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Abstract
Purpose: The role of multidisciplinary teams in improving the care of intensive care unit (ICU) patients is not well defined, and it
is unknown whether the use of such teams helps to explain prior research suggesting improved mortality with intensivist staffing.
We sought to investigate the association between multidisciplinary team care and survival of medical and surgical patients in
nonspecialty ICUs. Materials and Methods: We conducted a community-based, retrospective cohort study of data from
60 330 patients in 181 hospitals participating in a statewide public reporting initiative, the California Hospital Assessment and
Reporting Taskforce (CHART). Patient-level data were linked with ICU organizational data collected from a survey of CHART
hospital ICUs between December 2010 and June 2011. Clustered logistic regression was used to evaluate the independent effect
of multidisciplinary care on the in-hospital mortality of medical and surgical ICU patients. Interactions between multidisciplinary care and intensity of physician staffing were examined to explore whether team care accounted for differences in patient
outcomes. Results: After adjustment for patient characteristics and interactions, there was no association between team care
and mortality for medical patients. Among surgical patients, multidisciplinary care was associated with a survival benefit (odds
ratio 0.79; 95% confidence interval (CI), 0.62-1.00; P ¼ .05). When stratifying by intensity of physician staffing, although the lowest
odds of death were observed for surgical patients cared for in ICUs with multidisciplinary teams and high-intensity staffing (odds
ratio, 0.77; 95% CI, 0.55-1.09; P ¼ .15), followed by ICUs with multidisciplinary teams and low-intensity staffing (odds ratio 0.84,
95% CI 0.65-1.09, p ¼ 0.19), these differences were not statistically significant. Conclusions: Our results suggest that multidisciplinary team care may improve outcomes for critically ill surgical patients. However, no relationship was observed between
intensity of physician staffing and mortality.
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A large body of literature focusing on structural aspects of
intensive care has shown that care directed by critical caretrained physicians (intensivists) improves patient survival.1
This observation has lent support to policy initiatives for quality in the intensive care unit (ICU) such as Leapfrog intensivist
physician standard.2 However, more recent studies examining
the association between intensivist staffing and mortality have
had mixed results.3-6 For example, Wallace et al recently
showed that increased exposure to an intensivist at night conferred no additional survival benefit, and Levy et al found that
the odds of hospital mortality were higher for those patients
managed by intensivists than those who were not.7,8 A possible
explanation for this pattern of results is that other structural
factors mediate or modify the influence of intensivist staffing
on patient outcomes.
One potential complement to intensivist care is the multidisciplinary team model of care9,10 or care provided by a coordinated group of practitioners that may include physicians,

nurses, pharmacists, respiratory therapists, or other critical care
staff. Although this team model of ICU care is endorsed by the

1

Division of Pulmonary, Critical Care, and Sleep Medicine, Drexel University
College of Medicine, Philadelphia, PA, USA
2
Division of Pediatric Critical Care Medicine, Columbia University College of
Physicians and Surgeons, New York, NY, USA
3
Philip R. Lee Institute for Health Policy Studies, University of California, San
Francisco, CA, USA
4
Division of Pulmonary and Critical Care Medicine, University of California,
San Francisco, CA, USA

Received October 27, 2013, and in revised form January 31, 2014.
Accepted for publication March 5, 2014.
Corresponding Author:
Erika J. Yoo, Division of Pulmonary, Critical Care, and Sleep Medicine, Drexel
University College of Medicine, 245 N. 15th Street, MS 107, Philadelphia, PA
19102, USA.
Email: erika.yoo@drexelmed.edu

326
Society of Critical Care Medicine and the Joint Commission,11,12 few data provide empirical evidence of its impact
on patient outcomes. In an analysis limited to noncardiac, nonsurgical patients, Kim and colleagues used administrative data
to show that the apparent 30-day survival benefit of intensivistled care models was largely explained by multidisciplinary
care.13 The objective of our study was to examine the independent impact of multidisciplinary care on the in-hospital mortality of not only medical but also surgical ICU patients. As a
secondary aim, we also sought to evaluate whether the presumed benefit of intensivist staffing could be explained by
multidisciplinary care in each patient group. We hypothesized
that intensivist-led multidisciplinary care would be associated
with improved survival.

