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ABSTRACT

Rationale: Prior studies supported an association between ICU organizational model or staffing
patterns and outcome in critically ill patients.
Objective: To examine the association of closed versus open models with patient mortality across

adult ICUs in King County (WA).

Methods: Cohort study of patients with acute lung injury (ALI).

Measurements and Main Results: ICU structure, organization, and patient care practices were
assessed using self-administered mail questionnaires completed by the medical director and nurse
manager. We defined closed ICUs as units that required patient transfer to or mandatory patient
comanagement by an intensivist and open ICUs as those relying on other organizational models.
Outcomes were obtained from the King County Lung Injury Project, a population based cohort of
ALI patients. The main endpoint was hospital mortality. Of 24 eligible ICUs, 13 ICUs were
designated closed and 11 open. Complete survey data were available for 23 (96%) ICUs. Higher
physician and nurse availability was reported in closed than open ICUs. 684/1,075 (63%) of ALI
patients were cared for in closed ICUs. After adjusting for potential confounders, ALI patients
cared for in closed ICUs had reduced hospital mortality (adjusted OR 0.68, 95%CI: 0.53, .89,
P=0.004). Consultation by a pulmonologist in open ICUs was not associated with improved
mortality (adjusted OR 0.94, 95%CI: 0.74, 1.20, P=0.62). These findings were robust for varying

assumptions about the study population definition.

Conclusions: ALI patients cared for in a closed model ICU have reduced mortality. These data

support recommendations to implement structured intensive care in the United States.
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INTRODUCTION

A number of intensive care unit (ICU) structure and organization factors have been
associated with improved patient outcome. The presence of a critical care team (1, 2), a full-time
director (3), a closed unit (4-7), 24 h intensivist coverage (8), a stable nurse-patient ratio around the
clock (1), higher hospital volume (9), pharmacist consultation on ICU rounds (10), computerized
physician order entry (11), and good nurse-physician interaction (12) have all been associated with
improved patient outcome. A recent systematic review indicated that high-intensity physician
staffing, where intensivists manage or co-manage all patients, was associated with reduced hospital
and ICU mortality and hospital and ICU length of stay (13). The Leapfrog Group, a US business
consortium of more than 150 private and public health care sector purchasers, now recommends that
board-certified critical care specialists be available during daytime hours and be able to return to the
ICU or arrange for an on-site physician to do so within 5 minutes of being paged. The group
estimated that applying ICU physician safety staffing standards could save more than 54,000 lives in
the US each year (14). The task force on guidelines of the Society of Critical Care Medicine
promoted a list of recommendations for critical care delivery in the intensive care unit, indicating
that “a multidisciplinary ICU team should be led by a full-time critical care-trained physician
available in a timely fashion to the ICU 24 hrs per day”, and that ICUs operating in the closed
format may have improved outcomes (15).

However, most of the evidence supporting the relationship between ICU organization and
outcome is based on before-after comparisons at single academic institutions (13, 16, 17). These
studies are limited because of concerns about secular trends in outcomes, ability to control for

confounding variables, and generalizability of single center studies. Relatively few studies using



large cohorts of patients with well defined critical illness syndromes have explored this question
(18-22).

We used data from a population-based prospective cohort study evaluating the incidence and
outcomes of ALI and data from a survey of clinicians at the study sites to address the question of the

relationship between ICU organization and mortality in patients with ALI (23).

METHODS

Patient cohort

The methods and results of the population-based prospective cohort study (the King County Lung
Injury Project) used in this analysis have been described elsewhere (23). Briefly, from April 1999
through July 2000, all patients in ICUs in the Seattle area receiving invasive or noninvasive
mechanical ventilation were screened by research respiratory therapists and ICU nurses using a
validated algorithm to identify patients who met the definitions of the American European
Consensus Conference for acute lung injury (ALI) and the acute respiratory distress syndrome
(ARDS) (24). The criteria are the presence of acute hypoxemia with a PaO,: FiO, of 300 mm Hg or
less (for ALI) or of 200 mm Hg or less (for ARDS); bilateral infiltrates (including very mild
infiltrates) seen on a frontal chest radiograph that are consistent with pulmonary edema; and no
clinical evidence of left atrial hypertension or a pulmonary artery wedge pressure of 18 mm Hg or
less if measured. For the purpose of the study, the qualifying PaO,: FiO, ratio was the worst value
on the first day on which the PaO,/FiO; ratio was 300 mm Hg or less. Detailed data were collected

