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OBSERVATIONAL STUDY

Patient Outcomes and Unit Composition With 
Transition to a High-Intensity ICU Staffing 
Model: A Before-and-After Study
IMPORTANCE: Provider staffing models for ICUs are generally based on prag-
matic necessities and historical norms at individual institutions. A better under-
standing of the role that provider staffing models play in determining patient 
outcomes and optimizing use of ICU resources is needed.

OBJECTIVES: To explore the impact of transitioning from a low- to high-intensity 
intensivist staffing model on patient outcomes and unit composition.

DESIGN, SETTING, AND PARTICIPANTS: This was a prospective observa-
tional before-and-after study of adult ICU patients admitted to a single community 
hospital ICU before (October 2016–May 2017) and after (June 2017–November 
2017) the transition to a high-intensity ICU staffing model.

MAIN OUTCOMES AND MEASURES: The primary outcome was 30-day all-
cause mortality. Secondary outcomes included in-hospital mortality, ICU length of 
stay (LOS), and unit composition characteristics including type (e.g., medical, sur-
gical) and purpose (ICU-specific intervention vs close monitoring only) of admission.

RESULTS: For the primary outcome, 1,219 subjects were included (779 low-
intensity, 440 high-intensity). In multivariable analysis, the transition to a high-
intensity staffing model was not associated with a decrease in 30-day (odds ratio 
[OR], 0.90; 95% CI, 0.61–1.34; p = 0.62) or in-hospital (OR, 0.89; 95% CI, 
0.57–1.38; p = 0.60) mortality, nor ICU LOS. However, the proportion of patients 
admitted to the ICU without an ICU-specific need did decrease under the high-
intensity staffing model (27.2% low-intensity to 17.5% high-intensity; p < 0.001).

CONCLUSIONS AND RELEVANCE: Multivariable analysis showed no associa-
tion between transition to a high-intensity ICU staffing model and mortality or LOS 
outcomes; however, the proportion of patients admitted without an ICU-specific 
need decreased under the high-intensity model. Further research is needed to 
determine whether a high-intensity staffing model may lead to more efficient ICU 
bed usage.

KEY WORDS: hospital mortality; intensive care unit; intensive care unit triage; 
intensivist staffing; length of stay

Although the majority of ICUs in the United States are based in commu-
nity hospitals (1), very little research has been done to assess the impact 
of ICU staffing models on patient outcomes in the community setting. 

Instead, staffing generally reflects local historical precedent and practical necessity 
rather than optimization based on formal assessment (2, 3). Existing studies have 
been largely based in academic centers and observed effects on patient outcomes 
have been heterogeneous. Implementation of 24-hour in-house intensivist care 
has generally shown no association with mortality outcomes (4, 5) but may reduce 
mortality in ICUs with inconsistent daytime intensivist coverage (5). Analyses of 
patient-to-provider ratios have shown mixed results with some demonstrating a 
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deleterious mortality effect of higher ratios (6, 7) but oth-
ers suggesting no association (8). Mandatory involvement 
of trained intensivists in ICU patient care, often referred 
to as a “closed” ICU model, has been associated with 
improved patient outcomes in multiple studies at single 
academic medical centers (9–15); however, large cohort 
studies of multiple academic and community-based ICUs 
have not been able to replicate this finding (16, 17). One 
factor contributing to this inconsistency could be differ-
ences of effects between academic and community sites.

To better understand the effects of ICU staff-
ing models on patient outcomes in community 
settings, we evaluated the impact of an adminis-
tratively planned transition from a low-intensity to 
high-intensity ICU provider staffing model on unit 
composition, ICU turnover, and clinical outcomes 
of patients admitted to a community-based ICU. 
We hypothesized that the introduction of a high-
intensity staffing model and consistent intensivist in-
volvement would be associated with improvements 
in patient mortality outcomes (30-d and in-hospital 
mortality), reduction in ICU length of stay (LOS), 
and transition of unit composition to more patients 
with active critical care needs, rather than simply ob-
servational needs.

