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PPROXIMATELY 1% OF THE US

gross domestic product is

consumed in the care of in-

tensive care unit (ICU) pa-
tients.! Despite this considerable in-
vestment of resources, there is wide
variation in ICU organization,*? and
studies have suggested that differ-
ences in ICU organization may affect
patient outcome. For example, staff-
ing ICUs with critical care physicians
(intensivists) may improve clinical out-
comes.* A conceptual model that ex-
plains this finding is that physicians
who have the skills to treat critically ill
patients and who are immediately avail-
able to detect and treat problems may
prevent or attenuate morbidity and
mortality.? Staffing ICUs with inten-
sivists may also decrease resource use
because these physicians may be bet-
ter at reducing inappropriate ICU ad-
missions, preventing complications that
prolong length of stay (LOS), and rec-
ognizing opportunities for prompt dis-
charge.?

Intensive care unit staffing is typi-
cal of an organizational issue in health
care in that, despite its potential im-
portance in clinical and economic out-
comes, it is not studied by using ran-
domized trials. For example, the widely
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Context Intensive care unit (ICU) physician staffing varies widely, and its associa-
tion with patient outcomes remains unclear.

Objective To evaluate the association between ICU physician staffing and patient
outcomes.

Data Sources We searched MEDLINE (January 1, 1965, through September 30,
2001) for the following medical subject heading (MeSH) terms: intensive care units,
ICU, health resources/utilization, hospitalization, medical staff, hospital organiza-
tion and administration, personnel staffing and scheduling, length of stay, and LOS.
We also used the following text words: staffing, intensivist, critical, care, and spe-
cialist. To identify observational studies, we added the MeSH terms case-control study
and retrospective study. Although we searched for non-English-language citations,
we reviewed only English-language articles. We also searched EMBASE, HealthStar
(Health Services, Technology, Administration, and Research), and HSRPROJ (Health
Services Research Projects in Progress) via Internet Grateful Med and The Cochrane
Library and hand searched abstract proceedings from intensive care national scientific
meetings (January 1, 1994, through December 31, 2001).

Study Selection We selected randomized and observational controlled trials of criti-
cally ill adults or children. Studies examined ICU attending physician staffing strategies
and the outcomes of hospital and ICU mortality and length of stay (LOS). Studies were
selected and critiqued by 2 reviewers. We reviewed 2590 abstracts and identified 26
relevant observational studies (of which 1 included 2 comparisons), resulting in 27 com-
parisons of alternative staffing strategies. Twenty studies focused on a single ICU.

Data Synthesis We grouped ICU physician staffing into low-intensity (no intensiv-
ist or elective intensivist consultation) or high-intensity (mandatory intensivist consul-
tation or closed ICU [all care directed by intensivist]) groups. High-intensity staffing
was associated with lower hospital mortality in 16 of 17 studies (94 %) and with a pooled
estimate of the relative risk for hospital mortality of 0.71 (95% confidence interval
[Cl], 0.62-0.82). High-intensity staffing was associated with a lower ICU mortality in
14 of 15 studies (93%) and with a pooled estimate of the relative risk for ICU mor-
tality of 0.61 (95% Cl, 0.50-0.75). High-intensity staffing reduced hospital LOS in 10
of 13 studies and reduced ICU LOS in 14 of 18 studies without case-mix adjustment.
High-intensity staffing was associated with reduced hospital LOS in 2 of 4 studies and
ICU LOS in both studies that adjusted for case mix. No study found increased LOS
with high-intensity staffing after case-mix adjustment.

Conclusions High-intensity vs low-intensity ICU physician staffing is associated with
reduced hospital and ICU mortality and hospital and ICU LOS.
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STAFFING AND OUTCOMES IN CRITICALLY ILL PATIENTS

held belief that outcomes are better af-
ter surgery performed by experienced
surgeons or hospitals is based solely on
observational data.’ Practical and ethi-
cal reasons exist to explain why such
organizational characteristics are not
subjected to randomized trials. Yet, as
changes occur in the way health care
is organized, financed, and delivered,
it will be important to understand the
impact of organizational characteris-
tics, such as ICU physician and nurse
staffing, on patient outcomes through
systematic reviews.® To inform health
policy, we will need to synthesize evi-
dence that is predominantly observa-
tional. Accordingly, the goal of this sys-
tematic review was to examine the effect
of ICU physician staffing on hospital
and ICU mortality and LOS.

METHODS
Study Selection Criteria

We sought to identify and review all
studies that met the following criteria:
randomized or observational con-
trolled trials of critically ill adults or chil-
dren, ICU physician staffing strategies,
hospital and ICU mortality, and LOS.

Citation Search Strategy

To identify literature in electronic data-
bases, we searched MEDLINE from Janu-
ary 1,1965, through September 30,2001,
by using the following medical subject
heading (MeSH) terms: intensive care
units, ICU, health resources/utilization,
hospitalization, medical staff, hospital or-
ganization and administration, personnel
staffing and scheduling, length of stay, and
LOS. We used the following text words:
staffing, intensivist, critical, care, and spe-
cialist. We used the search strategy for
retrieval of controlled clinical trials pro-
posed by Robinson and Dickersin.” To
identify observational studies, we added
the MeSH terms case-control study and
retrospective study.

We also searched EMBASE, Health-
Star (Health Services, Technology,
Administration, and Research), and
HSRPROJ (Health Services Research
Projects in Progress) via Internet Grate-
ful Med and The Cochrane Library
(1998, issue 3), which contains the
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CENTRAL Database of Controlled Tri-
als, the Database of Abstracts of Re-
view Effectiveness, and the Cochrane
Database of Systematic Reviews.

In addition, we used the related
articles feature of PubMed, which iden-
tifies related articles by using a hierar-
chical search engine that is not solely
based on MeSH headings. This search
was completed with articles selected
by 2 of the authors (P.J.P. and
D.C.A.).%"? Although we searched for
non-English-language citations, sub-
sequent article review involved only
English-language publications. To iden-
tify studies published in abstract form
only, we hand-searched the abstract pro-
ceedings from the annual scientific
assemblies of the Society of Critical Care
Medicine, the American College of
Chest Physicians, and the American
Thoracic Society from January 1, 1994,
through December 31, 2001.

Study Selection

After all citations based on our search
strategy were identified, 2 of the au-
thors (P.J.P. and D.C.A.) indepen-
dently reviewed each abstract to con-
firm eligibility. If an abstract was selected
as eligible, the same authors indepen-
dently reviewed the respective article, if
available, to confirm that it met inclu-
sion criteria. Abstracts from meeting pro-
ceedings were included if the data were
not published as peer-reviewed ar-
ticles. To resolve discrepancies, the 2 re-
viewers either had to reach consensus,
or use a third reviewer (T.D.).

