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      L arge differences exist in the provision of ICU 
beds worldwide. Even among the developed

countries of Western Europe and North America,
availability of beds varies dramatically, with up to
eightfold differences among countries.  1 This large 
variation brings up the question of whether there is 
an optimal provision of ICU beds for a given popula-
tion. Moreover, what are the consequences to society,
in terms of both risks and benefi ts, of having either 
very few or many beds? 

 There are at least three potential models of the
balance between risks and benefi ts associated with 
additional provision of ICU beds for a population.
The fi rst option is the more-is-better model, where

incremental increases in the provision of beds always
lead to additional societal benefits that outweigh 
risks ( Fig 1 , curve A).  The second is the flat model fl
where there is a level of provision that is needed 
to minimize harm and the ratio of benefi t to harm 
remains stable with any additional delivery of inten-
sive care ( Fig 1 , curve B). The third model proposed—
the harm model—raises the possibility of increasing 
harms associated with bed provision over a certain
number per capita, with little benefi t accrued with
the added beds ( Fig 1 , curve C). This idea is similar 
to the concept of falling off a Starling curve, which is
traditionally used to describe compromised heart 
function in an overfilled heart.  2   It is important to 
recognize that this conceptual model is not unidi-
mensional (on the y-axis); instead, it includes a broad 
mix of potential societal benefi ts and harms extend-
ing beyond mortality to encompass areas such as 
costs and patient and family experiences ( Fig 2 ).  
Any delivery of intensive care involves a complex
mix of trade-offs between the benefi ts and harms 
that will differ based on population, culture, and
finances. This commentary examines the range of fi pos-
sible benefi ts and harms associated with differ ing 
provision of ICU beds for a population, with par-
tic ular exploration of whether curve C ( Fig 1 ) is 
plausible. 

Large differences exist in the provision of ICU beds worldwide, with a complicated mix of risks
and benefi ts to the population of having either too few or too many beds. Having too few beds can 
result in delayed admission of patients to the ICU or no admission at all, with either scenario
potentially increasing mortality. Potential societal benefi ts of having few beds include lower 
costs for health care and less futile intensive care at the end of life. With added ICU beds for a
population, mortality benefi t should accrue, but there is still the question of whether the addition 
of beds always means that more lives will be saved or whether there is a point at which no addi-
tional mortality benefi t is gained. With an abundance of ICU beds may come the possibility of 
increasing harm in the forms of unnecessary costs, poor quality of deaths (ie, excessively inten-
sive), and iatrogenic complications. The possibility of harm may be likened to the concept of 
falling off a Starling curve, which is traditionally used to describe worsening heart function when 
overfi lling occurs. This commentary examines the possible implications of having too few or too fi
many ICU beds and proposes the concept of a family of Starling curves as a way to conceptualize 
the balance of societal benefi ts and harms associated with different availability of ICU beds 
for a population. CHEST 2012; 141(6):1393–1399 
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ical admissions to the ICU in the United States and 
United Kingdom demonstrated that the mean time
to arriving in the ICU after admission to the hospi-
tal was substantially longer in the United Kingdom.12

Many more patients were also admitted from the
wards rather than directly from an ED. Because data 
suggest that early intervention may improve out-
comes, particularly for patients with severe sepsis 
and septic shock,  13,14 these delays may be detrimental
for patients. For example, in a study of patients with 
community-acquired pneumonia in the ED, patients
who had delayed transfer to the ICU (defined as fi
transfer to the wards and then to the ICU on day 2 
or 3 of the hospital stay vs directly from the ED) had 
substantially increased hospital mortality (OR, 2.07; 
95% CI, 1.12-3.85).  15   A similar study by Chalfi n et al  16

of patients who stayed in the ED for .6 h vs those 
transferred to the ICU in ,  6 h found that delayed
admission increased the risk of hospital death and
longer hospital stay.

 Data from the United Kingdom also suggest that 
having few ICU beds may create pressure at the dis-
charge end (ie, forcing a premature discharge in order 
to allow admission of another patient). The frequency 
of this practice in UK ICUs was quantifi ed in a 1990s
study that specifi cally examined time of and reason
for discharges. The study demonstrated that 6% of 
UK patients in the ICU were being discharged at night, 
with 43% of these discharges specifically labeled 
as an early discharge due to shortage of ICU beds.  6
These patients experiencing premature nighttime dis-
charge had substantially increased hospital mortality 
rates compared with patients discharged dur ing the day. 