Materials and Methods
Study Setting and Patient Data
We conducted a retrospective cohort study using patient
data from a community-based sample of 181 hospitals participating in a statewide public reporting initiative, the California
Hospital Assessment and Reporting Taskforce (CHART).
CHART is a nonprofit organization that convenes clinicians,
hospital leaders, insurers, purchasers, and patients to decide
what aspects of hospital care will be publicly reported by
California hospitals. The ICU performance used in this study
was reported to CHART by volunteer hospitals from January
through December 2010. Each hospital reports on the first 100
consecutively discharged patients each quarter. Collectively,
CHART hospitals had 85% of discharges from all California
acute care hospitals in this time frame. The CHART board
approved participation of the hospitals in the study.
CHART uses the patient-level variables in the Mortality
Probability Model (MPM0-III) to risk-adjust mortality rates but
recalibrates the model’s coefficients with each reporting
period. Risk-adjustment variables include 3 physiologic variables within 1 hour of ICU admission, 3 acute and 5 chronic
diagnoses, age, cardiopulmonary resuscitation within 24 hours
of ICU admission, mechanical ventilation within 1 hour of ICU
admission, medical or unscheduled surgical admission, and
variables adjusting for ‘‘zero factor’’ (ie, no risk factors other
than age) and full code status.14 Data are collected by trained
abstractors and are periodically audited for accuracy. Data
abstractors at each hospital also collected information on the
ICU type to which each patient was admitted and whether or
not a patient received surgery prior to ICU admission. This
enabled distinction between medical and surgical patients in
the participating ICUs.

Intensive Care Unit Organizational Data
In order to gather information on the participating ICUs’ care
models, we developed a 34-question, web-based survey using
examples of similar instruments from previous studies as
guides.8,15-17 Our instrument was pretested for face and content
validity with a group of 8 critical care nurse practitioners,
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fellows, and attending physicians. Cognitive interviewing18
was conducted with 5 additional ICU providers. Finally, the
survey was reviewed by a committee of California clinicians
and 2 experts in the field of ICU health services research.
Informed consent was obtained from survey respondents at the
time of distribution.
Of the 195 California hospitals submitting patient-level data
to CHART in 2010, 3 were excluded for having no patient data
abstracted from a self-reported medical ICU (MICU), surgical
ICU (SICU), or mixed medical–surgical ICU (M/SICU). The
survey was subsequently administered to a physician or
nurse director from each of the MICUs, SICUs, and M/SICUs
in the remaining 192 hospitals between December 2010 and
June 2011. More specialized units (eg, burn units) were not
studied because the number of such units would be small, and
MPM mortality predictions may be less accurate in highly specialized units.19 Completed survey responses were obtained
from at least 1 ICU in 181 (94%) hospitals.
Respondents were asked to indicate whether their ICU was
open, closed, or mixed, and, if open or mixed, to choose from
mandatory, elective, or selective intensivist consultation. The
ICUs were classified as high-intensity (closed or mandatory
intensivist consultation) or low-intensity (all other models),
consistent with previous research.1 Respondents were next
asked whether a multidisciplinary care team ‘‘comprised of
physicians and other health care professionals’’ rounded on
ICU patients (‘‘yes’’ or ‘‘no’’). In an effort to gather more
descriptive information on team composition, we asked respondents to specify selected team members who rounded and their
frequency of participation in rounds. However, the base training of the physicians who directed rounds (eg, pulmonary, surgery, or emergency) was not known. To account for different
care models for medical and surgical patients in any 1 ICU, survey questions were asked about each patient group separately
within every ICU.

Statistical Analysis
To compare characteristics of responding and nonresponding hospitals, we used Fisher exact test or chi-square, and
Wilcoxon rank-sum test or t test, as appropriate. We
adjusted for patient factors outlined in the MPM0-III14 and
used generalized estimating equations with robust standard
errors to account for unit-level clustering. We created 2
models examining the effects of multidisciplinary team care
alone and intensivist staffing alone in medical and surgical
patients. We also controlled for ICU and hospital characteristics such as ICU type, hospital size, and teaching status in
fully adjusted models. To account for heterogeneity in the definition of multidisciplinary care, we conducted 1-way sensitivity analyses, varying both the participants and frequency of
rounding by core team members, thereby defining various
team constructs as predictors for the team care variable. Then,
to explore the secondary hypothesis that the degree of association between multidisciplinary team care and mortality varied
according to whether or not an intensivist also contributed to
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Figure 1. Patient Flow Chart

care, we created a third model to evaluate for interaction between
team care and intensivist staffing for each patient group.
All analyses were performed with Stata 11.1 (StataCorp,
College Station, Texas). This project was approved by
the Committee for Human Research at the University of
California, San Francisco (10-02767). A P value of .05
was considered significant.