from the medical record including the components of the APACHE III score, comorbidities, surgical



status, ICU and hospital length of stay, and hospital discharge disposition. The sample size of the
full cohort was 1,113. Patients who met other criteria for ALI while receiving non-invasive
ventilation or on a FiO, <0.4 were not included in the original epidemiologic cohort and are not
included in this analysis. Patients with ALI from 2 pediatric hospitals and from 3 hospitals
geographically outside of King County that cared for a small number of King County residents were
excluded from this analysis (n=38, 3.4%). Finally, data from the Washington State Comprehensive
Hospital Abstract Reporting System (CHARS) were used to control for overall volume of
mechanically ventilated patients at non-federal hospitals in the cohort during the study period. The
CHARS system is a database managed by the Department of Health designed to collect hospital

inpatient discharge data.

ICU survey of organization, structure and process of care

We constructed two questionnaires, addressed to the medical director or the attending
physician having a daily presence in the unit, and the nurse manager responsible for the unit. If one
of these individuals was responsible for more than one ICU in the hospital, they were asked to fill
out separate surveys for each ICU and these survey responses were treated independently. Surveys
were distributed between June and December 2000; however, respondents were asked to assess
practices during the cohort study periods. The University of Washington Institutional Review Board
approved the survey.

The questionnaires were developed to obtain information about the structure, organizational
characteristics of the ICUs, interactions among providers, respective responsibilities and process of
care. Four domains were investigated: 1. Organization of the unit, including intensivist and nursing

staffing and availability of support staff; 2. Structure of the ICU, including number of hospital and



ICU beds, and occupancy rate; 3. Academic involvement, including whether residents were assigned
to provide any care in the ICU; 4. Patient care with emphasis on processes of care for patients
receiving mechanical ventilation. Specific items were adapted from previous surveys on ICU
structure and process (25-27) and additional questions were designed to capture the
recommendations formulated by the Society of Critical Care Medicine (15, 28) and by the Leapfrog
Group (14). Content validity was assessed by having each instrument reviewed by experts in the
field, by small groups in each respondent category before the research began, and pretests with
cognitive debriefing to determine if each question captured the intended domain. Reliability and
validity was assessed by comparing responses to similar items from different respondents.

Our main independent variable was ICU organizational model. Closed ICUs were defined as
units that transferred all patients to an intensive care team that directs their care with primary
responsibility for the therapeutic plan and patient care or units where a consultation from an
intensivist who shares responsibility with the admitting physician was mandatory for all patients
admitted to the ICU (15, 29). Mandatory consultants were pulmonary physicians in all units.
Additional mandatory consultants were cardiologists in three units and surgeon intensivists in a
trauma unit. Open ICUs were defined as units where any attending physician with ICU admitting
privileges can be the physician of record and direct ICU care. In the survey, an intensivist was
defined as a board certified Critical Care specialist. After linking surveys to the KCLIP database, all
identifying information about the hospitals was excluded from the analytic database.

Data analysis

Descriptive statistics comparing the structures and processes of care between closed and open ICUs,
and between patients cared for in open and closed ICUs are expressed as percent, mean, or median
with appropriate measures of variation and statistical tests depending on the distribution of the

variable. Unpaired Student t-test and Pearson’s chi square test for independence were used to



compare structure and process of care between ICUs with a closed versus open format
(organizational model). To account for clustering within ICU, generalized estimating equations
were used to estimate the independent effect of ICU organizational model on hospital mortality and
ICU and hospital length of stay in ALI patients. The correlation structure was assumed to be
exchangeable. Due to their skewed distribution, hospital and ICU length of stays were log
transformed prior to fitting the regression model. The log distributions of both ICU and hospital
stay appeared to be symmetric after transformation. We chose not to perform a propensity score
based analysis (30-33). Patient-level adjustments for demographic variables (age, gender, race, and
surgical status) and disease severity (APACHE III score), were carried out in these analyses.
Although survey data were incomplete for one ICU, there was adequate information to include all
24 1CUs in multivariate models. Multivariate analyses were completed using SAS, version 9.1 for

Windows (SAS Institute, Inc., Cary, NC).

RESULTS

ICU Characteristics

Sixteen hospitals with 24 ICUs, 23 medical directors, and 22 nurse managers were eligible to
participate in this study. Completed surveys were received from 22 medical directors (96% of ICU
directors), and 22 nurse managers (100%). One medical director did not return the questionnaire,
and one director was responsible for and responded about two ICUs, yielding complete survey data

on 23 of the 24 ICUs. Information on the organizational model for the non-respondent to the survey



was obtained by contacting other ICU physicians working in that ICU, providing complete data on
intensivist staffing at all 24 ICUs.