MATERIALS AND METHODS

Complete details on the Materials and Methods used 
can be found in the Supplemental Methods (http://
links.lww.com/CCX/B136).

Study Design and Setting

A prospective observational before-and-after study 
was conducted at a 24-bed, combined-specialty, com-
munity-based, open ICU under two staffing paradigms 
to evaluate their effect on patient outcomes as well as 
unit composition and turnover.

Study Population and Timeframe

Data were collected from October 2016 to November 
2017 on all adults admitted to the ICU over the study 
period (Fig. 1). This timeframe encompassed an 
8-month period before and 6-month period after a 
planned transition in ICU staffing from a low-intensity 
to high-intensity model (June 2017).

Low-Intensity and High-Intensity Staffing 
Models

Similar to prior literature descriptions (2, 18), the low-
intensity staffing model (November 2016–May 2017) 
employed an open admission policy with elective 
intensivist consultation at the discretion of the admit-
ting provider, although primary intensivist manage-
ment of patients requiring mechanical ventilation or 
invasive hemodynamic support (e.g., vasopressors, or 
mechanical cardiac support devices) was mandated. 
The ICU was covered by two in-house board-certi-
fied intensivists (anesthesiology, internal medicine, 

 
KEY POINTS

Question: We hypothesized that transition to a 
high-intensity intensivist staffing model would re-
duce all-cause 30-day and in-hospital mortality.

Findings: We performed a prospective observa-
tional study examining patient outcomes before and 
after the transition to a high-intensity staffing model 
in a single community hospital ICU. Multivariable 
modeling did not show any association between 
the staffing model change and mortality outcomes.

Meaning: Transition to a high-intensity intensivist-
driven staffing model did not reduce in-hospital or 
30-day mortality in this community hospital ICU.

Figure 1. Flowchart of ICU patient admissions and subject 
enrollment. Patients who were non-ICU status (boarding) or had 
incomplete admission profiles were excluded.
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or surgical critical care trained physician) from 7:00 
am to 9:00 pm (provider 1, 7:00 am–2:00 pm; provider 
2, 10:00 am–9:00 pm resulting in 4 hr of overlap be-
tween providers). Overnight coverage was provided by 
an off-site tele-ICU physician with access via the elec-
tronic medical record and high-resolution cameras, 
and a second on-call physician available to return to 
the hospital if needed for bedside management at the 
discretion of the tele-ICU provider.

The high-intensity model (June 2017–November 
2017) implemented three major staffing changes. First, 
a third daytime provider was added to the staffing 
complement in the form of a critical care advanced 
practice provider (APP) working from 7 am to 5 pm, 
in addition to the two existing critical care physicians. 
The APP responsibilities included managing a share of 
admissions and consults and assisting with cross cover. 
Physician oversight was provided but most APPs func-
tioned largely independently. Second, unlike the low-
intensity model in which intensivist consultation was 
optional except in the case of invasive mechanical ven-
tilation and vasopressor use, all patients admitted to 
the ICU under the high-intensity model were either 
primarily admitted and managed by the intensivist 
team or co-managed by the nonintensivist admitting 
team and the intensivist team via mandatory consulta-
tion. Third, overnight coverage was changed from re-
mote to in-house coverage by one intensivist who was 
responsible for ICU admissions, cross covering on all 
ICU patients, and covering tele-ICU responsibilities 
for four other community hospital ICUs in the area.

Data Collection

Patient-to-provider ratios were calculated at the time 
of admission for each patient by dividing the ICU 
census at time of admission by the number of sched-
uled daytime providers that day, regardless of provider 
overlap. Select patient and census-specific data were 
collected by the unit clerk using a data collection tool 
and additional variables were extracted from the elec-
tronic medical record by research coordinators and 
medical students trained to abstract data according to 
study protocol. Additional census data were obtained 
from the hospital administration. Full details of col-
lected data can be found in the Supplemental Methods 
(http://links.lww.com/CCX/B136). The primary out-
come of this study was 30-day all-cause mortality. 
Secondary outcomes included in-hospital mortality, 

ICU LOS, and unit composition, defined as the pro-
portion of patients admitted to the ICU for a specific 
intervention versus observation.