Results
In 2010, 73 270 patients from 195 hospitals composed our total
patient cohort (Figure 1). We excluded patients who were not
admitted to the 3 ICU types of interest and from 15 ICUs in 11
hospitals with survey nonresponse. After further excluding
patients who could not be classified as medical or surgical, the
study cohort consisted of 60 330 patients from 216 ICUs in
181 hospitals. Of these, 48 445 (80%) were medical patients and
11 885 (20%) were surgical patients. Patient characteristics are
presented in Table 1. Medical patients were more likely to present with acute nonrespiratory organ dysfunction and chronic
organ failure, whereas surgical patients were more likely to
require acute mechanical ventilation. No patients were missing
an outcome. The mean observed hospital mortality rate for all
patients was 12%.
Hospital characteristics by response to survey are summarized in Table 2. Information on multidisciplinary care was
missing from 4 hospitals for medical patients and from 5 hospitals for surgical patients. In all, 3 ICUs from 2 hospitals were
missing an intensity of staffing response for medical patients,

and 2 ICUs from 2 hospitals were missing an intensity of staffing response for surgical patients.
Overall, 153 (74%) ICUs had multidisciplinary team care for
medical patients and 148 (71%) ICUs had such care for surgical
patients. High-intensity staffing was more common for medical
patients than for surgical patients (37% and 22% of ICUs,
respectively). Additional members of multidisciplinary teams
and their frequency of participation in rounds are shown in Supplementary Table S1. In all, 69 (45%) of the 153 ICUs with multidisciplinary care for medical patients also had high-intensity
medical staffing and 44 (30%) of the 148 ICUs with multidisciplinary care for surgical patients also had high-intensity surgical
staffing (Table 3). Both multidisciplinary care and highintensity physician staffing were more common in Accreditation
Council for Graduate Medical Education (ACGME) residencysponsoring hospitals and in larger hospitals. The combination of
multidisciplinary care and high-intensity staffing was more
common in MICUs and SICUs than in mixed M/SICUs.
In multivariate analysis, there was no association between
team care alone and mortality for medical patients (Table 4).
Similarly, there was no association between high-intensity staffing alone and mortality for either medical or surgical patients.
For surgical patients cared for by a multidisciplinary team, however, there was a 21% reduction in the odds of death (Table 4,
adjusted odds ratio [AOR] 0.79; 95% confidence interval [CI]
0.62-1.00). Adjustment for hospital and ICU characteristics did
not significantly change the direction of the findings in this
patient group (AOR 0.80; 95% CI 0.63-1.02). There was substantial variability in both the definition of a multidisciplinary
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Table 1. Patient Characteristics.a
Variable
Age, mean (SD)
Full code, %
Mechanical ventilation within 1 hour of ICU, %
Acute diagnoses, %
Acute renal failure
Cardiac dysrhythmia
Cerebrovascular incident
Chronic diagnoses, %
Chronic renal failure
Cirrhosis
Metastatic neoplasm
CPR within 24 hours before ICU, %
Unadjusted in-hospital mortality

Medical Patients

Surgical Patients

P Value

63.9 + 17.8
90.5
23.6

64.8 + 16.3
96.3
31.1

<.001
<.001
<.001

18.5
17.8
7.1

7.5
8.1
2.1

<.001
<.001
<.001

10.6
2.4
6.5
4.4
13.5

6.1
0.9
12.3
1.4
5.7

<.001
<.001
<.001
<.001
<.001

Abbreviations: SD, standard deviation; ICU, intensive care unit; CPR, cardiopulmonary resuscitation.
a
Chi-square used for categorical variables and t test for continuous variables.

Table 2. Hospital Characteristicsa by Response to Survey.b
Nonresponders (n ¼ 11)

P Valuec

19 (10)
123 (68)
39 (22)

2 (18)
7 (64)
2 (18)

.7

134 (73)
24 (13)
23 (13)

8 (73)
2 (18)
1 (9)

.9

6 (55)
1 (9)
4 (36)
1 (9)
11 (100)
23.9 + 17.5

.2

Responders (n ¼ 181)

Characteristics
Total hospital beds
<100
100-400
400
Control
Nonprofit
Public
Investor
California region
Northern
Central
Southern
ACGME residency sponsoring institution
Joint commission hospital accreditation
Total ICU beds

51
39
91
45
172
30.9

(28)
(22)
(50)
(25)
(95)
+ 26.8

.5
.4
.5

Abbreviations: SD, standard deviation; ICU, intensive care unit.
a
Values are given as No (%) or mean + SD. Percentages may not sum to 100 due to rounding.
b
n ¼ 192.
c
Fisher exact test or chi-square used for categorical variables and Wilcoxon rank sum test or t test for continuous variables.