The 16 hospitals and 24 ICUs varied widely in size: median available hospital acute care
beds was 258 (range: 38-639), and median available ICU beds per unit was 15 (range: 2-48). Seven
of the 16 hospitals had some affiliation with the University of Washington, of which three were
primary teaching hospitals. Thirteen of the ICUs met the definition for closed model ICU and 11
were open model ICUs.

There was high agreement between 22 medical directors and 22 nurse manager responses
with regard to ICU organizational model. Two responses were discordant (9%), and the
discrepancies were resolved by re-contacting the respondents for data verification.

The medical director survey indicated that 15 directors out of 22 (68%) were certified in
critical care medicine; four directors with a primary specialty in cardiology did not have a critical
care certification (Table 1). Depending on the ICU, the team working in closed units included
pulmonologists, internists, anesthesiologists, and surgeons, while the co-managing physicians were
pulmonologists and cardiologists. The time of coverage by a board certified critical care specialist
physically in the unit on weekdays was 8.9 + 1.2 hours for closed units and 5.5 + 1.2 hours for open
ICUs (P=0.07). During the weekend, the hours of intensivist coverage were higher in closed units
compared with open ICUs (6.9 £ 1.0 versus 5.1 £ 1.0, P=0.05, respectively). Physicians were
reported to be available by phone or present within 5 minutes in more closed units than open units,
however the differences were not statistically significantly different. There were 4.1 + 3.8 residents
regularly assigned to the unit in closed units, and 1.0 £ 1.8 in open units (P=0.02). A pharmacist
involved in daily rounds provided recommendations on drug prescriptions in 83% of the closed units

and in 80% of the open units. No computer assisted drug order entry was reported by any unit.
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The nurse survey indicated that the bed occupancy rate was 73 + 23%, and tended to be
higher among closed ICUs compared with ICUs organized as an open model (81 + 18% versus 64 £
25%, P=0.08, respectively). The source and justification of ICU admission are shown in Table 1.
Overall, the indication for ICU admission was intensive treatment (45%), high risk intensive
monitoring (31%), low risk intensive monitoring (19%) and terminally ill patients (5%). However,
closed units had a higher proportion of patients admitted for intensive treatment than open units
(53% versus 35%, P=0.07) and a lower proportion of patients requiring intensive monitoring with
high risk of active intervention (25% versus 38%, respectively, P=0.04). The ICU nurse-to-patient
ratio was reported as higher in closed compared with open ICUs during the day (1:1.75 versus 1:2,
P=0.05, respectively), as well as during the night (1:1.75 versus 1:2, P=0.03, respectively). All
ICUs, with the exception of one open unit, reported the ability to increase their nurse to patient ratio
to 1:1 if necessary based on acuity. The respiratory therapist to patient ratio was not different
between open and closed ICUs (1:3.5 in open ICUs and 1:4.6 in closed ICUs, P=0.109). Protocols
for patients requiring mechanical ventilation were available in 58% of closed units, and in 80% of
open units (P=0.28). Criteria and monitoring requirements for transferring a patient out of the ICU
were very similar across all types of units.

Effect of ICU organization on mortality in patients with ALI

One thousand seventy five patients with ALI were cared for in the study hospitals; 684
(64%) in closed ICUs and 391 (36%) in open ICUs (Table 2). Patients cared for in the closed ICUs
were more likely to be male, were younger, were less likely to receive injurious mechanical
ventilation (> 12 ml/kg of predicted body weight [PBW]), were more likely to receive lung
protective ventilation (< 6.5 ml/kg PBW) on day 3 after onset of ALI, and had lower unadjusted

mortality. There was no statistically significant difference in severity of illness in patients cared for
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in these ICUs as measured by either the APACHE III score or the acute physiology component of
the APACHE III score. Although the majority of patients in this cohort were seen by a pulmonary
consultant at some point during their illness, patients in the closed ICUs were more likely to be seen
by a pulmonary consultant (77% in closed versus 68% in open ICUs, P <0.01). Duration of
mechanical ventilation and ICU length of stay were not statistically different in the two types of
ICUs.

