)

9(1.3)
295 (7.8)
409 (10.8)
1,251 (33.1)
1,770 (46.9)

22,300

(12,100-33,800)

400

(200.0-700.0)

279 (7.4)
829 (22.0)

Later ICU Transfer

(3+d)
1,887

1,080 (57.2)

63.0 (52.0-73.0)
2.0 (1.0-4.0)

375 (19.9)

324 (17.2)
1,066 (56.5)
122 (6.5)

351 (
192 (
135 (7.2)
1,209 (64.1)

6)
2

18.
10.2)

1,461 (77.4)

390
53
30

24 (1.3)
146 (7.7)
217 (11.5)
615 (32.6)
885 (46.9)

22,200

(12,400-33,800)

400

(200.0-700.0)

137 (7.3)
415 (22.0)

Early ICU Transfer

(G X))
1,887

1,094 (58.0)

63.0 (51.0-73.0)

2.0 (0.0-4.0)

389 (20.6)

327 (17.3)
1,049 (55.6)
122 (6.5)

343 (18.

187 (9.9)

154 (8.2)
1,203 (63.8)

2)

1,466 (77.7)

5(1.3)
149 (7.9)
192 (10.2)
636 (33.7)
885 (46.9)

22,500

(11,800-24,200)

400
(200.0-700.0)

142 (7.5)
414 (21.9)

0.64
0.49
0.12
0.93

0.70

0.84

0.42
0.92
0.12
0.28

0.74

0.73

0.25

0.75
0.96

FP = for profit, NFP = non-for profit.

*Classified as small (< 100 beds), medium (100-300 beds), and large (> 300 beds); profit status—for profit or not-for-profit).

All values expressed as n (%) or median (Q1-Q3).
All tests are y? test for categorical variables, and Wilcoxon-Mann-Whitney U test for continuous variables (due to all being nonparametric

distributions).
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TABLE 2.

Comparison of Cumulative Incidence and Relative Risk of Inhospital Mortality

Cumulative Incidence (95% CI)

Outcomes

Early ICU Transfer

Later ICU Transfer

Relative Risk

16.2 (10.3-24.6)

Inhospital mortality®

36.7 (25.6-49.5)

0.442 (0.403-0.497) < 0.0001

Final generalized linear mixed model adjusted for hospital one’s extracorporeal membrane oxygenation and transplant volume, dialysis,
early ventilation, shock, tracheostomy, Charlson score, age, and low length of stay, with random effects at the state level.

worsened clinical outcomes for patients. The dogma of
the “golden hour” well known to trauma (40) indicates
that physiologic derangements should be corrected early
to reduce mortality and morbidity. This “golden hour/
hours” in concept applies to critical care diagnoses such
as ischemic strokes (tissue plasminogen activator admin-
istration) (41), myocardial infarctions (percutaneous cor-
onary interventions) (42), sepsis (timely antibiotics) (43),
and more recently ARF (lung protective ventilation) (44).
Similarly, one could speculate there exists a “golden hour”
for inter-ICU transfer of ARF patients.

In a real-world scenario, small/less-resourced hos-
pitals often admit ARF patients and those patients will
likely progress over three paths in 48 hours: 1) improve,
2) do not improve, or 3) get worse. Our study was un-
fortunately not designed to decipher the characteristics
of patients in each path; however, in clinical practice,
patients in paths 2 and 3 are presumably different from
patients in path 1 and may be the ones typically trans-
ferred. However, the more complex question is whether
the timing of transfer alters outcomes for these patients
in paths 2 and 3. Prior literature (7) has shown that
patients with ARF have improved outcomes in high-
volume/high-resource hospitals; however, it does not
clarify if the patients have to be initially admitted to a
high volume hospital or if they can be transferred from

TABLE 3.

another hospital early in the course of their illness. A
matched study of HIN1 patients with acute respiratory
distress syndrome in the United Kingdom (45) revealed
that patients had improved outcomes when referred to
ECMO treatment centers even if they did not end up
requiring ECMO, which brings up the question of not
only timing of transfer but also early implementation of
evidence-based best practices which are more likely to
occur in high-volume/high-resource hospitals (46).