Table 3. Number and Percentage of ICUs With MDC by Intensity of Physician Staffing.
Medical Patients

Surgical Patients

Number (%) of
Number (%) of
Number (%) of
Number (%) of
Number (%) of
Number (%) of
MICUs with MDC M/SICUs with MDC SICUs with MDC MICUs with MDC M/SICUs with MDC SICUs with MDC
Low intensity
High intensitya
Unknown
Total

7
15
0
22

(32)
(68)
(0)
(100)

66
48
2
116

(57)
(41)
(2)
(100)

9
6
0
15

(60)
(40)
(0)
(100)

8 (57)
6 (43)
0 (0)
14 (100)

82
31
1
114

(72)
(27)
(1)
(100)

13
7
0
20

(65)
(35)
(0)
(100)

Abbreviations: ICU, intensive care unit; MICUs, medical intensive care units; SICUs, surgical intensive care units; M/SICUs, mixed medical–surgical intensive care
units; MDC, multidisciplinary team care.
a
Closed or mandatory intensivist consultation.
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Table 4. Adjusted Associationsa Between Structural Predictors and Mortality by Patient Type.
Model
Multidisciplinary team care alone
Medical patients
Surgical patients

Predictor

OR (95% CI)

No multidisciplinary care
Multidisciplinary care
No multidisciplinary care
Multidisciplinary care

1 (reference)
0.98 (0.87-1.11)
1 (reference)
0.79 (0.62-1.00)

Intensity of physician staffing alone
Medical patients
Low intensity
High intensity
Surgical patients
Low intensity
High intensity
Interaction between multidisciplinary care and intensity of physician staffing
Medical patients
Surgical patients
No multidisciplinary care and low intensity
Multidisciplinary care and low intensity
No multidisciplinary care and high intensity
Multidisciplinary care and high intensity

1 (reference)
1.04 (0.92-1.17)
1 (reference)
0.92 (0.69-1.22)

P Value

.80
.05

.52
.56
.57
.02

1 (reference)
0.84 (0.65-1.09)

.19
b

0.77 (0.55-1.09)

.15

Abbreviations: CI, confidence interval; OR, odds ratio; MPM0-III, Mortality Probability Model.
a
Estimates are adjusted for variables in the recalibrated MPM0-III.
b
Too few hospitals (2) to accurately estimate outcomes.

team and the frequency of team members’ presence on rounds.
As a result, sample sizes for each particular type of team construct were small. The most common team construct for critically ill surgical patients consisted of a physician, nurse,
pharmacist, and respiratory therapist who rounded together at
least 5 days per week in 34 (23%) ICUs and less than 5 days per
week in 16 (11%) ICUs. With these small sample sizes, we were
unable to show a distinct survival benefit attributable to any one
team construct.
There was evidence supporting an interaction between
intensity of physician staffing and multidisciplinary care for
surgical patients (P ¼ .02), but not for medical patients (P ¼
.57). Additional support for this interaction was demonstrated
by assessing the 3-way interaction between team care, intensity
of physician staffing, and patient type (P ¼ .002). When we
simultaneously evaluated multidisciplinary care teams and
high-intensity physician staffing in a stratified model, the lowest observed odds of death were for surgical patients cared for
in ICUs with both high-intensity staffing and multidisciplinary
care (Table 4, AOR 0.77; 95% CI 0.55-1.09, P ¼ .15), followed
by ICUs with multidisciplinary care teams and low-intensity
staffing (AOR 0.84, 95% CI 0.65-1.09, P ¼ .19), although these
results did not reach statistical significance.

Discussion
To our knowledge, our study is the first to characterize the
association between multidisciplinary team care, intensivist
care, and survival in both medical and surgical ICU patients.
In our statewide, community-based sample of hospitals, we
found that surgical patients benefited from care provided by
a multidisciplinary critical care team. However, highintensity staffing in conjunction with team care provided no
additional survival benefit.