In a regression model adjusting for confounding variables patients cared for in a closed ICU
had statistically significantly lower mortality than patients cared for in open ICUs (adjusted odds
ratio 0.68, 95% confidence interval 0.53-0.89, P=0.004, Table 3). Considering that the mortality
endpoint was not a rare event and that the OR could have over-estimated the relative risk, applying
the Zhang and Yu correction of the OR yielded an adjusted relative risk of 0.79 (34). This
relationship was robust to a number of changes in the regression model and modifications to the
study cohort (see Figure 1). The effect of a closed ICU model was not affected by including the
reported average nurse to patient ratio in the base model (adjusted odds ratio 0.74, 95% confidence
interval 0.60-1.20, P=0.006). Importantly, ICU organization was associated with reduced mortality
after adjusting for hospital volume for mechanically ventilated patients (9). The relationship
persisted regardless of whether the patient was ever seen by a pulmonologist in consultation. In
open ICUs 68% of patients were seen in consultation by a pulmonologist at any time during their
ICU stay. Using the base model in Table 3, restricting the analysis to open ICUs, and substituting
consultation by a pulmonologist for ICU organization, there was no effect of pulmonologist
consultation on mortality in open ICUs (adjusted odds ratio 0.94, 95% confidence interval 0.74-
1.20, P=0.62). There was no effect of ICU organization on duration of mechanical ventilation, ICU
length of stay (adjusted ratio of medians in survivors: 0.99, 95%CI: 0.86, 1.13, P=0.87; non-

survivors: 1.00, 95%CI: 0.91, 1.09, P=0.97) or hospital length of stay (adjusted ratio of medians in
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survivors: 1.06, 95%CI: 0.94, 1.20, P=0.34; non-survivors: 1.03, 95%CI: 0.96, 1.10) in the total

cohort or when analyzed separately by mortality.

DISCUSSION

Intensive care units that require patient transfer to an intensivist run team or mandate a co-
attending intensivist are associated with reduced mortality in patients with ALI (adjusted OR 0.68,
95% C10.52-0.89). The association between ICU organization and hospital mortality persisted after
modifying the model to account for severity of illness, transfer status of patients, hospital volume for
mechanically ventilated patients, risk factor for ALI, and academic status. This effect was
independent of, and was not confounded by, whether a patient ever received consultation by a
pulmonologist suggesting that optional pulmonary consultation cannot substitute for a change in
ICU organization. Recently, a report from the COMPACCS survey, a joint project by the American
Thoracic Society, the Society of Critical Care Medicine and the American College of Chest
Physicians, indicated that only 25% of ICUs provide intensivist management to a majority of
patients (35).

Although the mechanisms by which closed ICUs might reduce mortality are complex, these
ICUs were different with regard to intensity of staffing, as indicated by greater presence of critical
care physicians in the ICU, higher number of residents and high nurse to patient ratio. Incorporating
these factors into regression analyses did not account for the observed effect of a closed ICU. These
findings are consistent with the effect noted in other studies of intensivist staffing that report
approximately a 30% reduction in the odds of death associated with ICUs managed by intensivists
(4, 13, 36). No ICU reported use of computer physician order entry systems. Most of the units had

protocols for mechanical ventilation and sedation, and received drug recommendations by a
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pharmacist. Although a large number of protocols were in place in all types of ICU models, their
reported availability in the survey may not reflect use and use may not affect performance (37). A
previous study suggested that organizational characteristics of ICU with the availability of full-time
ICU physician staffing was associated with a two-third reduction in the probability of pulmonary
artery catheterization (38). Although we have limited data on process of care for these patients, one
potential explanation for the reduced mortality is that patients in open ICUs had triple the risk of
receiving injurious (> 12 ml/kg predicted body weight) tidal volumes while patients in closed ICUs
were almost 3 times more likely to receive lung protective tidal volumes (< 6.5 ml/kg predicted
body weight) on day 3 of mechanical ventilation after ALI onset.

These data are particularly important because they address limitations of previous studies
which were primarily before-after studies with historical controls in single academic centers which
might have suffered from residual confounding, temporal trends, and unexplained co-interventions.
This study expands the limited evidence on the effect of organizational characteristics from
observational cohort studies of patients undergoing abdominal aortic aneurysm surgery (1, 19) and
patients sustaining trauma (18), intracerebral hemorrhage (20) or admitted to neurosciences ICUs
(16, 17) to patients with ALI, a common cause of critical illness.