Statistical Analysis

Patient characteristics and ICU staffing, census, and 
turnover were summarized by staffing model using 
standard descriptive statistics. Normally distributed 
variables were compared using Student t test with une-
qual variances, skewed variables were compared using 
the Wilcoxon rank-sum test, and categorical variables 
were compared using Fisher exact test. Thirty-day and 
in-hospital all-cause mortality were compared between 
the staffing models using Fisher exact test. ICU LOS 
was compared between staffing models while treating 
in-hospital mortality as a competing risk using Aalen-
Johansen cumulative incidence plots and Gray test 
(19), the competing risks analog to the log-rank test. 
To visually assess the presence of seasonal variations 
or other cyclical effects, 30-day mortality, in-hospital 
mortality, and ICU LOS by month of hospital admis-
sion were plotted. The associations between staffing 
model and mortality outcomes were reevaluated using 
multiple logistic regression models accounting for ad-
ditional patient and unit variables. The association 
between staffing model and ICU LOS was similarly 
reevaluated using a Fine-Gray competing risk regres-
sion model (20) accounting for patient and unit factors. 
The adjusted models were then refit using an interac-
tion term between staffing model and Sequential Organ 
Failure Assessment (SOFA) score to determine whether 
the association between each patient outcome and staff-
ing model differed by patient acuity. All analyses were 
conducted using R Version 4.1.1 (R Foundation for 
Statistical Computing, Vienna, Austria) and two-sided 
p values of less than 0.05 were considered statistically 
significant. This study was approved by the University 
of Minnesota Institutional Review Board (Study No. 
1606M89741, October 28, 2016). Research procedures 
were followed in accordance with the ethical standards 
of the responsible committee on human experimenta-
tion and with the Helsinki Declaration of 1975.

RESULTS

Patient and Admission Characteristics

Among the 1,398 ICU patients admitted between 
October 2016 and November 2017, 170 had incomplete 
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data or were deemed to have non-ICU status (e.g., 
boarding in the ICU) and were excluded from all 
analyses. Of the remaining 1,228 patients, 788 were 
admitted during the low-intensity model timeframe 
(October 2016–May 2017) and 440 during the high-
intensity model timeframe (June 2017–November 
2017) (Fig. 1).

Patient demographics and information regarding 
ICU staffing, census, and turnover are provided in 
Table 1 for the overall study population as well as by 
staffing model. Although most observed characteris-
tics were similar between groups, patients admitted 
during the low-intensity staffing model had, on av-
erage, a higher SOFA score than those admitted dur-
ing the high-intensity staffing model (4.5 [sd: 3.4] vs 
4.1 [sd: 4.1]; p = 0.05), however, both of these scores 
correlate clinically with a similar predicted mortality 
rate of ~20% (21).

Purpose for ICU Admission and Unit 
Composition

The transition to a high-intensity staffing model was 
associated with significant differences in the pa-
tient composition of the ICU (Table 1). In the high-
intensity model, the proportion of patients admitted 
for direct therapeutic interventions significantly 
increased relative to low-intensity (561 [71.2%] low-
intensity compared with 351 [79.8%] high-intensity; 
p = 0.001), and the proportion admitted for observa-
tion decreased (214 [27.2%] low-intensity compared 
with 77 [17.5%] high-intensity; p = 0.001). During 
the high-intensity period, an increase in the pro-
portion of patients admitted for cardiac and cardi-
ovascular surgery indications (19.7% low-intensity 
vs 28.9% high-intensity; p = 0.003) and a decrease 
in the proportion of medical patients (51.5% low-
intensity vs 42.7% high-intensity; p = 0.003) were 
also observed.