Data Extraction

Using a data collection form, we ex-
tracted data from the studies to de-
scribe patient characteristics, study
methods, and study findings. We also
abstracted quantitative data regarding
the intervention, cointerventions, study
design and duration, unit of analysis,
risk adjustment, degree of follow-up,
adjustment of historical trends, and type
of ICU. All data were abstracted inde-
pendently by each of the 2 primary re-
viewers and verified for accuracy by the
third reviewer, again with discussion
used to resolve differences among re-

viewers. All reviewers were intensiv-
ists with formal training in clinical epi-
demiology and biostatistics. We did not
mask the reviewers to author, institu-
tion, or journal because such masking
reportedly makes little difference to the
results of a systematic review."?

Data Synthesis and Analysis

We measured the percentage of agree-
ment before discussion among review-
ers in study selection, study design, and
data abstraction. For data synthesis, we
constructed evidence tables to present
data separately for the 4 main out-
come variables: hospital mortality, ICU
mortality, hospital LOS, and ICU LOS.
Because of wide variation in the meth-
ods used to evaluate hospital costs, we
did not include cost as an outcome.

We classified the study design as a
randomized clinical trial, cohort study
(prospective, retrospective, or histori-
cal control), case-control study, or out-
comes study (cross-sectional). We clas-
sified the method of risk adjustment as
follows: validated physiologic method
(discrimination and calibration of the
model previously reported), selected
clinical data (discrimination and cali-
bration of the model not reported), and
no risk adjustment.

Because ICU physician staffing var-
ied widely among studies in the control
and intervention groups, we initially clas-
sified ICU physician staffing as follows:
(1) closed ICU (the intensivist is the pa-
tient’s primary attending physician), (2)
mandatory critical care consultation (the
intensivist is not the patient’s primary at-
tending physician, but every patient ad-
mitted to the ICU receives a critical care
consultation), (3) elective critical care
consultation (the intensivist is involved
in the care of the patient only when the
attending physician requests a consul-
tation), and (4) no critical care physi-
cian (intensivists were unavailable). Be-
cause it is difficult to distinguish between
a closed ICU and a mandatory critical
care consultation, and because in sev-
eral studies we were not able to do so,
we further grouped ICU physician staff-
ing into high intensity (mandatory in-
tensivist consultation or closed ICU) or
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]
Table 1. Characteristics of Reviewed Studies Concerning ICU Physician Staffing and Outcomes™

High Intensityt Low Intensityt
ICUs [ ] |
Study Studied, Patients, Physician Patients, Physician
Source Population Design No. No. Staffing No. Staffing Outcome Measures
Pronovost et al,? Surgical (AAA Outcomes CS 39 2036 MC 472 EC Hospital mortality, hospital
1999 repair) and ICU LOS, rates of
complications
Brown and Medical or Cohort HC 1 216 CU 223 NI Hospital and ICU mortality
Sullivan,® 1989 surgical
Baldock et al,® Medical or Cohort HC 1 330 cu 295 EC Hospital mortality
2001 surgical
Kuo et al,'® 2000 Surgical Cohort HC 1 491 CU or MC 176 NI or EC ICU mortality, ICU LOS
Multz et al,’ 1998  Medical Cohort HC 1 154 CU 152 EC Hospital mortality, hospital
(retrospective) and ICU LOS, non-ICU
LOS, procedure use,
duration of MV
Multz et al,'" 1998 Medical Cohort CC 2 185 cu 95 EC Hospital mortality, hospital
(prospective) and ICU LOS, non-ICU
LOS, procedure use,
duration of MV
Reynolds et al,'? Medical (sepsis) Cohort HC 1 112 CU or MC 100 NI Hospital mortality, hospital
1988 and ICU LOS, hospital
costs, discharge status,
LOS by survivorship, No.
of interventions, No. of
consultations
Al-Asadi et al,?” Medical Cohort HC and 2 1005 CU 1404 EC ICU mortality
1996t CC
Carson et al,?® Medical Cohort HC 1 121 Ccu 124 MC Hospital mortality, hospital
1996 and ICU LOS, hospital
costs, duration of MV,
subgroup analysis,
patient and family
perceptions
Ghorra et al,?® Surgical Cohort HC 1 149 CuU 125 EC ICU mortality, ICU LOS,
1999 30-day mortality,
complications with
procedure use
Li et al,®° 1984 Medical or Cohort HC 1 517 CuU 480 NI Hospital mortality, ICU LOS,
surgical 1-year mortality, tests,
monitoring, post-ICU LOS
Jacobs et al,®' Surgical Cohort HC 1 1108 CU 1051 EC or NI ICU bed use efficiency, ICU
19981 readmission
Manthous et al,*>  Medical Cohort HC 1 930 EC 459 NI Hospital and ICU mortality,
1997 hospital and ICU LOS
Marini et al,* Surgical Cohort HC 1 112 Ccu 65 EC ICU mortality, ICU LOS,
19951 duration of MV, No. of
consultations
Pollack et al,** Pediatric Cohort HC 1 113 MC 149 NI ICU mortality, ICU LOS,
1988 admission criteria,
difference of case mix,
TISS
Reich et al,*® Medical or Cohort HC 1 830 cu 826 NI ICU mortality, PA catheter
19981 surgical use, No. of patients

requiring MV, nursing
hours per patient

Tai et al,* 1998 Medical Cohort HC 1 127 CU 12 NI ICU mortality, hospital and
ICU LOS, PA catheter
use, arterial catheter use,

readmissions
Pollack et al," Pediatric Outcomes CS 16 2606 MC 2809 NI Hospital and ICU mortality
1994
DiCosmo,*® 19991 Medical Cohort HC 1 1292 MC 1667 EC ICU mortality, ICU LOS, LOS
with MV, MV mortality
Dimick et al,®® Surgical Qutcomes CS 35 182 MC 169 EC Hospital mortality, hospital
2001 (esopha- LOS, hospital costs,
gectomy) postoperative
complications
(continued)
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]
Table 1. Characteristics of Reviewed Studies Concerning ICU Physician Staffing and Outcomes™ (cont)