Several mechanisms may explain these results. Multidisciplinary rounds may help to reduce ICU complications through
adherence to evidence-based preventative measures.20,21 Team
care may also facilitate assessment and management of commonly encountered ICU conditions such as mechanical ventilation and delirium.22,23 The presence of pharmacists on ICU
rounds has been associated with fewer adverse drug events,
which may have an impact on mortality.24-26 The participation
of nurses on rounds may maximize patient safety by ensuring
thorough communication of patient status to other providers.27,28 Effective communication may then foster an open,
collaborative approach to critical care delivery that results in
improved patient outcomes.29
However, the reasons for the observed benefit of the team
care model only in surgical ICU patients are unclear. We were
unable to replicate the results of Kim et al showing that daily
rounds by a multidisciplinary team was associated with lower
mortality in medical ICU patients.13 Our use of in-hospital
mortality rather than their 30-day mortality may have resulted
in discharge bias,30-32 as there is variation in long-term acute
care facility transfer rates33,34 that may favor the transfer of
medical patients with chronic critical illness, thereby improving hospital mortality indices. It is also possible that standardized care protocols for medical critical illness (eg, acute
respiratory distress syndrome and sepsis) are more widely
implemented.35 The use of such well-established house staff,
nurse, or respiratory therapy-driven protocols in the care of
medical ICU patients may, over time, have supplanted the
advantage conferred by the mere presence of a multidisciplinary team in this patient group.35-39 In contrast, surgical
patients may be less frequently exposed to standardized ICU
care protocols and therefore derive greater benefit from the
best clinical practices that are facilitated by multidisciplinary
rounds.
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Little is known about the optimal composition of the multidisciplinary team in critical care, and our study further demonstrates that the significance of team care may differ based on
patient population. Critically ill surgical patients may be a distinct group whose care needs differ from those of medical ICU
patients. Although an organized, team approach to critical care
is widely advocated,9-12,40 there is considerable variation in constructs, functions, and modes of delivery, which may bias the
results of studies examining its contribution to improved ICU
care. In our study, we did have more detailed information on
team composition than did Kim et al. However, when varying
the definition of team care in sensitivity analyses, we were
unable to identify a specific team construct that was responsible
for improved surgical patient outcomes, likely because there
were many different team constructs and none accounted for
more than 23% of our sample. The core ICU team may consist
of the physician, nurse, pharmacist, and respiratory therapist, but
the team members may vary from patient to patient in any one
ICU and at different times during the care process. Such heterogeneity challenges our ability to understand and analyze the optimal delivery of team care overall.41 For instance, the relative
contribution of the surgeon to the multidisciplinary critical care
team is difficult to delineate42 but may be an influential factor in
the improved survival of this patient group. Furthermore, measuring actual team function, or the quality of teamwork behaviors, is an added level of complexity that can also affect the
impact of groups of caregivers on critical care outcomes.43-45
In contrast to some previous reports, we did not identify an
independent mortality benefit associated with intensivist
staffing. However, in these largely before and after studies,
the role of a multidisciplinary care team in conjunction with
high-intensity staffing was not systematically evaluated.46-48
In addition, there are other studies that have also found no survival benefit from high-intensity staffing for both medical and
surgical patients.3,6,49,50 A recent meta-analysis reported that
the mortality benefit of high-intensity staffing differed not
only by type of ICU but also by decade of publication.51
These inconsistent results suggest a lack of understanding as
to how intensivists improve outcomes for diverse ICU populations in a changing critical care climate.
There are several other limitations to our study. Information
about structure and organization was obtained via survey so
respondents may have misclassified their ICU care models.
Second, we did not have organizational data on 11 hospitals
that did not complete the survey. Although respondents did not
differ in a significant way from nonrespondents, and we had a
very high survey response rate, nonresponse bias cannot be
ruled out. Finally, we were unable to control for transfers into
ICUs, which have been shown to have a negative impact on the
accepting centers’ outcome measures.52,53

Conclusions
Our community-based study suggested improved outcomes for
critically ill surgical patients cared for by multidisciplinary
care teams. Older studies have proposed that coordinated team
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care is beneficial for mixed medical–surgical ICU patient
populations irrespective of intensity of physician staffing,29,54,55 and our study suggests that such multidisciplinary
care is perhaps even more valuable for contemporary critically
ill surgical patients.
Our results, however, do not necessarily negate the importance of multidisciplinary care for medical patients or intensivist staffing for all patients. These structural characteristics are
still important for patient care and likely result in the more consistent use of evidence-based practices or preventative process
measures,56,57 particularly in ICUs where standardized protocols have not yet been implemented or where ICU resources are
scarce. Rather our study confirms that in an era in which the
demand for intensivist care exceeds supply,58,59 a single
approach to staffing and structure may not be applicable to all
patients in any ICU and certainly may not be the only means of
achieving high quality critical care.17 Since there is unlikely to
be one ‘‘best’’ way to staff our ICUs, future studies examining
every aspect of ICU structure and organization are necessary to
develop an integrated understanding of how staffing affects
outcomes for a diverse, and ever-changing, critically ill patient
population.60,61
Acknowledgments
The authors thank Dr Peter Bacchetti and Dr Edward Gracely for
statistical assistance and Dr Gordon Rubenfeld and Dr Jeremy Kahn
for their guidance in study design and review of the manuscript.