ICU Census and Turnover

The mean ICU census at the time of patient admis-
sion was significantly higher under the low-inten-
sity model than the high-intensity model (14.8 [sd: 
3.1] low-intensity vs 13.8 [sd: 3.4] high-intensity; p 
< 0.001). This finding differed from the administra-
tive reports for which no significant difference was 

observed between staffing models in the monthly 
average midnight ICU census (14.1 [sd: 1.26] low-
intensity vs 13.6 [sd: 1.59] high-intensity; p = 0.55), 
nor the distinct patient monthly average (19.7 [sd: 
1.8] low-intensity vs 18.6 high-intensity [sd: 1.9];  
p = 0.31). This difference in findings may reflect the 
decreased time resolution afforded by daily rather 
than continuous census sampling, with the former 
having more susceptibility to undercounting during 
periods of high turnover than the latter. ICU turn-
over significantly decreased between the low- and 
high-intensity models, with an average of 6.5 (sd: 2.6) 
patients being transferred or discharged on the day 
of a subject’s ICU admission during the low-intensity 
period versus 5.6 (sd: 2.4) during the high-intensity 
period (p < 0.001).

Staffing Ratios and ICU Acuity

As gauges of ICU acuity, nursing ratios, numbers of 
patients on mechanical ventilation, and numbers of 
patients requiring pressors was compared between 
staffing models. The nurse-to-patient ratio (RN: Pt 
ratio) at the time of admission for each individual 
subject was not significantly different between staff-
ing models (p = 0.09). However, the average number 
of total patients on the unit with a 1:1 or 1:2 RN: Pt 
ratio at the time of each subject’s admission did signifi-
cantly differ. Whereas the mean number of patients on 
unit with a 1:1 or 1:2 RN: Pt ratio at the time of subject 
admission was 1.7 (sd: 1.4) and 13.0 (sd: 2.5) for the 
low-intensity model, these numbers decreased slightly 
to 1.5 (sd: 1.3) and 12.3 (sd: 3.6) for the high-intensity 
model (p = 0.02 and 0.001). The average number of 
mechanically ventilated patients was similar between 
staffing models (6.2 [sd: 2.6] low-intensity vs 5.9 [sd: 
3.0] high-intensity; p = 0.10). Although the average 
number of patients on vasopressors was also similar, a 
small but statistically significant difference was found 
(low-intensity, 2.4 [sd: 1.8]; high-intensity, 2.1 [sd: 
1.7]; p = 0.002).

Mortality Outcomes

A multivariable model was used to explore associa-
tions between staffing model and mortality, while 
adjusting for patient acuity and demographics, 
type and timing of admission, ICU acuity, and 
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TABLE 1.
Baseline Characteristics of the Study Sample in Addition to ICU Census, Staffing, and 
Acuity Data by Staffing Model

Characteristic 
Overall  

(n = 1,228) 

Low-Intensity 
Staffing Model 

(n = 788) 

