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ABSTRACT

Professional societies have developed recom-
mendations for patient triage protocols, but
wide variations in triage patterns for many
acute conditions exist among hospitals in the
United States. Differences in hospitals’ triage
patterns can be attributed to factors such as
physician behavior, hospital policy and real-
time conditions such as intensive care unit
capacity. The patient safety concern is that
patients evaluated for admission to the inten-
sive care unit during times of high intensive

care unit capacity may have adverse outcomes
related to delays in care. Because standardiza-
tion of a national triage policy is not feasible
due to differing resources available at each
hospital, local guidelines should prevail that
take into account hospitals’ local resources. The
goal would be to better match intensive care
unit bed supply with demand.
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Key Summary Points

There is wide variation in the patterns of
use of intensive care unit beds across
hospitals in the United States. There is
also variation between the United States
and the United Kingdom.

An array of interrelated factors influence
patient triage decisions, including
physician behavior, hospital policies and
real-time conditions such as intensive care
unit capacity. Patients evaluated for
admission to the intensive care unit
during times of high intensive care unit
capacity may have adverse outcomes
related to delays in care.

While standardization can be a strategy for
improving outcomes in the critical care
setting, we do not recommend
standardizing patient triage policy across
hospitals given the different resources at
different hospitals. Hospitals should
develop local guidelines for patient triage
taking into account their unique set of
resources.

In order to optimize patient triage to the
intensive care unit within hospitals, there
should be a better matching of bed supply
and demand. There may be opportunities
for innovation, including the flexible use
of inpatient beds, telemedicine-capable
beds and mobile critical care teams.

INTRODUCTION

According to National Health Expenditure
Accounts data, healthcare spending in the Uni-
ted States accounted for 17.9% of gross domestic
product (GDP) in 2017 [1]. This number is pro-
jected to climb to 19.4% by 2027 [1], as health-
care spending is outpacing GDP growth. Critical
care services are an expensive inpatient resource,
accounting for 13% of hospital-related expen-
ditures and 0.72% of GDP [2].

Intensive care units may be an attractive
target for curbing healthcare spending in the

United States. Experts have proposed reducing
the supply of intensive care unit beds as one
potential intervention to decrease cost [3–5].
They argue that excess supply of critical care
beds increases intensive care unit use by
patients who may not benefit from it.

Professional societies have proposed criteria
to guide triage to the intensive care unit [6–8],
yet wide variation exists for many acute care
conditions. This review describes the variation
in utilization of intensive care unit beds. We
summarize the evidence that exists with regard
to which patients benefit from admission to the
intensive care unit, as well as factors influencing
patient triage decisions and patient outcomes,
including bed availability. This review is based
on previously conducted studies and did not
require approval by the institutional review
board.

VARIATION IN UTILIZATION
OF INTENSIVE CARE UNIT BEDS

Variation in Intensive Care Unit
Admission Rates Among Hospitals
in the United States

There are robust data documenting the wide
variation in intensive care unit admission rates
among hospitals in the United States. A study
using data from the Veterans Administration
examined 289,310 patients from 118 hospitals
in 48 states and revealed that 53.2% of patients
admitted to the intensive care units of Veterans
Administration hospitals had a predicted 30-day
mortality of B 2% [9]. Of these patients, the rate
of intensive care unit admission ranged from
1.2 to 38.9% among hospitals [9]. These results
indicate wide variation in admission patterns
for patients with low likelihood of death among
Veterans Administration hospitals. Similarly
wide variation is reported in studies using other
data sources [10–16].

Figure 1 depicts the theoretical relationship
between likelihood of intensive care unit
admission and patient severity of. As patient
illness severity increases, the likelihood that a
patient will be admitted to the intensive care
unit increases. The dotted lines represent
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confidence intervals. The confidence intervals
are wider when a patient has lower severity of
illness, because there is more variability in
triage. The confidence intervals are narrower
when a patient has higher severity of illness,
because there are more definitive indications for
admission to the intensive care unit.