High Intensityt

Low Intensityt

ICUs I 1T 1
Study Studied, Patients, Physician Patients, Physician
Source Population Design No. No. Staffing No. Staffing Outcome Measures
Dimick et al,*° Surgical Outcomes CS NR 276 MC 275 EC Hospital mortality, hospital
2000% (hepatectomy) LOS, hospital costs
Rosenfeld et al,*! Surgical Cohort HC 1 201 MC§ 225 EC Hospital and ICU mortality,
2000 hospital and ICU LOS,
complications, ICU and
hospital costs
Diringer and Neurological Outcomes CS 42 266 cu 772 EC Hospital mortality, hospital
Edwards,*? (intracerebral and ICU LOS
2001 hemorrhage)
Goh et al,*® 2001 Pediatric Cohort HC 1 355 CuU 264 EC ICU mortality, ICU LOS
Blunt and Medical Cohort HC 1 393 cu 328 EC Hospital mortality, hospital
Burchett,** and ICU LOS
2000
Topeli,* 2000% Medical Cohort HC 1 149 cu 200 NI ICU mortality, MV mortality
Hanson et al,*® Surgical Cohort CC 1 100 MC 100 NI Hospital mortality, hospital

1999

and ICU LOS, hospital
costs

*All studies were observational and control groups varied. ICU indicates intensive care unit; AAA, abdominal aortic surgery; CS, cross-sectional with concurrent control; MC, man-
datory critical care consultation; EC, elective critical care consultation; LOS, length of stay; HC, historical control; CU, closed unit; NI, no intensivist; MV, mechanical ventilatory
support; CC, concurrent control; TISS, Therapeutic Intervention Scoring System; PA catheter, pulmonary artery (Swan-Ganz) catheter; and NR, not reported.

THigh-intensity physician staffing is either mandatory intensivist consultation or closed ICU. Low-intensity physician staffing is either no intensivist or elective intensivist consultation.

FAn abstract was reviewed; in all other instances, full journal articles were considered.

§Intervention was remote ICU management (telemedicine) using videoconferencing.

low intensity (no intensivist or elective
intensivist consultation).

Evaluation of Study Quality

We elected to evaluate study quality as
the risk of bias caused by temporal
trends, confounding, and incomplete
follow-up. We classified the risk of bias
caused by temporal trends as low if the
study duration was shorter than 2 years,
medium if 2 through 4 years, and high
if longer than 4 years. We classified the
risk of bias from confounding as low if
the authors used a validated physi-
ologic method of risk adjustment,
medium if the authors used selected
clinical data, and high if the authors
used no risk adjustment. We classi-
fied the risk of bias from incomplete
follow-up as low if it was 90% to
100% complete; medium for 80% to
89% complete; and high for less than
80% complete.

Data Analysis

Because the studies varied markedly in
design, risk adjustment method, and
ICU physician staffing in the control and
intervention groups, we performed a
qualitative and quantitative assess-
ment of heterogeneity among trials.
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Because we considered the qualitative
heterogeneity among studies to be sig-
nificant, we were reluctant to perform
a quantitative synthesis of study
results.'* Nevertheless, we used the test
for quantitative heterogeneity."'® We
presentarandom-effects, summary rela-
tive risk (RR) by using the methods of
DerSimonian.!” When the data were
available, we summarized mortality data
from each study with RRs, odds ratios
(ORs), and estimated 95% confidence
intervals (Cls) for the ORs by using
Woolfs method.'® We summarized LOS
data as a relative reduction. We evalu-
ated for publication bias with a funnel
plot. All statistical calculations were per-
formed with STATA 7.0 statistical soft-
ware (STATA Corp, College Station,
Tex). When possible, we reported unad-
justed and adjusted outcomes for base-
line severity of illness. When absolute
rates of hospital mortality were un-
available, we reported the observed-
expected mortality rate, and when the
SD of LOS data were unavailable, we
assumed it to be equal to the mean.” We
used mean rather than median LOS
because few studies reported medians.
Results were considered significant at
P<.05.

RESULTS
Study Selection and Characteristics
We identified 3544 citations from the
electronic search, of which 660 were
duplicates and 294 were unavailable in
English and were excluded. We also iden-
tified 13 citations from hand searching
meeting proceedings. Of the 2590
abstracts reviewed, we rejected 2556
(99%) because the intervention was not
ICU physician staffing or because the
published abstract was superseded by the
subsequent article. We rejected an addi-
tional 8 abstracts after reviewing and dis-
cussing the corresponding article because
the intervention was not ICU physician
staffing or because the reviewers were
not able to determine the type of
ICU physician staffing.'** Twenty-six
studies*®!2?"* met selection criteria (19
articles and 7 published abstracts). The
reviewers had 99% crude agreementin the
selection of eligible abstracts and 96%
crude agreement in the selection of eligible
articles (TABLE 1). FIGURE 1 presents the
study search strategy (QUOROM: Qual-
ity of Reporting of Meta-analyses).
Twenty studies (77%) were from
North America,* 3 (12%) were from Eu-

aReferences 2, 8, 11, 12, 27-29, 30-35, 37-42, 46.
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rope,”*** and 3 (12%) were from
Asia.'***# Eleven (42%) were from aca-
demic medical centers,’ 6 (23%) were
from community teaching hospi-
tals,!1:27:32333641 4 (15%) were from non-
teaching community hospitals,*°3>38+
and 5 (19%) included a variety of hos-
pitals?373%40:42 (3 studies included all
hospitals in Maryland****). One ar-
ticle included a prospective and retro-
spective control arm.' Because our goal
was to describe the available litera-
ture, we treated this article as 2 stud-
ies and thus had 27 studies for quali-
tative synthesis (Table 1).

Table 1 summarizes important as-
pects of these 27 studies, which in-
cluded ICU patients treated between
1979 and 2000. Study populations
included medical patients in 11
studies (41%),¢ surgical patients in
9 (33(%))’2,10,29,31,33,39—41,46 leed medical
and surgical patients in 4 (15%),3°0%
and pediatric patientsin 3 (11%
Sample sizes varied from 177 to 5415
patients, with a mean sample size of
1001 patients (SD, 1190) and a me-
dian sample size of 551 patients (25%-
75% interquartile range, 277-1213).