This study has the potential limitations of many observational studies including bias by
indication, residual confounding, and measurement error. Patients with significant trauma were all
cared for in a closed ICU in the single Level 1 trauma center in the cohort. However, excluding
these patients from the analysis did not affect the results in an important way. The analysis of the
effect of pulmonary consultation is also subject to bias by indication as patients who are getting
sicker under routine care are probably more likely to receive pulmonary consultation. This bias
could not be completely accounted for in the analysis. Residual confounding is always a concern in

epidemiological studies, however, the results were robust to varying the model and after controlling
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for factors associated with care in a closed ICU. The survey relied on self-report of ICU structure
and processes and therefore could have been inaccurate. However, items from the survey were
developed from existing instruments and many were asked to each of two respondents. The most
important item in the survey, ICU organization, was verified by independent agreement by both
respondents and verified in the 2 discordant cases. Because of the small sample size of hospitals
and the date of the data collection, it is difficult to use these data to extrapolate to general trends in
ICU organization in the United States as a whole or to measure the differences in processes of care
between ICUs. Although our regression and sensitivity analyses support the conclusion that it is the
intensivist staffing model that accounts for the observed mortality effect, the observational nature of
this study limits our ability to exclude the contribution of other features of these units.
Conclusions. In conclusion, only half of King County ICUs used closed models in 2000. Patients
with ALI cared for in these ICUs had a 32% reduction in the odds of death after adjusting for
potential confounders related to patient and ICU factors. Elective pulmonary consultation did not
appear to affect mortality in open ICUs and therefore may not substitute for a closed ICU structure.
Closed ICUs reduce mortality through complex mechanisms that include, but may not be limited to,
intensivist staffing. The use of low tidal volume in ALI patients was different between closed and
open ICUs, and it is possible that unrecognized differences in other patient care processes existed.
These data provide additional support for the effect of a closed model ICU on the outcome of a

common critical illness syndrome in a well described population based cohort.

Acknowledgment: We are indebt to the critical care directors and ICU nurse managers for agreeing

to participate to the survey and without whom this work would have not been possible.



15

REFERENCES

1.

Pronovost, P. J., M. W. Jenckes, T. Dorman, E. Garrett, M. J. Breslow, B. A. Rosenfeld, P. A.
Lipsett, and E. Bass. Organizational characteristics of intensive care units related to outcomes
of abdominal aortic surgery. JAMA 1999;281:1310-7.

Li, T. C., M. C. Phillips, L. Shaw, E. F. Cook, C. Natanson, and L. Goldman. On-site
physician staffing in a community hospital intensive care unit. Impact on test and procedure
use and on patient outcome. JAMA 1984;252:2023-7.

Brown, J. J., and G. Sullivan. Effect on ICU mortality of a full-time critical care specialist.
Chest 1989;96:127-9.

Carson, S. S., C. Stocking, T. Podsadecki, J. Christenson, A. Pohlman, S. MacRae, J. Jordan,
H. Humphrey, M. Siegler, and J. Hall. Effects of organizational change in the medical
intensive care unit of a teaching hospital: a comparison of 'open' and 'closed' formats. JAMA
1996;276:322-8.

Multz, A. S., D. B. Chalfin, I. M. Samson, D. R. Dantzker, A. M. Fein, H. N. Steinberg, M. S.
Niederman, and S. M. Scharf. A "closed" medical intensive care unit (MICU) improves
resource utilization when compared with an "open" MICU. Am J Respir Crit Care Med
1998;157:1468-73.

Hanson, C. W, 3rd, C. S. Deutschman, H. L. Anderson, 3rd, P. M. Reilly, E. C. Behringer, C.
W. Schwab, and J. Price. Effects of an organized critical care service on outcomes and
resource utilization: a cohort study. Crit Care Med 1999;27:270-4.

Ghorra, S., S. E. Reinert, W. Cioffi, G. Buczko, and H. H. Simms. Analysis of the effect of
conversion from open to closed surgical intensive care unit. Ann Surg 1999;229:163-71.
Blunt, M. C., and K. R. Burchett. Out-of-hours consultant cover and case-mix-adjusted

mortality in intensive care. Lancet 2000;356:735-6.



10.

11.

12.

13.

14.

15.

16.

16

Kahn, J. M., C. H. Goss, P. J. Heagerty, A. A. Kramer, C. R. O'Brien, and G. D. Rubenfeld.
Hospital volume and the outcomes of mechanical ventilation. N Engl J Med 2006;355:41-50.
Leape, L. L., D. J. Cullen, M. D. Clapp, E. Burdick, H. J. Demonaco, J. I. Erickson, and D. W.
Bates. Pharmacist participation on physician rounds and adverse drug events in the intensive
care unit. JAMA 1999;282:267-70.