Variation in Intensive Care Unit
Admission Rates Between Hospitals
in the United States and Western Europe

There are known differences in intensive care unit
bed availability between countries. For example,
fewer intensive care unit beds in the United King-
dom have been shown to be associated with fewer
direct admissions from the emergency depart-
ment, as well as longer hospital stays before
admission and higher severity of illness [5]. There
are also fewer intensive care unit admissions for
terminal illness in the United Kingdom compared
with the United States, despite similar overall
hospitalization rates [17]. These results indicate
that country-specific solutions are needed to opti-
mize intensive care unit bed supply and demand.

Variation in Intensive Care Unit
Admissions for Patients with Specific
Conditions

Several studies have evaluated clinical outcomes
when patients with acute care conditions are
admitted to the intensive care unit versus gen-
eral ward (Table 1).

Of the nine studies evaluating this issue,
only one was a randomized controlled trial, and
it was conducted in France. Guidet et al.
developed a systematic triage tool and cluster-
randomized 3037 elderly patients
aged C 75 years with pneumonia to either the
triage tool or usual care [18]. After adjusting for
baseline characteristics, they found no differ-
ence in their primary outcome of death at
6 months between the intervention and control
groups [18]. Interestingly, patients in the group
triaged via the tool had a higher likelihood of
being admitted to the intensive care unit. Sec-
ondary outcomes of functional status and
physical quality of life also did not differ
between the groups at 6 months [18].

The remaining eight studies were retrospec-
tive, using data sources such as Medicare, State
Inpatient Database and Premier Healthcare
Database. The analyses used standard risk
adjustment techniques, including adjustment
for severity of illness and extent of comorbidi-
ties. Some used causal inference techniques,
such as instrumental variables, in order to
address the issue of unmeasured confounding
[19, 20]. Only one study reported a statistically
significant difference in long-term mortality for
Medicare patients admitted with pneumonia
[20]; Valley et al. reported a 5.7% absolute
increase in 30-day survival in elderly patients
with pneumonia treated in the intensive care
unit [20]. The authors employed the instru-
mental variable of differential distance between
a low- and high-intensive care unit-utilizing

Fig. 1 Theoretical relationship between the likelihood of
intensive care unit admission and patient severity of illness.
The figure shows a positive relationship between patient
severity of illness and likelihood of admission to the
intensive care unit. The dotted lines represent confidence

intervals. The confidence intervals are wider when a
patient has lower severity of illness, due to variation in
triage, and narrower when a patient has higher severity of
illness, because of absolute indications for intensive care
unit admission
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Table 1 Summary of clinical studies demonstrating patient outcomes based on intensive care unit triage for various
conditions

Condition Finding Data source References

Pneumonia 5.7% absolute 30-day survival advantage with

equivalent cost for elderly patients admitted

to the ICU versus general ward

Medicare patients aged > 65 years [20]

Equivalent 6-month mortality for cluster-

randomized patients triaged with a systematic

triage tool versus usual care

Randomized controlled trial

conducted in France of patients

aged[ 65 years

[18]

Chronic

obstructive

pulmonary

disease

Equivalent 30-day mortality and cost per

hospitalization

Medicare patients aged[ 65 years [19]

Equivalent in-hospital mortality rates, but patients

in hospitals with higher ICU admission rates

had higher rates of central venous lines and

arterial lines and higher cost per hospitalization

($1491)

Twelve states from State Inpatient

Database, Agency for Healthcare

Research and Quality

[10]

Pulmonary

embolus

Equivalent in-hospital mortality, cost per

hospitalization and readmission rate, but

patients in hospitals with higher ICU admission

rates had higher rates of mechanical ventilation,

noninvasive ventilation, central venous

catheterization and thrombolytic therapy

Three states from State Inpatient

Database, Agency for Healthcare

Research and Quality

[13]