Declaration of Conflicting Interests
The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding
The author(s) received no financial support for the research, authorship,
and/or publication of this article.

Supplemental Material
The online table is available at http://jic.sagepub.com/supplemental

References
1. Pronovost PJ, Angus DC, Dorman T, Robinson KA, Dremsizov
TT, Young TL. Physician staffing patterns and clinical outcomes
in critically ill patients: a systematic review. JAMA. 2002;
288(17):2151-2162.
2. Milstein A, Galvin RS, Delbanco SF, Salber P, Buck CR Jr.
Improving the safety of health care: the leapfrog initiative. Eff
Clin Pract. 2000;3(6):313-316.
3. Checkley W, Martin GS, Brown SM, et al. Structure, process, and
annual ICU mortality across 69 centers: United States critical illness and injury trials group critical illness outcomes study*. Crit
Care Med. 2014;42(2):344-356.
4. Dara SI, Afessa B. Intensivist-to-bed ratio: association with outcomes in the medical ICU. Chest. 2005;128(2):567-572.
5. Gajic O, Afessa B, Hanson AC, et al. Effect of 24-hour mandatory
versus on-demand critical care specialist presence on quality of

Yoo et al

6.

7.

8.

9.

10.

11.
12.

13.

14.

15.

16.

17.

18.
19.

20.

care and family and provider satisfaction in the intensive care unit
of a teaching hospital. Crit Care Med. 2008;36(1):36-44.
Wise KR, Akopov VA, Williams BR Jr, Ido MS, Leeper KV Jr,
Dressler DD. Hospitalists and intensivists in the medical ICU: a
prospective observational study comparing mortality and length
of stay between two staffing models. J Hosp Med. 2012;7(3):
183-189.
Levy MM, Rapoport J, Lemeshow S, Chalfin DB, Phillips G,
Danis M. Association between critical care physician management and patient mortality in the intensive care unit. Ann Intern
Med. 2008;148(11):801-809.
Wallace DJ, Angus DC, Barnato AE, Kramer AA, Kahn JM.
Nighttime intensivist staffing and mortality among critically ill
patients. N Engl J Med. 2012;366(22):2093-2101.
Brilli RJ, Spevetz A, Branson RD, et al. Critical care delivery in
the intensive care unit: defining clinical roles and the best practice
model. Crit Care Med. 2001;29(10):2007-2019.
Durbin CG Jr. Team model: advocating for the optimal method of
care delivery in the intensive care unit. Crit Care Med. 2006;34(3
suppl):S12-S17.
Joint Commission Resources Inc. Improving Care in the ICU.
Oakbrook Terrace, IL: Joint Commission Resources; 2004.
Parrillo JE. A silver anniversary for the Society of Critical Care
Medicine–visions of the past and future: the presidential address
from the 24th educational and scientific symposium of the society
of critical care medicine. Crit Care Med. 1995;23(4):607-612.
Kim MM, Barnato AE, Angus DC, Fleisher LA, Kahn JM. The
effect of multidisciplinary care teams on intensive care unit mortality. Arch Intern Med. 2010;170(4):369-376.
Higgins TL, Teres D, Copes WS, Nathanson BH, Stark M,
Kramer AA. Assessing contemporary intensive care unit outcome: an updated mortality probability admission model
(MPM0-III). Crit Care Med. 2007;35(3):827-835.
Dodek PM, Keenan SP, Norena M, Martin C, Wong H. Structure,
process, and outcome of all intensive care units within the province of British Columbia, Canada. J Intensive Care Med. 2010;
25(3):149-155.
Treggiari MM, Martin DP, Yanez ND, Caldwell E, Hudson LD,
Rubenfeld GD. Effect of intensive care unit organizational model
and structure on outcomes in patients with acute lung injury. Am J
Respir Crit Care Med. 2007;176(7):685-690.
Zimmerman JE, Alzola C, Von Rueden KT. The use of benchmarking to identify top performing critical care units: a preliminary assessment of their policies and practices. J Crit Care.
2003;18(2):76-86.
Collins D. Pretesting survey instruments: an overview of cognitive methods. Qual Life Res. 2003;12(3):229-238.
Murphy-Filkins R, Teres D, Lemeshow S, Hosmer DW. Effect
of changing patient mix on the performance of an intensive care
unit severity-of-illness model: how to distinguish a general from
a specialty intensive care unit. Crit Care Med. 1996;24(12):
1968-1973.
Jain M, Miller L, Belt D, King D, Berwick DM. Decline in ICU
adverse events, nosocomial infections and cost through a quality
improvement initiative focusing on teamwork and culture change.
Qual Saf Health Care. 2006;15(4):235-239.