Bates, D. W., L. L. Leape, D. J. Cullen, N. Laird, L. A. Petersen, J. M. Teich, E. Burdick, M.
Hickey, S. Kleefield, B. Shea, M. Vander Vliet, and D. L. Seger. Effect of computerized
physician order entry and a team intervention on prevention of serious medication errors.
JAMA 1998;280:1311-6.

Baggs, J. G., S. A. Ryan, C. E. Phelps, J. F. Richeson, and J. E. Johnson. The association
between interdisciplinary collaboration and patient outcomes in a medical intensive care unit.
Heart Lung 1992;21:18-24.

Pronovost, P. J., D. C. Angus, T. Dorman, K. A. Robinson, T. T. Dremsizov, and T. L. Young.
Physician staffing patterns and clinical outcomes in critically ill patients: a systematic review.
JAMA 2002;288:2151-62.

Birkmeyer, J. D., C. M. Birkmeyer, D. E. Wennberg, and M. P. Young. 2000. Leapfrog safety
standards: potential benefits of universal adoption. The Leapfrog group Washington, DC.
Brilli, R. J., A. Spevetz, R. D. Branson, G. M. Campbell, H. Cohen, J. F. Dasta, M. A. Harvey,
M. A. Kelley, K. M. Kelly, M. L. Rudis, A. C. St Andre, J. R. Stone, D. Teres, and B. J. Weled.
Critical care delivery in the intensive care unit: defining clinical roles and the best practice
model. Crit Care Med 2001;29:2007-19.

Varelas, P. N., M. M. Conti, M. V. Spanaki, E. Potts, D. Bradford, C. Sunstrom, W. Fedder, L.
Hacein Bey, S. Jaradeh, and T. A. Gennarelli. The impact of a neurointensivist-led team on a

semiclosed neurosciences intensive care unit. Crit Care Med 2004;32:2191-8.



17.

18.

19.

20.

21.

22.

23.

24.

17

Mirski, M. A., C. W. Chang, and R. Cowan. Impact of a neuroscience intensive care unit on
neurosurgical patient outcomes and cost of care: evidence-based support for an intensivist-
directed specialty ICU model of care. J Neurosurg Anesthesiol 2001;13:83-92.

Nathens, A. B., F. P. Rivara, E. J. Mackenzie, R. V. Maier, J. Wang, B. Egleston, D. O.
Scharfstein, and G. J. Jurkovich. The Impact of an Intensivist-Model ICU on Trauma-Related
Mortality. Ann Surg 2006;244:545-554.

Utter, G. H., R. V. Maier, F. P. Rivara, and A. B. Nathens. Outcomes after ruptured abdominal
aortic aneurysms: the "halo effect" of trauma center designation. J Am Coll Surg
2006;203:498-505.

Diringer, M. N., and D. F. Edwards. Admission to a neurologic/neurosurgical intensive care
unit is associated with reduced mortality rate after intracerebral hemorrhage. Crit Care Med
2001;29:635-40.

Barry, W. A., and G. E. Rosenthal. Is there a July phenomenon? The effect of July admission
on intensive care mortality and length of stay in teaching hospitals. J Gen Intern Med
2003;18:639-45.

Higgins, T. L., W. T. McGee, J. S. Steingrub, J. Rapoport, S. Lemeshow, and D. Teres. Early
indicators of prolonged intensive care unit stay: impact of illness severity, physician staffing,
and pre-intensive care unit length of stay. Crit Care Med 2003;31:45-51.

Rubenfeld, G. D., E. Caldwell, E. Peabody, J. Weaver, D. P. Martin, M. Neff, E. J. Stern, and
L. D. Hudson. Incidence and outcomes of acute lung injury. N Engl J Med 2005;353:1685-93.
Bernard, G. R., A. Artigas, K. L. Brigham, J. Carlet, K. Falke, L. Hudson, M. Lamy, J. R.
Legall, A. Morris, and R. Spragg. The American-European Consensus Conference on ARDS.
Definitions, mechanisms, relevant outcomes, and clinical trial coordination. Am J Respir Crit

Care Med 1994;149:818-24.



25.

26.

27.

28.

29.

30.

31.

32.

33.