Unfortunately, there are no evidence-based guide-
lines for inter-ICU transfer of ARF patients. Guidelines
framed in 2004 from the American College of Critical
Care Medicine (47) predominantly focuses on patient
safety during transfer with no guidance on the cross-
sectoral nature of the inter-ICU transfer process that
typically has multiple stakeholders including patients,
tamilies, physicians, and health systems.

Our study found that early transfers affect patient-
centered outcomes (mortality) as well as health system
outcomes (LOS and cost). While the retrospective nature
of our study cannot be taken as causal, the fact that all
outcomes demonstrated a robust favorable association
with early transfer is quite compelling. Unfortunately, a
randomized study about early and later transfer of ARF
patients is challenging; however, a multicenter study
prospectively evaluating early and later transfers could

Comparison of Adjusted Secondary Outcomes Between the Early and Later Transfer

Cohorts

Outcomes

Early ICU Transfer (n = 1,887)

Later ICU Transfer (n = 1,887)

Cumulative length of stay?

Cumulative charges®

13.0 (9.2-18.3)
$192,182 (76,313-483,932)

33.7 (24.1-47.0)
$258,383 (101,783-655,858)

< 0.0001
< 0.0001

“The length of stay final generalized linear mixed model adjusted for hospital one's extracorporeal membrane oxygenation (ECMO) and
transplant volume, hospital one’s size, dialysis, early ventilation, major surgery, shock, tracheostomy, Charlson score, age, sex, race, and

inhospital mortality, with random effects at the state level.

*The charges final generalized linear mixed model adjusted for hospital one’s ECMO, transplant, emergency department, and acute res-
piratory failure volume, hospital one’s size, dialysis, early ventilation, major surgery, shock, tracheostomy, Charlson score, age, sex, race,

and inhospital mortality, with random effects at the state level.

Critical Care Explorations
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be a next step as we try to understand the structural and
process measures that affect these outcomes.

The present work has several limitations. Our study
includes only five states, with omission of midwestern
and southwestern states. The constraints of HCUP data
include variability in coding practices; limitations in di-
agnosis codes to differentiate comorbidity versus com-
plications, inability of billing codes to verify objective
patient information such as the cause of respiratory
failure, associated treatments, or estimate precise cost
benefit. Additionally, there is no information on clini-
cally derived illness severity scores, stakeholder reports
of the reason(s) for transfer, cost of actual transfer pro-
cess, ICU capacity strain, staffing models, or region-
alized hub and spoke models of care. However, the
strengths of utilizing administrative data include large
samples, availability at low cost, and representativeness
of the population to improve generalizability. Our study
evaluates transfer patterns between the years of 2015-
2017, and hence is not relevant to the care of COVID-
19 patients with limitations in ICU beds and ventilatory
support. While we have demonstrated that early trans-
fers may have better outcomes, further work remains
to estimate the inherent variation in implementation
of best practices in ARF care in transferring hospitals.
Due to the retrospective nature of the data, one could
speculate that the later transfer cohort could be inher-
ently different from the early transfer cohort. However,
many of these weaknesses are counteracted by using
PS matching methods to accomplish pseudorandom-
ization—creating two cohorts that are similar on all
measured clinical, hospital, and demographic factors.
In conclusion, this study provides only observational
results but sheds light on future planning of pragmatic/
prospective studies evaluating early and later transfers.

1 Department of Medicine, Division of Pulmonary, Critical
Care Medicine and Sleep, Northwestern University Feinberg
School of Medicine, Chicago, IL.

2 Department of Healthcare Leadership and Management,
Medical University of South Carolina, Charleston, SC.

3 Department of Medicine, Division of Pulmonary, Critical
Care Medicine and Sleep, Medical University of South
Carolina, Charleston, SC.