Equivalent in-hospital mortality, but patients in

hospitals with higher ICU admission rates had

higher rates of central venous line placement

and thrombolysis and higher cost per

hospitalization ($457)

Two states from State Inpatient

Database, Agency for Healthcare

Research and Quality

[15]

Acute myocardial

infarction

Equivalent 30-day mortality for patients with

non-ST-elevation myocardial infarction

admitted to the ICU versus general ward at

high/intermediate- versus low ICU-utilizing

hospitals, even among high-risk patients

Medicare patients aged[ 65 years [11]

Equivalent 30-day mortality, but patients

admitted to the ICU had higher cost per

hospitalization ($4922)

Medicare patients aged[ 65 years [19]

Equivalent in-hospital all-cause mortality by

treatment location, but patients in hospitals

with higher ICU admission rates had higher

rates of mechanical ventilation, vasopressors,

balloon pumps and pulmonary artery catheters

Premier Healthcare Database [12]

26 Pulm Ther (2020) 6:23–33



hospital in order to study marginal patients, in
which the decision to admit to the intensive
care unit was discretionary [20].

Besides Valley et al. [20], the other retro-
spective studies listed in Table 1 showed equiv-
alent in-hospital or 30-day post-discharge
mortality. They evaluated patients with the
following conditions: pneumonia, chronic
obstructive pulmonary disease, pulmonary
embolus, acute myocardial infarction, conges-
tive heart failure, diabetic ketoacidosis and
upper gastrointestinal bleed.

Of the nine studies listed in Table 1, three
examined cost. For 7 of the 11 acute care con-
ditions, there was potential cost savings per
hospitalization if patients were treated on the
general ward versus the intensive care unit. The
amount saved per hospitalization ranged from
$457 for pulmonary embolus to $4922 for acute
myocardial infarction, although several studies
notably showed no difference in cost.

Several of the studies also examined secondary
outcomes, such as the likelihood of patients
receiving invasive procedures. For example, Myers
et al. showed that patients admitted to the

Table 1 continued

Condition Finding Data source References

Congestive heart

failure

Equivalent 30-day mortality, but patients

admitted to the ICU had higher cost per

hospitalization ($2608)

Medicare patients aged[ 65 years [19]

Equivalent in-hospital mortality, but patients in

hospitals with higher ICU admission rates had

higher rates of central venous line placement

and pulmonary artery catheterization and

higher cost per hospitalization ($3412)

Two states from State Inpatient

Database, Agency for Healthcare

Research and Quality

[15]

Equivalent in-hospital mortality; patients in

hospitals with higher ICU admission rates had

lower rates of mechanical ventilation,

noninvasive ventilation and vasopressors

Premier Healthcare Database [16]

Diabetic

ketoacidosis

Equivalent in-hospital mortality and length of

hospital stay for patients admitted to the ICU

versus general ward

New York, State Inpatient Database,

Agency for Healthcare Research

and Quality

[14]

Equivalent in-hospital mortality, but patients in

hospitals with higher ICU admission rates had

higher rates of central venous line placement

and mechanical ventilation and higher cost per

hospitalization ($1063)

Two states from State Inpatient

Database, Agency for Healthcare

Research and Quality

[15]

Upper

gastrointestinal

bleed

Equivalent in-hospital mortality, but patients in

hospitals with higher ICU admission rates had

higher rates of central venous line placement

and esophagogastroduodenoscopy and higher

cost per hospitalization ($687)

Two states from State Inpatient

Database, Agency for Healthcare

Research and Quality

[15]