18

Groeger, J. S., M. A. Strosberg, N. A. Halpern, R. C. Raphaely, W. E. Kaye, K. K. Guntupalli,
D. L. Bertram, D. M. Greenbaum, T. P. Clemmer, T. J. Gallagher, and et al. Descriptive
analysis of critical care units in the United States. Crit Care Med 1992;20:846-63.

Gay, P. C., R. P. Dellinger, J. H. Shelhamer, and K. Offord. The practice of critical care
medicine. A national survey report. ACCP Council on Critical Care. Chest 1993;104:271-8.
Greenbaum, D. M. Availability of critical care personnel, facilities, and services in the United
States. Crit Care Med 1984;12:1073-7.

Guidelines for intensive care unit admission, discharge, and triage. Task Force of the
American College of Critical Care Medicine, Society of Critical Care Medicine. Crit Care
Med 1999;27:633-8.

Carlson, R. W., D. E. Weiland, and K. Srivathsan. Does a full-time, 24-hour intensivist
improve care and efficiency? Crit Care Clin 1996;12:525-51.

Sturmer, T., M. Joshi, R. J. Glynn, J. Avorn, K. J. Rothman, and S. Schneeweiss. A review of
the application of propensity score methods yielded increasing use, advantages in specific
settings, but not substantially different estimates compared with conventional multivariable
methods. J Clin Epidemiol 2006;59:437-47.

Shah, B. R., A. Laupacis, J. E. Hux, and P. C. Austin. Propensity score methods gave similar
results to traditional regression modeling in observational studies: a systematic review. J Clin
Epidemiol 2005;58:550-9.

Baser, O. Too much ado about propensity score models? Comparing methods of propensity
score matching Value Health 2006;9:377-85.

Cepeda, M. S., R. Boston, J. T. Farrar, and B. L. Strom. Comparison of logistic regression
versus propensity score when the number of events is low and there are multiple confounders.

Am J Epidemiol 2004;158:280-7.



34.

35.

36.

37.

38.

19

Zhang, J., and K. F. Yu. What's the relative risk? A method of correcting the odds ratio in
cohort studies of common outcomes. JAMA 1998;280:1690-1.

Angus, D. C., A. F. Shorr, A. White, T. T. Dremsizov, R. J. Schmitz, and M. A. Kelley.
Critical care delivery in the United States: distribution of services and compliance with
Leapfrog recommendations. Crit Care Med 2006;34:1016-24.

Pollack, M. M., R. W. Katz, U. E. Ruttimann, and P. R. Getson. Improving the outcome and
efficiency of intensive care: the impact of an intensivist. Crit Care Med 1988;16:11-7.
Grimshaw, J. M., R. E. Thomas, G. MacLennan, C. Fraser, C. R. Ramsay, L. Vale, P. Whitty,
M. P. Eccles, L. Matowe, L. Shirran, M. Wensing, R. Dijkstra, and C. Donaldson.
Effectiveness and efficiency of guideline dissemination and implementation strategies. Health
Technol Assess 2004;8:1ii-iv, 1-72.

Rapoport, J., D. Teres, J. Steingrub, T. Higgins, W. McGee, and S. Lemeshow. Patient
characteristics and ICU organizational factors that influence frequency of pulmonary artery

catheterization. JAMA 2000;283:2559-67.



20

Figure legend.

Figure 1. Sensitivity analyses of regression models of effect of closed ICU on hospital mortality.



TABLE 1. ICU STRUCTURE AND ORGANIZATION ACCORDING TO ICU MODEL
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Open ICUs Closed ICUs Survey
Characteristics P value'
(n=11) (n=12) respondent
Director's specialty* n=10° n=12
Internal Medicine 9 10
Pulmonary and Critical Care 7 8
Cardiology 2 2 MD 0.85"
Surgery 1 2
Anesthesiology 0 0
Critical Care certification, n (%) 7 (70) 8 (67) MD 0.87
Intensivist coverage (hours/day) MD
Weekdays 55+1.2 89+1.2 0.07
Weekends 5.1+1.0 6.9+1.0 0.05
Intensivist available within 5 min by
7 (64) 11(92) MD 0.10
pager, n (%)
Intensivist physically present in the unit
3(27) 6 (50) MD 0.26
within 5 min, n (%)
Residents assigned to the ICU 1£1.8 4.1+38 MD 0.02
ICUs affiliated with the University of
5(45) 8 (67) MD 0.30
Washington, n (%)
Nurse to patient ratio 1:2 1:1.75 NM 0.047
Justification of ICU admission (%) NM
Intensive treatment 345+£5.0 529+7.7 0.067
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Intensive monitoring with high

38.0+3.5 254+43 0.039
risk of active intervention
Monitoring with low risk of

205+34 165+7.4 0.65
active intervention
Terminally ill patients with

70+1.3 43+1.0 0.12

poor prognosis

Definitions of abbreviations: MD = Medical Director; NM = Nurse Manager. '+ %717

"One director from a closed ICU did not return the questionnaire.