Supplemental digital content is available for this article. Direct
URL citations appear in the printed text and are provided in the
HTML and PDF versions of this article on the journal’s website
(http://journals.lww.com/ccejournal).

Supported, in part, by grant from the Delaware Clinical and
Translational Research Program/54858U54GM104941-07.

8 www.ccejournal.org

The authors have disclosed that they do not have any potential
conflicts of interest.

Address requests for reprints to: Nandita R. Nadig, MD, MSCR,
Department of Medicine, Division of Pulmonary and Critical Care
Medicine, Northwestern University Feinberg School of Medicine,
676N Saint Clair St, Arkes No. 14-026, Chicago, IL 60611.
E-mail: nandita.nadig@northwestern.edu

REFERENCES

1. Barrett ML, Smith MW, Elixhauser A, et al: Ultilization of
Intensive Care Services, 2011: Statistical Brief #185. In:
Healthcare Cost and Utilization Project (HCUP) Statistical Briefs
[Intemet]. Rockville, MD, Agency for Healthcare Research and
Quality (US), 2006

2. Stefan MS, Shieh MS, Pekow PS, et al: Epidemiology and out-
comes of acute respiratory failure in the United States, 2001
to 2009: A national survey. J Hosp Med 2013; 8:76—-82

3. Esteban A, Anzueto A, Frutos F, et al; Mechanical Ventilation
International Study Group: Characteristics and outcomes in
adult patients receiving mechanical ventilation: A 28-day in-
ternational study. JAMA 2002; 287:345—-355

4. Metnitz PG, Metnitz B, Moreno R, et al; SAPS 3 Investigators:
Epidemiology of mechanical ventilation: Analysis of the SAPS
3 database. Intensive Care Med 2009; 35:816-825

5. Dasta JF, McLaughlin TR, Mody SH, et al: Daily cost of an
intensive care unit day: The contribution of mechanical ventila-
tion. Crit Care Med 2005; 33:1266—-1271

6. Wunsch H, Linde-Zwirble WT, Angus DC, et al: The epidemi-
ology of mechanical ventilation use in the United States. Crit
Care Med 2010; 38:1947-19563

7. Kahn JM, Goss CH, Heagerty PJ, et al: Hospital volume and
the outcomes of mechanical ventilation. N Engl J Med 2006;
3566:41-50

8. Nguyen YL, Wallace DJ, Yordanov Y, et al: The volume-out-
come relationship in critical care: A systematic review and
meta-analysis. Chest 2015; 148:79-92

9. Kahn JM, Linde-Zwirble WT, Wunsch H, et al: Potential
value of regionalized intensive care for mechanically ven-
tilated medical patients. Am J Respir Crit Care Med 2008;
177:285-291

10. Nadig NR, Goodwin AJ, Simpson AN, et al: Patient and hos-
pital characteristics associated with interhospital transfer for

adults with ventilator-dependent respiratory failure. Ann Am
Thorac Soc 2017; 14:730-736

11. lwashyna TJ, Christie JD, Moody J, et al: The structure of crit-
ical care transfer networks. Med Care 2009; 47:787-793

12. Rivers E, Nguyen B, Havstad S, et al; Early Goal-Directed
Therapy Collaborative Group: Early goal-directed therapy in
the treatment of severe sepsis and septic shock. N Engl J Med
2001; 345:1368-1377

13. Blow O, Magliore L, Claridge JA, et al: The golden hour and
the silver day: Detection and correction of occult hypoperfu-
sion within 24 hours improves outcome from major trauma. J
Trauma 1999; 47:964-969

14. Chalfin DB, Trzeciak S, Likourezos A, et al; DELAY-ED study
group: Impact of delayed transfer of critically ill patients from

March 2022 ¢ Volume 4 * Number 3


http://journals.lww.com/ccejournal
mailto:nandita.nadig@northwestern.edu

Observational Study

15.