The only study showing a difference in clinical outcome by treatment location is highlighted in bold
ICU intensive care unit
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intensive care unit with chronic obstructive pul-
monary disease requiring noninvasive ventilation
had higher rates of central venous lines and arterial
lines [10]. Admon et al. showed that patients
admitted to the intensive care unit with pul-
monary embolus had higher rates of mechanical
ventilation, noninvasive ventilation, central
venous catheterization and thrombolysis [13].
Finally, Changetal. showedthat patients admitted
to the intensive care unit with pulmonary embolus
had higher rates of thrombolysis, patients with
congestive heart failure were more likely to receive
pulmonary artery catheterization, patients with
diabetic ketoacidosis were more likely to receive a
central venous line, and patients with upper gas-
trointestinal bleed were more likely to undergo
esophagogastroduodenoscopy [15]. All of the
interventions mentioned, however, are typically
delivered in the critical care setting, so it is unclear
from these retrospective analyses whether the
interventions were necessary and prompted the
appropriate transfer of the patients to the intensive
care unit, or whether patients received these pro-
cedures for weaker indications because they had
already been triaged to the intensive care unit.

In summary, based on the data summarized
in Table 1, it appears that care for most condi-
tions studied can be delivered safely on the
general ward and potentially at lower cost.
Treating patients on the general ward may even
be beneficial in terms of protecting patients
from unnecessary invasive procedures occurring
in the intensive care unit, but the higher rates of
such procedures occurring in patients admitted
to the intensive care unit could be due to
residual confounding. One specific patient
population (elderly patients with pneumonia)
may benefit from admission to the intensive
care unit based on Valley et al. [20].

PATIENT TRIAGE

Factors Influencing Patient Triage
Decisions

There are many factors influencing daily patient
triage decisions, including physician behavior,
hospital policies and real-time conditions such
as intensive care unit capacity.

Physicians involved in patient triage have
been shown to reduce both under-triage and
over-triage to the intensive care unit [21], as
well as improve patient throughput [22]. How-
ever, individual physicians’ decisions to admit
patients to the intensive care unit can vary. In a
prospective observational trial performed in
France, intensivists adhered to only 4 of 20
recommendations related to patient triage [23].
There was lower adherence to the recommen-
dations when the intensive care unit was full or
when triage was performed over the phone [23],
suggesting that real-time capacity constraints
do change clinicians’ sense of transfer urgency.
Other studies have confirmed that triage over
the phone results in a lower likelihood of rec-
ommending transfer [24]. It is unclear what the
best training is for optimal triage of patients. It
is possible that clinical specialty matters less
than skills in resource utilization, disaster
management, communication and leadership.

Similarly, Valley et al. demonstrated poor
agreement among intensivists when they were
shown randomized clinical vignettes of patients
with pneumonia and asked to estimate the ben-
efit of transfer to the intensive care unit [25].
Some patient factors, such as age, were associated
with higher likelihood of transfer, but race and
ethnicity were not [25]. Other factors such as bed
availability and presence of family at the bedside,
which are typically unrelated to the severity of
patient illness, were in fact associated with a
likelihood of recommending transfer. Vignettes
mentioning one open intensive care unit bed
increased intensivists’ likelihood of recom-
mending transfer, whereas vignettes mentioning
family at the bedside decreased intensivists’
likelihood of recommending transfer [25].

Besides physician behavior, hospital-level
policies contribute to the tendency for patients
to be treated in an intensive care unit. Admon
et al. used Medicare data to show that intensive
care unit admission rates were positively corre-
lated within hospitals regardless of the diagno-
sis (congestive heart failure, acute myocardial
infarction, stroke, pneumonia, chronic
obstructive pulmonary disease and hip fracture)
[26]. The intraclass correlation coefficient was
0.38–0.59. After adjusting for patient charac-
teristics, they reported that hospitals accounted
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for 17.6% of the variability in intensive care
unit admission [26]. Another study using the
State Inpatient Database similarly found that
hospitals accounted for 19.7% of variation in
patient admission to the intensive care unit
[27]. Local policies guiding patient triage likely
take into account the resources available at the
hospital. Examples of resources include night-
time physician coverage, nurse-to-patient ratios
and availability of respiratory therapy.