) 343743

Study Design

All of the studies used an observational
design (Table 1). Twenty-two were co-
hort studies, with 19 using historical
controls (before-and-after design),* 2
using concurrent controls,'* and 1
using both.”” Five studies were cross-
sectional with concurrent con-
trols.>*"**## In one study, the ICU phy-
sician staffing in the intervention group
was via remote videoconferencing.*'
Twenty of the studies evaluated a single
ICU; 2 evaluated 2 ICUs,'**" 1 evalu-
ated 16 ICUs,*” 1 evaluated 35 ICUs,*
1 evaluated 39 ICUs,? 1 evaluated 42
ICUs,* and 1 did not report the num-
ber of ICUs evaluated.*

ICU Physician Staffing

Twenty-five studies compared high- with
low-intensity ICU physician staffing. Of

bReferences 8-10, 12, 28, 29, 31, 34, 43, 45, 46.
‘References 11, 12, 27, 28, 32, 36, 38, 42, 44, 45.
dReferences 8-12, 28, 29, 30-36, 38, 41, 43-45.
eReferences 8-12, 28, 29, 30-36, 38, 41, 43-46.
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the remaining 2, one compared a closed
1CU with a mandatory consultation®® and
the other compared elective consulta-
tion with no intensivist involved.*? Of the
25 studies comparing high- with low-
intensity staffing, 9 compared a closed
ICU (intervention group) with elective
consultation (control group) 2729344
3 compared mandatory consultation
(intervention) with no intensivist (con-
trol) **37% 5 compared mandatory con-
sultation (intervention) with elective
consultation (control group),*** and 5
compared closed ICU (intervention) with
no intensivist (control) 83033364 1n 2
studies, we could not differentiate be-
tween a closed ICU and a mandatory
consultation,'®!? and in 2 studies'*>! we
could not differentiate between an elec-
tive consultation and no intensivist.

Quality Characteristics
The quality characteristics of the stud-
ies are listed in TABLE 2. Fifteen of the
24 studies that reported the study pe-
riod had low risk of bias from tempo-
ral trends, whereas 8 studies had me-
dium risk and 1 had high risk. All 27
studies had complete follow-up and
thus a low risk of bias from incom-
plete follow-up. No study followed up
patients after hospital discharge.
Twenty-one of 27 studies had low risk
of bias from confounding, whereas 6
studies had medium risk. All studies re-
ported some form of risk adjustment.
Twenty-one studies used a validated
physiologic method (15 used the Acute
Physiology and Chronic Health Evalu-
ation Score [APACHE] only,®% 2 used
the Mortality Prediction Model, 2 used
the Pediatric Risk of Mortality Score,**
1 used the Physiologic Severity Index
[PSI],” and 1 reported both APACHE
11 and the Glasgow Coma Scale’®). Six
studies used selected clinical data (the
first used nursing hours per patient,” a
second used age, reason for admission,
and mental status,* a third used a cus-
tomized case-mix index and patient acu-
ity measured by percentage of patients
requiring mechanical ventilatory sup-
port,*® and 3 others used discharge data
in a regression model to adjust for pa-
tient demographics, severity of illness,

]
Figure 1. Study Flow Diagram

3544 Potentially Relevant Articles Identified
and Screened for Retrieval

3531 From Electronic Search
13 From Hand Search

954 Excluded
294 Not Available in
English
660 Duplicates

‘ 2590 Retrieved for Evaluation of Abstract

2556 Excluded (Intervention
Not ICU Physician
Staffing or Published
Abstract Superseded
by Article)

‘ 34 Potentially Appropriate Articles Reviewed

8 Excluded (Intervention
Not ICU Physician
Staffing)

26 Articles Included in Systematic Review
(includes 27 StudiesH

Studies Withdrawn Because
Outcome Not Measured
11 Hospital Mortality
13 ICU Mortality
14 Hospital LOS
9 ICU LOS

Studies With Usable Information
16 Hospital Mortality

14 ICU Mortality

13 Hospital LOS

18 ICU LOS

ICU indicates intensive care unit; LOS, length of stay.
The asterisk indicates that the article by Multz et al"'
had 2 comparisons (retrospective and prospective).

comorbid disease, and hospital and sur-
geon volume?**°) (Table 1).

Eleven studies reported differences
in severity of illness between the high-
and low-intensity groups. In 4 stud-
ies, 314 the high-intensity group com-
pared with the low-intensity group had
significantly higher APACHE scores,
suggesting higher baseline severity of ill-
ness. Three studies reported higher se-
verity in the low-intensity group by us-
ing different severity instruments.**
Two studies reported higher baseline se-
verity in the high-intensity group by us-
ing the distribution of the PSI score** and
APACHE 1I score.’® Another study re-
ported higher ICU nursing hours per day
and suggested that this represented

(Reprinted) JAMA, November 6, 2002—Vol 288, No. 17 2155
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higher severity in the high-intensity phy-
sician staffing group.® The author of the
study,® which used patient acuity and
case-mix index, also suggested greater
severity in the arm with the high-
intensity physician staffing. There was
no evidence of publication bias on a fun-
nel plot of hospital mortality (FIGURE 2).

Impact of High- vs Low-Intensity
ICU Physician Staffing

Hospital Mortality. Seventeen studies
(63%) reported hospital mortality ac-
cording to ICU physician staffing as a pri-

mary outcome measure (TABLE 3). The
hospital mortality rate ranged from 6%
to 74% in the low-intensity staffing group
and from 1% to 57% in the high-
intensity staffing group (Table 3). Over-
all, 16 (94%) of the 17 studies showed a
decrease in hospital mortality rate for
ICU patients with high-intensity physi-
cian staffing; in the one study that
showed increased mortality with high-
intensity physician staffing, the in-
crease was not statistically significant.”®
In 10 (67%) of 15 studies*312323424 that
reported unadjusted mortality and 9

(64%) of 14 studies' that reported ad-
justed mortality, the decrease was sta-
tistically significant (Table 3). No study
reported a statistically significant in-
crease in hospital mortality with high-
intensity ICU physician staffing. The ran-
dom-effects pooled estimate of the
unadjusted RR for high-intensity vs low-
intensity staffing is 0.71 (95% CI, 0.62-
0.82) (FIGURE 3A).

ICU Mortality. Fifteen studies (56%)
evaluated the impact of ICU physician

fReferences 2, 8, 12, 30, 32, 37, 40, 41, 44.