 Potential Benefits of Low 
Provision of ICU Beds 

 Minimizing the use of intensive care does have 
some potential societal benefi ts, although at very low 
levels of provision, these benefi ts are very unlikely to
outweigh the substantial concerns regarding increased
mortality. One benefi t may be that it improves the 
experience of dying patients by minimizing exposure
to the discomforts of intensive care at the end of life. 
Although one in fi ve Americans who die receive inten-
sive care, only one in 20 experience intensive care
in the United Kingdom.3 The percentage of deaths 
that involve intensive care among children and young 
adults is similar in both countries, but the percentages
diverge for elderly patients, with very few age  .85 years 
receiving intensive care before death in the United
Kingdom. It is, of course, impossible to say whether 
some of these patients in the United Kingdom might 
have received benefi t from intensive care. However,
in either country, few people would choose to die in
an ICU if given the choice.9,17

 Potential Harms of Low 
Provision of ICU Beds 

 There are potentially large societal harms associ-
ated with too little delivery of intensive care for a 
population. The majority of low-income countries 
have very few ICU beds. But often the overall health-
care infrastructure, not just the delivery of inten-
sive care, is unavailable. This fact makes it difficult fi
to examine the true impact of a lack of ICU beds.
However, other countries, such as the United King-
dom, provide universal health coverage, and yet
have approximately one-sixth the ICU beds (three
per 100,000 population) compared with the United
States ( �20 per 100,000 population).  1   Studies of 
intensive care in Britain, described later, allow us to
understand at least some of the impact of such low 
provision of ICU beds per capita.3-6

 The most obvious potential harm results from 
withholding intensive care from individuals because 
of a lack of ICU beds. Data used to examine the 
consequences of denied admission are surprisingly 
difficult to tease apart because of the complex naturefi
of triage decisions in general,7 variation in the ability 7

to care for patients with higher severity of illness out-
side an ICU,  8 and different patient and family prefer-
ences regarding care.9 Moreover, the difficulties of fi
capturing the at-risk population, triage decisions, and 
outcomes for patients who have not received inten-
sive care are logistical challenges, sometimes referred
to as the denominator problem.10

 Nevertheless, a number of studies from the United
Kingdom demonstrate that some patients are not
admitted to the ICU because of bed shortages.11 In 
a study by Metcalfe et al,5   817 patients referred for 
admission to intensive care were tracked for 90 days.
Of these, 168 were refused admission to an ICU 
at that time, and of these, 94 (56%) did not receive 
intensive care specifi cally because of the lack of avail-
able beds. Overall, the patients who were refused 
admission were noted to have a higher 90-day mor-
tality (46%) than patients who received intensive 
care (37%). Sinuff et al  11 systematically reviewed
10 studies and found an overall odds of death of 
3.04 (95% CI, 1.49-6.17) for patients refused admis-
sion compared with those admitted to an ICU. How-
ever, many of these studies had the recurring problem 
of mixing together patients refused admission specif-
ically because of a lack of beds (inappropriate refusal)
with patients who were refused admission for other 
reasons (appropriate refusal), such as perceived futility 
of intensive care. These patients will naturally have 
high death rates and confound data interpretation. 

The impact of having too few beds may not always
be complete refusal of admission to an ICU but, 
rather, delayed admission. A study comparing med-

 © 2012 American College of Chest Physicians
 by Kimberly Henricks on June 5, 2012chestjournal.chestpubs.orgDownloaded from 



www.chestpubs.org CHEST / 141 / 6 / JUNE, 2012 1395 

 Potential Benefits and Harms of 
High Provision of ICU Beds 

 In medicine, the assumption often is that more is 
better, leading to aggressive adoption of new 
technology,21   interventions,  22 and increasing costs of 
care.  23,24 In the United States, the number of ICU 
beds per capita has steadily increased over the past
15 to 20 years, with a 26.1% increase from 1985 to
2000 and an additional 6.5% increase from 2000 to
2005.25,26   There has been little examination in par-
allel of the potential societal benefi ts and harms of 
this high (and ever higher) provision of ICU beds 
for a population.

 The epidemiologic studies on whether higher-
intensity care in the United States is associated with 
improved mortality are confl icting. Romley et al27

recently examined data from California and found
an association between increased hospital spend-
ing and decreased risk-adjusted inpatient mortality 
across six common medical conditions. Similarly, 
Barnato et al28   found an association between higher 
end-of-life treatment intensity and lower short-term
mortality among patients in Pennsylvania, suggest-
ing that aggressive, intense care provides mortality 
benefit. But the study also concluded that there werefi
decreasing marginal returns above average intensity 
and that those returns were further attenuated with
longer follow-up. Other work failed to demonstrate 
additional mortality benefi t or patient satisfaction 
associated with care in higher-spending regions in 
the United States.  29 With regard to mortality, there-
fore, it remains unclear whether there is a continued 
increasing benefi t or a fl attening of the curve with
no mortality benefi t beyond a certain point.