Lastly, dynamic variables such as real-time
intensive care unit capacity also influence the
tendency for patients to be admitted to the
intensive care unit [28–32]. Anesi et al. exam-
ined retrospective hospital-level data from three
hospitals in the University of Pennsylvania
hospital system and reported a negative associ-
ation between higher intensive care unit
capacity and lower likelihood of patients with
sepsis being admitted to the intensive care unit
[29]. This finding was robust in multiple sensi-
tivity analyses and after adjustment for patient
characteristics as well as other ‘‘strain’’ variables,
such as intensive care unit turnover, intensive
care unit daily census and ward occupancy [29].
The authors interpreted this to mean that a 10%
increase in intensive care unit occupancy was
associated with a 13% decrease in the odds of
admission to the intensive care unit [29].

In summary, an array of interrelated factors
influence whether patients are treated in the
intensive care unit. Many of these factors depend
on bed availability at the time of triage and are
not easily defined into a static algorithm.

Association Between Intensive Care Unit
Bed Supply and Patient Outcomes

It is unclear whether this phenomenon of fewer
available critical care beds causing lower likeli-
hood of intensive care unit admission actually
influences patient outcomes. Studies have
reported mixed results.

For example, Stelfox et al. revealed that
patients who developed sudden clinical deteri-
oration on the general ward at a time when
there were no available intensive care unit beds
were 33.0% less likely to be admitted to the
intensive care unit and 89.6% more likely to

have their goals of care changed compared with
patients whose condition deteriorated when[
2 intensive care unit beds were available [28].

They did not detect a change in hospital mor-
tality [28]. A study by Mery et al. corroborated
these results using a different data source [30].

However, in a prospective observational study
in France by Robert et al. [32], the authors found
that patients admitted to the intensive care unit
after being initially refused admission due to
capacity constraints had higher 28-day and
60-day mortality [32]. Similarly, Anesi et al. found
that patients with sepsis admitted to the general
ward from the emergency department during
times of higher intensive care unit occupancy had
higher odds of in-hospital mortality (odds ratio
1.61, 95% confidence interval 1.21–2.14) [29].
The results from both of these studies strongly
suggest that not only are triage decisions influ-
enced by capacity, but patient outcomes may
suffer as a downstream consequence of denying
access to the intensive care unit.

Although more research is needed on this
topic, we should be aware that limiting the
supply of intensive care unit beds in a hospital
system that is already operating at capacity may
have adverse effects on patient outcomes.

SOLUTIONS FOR OPTIMIZING
PATIENT OUTCOMES
WITH REGARD TO TRIAGE

Standardizing Triage of Patients
to Intensive Care Units Across Hospitals

There are many documented examples of the
benefits of standardizing practice in the
healthcare setting [33]. One historical example
in the critical care realm was the dramatic
decrease in central line-associated bloodstream
infections when a standardized protocol was
implemented [34]. However, one could argue
that a procedure to place a central line is more
easily standardized across hospitals than patient
triage, given the number of variables influenc-
ing triage decisions, including dynamic strain
variables and the different resources existing in
some rural community facilities. The Joint
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Commission on Accreditation of Healthcare
Organizations requires that hospitals have a
guideline for triage. We believe that it makes
sense to continue making broad recommenda-
tions about patient triage, but that policy
should be determined at the hospital level given
the complex local environments that exist,
especially in community hospitals [35].

Alternative Approaches for Optimizing
Patient Triage

There may be alternative approaches for opti-
mizing patient triage without constructing more
beds or limiting patients’ access. From a systems
perspective, we could try to better match bed
supply with bed demand. Because intensive care
units have been built where there is more com-
petition for business and not necessarily where
there is more need for critical care services,
experts have proposed requiring a ‘‘certificate of
need’’ before new intensive care units can be built
[36]. This policy may limit unnecessary growth in
regions where demand is not high enough to
warrant construction of additional beds.