]
Table 2. Quality Characteristics of Reviewed Studies™

Source

Study Period

Risk for Bias Due
to Temporal Trends

Adjustment for
Confounding Variables

Risk for Bias Due to
Confounding Variables

Pronovost et al,? 1999 1994-1996 Low 1 Medium
Brown and Sullivan,® 1989 1984-1986 Low APACHE Il Low
Baldock et al,® 2001 1995-1998 Medium APACHE Il Low
Kuo et al,’® 2000 1986-1996 High APACHE I Low
Multz et al," 1998 (retrospective) 1992-1993 Low MPM Low
Multz et al,'" 1998 (prospective) 1992-1993 Low MPM Low
Reynolds et al,’? 1988 1982-1984 Low APACHE Il Low
Al-Asadi et al,?” 19961 1991-1995 Medium APACHE I Low
Carson et al,?® 1996 1993-1994 Low APACHE 11§ Low
Ghorra et al,?® 1999 1995-1996 Low APACHE IIl Low
Lietal,’* 1984 1979-1981 Low Age, reason for admission, Medium
mental status
Jacobs et al,*' 19981 1995-1997 Low APACHE III§ Low
Manthous et al,®? 1997 1992-1994 Low APACHE Il Low
Marini et al,®® 19951 1993-1994 Low APACHE || Low
Pollack et al,** 1988 1983-1984 Low PSI§ Low
Reich et al,®® 19981 Not stated Nursing hours per day§ Medium
Tai et al,*® 1998 1993-1994 Low APACHE Il Low
Pollack et al,*” 1994 1989-1992 Medium PRISM Low
DiCosmo,® 19991 1994-1997 Medium T Medium
Dimick et al,*® 2001 1994-1998 Medium T Medium
Dimick et al,*° 2001t 1994-1998 Medium T Medium
Rosenfeld et al,*' 2000 1996-1997 Low APACHE Il Low
Diringer and Edwards,*? 2001 1996-1999 Medium APACHE 11§ Low
Glasgow Coma Scale§
Goh et al,*® 2001 1996-1997, Medium PRISM I Low
1999-2000
Blunt and Burchett,** 2000 Not stated APACHE 11§ Low
Topeli,** 2000% Not stated APACHE II§ Low
Hanson et al,*¢ 1999 1994-1995 Low APACHE 11§ Low

*Risk of bias due to temporal trends is classified as low if study duration was 2 years or less, medium if 2 to 4 years, and high if more than 4 years. Risk of bias from confounding
is classified as low if validated physiologic method of risk adjustment was used, medium if selected clinical data were used, and high if no risk adjustment was used. Risk of bias
from incomplete follow-up is classified as low if follow-up is 90% to 100% complete, medium if follow-up is 80% to 89%, and high if less than 80%. Risk for bias due to incomplete
follow-up was low in all studies. APACHE indicates Acute Physiology and Chronic Health Evaluation Score; MPM, Mortality Prediction Model; PSI, Physiologic Severity Index; and

PRISM, Pediatric Risk of Mortality.

tPatient demographics (age, sex, race), comorbidity (diseases in Romano-Charlson index) for the study by Pronovost et al,? severity of illness (urgent or emergent admission,
ruptured aorta for the study by Pronovost et al?; case-mix index for the study by DiCosmo® and the 2 studies by Dimick et al*®*°; percentage of patients requiring mechanical
ventilation for the study by DiCosmo®), hospital volume, and surgeon volume for the study by Pronovost et al? and the 2 studies by Dimick et al.?*“° These studies reported the
distribution of severity scores by subgroups rather than the means for the low-intensity and high-intensity groups. Pollack et al** reported statistical difference between the low-
intensity and high-intensity groups, whereas distributions were comparable in the study by Kuo et al.™®

FAbstract was reviewed; in all other instances, full journal articles were considered.

§Statistically significant difference (P<.05) in severity of ilness (as defined by the risk adjustment methods used) between intervention and control groups.

2156 JAMA, November 6, 2002—Vol 288, No. 17 (Reprinted)

Downloaded From: https://jamanetwor k.com/ on 08/24/2022

©2002 American Medical Association. All rights reserved.



staffing on ICU mortality, with 12 stud-
ies (80%) reporting ICU mortality ad-
justed for severity of illness (Table 3).
Overall, 14 (93%) of these 15 studies?
showed a decrease in ICU mortality rate
for ICU patients with high-intensity phy-
sician staffing. Nine (69%) of the 13
studies® 1029323538418 that reported un-
adjusted ICU mortality rates found a sta-
tistically significant reduction with high-
intensity physician staffing in the ICU
(Figure 3B and Table 3). In 9 (75%) of
the 12 studies®!029323%35414 that ad-
justed for severity of illness, ICU mor-
tality significantly decreased as well with
high-intensity physician staffing. The
random-effects, pooled estimate of the
unadjusted RR for high-intensity vs low-
intensity staffing is 0.61 (95% CI,
0.50-0.75).

Hospital LOS. Thirteen studies (48%)
evaluated the impact of ICU physician
staffing on hospital LOS (TABLE 4). The
hospital LOS ranged from 8 to 33 days
in the low-intensity group and 7 to 24
days in the high-intensity group. Ten
(77%) of 13 studies reported a reduc-
tion in hospital LOS with high-
intensity staffing (range of relative re-
duction, 5%-42%)." In 6 of these studies,
the reduction was statistically signifi-
cant (FIGURE 4A).>11224 Only 1 study
(8%) reported a statistically significant
increase in hospital LOS with high-
intensity physician staffing, but this
study compared patients admitted to a
neurosurgical ICU with patients admit-
ted to a general ICU, and the results were
not adjusted for baseline severity of ill-
ness.” Only 4 studies adjusted hospital
LOS for baseline severity of ill-
ness.”** Two of these studies** showed
a statistically significant decrease in hos-
pital LOS with high-intensity physi-
cian staffing in the ICU, with the re-
maining 2 studies***' showing no
significant difference in hospital LOS.*

Intensive Care Unit LOS. Eighteen
studies (67%) evaluated the impact of
ICU physician staffing on ICU LOS
(Table 4). The ICU LOS ranged from
2 to 13 days in the low-intensity group

sReferences 8-10, 27, 29, 31-36, 38, 41, 43.
"References 2, 11, 28, 32, 36, 39, 40, 44, 46.
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and 2 to 10 days in the high-intensity
group. Fourteen (78%) of 18 studies re-
ported that ICU LOS decreased with
high-intensity physician stafting (Fig-
ure 4B).'In 11 of these studies, this de-
crease was statistically significant.) The
study that compared a closed neuro-
surgical ICU to a general ICU was the
only one to report a statistically signifi-
cant increase in ICU LOS with high-
intensity ICU physician staffing in the
neurosurgical ICU.* Three of 18 stud-
ies reported higher severity in the high-
intensity group,*®34 2 reported higher
severity in the low-intensity group,**
and the remaining 13 reported no dif-
ference between the 2 groups.* Only 2
studies adjusted ICU LOS for baseline
severity of illness***; ICU LOS in both
studies favored high-intensity physi-
cian staffing.