 Higher availability of ICU beds for specific patients, fi
such as those undergoing high-risk surgical proce-
dures, may provide substantial mortality benefit. In fi
the United Kingdom, Pearse et al  30 found that high-
risk patients representing 12.5% of total surgical pro-
cedures accounted for 80% of surgical deaths and
noted that only 15% of these patients were admitted
to an ICU. A direct comparison of outcomes among
high-risk surgical patients in a single hospital in the
United States vs a single hospital in the United
Kingdom found a fourfold increased risk of death in 
the UK cohort, even after risk adjustment.31   The hos-
pitals compared in the two countries served very dif-
ferent patient populations, raising the possibility of 
unknown confounders. However, the higher use of 
intensive care in the United States may at least par-
tially explain the differences in mortality.

 But there may also be a point after which potential
harm begins to mount. Like a house officer enthusi-fi
astically ordering fl uid for an underfi lled heart, the 
benefits for the patient may be large at fi rst, but a fi

 Another societal benefi t of low delivery of inten-
sive care may be decreased costs of care for the health
system as a whole. Although the costs associated with
care should not be equated with quality, the two often 
must be balanced. There is some correlation between
the provision of ICU beds per capita and health-care 
spending per capita across countries in North America 
and Western Europe.1   Many studies of intensive care 
equate decreasing ICU length of stay with cost sav-
ings, but these savings are likely only realized if 
decreasing ICU length of stay leads to decreases in
the number of ICU beds and fewer patients cared
for in those beds or, alternatively, by having few 
beds to begin with.18   This is due to the majority of 
costs in the ICU being fi xed costs of care (salaries, 
costs of equipment, etc), which often are estimated
to account for up to 80% to 85% of the total costs.19,20

Therefore, minimizing the operating costs by having
few beds generally will lower overall costs of care. 

Figure  1. Schematic diagram of potential societal benefits and fi
harms associated with increasing ICU bed provision for a popula-
tion. Curve A represents the possibility of additional benefits fi
accrued with additional ICU beds. Curve B, a plateau, represents
a point beyond which no additional benefi ts are gained but with 
no additional harm either. Curve C shows the possibility of addi-
tional harms accruing beyond a certain provision of beds.   

Figure  2. Schematic diagram of the individual potential societal
benefits and harms associated with different provision of ICUfi
beds for a population.   

 © 2012 American College of Chest Physicians
 by Kimberly Henricks on June 5, 2012chestjournal.chestpubs.orgDownloaded from 



1396 Commentary

likelihood of in-hospital death and increase use of 
hospice care in regions with high overall end-of-life
spending.44

 Finally, interwoven with all of these other aspects
of the delivery of critical care is the question of costs.
In an idealized system with no cost constraints, spend-
ing on intensive care would be a separate concern.
However, every health-care system faces budgetary 
restrictions that are associated with the delivery of 
care.  45 In our current system with escalating health-
care costs, large numbers of ICU beds represent
an expensive fi xed cost for hospitals and a large part 
of societal costs of health care, particularly in the
United States.  20 Recent efforts to quantify the costs 
of intensive care in the United States as a per-
centage of hospital costs estimated that intensive
care represented between 17.4% and 39.0% of all
hospital costs46   and that critical care now accounts
for 0.66% of the US gross domestic product.26   The 
system may also develop a spiraling cost cycle. As 
the percentage of ICU beds relative to hospital beds
increases, there may be substantial delays in finding fi
a ward bed for an ICU patient. With delayed dis-
charge comes further cost for the higher level care 
that is not needed.  4

 What Happens When the Provision
of ICU Beds Changes? 

 According to the Starling curve analogy, changing
the availability of ICU beds should change the rela-
tive harms and benefi ts for a population, depending 
on the starting point on the curve. Does this happen? 
England provides us with a test case of this possibility 
at the low end of the curve. Based on data generated
during the 1990s, it became apparent that there was 
a signifi cant lack of ICU beds across the country.5,6

Beginning in 2000, the Department of Health worked 
to modernize critical care, with increased expendi-
ture and a 35% increase in the number of staffed
beds in general ICUs over 5 years—a substantially 
greater rate of growth than for the underlying popu-
lation.4 Of note, the majority of these new beds
were level 2 beds with two-to-one nursing rather 
than level 3 beds with one-to-one nursing and the
ability to provide a full range of organ support. The
predicted mortality for patients admitted to the ICUs 
decreased by only 0.7% over this time period, sug-
gesting that there was a previously unmet need for 
intensive care as the severity of illness remained rela-
tively steady. But the changes in actual mortality 
were striking, with a steady decrease in the relative 
risk of both ICU and hospital mortality starting in 
2003 to 2004 and continuing through 2006. More-
over, there was a signifi cant drop in the percentage 
of patients who were identifi ed as being discharged

point of overload may occur beyond which additional
fluid can cause harm. However, it is important to rec-fl
ognize that the harms of aggressive use of intensive
care fall across many domains and currently can only 
be considered in the abstract. 