"Student t-test, comparing open versus closed ICU models.

*Numbers do not sum to group totals since some physicians reported more than one specialty.

S0pen ICUs, n=10, as one director was responsible for two ICUs.

11Comparing Internal Medicine versus all other specialties.

**Examples to describe type of admission as it relates to intensity of monitoring were as follows:
Intensive treatment: hemodynamically unstable patients, ARDS patients; Intensive monitoring with
high risk of active intervention: acute medical or surgical illness in a patients with chronic
comorbid conditions, acute asthma, diabetic ketoacidosis; Monitoring with low risk of active
intervention: post-carotid endoarterectomy, vertebral laminectomy, post-surgical monitoring;
Terminally ill patients with poor prognosis: respiratory failure in end-stage cancer patients, limits

on therapy.



TABLE 2. CHARACTERISTICS OF PATIENTS
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Open ICU (n=11)

Closed ICU (n=13)

Characteristics P value
(n patients=391) (n patients=684)

Hospital admit from

Home 301 (77%) 520 (76%)

Other hospital 28 (7%) 66 (10%) 0.34

Nursing home/other 62 (16%) 98 (14%)
Male gender 220 (56%) 440 (64%) 0.01
ALI risk factor

Sepsis 308 (79%) 460 (67%)

Trauma 0 (0%) 64 (9%) <0.001

Other 83 (21%) 160 (23%)
Admitted post-operative 81 (21%) 148 (22%) 0.73
Pulmonary consultation 265 (68%) 530 (77%) <0.001
Tidal volume on day 3 of ALI n=277 n=482

> 12 ml’kg PBW 85 (31%) 50 (10%) <0.001

< 6.5 ml/’kg PBW 14 (5%) 54 (11%) 0.004
Age (mean years + SD) 66.1 +15.6 573 +18 <0.001
APACHE III (mean score + SD) 88.1+31.3 86.9 +33.9 0.55
Acute physiology score from APACHE III

73.2 +30.5 75.6 +32 0.22
(mean score + SD)
Duration of mechanical ventilation (median
51 (2.1-11.4) 5.5(2.1-10.2) 0.79

days, IQR)



ICU length of stay (median days, IQR) 8.3 (3.8-14.3)
ICU length of stay among survivors

9.5 (4.2-15.4)
(median days, IQR)
ICU length of stay among non-survivors

6.6 (3.0-13.8)
(median days, IQR)
Hospital length of stay (median days, IQR) 14 (7-21)
Hospital mortality 175 (45%)

7.7 (3.6-14.2)

8.3 (4.4-15.1)

6.4 (2.7-11.4)

15 (8-26)

239 (35%)

24

0.39

0.284

0.377

0.06

0.002

Definitions of abbreviations: ALI = acute lung injury; PBW = predicted body weight; APACHE III =

Acute Physiology and Chronic Health Evaluation III; SD = standard deviation; IQR = inter-quartile range.
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TABLE 3. GENERALIZED ESTIMATING EQUATION MODEL OF ALI MORTALITY IN

PATIENTS RECEIVING CARE IN CLOSED VERSUS OPEN ICUS (N=24 ICUS AND 1,075

PATIENTYS)
Variable Odds ratio 95% confidence interval P value
ICU model” 0.68 0.53, 0.89 0.004
APACHE 11" 1.03 1.02, 1.03 <0.001
Age? 1.01 1.00, 1.02 0.020
Race’ 0.98 0.79, 1.22 0.846
Gender" 0.80 0.65, 0.99 0.039
Post-operative status 0.67 0.47,0.95 0.026
Residency program” 0.89 0.70, 1.13 0.340
Primary risk sepsis 1.31 1.00, 1.72 0.049

"Comparing closed versus open (reference) ICU model

TAPACHE (Acute Physiology and Chronic Health Evaluation) III score at ICU admission, one-point

difference
iOne-year difference
YCaucasian compared versus other

"males versus females

“Residents have some role in care of critically ill patients
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