COMMENT

We found that greater use of intensiv-
ists in the ICU led to significant reduc-
tions in ICU and hospital mortality and
LOS. These findings were consistent
across a variety of populations and hos-
pital settings and have potentially im-
portant implications for patient care.
Given the variation in ICU physician
staffing and the potential for reduced
mortality implied by these studies, a
more rigorous evaluation of the opti-
mal ICU organization is essential.
Intensive care is one of the largest and
most expensive aspects of US health care.
There are approximately 6000 ICUs in
the United States,” caring for approxi-
mately 55000 patients daily,” with an an-
nual budget of approximately $180 bil-
lion.! The proportion of ICUs with high-
intensity ICU physician staffing is
unclear, but appears to be relatively
small. In 1992, Groeger et al® suggested
that only 10% of ICUs in the United
States require an intensivist to act as the
patients’ primary physician. In 1999,
Schmitz et al*® estimated that one third
of all ICU patients in the United States
were treated by intensivists acting as ei-

References 2, 10, 11, 29, 30, 32, 33, 36, 38, 41, 43,
44, 46.

iReferences 2, 10, 11, 32, 33, 36, 38, 41, 43, 46.

kReferences 2, 10-12, 29, 30, 32-34, 36, 41, 42.

]
Figure 2. Funnel Plot of Hospital Mortality
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The funnel plot provides an estimate of publication
bias. In the absence of bias, the studies should be sym-
metrically distributed along the funnel. If small stud-
ies with negative results are unpublished, the plot will
appear asymmetrical. Our plot suggests no evidence
of publication bias. Log OR indicates log odds ratio.

ther primary physicians or consultants.
Since most ICU patients are cared for
with low-intensity physician staffing and
high-intensity staffing appears to be as-
sociated with improved outcomes, man-
datory ICU physician staffing may im-
prove ICU process and outcomes.

The general lack of intensivist staff-
ing in the United States contrasts with
the usual closed ICU approach in Eu-
rope and Australia. A survey™ by the Au-
dit Commission for Local Authorities
and the National Health Service in En-
gland and Wales found that closed sys-
tems are common and intensivists ini-
tiate care in 80% of all ICUs. The average
6-bed general ICU in the United King-
dom has 3 consultants with fixed com-
mitments to the unit and 3 more tak-
ing part in the on-call rota.”® According
to Cole et al,>” all ICUs in Victoria, the
second most populous state in Austra-
lia, have been following the closed model
for more than a decade. In 1997, a task
force of the European Society of Inten-
sive Care Medicine®® issued recommen-
dations on minimal requirements for
intensive care departments (ICDs). Al-
though the recommendations were not
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evidence based, the task force empha-
sized that the director of an ICD should
be an intensivist and that it is essential
that a qualified intensivist provide 24-
hour coverage in level II and III (mod-
erate- and high-intensity care) ICDs.”®
The task force also recommended 24-
hour coverage by an intensivist for level
11CDs.”®

Our review identified several issues
that may be important for researchers
studying health care organizational
characteristics. Our initial search, based
on MeSH terms and text words, yielded
a large number of citations, yet failed
to identify several relevant articles
that we had previously identi-
fied 8911228303234 Although each shared

intensive care unit as a MeSH term, the
assignment of other MeSH terms was
inconsistent. By incorporating the re-
lated articles feature, we were able to
identify additional relevant articles. The
configuration of MeSH terms is not ideal
for a comprehensive review of health
care organizational characteristics,
and investigators and library scien-

]
Table 3. Hospital and ICU Mortality With Low- and High-Intensity ICU Physician Staffing*

No./Total (%) of Deaths P Value
Low-Intensity High-Intensity l l l
Source ICU Staff ICU Staff OR (95% CI)t Unadjusted Adjustedt
Hospital Mortality
Pronovost et al,2 1999 52/472 (21) 131/2036 (6) 0.56 (0.40-0.78) <.05 <.05
Brown and Sullivan,® 1989 79/223 (36) 53/216 (25) 0.59 (0.39-0.90) <.01 <.05
Baldock et al,® 2001§ 107/294 (36) 78/330 (24) 0.54 (0.38-0.77) <.001 NR
Multz et al,"" 1998 (retrospective) 68/152 (45) 56/154 (36) 0.71 (0.47-1.12) NS NS||
Multz et al," 1998 (prospective) 36/95 (38) 52/185 (28) 0.64 (0.38-1.08) NS NS||
Reynolds et al,’? 1988 74/100 (74) 64/112 (57) 0.47 (0.26-0.83) <.01 <.05
Carson et al,?® 1996 28/124 (23); O/E, 0.99 38/121 (31); O/E, 0.8  1.57 (0.89-2.78); O/E, 0.89 12 NR
Liet al,’* 1984 153/480 (32) 154/517 (30) 0.91 (0.69-1.19) NS .01
Jacobs et al,*' 1998§ O/E, 0.989 O/E, 0.819 O/E, 0.831 NR NS
Manthous et al,®? 1997 156/459 (34) 116/471 (25) 0.63 (0.48-0.84) .002 <.05
Pollack et al,*” 1994 . . . NR .03
Dimick et al,*® 2001 24/169 (14) 7/182 (4) 0.24 (0.10-0.58) .003 NS
Dimick et al,* 2001 21/275 (8) 4/276 (1) 0.18 (0.05-0.50) <.001 <.05
Rosenfeld et al,*' 2000 26/225 (12); O/E, 1.19 9/201 (5); O/E, 0.71 0.36 (0.16-0.79) .008 <.05
Diringer and Edwards,*? 2001 c C 0.39 (0.22-0.67) .001 NR
Blunt and Burchett,* 2000 113/328 (34); O/E, 1.19 93/393 (24); O/E, 0.8  0.59 (0.43-0.82) .001 <.05
Hanson et al,*® 1999 6/100 (6) 4/100 (4) 0.65 (0.18-2.39) NS NS
ICU Mortality

Brown and Sullivan,® 1989 62/223 (28) 29/216 (13) 0.40 (0.25-0.66) <.01 <.05
Baldock et al,® 2001§ 83/294 (28) 64/330 (19) 0.61 (0.42-0.89) .01 .005
Kuo et al,’ 2000 90/176 (51) 151/491 (31) 0.42 (0.30-0.60) <.001 <.01
Al-Asadi et al,?” 1996 112/1404 (8) 66/1005 (7) 0.81 (0.59-1.11) 19 NS
Ghorra et al,?® 1999 18/125 (14) 9/149 (6) 0.38(0.17-0.88) .01 <.05
Jacobs et al,®' 1998§ O/E, 1.179 O/E, 0.999 O/E, 0.859 NR NS
Manthous et al,*? 1997 96/459 (21) 70/471 (15) 0.66 (0.47-0.93) .02 <.05
Marini et al,®* 1995§ 13/65 (20) 12/112 (11) 0.48 (0.21-1.13) .09 NR
Pollack et al,** 1988 10/149 (7) 4/113 (4) 0.51(0.16-1.67) .26 <.05
Reich et al,*® 1998 57/826 (7) 35/830 (4) 0.59 (0.39-0.92) <.05 <.05
Tai et al,%® 1998# O/E, 1.239 O/E, 1.09 C NR .29
DiCosmo,*® 1999 137/1667 (8.2) 63/1292 (4.9) 0.57 (0.42-0.78) <.001 NR
Rosenfeld et al,*' 2000 22/225 (10); O/E, 1.89 3/201 (2); O/E, 0.6 0.14 (0.04-0.48) <.01 <.05
Goh et al,* 2001 82/264 (31); O/E, 0.99 42/355 (12); O/E, 1.6  0.30 (0.20-0.45) <.001 <.05
Topeli,* 2000 42/200 (21) 45/149 (30) 1.63 (0.99-2.66) .05

*|CU indicates intensive care unit; OR, odds ratio; Cl, confidence interval; NR, not reported; and NS, not significant. Low ICU physician staffing is either no intensivist available or
elective consultation; high ICU physician staffing is either mandatory consultation or closed ICU. Ellipses indicate studies in which outcome was not evaluated.