331
21. Pronovost P, Needham D, Berenholtz S, et al. An intervention
to decrease catheter-related bloodstream infections in the ICU.
N Engl J Med. 2006;355(26):2725-2732.
22. Brummel NE, Vasilevskis EE, Han JH, Boehm L, Pun BT, Ely
EW. Implementing Delirium Screening in the ICU: Secrets to
Success. Crit Care Med. 2013;41(9):2196-2208.
23. Ellis SM, Dainty KN, Munro G, Scales DC. Use of mechanical
ventilation protocols in intensive care units: a survey of current
practice. J Crit Care. 2012;27(6):556-563.
24. Leape LL, Cullen DJ, Clapp MD, et al. Pharmacist participation
on physician rounds and adverse drug events in the intensive care
unit. JAMA. 1999;282(3):267-270.
25. MacLaren R, Bond CA. Effects of pharmacist participation in
intensive care units on clinical and economic outcomes of critically ill patients with thromboembolic or infarction-related
events. Pharmacotherapy. 2009;29(7):761-768.
26. MacLaren R, Bond CA, Martin SJ, Fike D. Clinical and economic outcomes of involving pharmacists in the direct care of
critically ill patients with infections. Crit Care Med. 2008;
36(12):3184-3189.
27. Henneman EA, Gawlinski A, Giuliano KK. Surveillance: a strategy for improving patient safety in acute and critical care units.
Crit Care Nurse. 2012;32(2):e9-e18.
28. Edwards M, Donner G. The efforts of critical care nurses to pass
along knowledge about patients. Can J Nurs Res. 2007;39(1):
138-154.
29. Zimmerman JE, Shortell SM, Rousseau DM, et al. Improving
intensive care: observations based on organizational case studies
in nine intensive care units: a prospective, multicenter study. Crit
Care Med. 1993;21(10):1443-1451.
30. Drye EE, Normand SL, Wang Y, et al. Comparison of hospital
risk-standardized mortality rates calculated by using in-hospital
and 30-day models: an observational study with implications for
hospital profiling. Ann Intern Med. 2012;156(1 pt 1):19-26.
31. Kahn JM, Kramer AA, Rubenfeld GD. Transferring critically ill
patients out of hospital improves the standardized mortality ratio:
a simulation study. Chest. 2007;131(1):68-75.
32. Vasilevskis EE, Kuzniewicz MW, Dean ML, et al. Relationship
between discharge practices and intensive care unit in-hospital
mortality performance: evidence of a discharge bias. Med Care.
2009;47(7):803-812.
33. Hall WB, Willis LE, Medvedev S, Carson SS. The implications of
long-term acute care hospital transfer practices for measures of inhospital mortality and length of stay. Am J Respir Crit Care Med.
2012;185(1):53-57.
34. Kahn JM, Werner RM, Carson SS, Iwashyna TJ. Variation in
long-term acute care hospital use after intensive care. Med Care
Res Rev. 2012;69(3):339-350.
35. Prasad M, Christie JD, Bellamy SL, Rubenfeld GD, Kahn JM.
The availability of clinical protocols in US teaching intensive care
units. J Crit Care. 2010;25(4):610-619.
36. Brook AD, Ahrens TS, Schaiff R, et al. Effect of a nursingimplemented sedation protocol on the duration of mechanical
ventilation. Crit Care Med. 1999;27(12):2609-2615.
37. Danckers M, Grosu H, Jean R, et al. Nurse-driven, protocoldirected weaning from mechanical ventilation improves clinical