16.

17.

18.

20.

21.

22.

23.

24,

25.

26.

7.

28.

29.

30.

the emergency department to the intensive care unit. Crit Care
Med 2007; 35:1477-1483

Seferian EG, Afessa B, Gajic O, et al; Mayo Epidemiology and
Translational Research in Intensive Care: Comparison of com-
munity and referral intensive care unit patients in a tertiary
medical center: Evidence for referral bias in the critically ill. Crit
Care Med 2008; 36:2779-2786

Hill AD, Vingilis E, Martin CM, et al: Interhospital transfer of
critically ill patients: Demographic and outcomes comparison
with nontransferred intensive care unit patients. J Crit Care
2007; 22:290-295

Gerber DR, Schorr C, Ahmed |, et al: Location of patients be-
fore transfer to a tertiary care intensive care unit: Impact on
outcome. J Crit Care 2009; 24:108-113

Glance LG, Li Y, Osler TM, et al: Impact of patient volume on
the mortality rate of adult intensive care unit patients. Crit Care
Med 2006; 34:1925-1934

Rosenberg AL, Hofer TP, Strachan C, et al: Accepting critically ill
transfer patients: Adverse effect on a referral center's outcome
and benchmark measures. Ann Intern Med 2003; 138:882-890

Combes A, Luyt CE, Trouillet JL, et al: Adverse effect on a re-
ferral intensive care unit's performance of accepting patients
transferred from another intensive care unit. Crit Care Med
2005; 33:705-710

Kahn JM, Asch RJ, lwashyna TJ, et al: Physician attitudes to-
ward regionalization of adult critical care: A national survey.
Crit Care Med 2009; 37:2149-2154

Nandita Nadig AJG, Simpson KN, Simpson AN, et al: Clinical
Implications and Biases Associated With Inter-ICU Transfer.
Denver, CO, American Thoracic Society, 2015

HCUP State Inpatient Databases (SID): Healthcare Cost and
Utilization Project (HCUP), 2015-2017. Rockville, MD, Agency
for Healthcare Research and Quality. Available at: www.hcup-
us.ahrg.gov/sidoverview.jsp. Accessed September 1, 2021
HHS takes steps to further limit Medicaid loophole. Health
Care Financ Rev 2002; 23:171-172

Liu K, Baseggio C, Wissoker D, et al: Long-term care hospi-
tals under Medicare: Facility-level characteristics. Health Care
Financ Rev 2001; 23:1-18

Angus DC, Kelley MA, Schmitz RJ, et al; Committee on
Manpower for Pulmonary and Critical Care Societies
(COMPACCS): Caring for the critically ill patient. Current and
projected workforce requirements for care of the critically il
and patients with pulmonary disease: Can we meet the require-
ments of an aging population? JAMA 2000; 284:2762-2770
Quan H, Li B, Couris CM, et al: Updating and validating the
Charlson comorbidity index and score for risk adjustment in
hospital discharge abstracts using data from 6 countries. Am J
Epidemiol 2011; 173:676-682

Stuart EA: Matching methods for causal inference: A review
and a look forward. Stat Sci 2010; 25:1-21

U.S. Bureau of Labor Statistics: CPI for All Urban Consumers
(CPI-U): Medical Care in U.S. City Average, All Urban Consumers,
Not Seasonally Adjusted (Series ID: CUUROO0O0SAM) [Data
set]. BLS Data Viewer. 2020. Available at: https://www.bls.gov/
news.release/cpit01.htm. Accessed September 1, 2021

Charlson ME, Pompei P, Ales KL, et al: A new method of
classifying prognostic comorbidity in longitudinal studies:
Development and validation. J Chronic Dis 1987; 40:373—-383

Critical Care Explorations

31.

32.

33.

34.

3b.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45,

46.

47.