There is certainly the possibility of unnecessary 
use of intensive care. Data from US studies of intensive 
care demonstrate low overall severity of illness and 
report mechanical ventilation rates of only 10% to 30%,
with many patients admitted to US ICUs purely for 
monitoring.  12,32   In a model developed to identify 
patients in the United States who may not need ICU 
admission, 38.5% of all ICU admissions were for mon-
itoring purposes, and only 11.5% of these patients 
went on to require any form of active treatment
(defined using the Therapeutic Intervenfi tion Scoring 
System),  32   suggesting that .30% of ICU patients in 
the United States never require any ICU-level inter-
ventions. Another study of  . 240,000 US patients 
in the ICU found that  ,  30% of the patients were 
mechanically ventilated and that  ,25% received vaso-
pressors.  33 Data are lacking on whether admission 
of patients to the ICU for monitoring improves out-
comes in any way. A number of observational stud ies 
of patients undergoing carotid endarterectomy con-
cluded that default admission of patients to the ICU 
for monitoring purposes did not improve outcomes
but increased costs of care and length of hospital
stay.  34,35 The concerns of iatrogenic complications,  36

risk of ICU-acquired infections,37   immobilization,7 38   and 
com munication gaps associated with additional ICU
admission and discharge  39,40 may all be underappreci-
ated risks of intensive care, particularly for patients 
at low risk of death ( Fig 2 ). 

 Many patients and families express a wish to die at
home or to die with comfort measures.9 Yet, many 
die in ICUs in ways that do not match their stated 
preferences, with  � 20% of Americans receiving inten-
sive care before death.41 Although some of this aggres-
sive care is justifi able or may represent a change in
preferences, many families of patients who die in
the ICU would not choose this end-of-life experi-
ence.  9 These data suggest that there may be room to 
improve the delivery of end-of-life care by match-
ing preferences with care. Such alignment does not 
require any rationing of care but does require more-
aggressive measures by health-care workers to address 
end-of-life preferences early to ensure the most
appropriate care.42,43   With high availability of ICU
beds, it often may be easier for clinicians to avoid the 
question and continue to treat. We know, for example,
that it is not just variation in patient preferences
that explain large regional variations in end-of-life 
spending across the United States.  9   However, recent 
data suggest that use of advance directives speci-
fying limitations in end-of-life care do reduce the 
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 Currently, there is great heterogeneity in the pro-
vision of ICU beds across the United States.51   It is 
important to recognize that the ICU bed needs of an 
individual hospital or health-care system vary, making 
it diffi cult to assess whether any individual hospital
or local system is overprovisioned. One option that 
combines local needs with a more population-based 
approach to care may be regionalization of care so 
that ICU beds and specifi c technology, such as extra-
corporeal membrane oxygenation or high-frequency 
ventilation, are concentrated within regions.52,53   Such 
a system makes sense from the perspective of queuing
theory, which shows that the likelihood of a delay in 
admission occurring goes down as the total number 
of beds in the system increases.54   Therefore, treating 
ICUs not as silos but as part of a larger system of beds
may decrease the lack of available beds. The creation 
of critical care networks and the more frequent trans-
fer of patients between hospitals is one way in which 
the United Kingdom may optimize its use of fewer 
beds.  55,56

Is There a Right Number of Beds? 

 Like assessment of optimal heart function, there
are many factors that can affect the shape of an 
ICU Starling curve and the best number of beds per 
capita for any given region or country. Moreover, 
like the recognition that there is a family of Star-
ling curves, there are many factors that might shift
the optimal spot on the curve or the entire curve 
itself, such as the health of the underlying popula-
tion.57   For example, data comparing the United
States and United Kingdom demonstrate that middle-
aged Americans have approximately twice the bur-
den of chronic illness compared with a similar 
population in the United Kingdom.  58 Given the asso-
ciation between chronic illnesses and critical illness, 
the overall ICU needs of a sicker population will 
likely be higher. Different availability of services on 
general wards and stepdown beds will also affect 
this calculation. The increasing use of noninvasive
mechanical ventilation, which often can be delivered
to patients outside an ICU, may create a substan-
tial downward shift in the demand for traditional 
ICU beds that can accommodate patients receiving
mechanical ventilation.59