332

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Journal of Intensive Care Medicine 31(5)
outcomes and is well accepted by intensive care unit physicians.
J Crit Care. 2013;28(4):433-441.
Kollef MH, Shapiro SD, Silver P, et al. A randomized, controlled
trial of protocol-directed versus physician-directed weaning from
mechanical ventilation. Crit Care Med. 1997;25(4):567-574.
Mansouri P, Javadpour S, Zand F, et al. Implementation of a protocol for integrated management of pain, agitation, and delirium
can improve clinical outcomes in the intensive care unit: a randomized clinical trial. J Crit Care. 2013;28(6):918-922.
Irwin RS, Flaherty HM, French CT, Cody S, Chandler MW,
Connolly A. Interdisciplinary collaboration: the slogan that
must be achieved for models of delivering critical care to be
successful. Chest. 2012;142(6):1611-1619.
Hawryluck LA, Espin SL, Garwood KC, Evans CA, Lingard LA.
Pulling together and pushing apart: tides of tension in the ICU
team. Acad Med. 2002;77(10 suppl): S73-S76.
Penkoske PA, Buchman TG. The relationship between the surgeon and the intensivist in the surgical intensive care unit. Surg
Clin North Am. 2006;86(6):1351-1357.
Mortimer RH, Sewell JR, Roberton DM, Thomson NM, Leigh JA,
Long PW. Lessons from the clinical support systems program:
facilitating better practice through leadership and team building.
Med J Aust. 2004;180(10 suppl):S97-S100.
Ten Have EC, Hagedoorn M, Holman ND, Nap RE, Sanderman
R, Tulleken JE. Assessing the quality of interdisciplinary rounds
in the intensive care unit. J Crit Care. 2013;28(4):476-482.
Weller J, Frengley R, Torrie J, et al. Evaluation of an instrument
to measure teamwork in multidisciplinary critical care teams.
BMJ Qual Saf. 2011;20(3):216-222.
Ghorra S, Reinert SE, Cioffi W, Buczko G, Simms HH. Analysis
of the effect of conversion from open to closed surgical intensive
care unit. Ann Surg. 1999;229(2):163-171.
Marini CP, Russo GC, Nathan IM, McNelis J, Jurkiewicz A,
Simms HH. Closed vs. open intensive care unit: impact of fulltime surgical intensivists. Internet J Emerg Intens Care Medicine.
2002;6(1):1-12.
Rosenfeld BA, Dorman T, Breslow MJ, et al. Intensive care unit
telemedicine: alternate paradigm for providing continuous intensivist care. Crit Care Med. 2000;28(12):3925-3931.
Dimick JB, Pronovost PJ, Heitmiller RF, Lipsett PA. Intensive
care unit physician staffing is associated with decreased length

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

of stay, hospital cost, and complications after esophageal resection. Crit Care Med. 2001;29(4):753-758.
Hanson CW, III, Deutschman CS, Anderson HL III, et al. Effects
of an organized critical care service on outcomes and resource utilization: a cohort study. Crit Care Med. 1999;27(2):270-274.
Wilcox ME, Chong CA, Niven DJ, et al. Do intensivist staffing
patterns influence hospital mortality following ICU admission?
A systematic review and meta-analyses. Crit Care Med. 2013;
41(10):2253-2274.
Combes A, Luyt CE, Trouillet JL, Chastre J, Gibert C. Adverse
effect on a referral intensive care unit’s performance of accepting
patients transferred from another intensive care unit. Crit Care
Med. 2005;33(4):705-710.
Rosenberg AL, Hofer TP, Strachan C, Watts CM, Hayward RA.
Accepting critically ill transfer patients: adverse effect on a referral center’s outcome and benchmark measures. Ann Intern Med.
2003;138(11):882-890.
Knaus WA, Draper EA, Wagner DP, Zimmerman JE. An evaluation of outcome from intensive care in major medical centers. Ann
Intern Med. 1986;104(3):410-418.
Rothen HU, Stricker K, Einfalt J, et al. Variability in outcome and
resource use in intensive care units. Intensive Care Med. 2007;
33(8):1329-1336.
Cooke CR, Watkins TR, Kahn JM, et al. The effect of an intensive
care unit staffing model on tidal volume in patients with acute
lung injury. Crit Care. 2008;12(6):R134.
Kahn JM, Brake H, Steinberg KP. Intensivist physician staffing
and the process of care in academic medical centres. Qual Saf
Health Care. 2007;16(5):329-333.
Angus DC, Shorr AF, White A, Dremsizov TT, Schmitz RJ,
Kelley MA. Critical care delivery in the United States: distribution of services and compliance with Leapfrog recommendations. Crit Care Med. 2006;34(4):1016-1024.
Cohn SM, Price MA, Villarreal CL. Trauma and surgical critical
care workforce in the United States: a severe surgeon shortage
appears imminent. J Am Coll Surg. 2009;209(4):446-452. e444.
Garland A. Figuring out what works: a need for more and better
studies on the relationship between ICU organization and outcomes. Crit Care. 2010;14(1):108.
Garland A, Gershengorn HB. Staffing in ICUs: physicians and
alternative staffing models. Chest. 2013;143(1):214-221.

