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Wide variation between hospitals in the quality of critical care lead to many potentially avoidable
deaths. Regionalization of critical care is a possible solution; regionalization has been implemented
for trauma and neonatal intensive care, and it is under activediscussion for medical and cardiac critical
care. However, regiooalimtioo is only one possible approach to reorganizing critical care sen'ices. 'I1:ds
commentary introduces the technique of network analysis as a framework for the following: (1)
understanding how critically ill patients move between hospitals, (2) detlning the roles hospitals play
in regional care delivery, and (3) suggesting systematic improvements that may benefit population
health.
We examined transfers ofcritically illMedicare patients in Connecticut in 2005 as a model system.We
found that patients are systematically transferred to more capablehospitals. However, we 8nd the
standard distinction of hospitals into either "secondary hospitals" or "tertiary hospitals" poorly
explains observed transfer patterns; instead, hospitals show a continuum ofroles. We further examine
the implications of the network pattern in a simulation of quarantine of a hospital to incoming
transfers, as occurred during the severe acute respiratory syndrome epidemic.
Network perspectives otTer new ways to study systems to care for critically ill patients and provide
additional tools for addressing pragmatic problems in triage and bed management, regionalization,
quality improvement, and disaster preparedness. (CHEST 2009; 135:827-833)
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Abbreviation: SARS= severe acute respiratory syndrome

Sorne hospitals provide better outcomes to their
critically ill patients than others. One way to

improve critical care is to identify and export ele-
ments of care that characterize the best performing
ICUs to elevate the practices of other hospitals,
through training or telemedicine. A complementary
approach is to move critically ill patients from lower
quality to higher quality centers, perhaps following a
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model similar to the regionalization of trauma care.
Formal plans to regionalize portions of adult critical
care are under active discussion.l-' In this commen-
tary, we suggest, first, that variation between hospi-
tals in quality presents an important opportunity to
improve outcomes for patients with critical illness;
second, that transfer of patients between hospitals is
a feasible way to improve care; and third, that the
tools of network analysis are revealing and persuasive
when applied in this arena.
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Centralization Is a Possible Solution for Potentially
Avoidable Deaths

In the 1970s, trauma patients faced similar varia-
tions in their quality of care, motivating the creation
of formal networks for the care of trauma patients. 12

This reorganization of care is associated with remark-
able improvements in outcomes. I3-I5 Centralization
of care in centers of excellence is being considered
for other patients, including those with acute myo-
cardial infarction 16•17 and general critical care.'

The Problem: Wide Variation Between Hospitals in
the Qualityof Critical Care Leads to Large
Numbers ofPotentially Avoidable Deaths

Critical care quality varies widely across hospitals.
Hospital JCUs vary in their compliance with standards
of care for the prevention ofventilator-associated pneu-
monia, catheter-related bloodstream infections, and
thromboembolic dlsease.v' Caring for patients in more
experienced hospitals rather thanless experienced hos-
pitals is associated with 25 to 50% reductions in the
adjusted oddsofdeath formanycritical illnesses (Table 1).

Large relative differences in quality are important
given the high absolute mortality seen in critical care
settings: 18% of Medicare beneficiaries died within
30 days of hospitalization for myocardial infarction.5•6

A third of nonpostoperative mechanically ventilated
patients died prior to hospital discharge." There
were 20.7 million critical care patient-days in 2000,
up 28.7% VS 1985.B The combination ofIarge scale
and high stakes means that even small improvements
in the quality of critical care might save many lives.
In eight large states, we estimated that every year
4,000 mechanically ventilated patients die who might
have been saved had they been in another hospital."
Half of those patients died in a low-volume hospital
within 5 miles of a high-volume center. Krumholz
and colleagues'? have estimated that an additional
10,000 acute myocardial infarction patients might be
saved annually if they received the same quality of
care as provided by better hospitals. Of note, these
lives might be saved using existing technology and
knowledge without discovering new therapies.'!
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Cardiogenic shock requiring
intraaortic balloon pump

Percutaneous coronllI)' intervention
Severe blunt trauma and coma
Mechanical ventilation (excluding

postoperative patients)
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Three conditions are necessary for centralization
to improve public health: (1) transport between
centers must be safe1B and timely, (2) some centers
must be identifiably better at providing care, and (3)
patients must be moved from lower quality centers
to higher quality centers. Many quality improvement
efforts focus on designating centers of excellence;
however, unless patients are directed to these centers,
there may be no population health benefits.19.20 Even
in mature trauma systems, getting patients to desig-
nated trauma centers is a persistent problem.21•22

Critical Care Patients Are Transferred Frequently,
But We Know Little About These Transfers

Although formal systems transfer trauma and neo-
natal patients, no such formal system exists for most
critically ill patients. Nonetheless, transfers between
hospitals are common. In recent data from an all-
payer multicenter cohort of critically ill patients,
6.4% of patients in the ICU were admitted directly
from another acute care hospital.23 However, little is
known about how and why these transfers occur or
whether patients systematically move toward sites
that provide better care. Patient transfers between
two hospitals are known to be generally safe.24 - 26

The current system of interhospital critical care
transfers is informal, but it is not random. Most
hospitals transfer to only a subset of other nearby
hospitals. Network analysis provides an approach for
examining and improving these patterns and testing
whether they achieve the same goals as formal
regionalization. Bureaucratic regionalization can be
seen as one of several possible approaches to opti-
mizing the flow of patients between hospitals. The
remainder of this article introduces these emerging
scientific methods and suggests their usefulness for
improving the critical care transfer system.

Theoretical Perspective and Testable Hypotheses
Critical care transfers reflect relationships be-

tween hospitals. This conception is informed by a
Significant social scientific tradition demonstrating
that organizational performance can be understood
in terms of the specific connections a given organi-
zation has with others.s" The selection of relation-
ships is a key strategic decision.28 --3O An organiza-
tion's history of relationships places constraints on its
formation of new ties, making some ties easy and
some more difficult.30 These relationships make
some resources readily accessible; they may even
change awareness that resources exist, such as novel
therapies in the ICU. For example, it may be
important not only where hospitals send their criti-
cally ill patients, but also from what other hospitals
those referral centers receive patients. This interde-
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