1The ORs are quoted from the studies or calculated from unadjusted high-intensity mortality rate vs low-intensity mortality rate where rates were available.

FResults were adjusted for baseline severity of illness. Adjusted P values and ORs (where available) shown as reported by the authors.

§Studies have more than 1 observation period after intervention. Information from observation period closest to intervention is included.

[Multz et al'" also pooled the data and found a significant reduction in hospital mortality (P<.04) with high-intensity ICU physician staffing.

YO/E is the observed-to-expected mortality ratio based on risk adjustment using the Acute Physiology and Chronic Health Evaluation Score (APACHE) Il (studies by Carson et al,®
Tai et al,* and Blunt and Burchett*4), APACHE |l (studies by Jacobs et al®' and Rosenfeld et al*'), or Pediatric Risk of Mortality Il (study by Goh et al*3).

#Data reported for survivors only.
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tists should improve this indexing
situation.

There are a number of potential limi-
tations to consider regarding this lit-
erature. First, there is a risk of selec-
tion bias. Mark® describes 3 areas of
possible selection bias in critical ap-
praisal: selection of representative
subjects (generalizability), selection of
subjects to exposure (confounding vari-
ables), and selection of subjects at out-
come (distorted samples). We believe
the findings are generalizable because
there was a consistent benefit associ-
ated with high-intensity staffing in stud-
ies of medical and surgical patients,
studies from academic and commu-
nity hospitals, and studies from inside
and outside the United States. Be-
cause the studies are not randomized,
the risk of confounding variables is
considerable. However, an important
strength of this literature was the con-
sistent use of risk-adjustment meth-
ods. Critical care medicine has devel-
oped sophisticated, well-validated,
risk-adjustment methods that use

STAFFING AND OUTCOMES IN CRITICALLY ILL PATIENTS

multiple clinical and physiologic vari-
ables to predict the risk of in-hospital
death.”>2 In our analysis, 22 (81%) of
27 studies used such methods to mini-
mize bias from confounding variables.
Finally, all 27 studies had complete fol-
low-up, and there was therefore no risk
of bias from distorted samples.

A second potential limitation is pub-
lication bias. However, the funnel plot
suggested that risk for publication bias
was not significant (Figure 2). There was
no quantitative heterogeneity among
studies, and the results were consistent
across studies, increasing our confi-
dence in the validity of our conclu-
sions. Moreover, from our discussions
with staff of critical care societies (Ameri-
can Thoracic Society, American Col-
lege of Chest Physicians, and Society of
Critical Care Medicine at their annual
meetings during 1999-2001), we found
no evidence of any relevant negative un-
published studies.

A third potential limitation is risk for
temporal trends in mortality to bias
study results. Temporal trends in any

before-and-after study design could
affect the results of this review and re-
duce the strength of our inferences. We
believe this source of bias is small for
several reasons. First, evidence for the
effectiveness of therapies in reducing
mortality in critically ill patients oc-
curred only at the end of the study pe-
riods.?%2 Second, there were no trends
for reduced mortality in critically ill pa-
tients during the study periods. Third,
most of the studies were conducted dur-
ing a short period, and thus the effect
of any temporal trends is likely small.

A fourth potential limitation is the
use of ICU mortality and LOS as out-
come measures. Because no study de-
scribed explicit criteria for discharge
from the ICU, differences in discharge
practices between the treatment and
control groups may have influenced the
results. For example, early ICU dis-
charge may have artificially reduced
ICU mortality without decreasing hos-
pital mortality. However, the improve-
ment in mortality and LOS observed
with high-intensity ICU physician staft-

Figure 3. Unadjusted Hospital and ICU Mortality With Low- and High-Intensity ICU Physician Staffing

Hospital Mortality

Risk Ratio
Source Weight (95% CI)
Pronovost et al? 8.4 0.58 (0.43-0.79)
Brown and Sullivan® 8.6 0.69 (0.52-0.93)
Baldock et al® 9.7 0.65 (0.51-0.83)
Multz et al'! (Retrospective) 9.0 0.81(0.62-1.07)
Multz et al'! (Prospective) 7.5 0.74 (0.53-1.05)
Reynolds et al'? 10.7 0.77 (0.63-0.94)
Carson et al?® 6.2 1.39 (0.91-2.11)
Li et al®® 11.0 0.93(0.78-1.13)
Manthous et al®? 10.6 0.72 (0.59-0.89)
Dimick et al*® 2.5 0.26 (0.12-0.59)
Dimick et al* 1.6 0.19 (0.07-0.55)
Rosenfeld et al*! 2.9 0.39 (0.19-0.81)
Blunt and Burchett** 10.0 0.69 (0.54-0.87)
Hanson et al*® 1.2 0.67 (0.19-2.29)
Overall (95% Cl) 0.71 (0.62-0.82)

ICU Mortality
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Data from studies demonstrate the relative risk (RR) with 95% confidence intervals (Cl) of hospital and intensive care unit (ICU) mortality with high intensity vs low
intensity ICU physician staffing. The RRs less than 1 suggest reduced mortality with high intensity staffing while RRs greater than 1 suggest increased mortality with
high intensity staffing. The size of the data markers corresponds to the weight of the studies. Larger markers imply less uncertainty from the results of the individual
study, and carry more weight in calculating the random effects pooled estimate from the systematic review.
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ing was observed at ICU and hospital
discharge.

There are also limitations in the way
we conducted our review. First, 3 of the
authors (P J.P.,D.C.A.,and T.D.) are in-
tensivists and potentially biased. The
high degree of agreement among review-
ers may be due to similar clinical and re-
search interests and may have encoded
systematic error. Second, we included
only articles published in English, al-
though we are not aware of relevant

non-English-language publications. The
exclusion of non-English-language ar-
ticles should not significantly affect the
study results.® Third, we did not per-
form a formal evaluation of study qual-
ity, because the particular scale chosen
may influence the results.®* Rather, we
identified relevant methodologic as-
pects of the study (a priori) and as-
sessed these individually.