 Any optimal availability of ICU beds must also
include some slack in the system to ensure that a popu-
lation is adequately served. As mentioned earlier,
queuing theory provides information regard ing the 
required ICU needs at a local level because it accounts
for the problem of fi xed capacity with random demand.
Although operating at 90% to 100% occupancy may 
appear to be most effi cient in terms of use of ICU beds,
this level of occupancy is likely to result in delayed 

from the ICU too early. Other intensive care initia-
tives were implemented over a similar time period,
including a ventilator bundle in many hospitals, an
increase in the number of rapid response teams in 
hospitals to identify deteriorating patients, and the 
establishment of critical care networks. Therefore, 
changes in outcomes may not be attributable solely 
to changes in the availability of beds.4

 What about the opposite end of the curve? Few 
studies have examined the impact of closing ICU
beds and decreasing the availability of beds for a 
population. One older study examined ICU admis-
sion decisions during variable periods of ICU bed 
availability in a single center. The authors found that 
severity of illness of patients admitted to the ICU
increased with decreasing availability of beds, and
although patients were discharged sooner from the
ICU under crowded conditions, there was no dis-
cernible difference in outcomes.47 However, the study 7

authors were unable to comment on the patients who
were denied ICU admission. Another study of a clo-
sure of beds in a single hospital because of a nursing 
shortage found a reduction in the proportion of 
patients admitted primarily for monitoring, with no
demonstrated changes in mortality for either patients 
admitted to the ICU or for those cared for elsewhere 
in the hospital.  48 These few studies suggest that there
may be room at the top of the curve to decrease ICU 
beds and decrease costs without substantial harm in
some settings. 

 How does a system change? In the case of a national 
health service, the decisions can be made at a national 
level, and changes are implemented across the coun-
try.  4 Changes in a country such as the United States 
are not as easy. The fi rst step may be to align mone-
tary incentives among patients, physicians, hospi-
tals, and society so that high-quality but low-cost
care is more often the default. A few states have now 
implemented laws requiring that palliative care infor-
mation and counseling be offered to patients with 
terminal illnesses (eg, New York Public Health Law 
section 2997-c, AB 2747). Whether such require-
ments have an impact on care patterns at the popu-
lation level is unknown. 

 The current US system often rewards physicians
financially for doing more tests or procedures or pro-fi
viding ICU-level care.  49 A recent editorial reviewed 
the impact of different reimbursement schemes, sug-
gesting that one alternative approach is the use of 
extensive panels of quality indicators in conjunction
with another reimbursement system to ensure best 
care.50   However, there is little agreement about which
quality indicators should be measured to assess a 
hospital’s performance; the best approach for align-
ment of incentives in either the United States or 
Europe remains unclear. 
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or denied admission and decreased efficiency for fi
the health-care system as a whole.54,60   Moreover, sys-
tems that are operating on the edge of overload are
ill equipped to deal with any surge in demand, such 
as that seen in an epidemic. This situation occurred
in Toronto, Canada, during the severe acute respira-
tory syndrome outbreak, with too few additional beds 
available when some ICU beds needed to be closed 
to contain the disease.61

 We do not yet have the sophistication to quantify 
the many risks and benefi ts of intensive care and to 
decide the relative weights in the trade-offs among 
additional survival, complications, costs, and care expe-
rience. At the low end, the United Kingdom assessed 
its care across these many domains and concluded
that it needed more beds. Up until now, there has 
been little assessment of what is gained or lost with the
relentless addition of ICU beds in the United States. 

 Every treatment is a balance between risks and
benefits. When the risk of death from the associatedfi
acute illness is high, the decision to use an ICU bed 
generally becomes easy. Delivery of high-intensity 
treatment is clearly life saving in many circumstances.
Moreover, no clinician ever wants to be in the posi-
tion of being unable to provide the appropriate bed
and resources for a patient in need. But overprovi-
sion of ICU beds, like an overfi lled heart, may ulti-
mately generate harm that is less easily quantified fi
but important to recognize. We often speak of num-
ber needed to treat but rarely emphasize the num-
ber needed to harm. As the volume of patients in the 
ICU goes up and the severity of illness goes down, the 
calculation that health-care providers do daily in their 
heads to assess the need for ICU admission becomes
even more complex and should at least include a 
possible coeffi cient for harm. Our understanding of 
health-care systems, and critical care in particular, is
not yet sophisticated enough to place real numbers on 
these curves or even to be sure which Starling curve
is right. We must continue, however, to question our 
needs and seek to understand the individual and 
societal impact of the provision of intensive care. 
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