Other solutions at the hospital level involve
increasing the latent supply of critical care beds.
This could be by (1) identifying and treating
patients known to be at the end of life in more
appropriate care settings and (2) identifying
some beds and providers who could flex to pro-
vide critical care if there is a sudden increase in
demand. Clinicians may be able to identify
patients who are at the end of life and decide to
manage them in inpatient hospice or a hospice
house [17]. Limiting these patients’ use of
intensive care unit beds could reduce overall
admissions to the intensive care unit, although
some argue that the cost savings would be min-
imal due to the high fixed costs of operating
intensive care units [37]. Alternatively, hospitals
could designate one floor and a provider to be
able to flex to take care of a critically ill patient if
the demand increases on a certain day [38, 39].
This may require personnel to maintain certifi-
cation in multiple areas of the hospital, which
could have adverse safety implications if they are
less familiar with the current treatment proto-
cols. Another model might be a mobile critical

care team of physicians and nurses who deliver
short episodes of critical care on the general
ward, such as a patient who needs a few hours of
vasopressor therapy or noninvasive ventilation.

The use of intermediate care units has grown
in the past decade, not only in the United States
[40] but abroad as well [41, 42]. Intermediate
care units, sometimes known as ‘‘high-depen-
dency units’’, vary dramatically in terms of the
types of patients they accept and their staffing
structures and treatment capabilities [42, 43].
Some will focus on post-procedural cardiac
patients, while others focus on patients with
tracheostomy tubes. To our knowledge, no
studies exist that indicate how the growth of
these units has influenced critical care bed
capacity, triage, cost and patient outcomes.
However, they may be appropriate for various
patient populations, such as patients needing
increased attention from nursing or respiratory
therapy or patients with chronic lung disease
who are either in exacerbation or entering the
end stages of their disease. There is some evi-
dence that such units can save money [44, 45].
Bertolini et al. showed that the cost per patient
in a respiratory intensive care unit was lower
(€754) than a regular intensive care unit (€1507)
[44]. Further research is needed.

Lastly, the advent of telemedicine capable
facilities could enable general medicine beds to
become a ‘‘ward plus’’ bed if vital sign moni-
toring is the only indication for admission to
the intensive care unit [46–48]. More work is
needed before this becomes a routine option
instead of transferring patients to the intensive
care unit for closer in-person monitoring.

Stakeholders to Engage for Change
in a Hospital’s Patient Triage Process

Implementing change related to patient triage
policy would require input and engagement
from multiple stakeholders.

There are many stakeholders involved in
patient triage. Patients and families would likely
prefer a higher level of monitoring up to the point
when they theoretically receive unnecessary
invasive procedures. Providers working under a
fee-for-service model may prefer admitting more
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patients to the intensive care unit and performing
more procedures, while salaried providers may
prefer a higher threshold for admission to the
intensive care unit. Hospitals are incentivized to
fill existing intensive care unit beds because the
reimbursement per day is higher than a general
medicine bed, but insurers may refuse to pay for
intensive care unit services without special docu-
mentation. Certainly, these differing viewpoints
represent a complex environment for imple-
menting change. Sponsorship from senior lead-
ership would likely be required in order to make
lasting changes to a hospital’s triage policy.

FINAL INSIGHTS

We have summarized the evidence published to
date on the variation in utilization of intensive
care unit beds for several common acute con-
ditions, the factors influencing patient triage
and patient outcomes, including bed availabil-
ity, and solutions for optimally triaging
inpatients.

While one proposed method for decreasing
intensive care unit cost is to limit supply, even
relative and transient critical care bed shortages
could have deleterious effects on patients who do
not have absolute indications for intensive care
unit admission. Matching country-specific bed
supply with bed demand in terms of both timing
of admissions (weekday, weekend, day, night)
and geography (regions of the country, academic
versus community medical centers, urban versus
rural hospitals) may reduce cost on a systems
level without negatively affecting patient out-
comes. Furthermore, with the goal of providing
safe, timely and efficient care in line with the
Institute of Medicine’s definition of high-quality
healthcare [49], there may be an opportunity to
innovate, such as implementing more flexible
inpatient bed assignments, telemedicine-ca-
pable beds or mobile critical care teams.
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