Our systematic review was rigor-
ously conducted and transparently re-

ported, following recommendations
outlined by the Meta-analysis of Ob-
servational Studies in Epidemiology
Group.'* Because it is unclear how to
proceed when there is qualitative but
not quantitative heterogeneity among
studies, we present pooled estimates by
using the random-effects model and
recommend cautious interpretation of
these results.

We should attempt to identify the
characteristics of high-intensity ICU

]
Table 4. Hospital and ICU Length of Stay with Low- and High-Intensity ICU Physician Staffing™

Length of Stay (LOS) P Value
l Low-Intensity High-Intensity l I I Relative Reduction
Source ICU Staff ICU Staff Unadjusted Adjustedt in LOS, %
Hospital LOS
Pronovost et al, 2 1999 12.5(11.5) 10.8 (10.5) <.05 <.05 14
Multz et al,"" 1998 (retrospective) 31.2 (31.2% 22.2 (22.2) <.02 NR 29
Multz et al,"" 1998 (prospective) 33 2 (33.2)§ 19 2(19.2% <.01 NR 42
Reynolds et al,> 1988 21 (22) 4 (23) NS NR -14§
Carson et al,?® 1996 16.7 (19.4) 15 9(4.2 .75 NR 5
Manthous et al,® 1997 22.6 (22.6)F 17.7 (17.7)t <.05 NR 22
Tai et al,* 1998 10NE 0 (10t NS NR 9
Dimick et al,? 2001|| 5 (11-25) 9 (8-11) <.05 <.05 40
Dimick et al,“> 2001 8 (6-11) 7 (6-10) NS NS 13
Rosenfeld et al,*' 2000 2 (9.2 O/E 0.63 3(9.3)1 O/E0.6 NS NS -1§
Diringer and Edwards,* 2001 11.4 (5.8) 15 5(24.0) <.05 NR -368§
Blunt and Burchett,** 2000]| 4 (8-24) 3 (8-24) NS NR 7
Hanson et al,*¢ 1999 23 6 (23.6) 20.3 (20.3)t <.05 NR 14
ICU LOS
Pronovost et al, 2 1999 6(7) 3.8(4) <.05 <.05 37
Kuo et al,’ 2000 11.8(13.1) 10.1 (11.0) <.001 NR 14
Multz et al,'" 1998 (retrospective) 9.3 (9.9)f 6.1 6.1)F <.05 NR 34
Multz et al,™ 1998 (prospective) 12.6 (12.6)F 6.2 (6.2)F <.01 NR 51
Reynolds et al,'2 1988 8(10) 10 (11) NS NR -25§
Carson et al,?® 1996 4.4 (7.1) 4.9 (6.3) .57 NR -11§
Ghorra et al,° 1999 5.8 (5.8) 5.5(5.1) .73 NR 5
Lietal,® 1984 4 (3.9 3.9 (4.9 .05 NR 3
Manthous et al,*? 1997 5 (5)f 3.9 (3.9%F <.05 NR 22
Marini et al,* 19959 9(9) 4 (4) <.05 NR 56
Pollack et al,** 1988 2(2) 2(2) NS NR 0
Tai et al,% 1998 3@t 2 (@)t .01 NR 33
DiCosmo,* 1999 4.1 @0t 3.6 (3.6)f NR NR 12
Rosenfeld et al,' 2000 7 2.7+ O/E 0.96 2 (2)+ O/E 0.86 <.01 <.01 26
Diringer and Edwards,*> 2001 4.5(6.2) 7.8(12.5) <.05 NR -73§
Goh et al,*3 2001 6.8 (10.3) 4.0 (5.6) <.001 NR 41
Blunt and Burchett,* 2000 0(95% ClI, 0.8-4.2) 9 (95% Cl, 0.8-3.5) NS NR 5
Hanson et al,*¢ 1999 2.8 (2.8)f 22t <.05 NR 29

*Results are presented as means (SDs) except where noted. ICU indicates intensive care unit; NR, not reported; NS, not significant; and O/E, observed-to-expected mortality ratio
based on risk adjustment using the Acute Physiology and Chronic Health Evaluation Score Il. Low ICU physician staffing is either no intensivist available or elective consultation;

high ICU physician staffing is either mandatory consultation or closed ICU.

TResults were adjusted for baseline severity of illness. Unadjusted and adjusted P values shown as reported by the authors.
FThe SD was not provided in the original study and was assumed to be equal to the mean LOS.

§Relative risk increase.

|Medians reported instead of means. Range is shown in parentheses.
{IStudies have more than one observation period after intervention. Information from the observation period closest to the intervention is included. Data shown are for survivors only.
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Figure 4. Unadjusted Hospital and Intensive Care Unit (ICU) Length of Stay (LOS) With Low- and High-Intensity ICU Physician Staffing
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Data from studies are plotted with the high-intensity mean LOS as a y-coordinate and the low-intensity mean LOS as an x-coordinate with the 95% confidence in-
tervals (error bars) calculated by the authors of the systemic review. A discrepancy exists between the plotting of the error bars for study 10 in panel B (error bar crosses
the line of equivalency) and P<.001 (as reported by Carson et al). The diagonal line represents the line of equivalency. Data points below the line of equivalency
suggest shorter LOS in the high-intensity group, and those above the line suggest shorter LOS in the low-intensity group. Numbers refer to references (r indicates
retrospective; p, prospective). Asterisks indicate SD, assumed to be equal to the mean LOS.

staffing that improved outcome. We
found previously that daily rounds by
an ICU physician were associated with
improved outcomes in patients who
underwent abdominal aortic surgery. Yet
how daily rounds translate into improved
outcomes remains unclear.? For
example, were the improved outcomes
due to specific critical care training and
expertise or to increased availability, per-
haps with reduced response time, of a
team of physicians whose sole respon-
sibility was to provide care in the ICU?
Some of the improvements may be
possible through alternative staffing
models, such as telemedicine.* Finally,
other ICU characteristics, such as nurse-
to-patient ratios, also affect patient
outcomes.” Determining how to best
organize ICU staffing from a multidis-
ciplinary standpoint to optimize patient
outcomes is a high research priority.
Meanwhile, our findings provide evi-
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dence to support the recommendations
by the Leapfrog Group®*®” and Society
of Critical Medicine for ICU physician
staffing.®® We believe this systematic
review summarizes and clarifies the avail-
able literature, helps guide public policy,
and provides a basis for future research.
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