Deyo RA, Cherkin DC, Ciol MA: Adapting a clinical comorbidity
index for use with ICD-9-CM administrative databases. J Clin
Epidemiol 1992; 45:613-619

Hosmer DW Jr, Lemeshow S, Sturdivant RX: Applied Logistic
Regression. Third Edition. Hoboken, NJ, John Wiley & Sons,
2013

Morel JG, Bokossa MC, Neerchal NK: Small sample cor-
rection for the variance of GEE Estimators. Biom J 2003;
45:395-409

Manning WG, Basu A, Mullahy J: Generalized modeling
approaches to risk adjustment of skewed outcomes data. J
Health Econ 2005; 24:465-488

US Census Bureau: QuickFacts Maryland; Washington; Florida;
United States. 2019. Available at: https://www.census.gov/
quickfacts/fact/table/MDWAFLUS/AGE775219. Accessed
September 1, 2021

Brown R, McKelvey MC, Ryan S, et al: The impact of aging
in acute respiratory distress syndrome: A clinical and mecha-
nistic overview. Front Med (Lausanne) 2020; 7:589553
Center to Advance Palllitaive Care: 2019 State-By-State Report
Card on Access to Palliative Care in Our Nation's Hospitals.
2019. Available at: Palliative Care, Report Card (capc.org).
Accessed September 1, 2021

Hung SC, Kung CT, Hung CW, et al: Determining delayed
admission to intensive care unit for mechanically ventilated
patients in the emergency department. Crit Care 2014; 18:485
Groenland CNL, Termorshuizen F, Rietdijk WJR, et al: Emergency
department to ICU time is associated with hospital mortality: A
registry analysis of 14,788 patients from six university hospitals
in The Netherlands. Crit Care Med 2019; 47:1564-1571

Lerner EB, Moscati RM: The golden hour: Scientific fact or
medical “urban legend"? Acad Emerg Med 2001; 8:758-760
Fonarow GC, Zhao X, Smith EE, et al: Door-to-needle times
for tissue plasminogen activator administration and clinical
outcomes in acute ischemic stroke before and after a quality
improvement initiative. JAMA 2014; 311:1632-1640

Herrin J, Miller LE, Turkmani DF, et al: National performance
on door-in to door-out time among patients transferred for
primary percutaneous coronary intervention. Arch Intern Med
2011;171:1879-1886

Ferrer R, Martin-Loeches |, Phillips G, et al: Empiric antibiotic
treatment reduces mortality in severe sepsis and septic shock
from the first hour: Results from a guideline-based performance
improvement program. Crit Care Med 2014; 42:1749-1755

Needham DM, Yang T, Dinglas VD, et al: Timing of low tidal
volume ventilation and intensive care unit mortality in acute
respiratory distress syndrome. A prospective cohort study. Am
J Respir Crit Care Med 2015; 191:177-185

Noah MA, Peek GJ, Finney SJ, et al: Referral to an extracor-
poreal membrane oxygenation center and mortality among
patients with severe 2009 influenza A(H1N1). JAMA 2011;
306:1659-1668

Ervin N, Rentes VC, Dibble ER, et al: Evidence-based practices for
acute respiratory failure and acute respiratory distress syndrome:
A systematic review of reviews. Chest 2020; 1568:2381-2393
Warren J, Fromm RE Jr, Orr RA, et al; American College of
Critical Care Medicine: Guidelines for the inter- and intra-
hospital transport of critically ill patients. Crit Care Med 2004;
32:256-262

www.ccejournal.org 9


www.hcup-us.ahrq.gov/sidoverview.jsp
www.hcup-us.ahrq.gov/sidoverview.jsp
https://www.bls.gov/news.release/cpi.t01.htm
https://www.bls.gov/news.release/cpi.t01.htm
https://www.census.gov/quickfacts/fact/table/MD,WA,FL,US/AGE775219
https://www.census.gov/quickfacts/fact/table/MD,WA,FL,US/AGE775219
Palliative Care, Report Card (capc.org