High-Intensity 
Staffing Model  

(n = 440) p 

Demographics and admission circumstance

  Female sex assigned at birth, n (%) 677 (55.2) 426 (54.1) 251 (57.2) 0.31
  Non-Hispanic White, n (%) 1,009 (82.2) 656 (83.2) 353 (80.2) 0.19
  Age, mean (sd) 64.5 (16.5) 64.7 (16.5) 64.0 (16.3) 0.43
  Night admission (7 pm–7 am), n (%) 366 (29.8) 238 (30.2) 128 (29.1) 0.70
  Weekday admission, n (%) 988 (80.5) 622 (78.9) 366 (83.2) 0.07
  Reason for admission, n (%)     
   Intervention 912 (74.3) 561 (71.2) 351 (79.8) < 0.001
   Monitoring 291 (23.7) 214 (27.2) 77 (17.5)
   Overflow 25 (2.0) 13 (1.6) 12 (2.7)
  Type of ICU admission, n (%)     
   Cardiac/cardiovascular surgery 282 (23.0) 155 (19.7) 127 (28.9) 0.003
   Medical 594 (48.4) 406 (51.5) 188 (42.7)
   Neurologic 262 (21.3) 168 (21.3) 94 (21.4)
   Surgical (postoperative) 86 (7.0) 57 (7.2) 29 (6.6)
   Other 4 (0.3) 2 (0.3) 2 (0.5)
  Charlson Comorbidity Index, mean (sd) 4.7 (2.9) 4.7 (2.9) 4.6 (2.9) 0.35
  Sequential Organ Failure Assessment score, mean (sd) 4.4 (3.3) 4.5 (3.4) 4.1 (3.2) 0.05
Census and turnover
  Midnight average ICU census (sd)a 13.9 (1.4) 14.1 (1.3) 13.6 (1.6) 0.55
  Total ICU census at time of admission for each  

subject, mean (sd)
14.5 (3.2) 14.8 (3.1) 13.8 (3.4) < 0.001

  ICU turnover (number of pts transferred/discharged 
from ICU on day of admission), mean (sd)

6.2 (2.6) 6.5 (2.6) 5.6 (2.4) < 0.001

  Distinct patient averagea 19.2 (1.9) 19.7 (1.8) 18.6 (1.9) 0.31
  Requiring renal replacement therapy at admission, n (%) 3 (0.24) 1 (0.13) 2 (0.45) 0.29
Staffing and ICU acuity
  Patient to attending ratio, mean (sd) 5.8 (1.7) 5.8 (1.7) 5.8 (1.7) 0.91
  N umber of patients on unit with 1:1 nurse:patient ratio 

at time of subject admission, mean (sd)
1.6 (1.4) 1.7 (1.4) 1.5 (1.3) 0.02

  N umber of patients on unit with 1:2 nurse:patient ratio 
at time of subject admission, mean (sd)

12.8 (3.5) 13.0 (3.5) 12.3 (3.6) 0.001

  Nurse:patient ratio at time of subject admission, n (%)     
   1 RN: 1 Pt 380 (31.0) 238 (30.2) 142 (32.3) 0.09
   1 RN: 2 Pt 826 (67.3) 532 (67.5) 294 (67.0)
   2 RN: 1 Pt 21 (1.7) 18 (2.3) 3 (0.7)
  N umber of mechanically ventilated patients on unit at 

time of admission, mean (sd)
6.1 (2.8) 6.2 (2.6) 5.9 (3.0) 0.10

  N umber of patients on pressors on unit at time of ad-
mission, mean (sd)

2.3 (1.8) 2.4 (1.8) 2.1 (1.7) 0.002

  Case mix index, averagea 3.6 (0.3) 3.6 (0.3) 3.5 (0.3) 0.61

RN = registered nurse, Pt = patient, pts = patients.
aDerived retrospectively from monthly administrative reports.
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nurse-to-patient ratio at time of admission as poten-
tial confounding variables (Tables 2 and 3). Adjusting 
for potential confounders, no significant difference 
was observed in the odds of in-hospital mortality be-
tween the high-intensity and low-intensity staffing 
models (odds ratio [OR], 0.89; 95% CI, 0.57–1.38; 
p = 0.60; n = 1,220). Similar results were observed 
in the OR for 30-day mortality (OR, 0.90; 95% CI, 
0.61–1.34; p = 0.62; n = 1,219). In contrast, significant 
associations with both in-hospital and 30-day mor-
tality were found for patient age (OR for both mor-
tality outcomes, 1.04; 95% CI, 1.03–1.06; p < 0.001), 
SOFA score (in-hospital OR, 1.42; 95% CI, 1.32–1.52; 
p < 0.001 and 30-d OR, 1.35; 95% CI, 1.27–1.43; p 
< 0.001), admission for a cardiac or cardiovascular 
surgery indication compared with medical indication 
(in-hospital OR, 0.18; 95% CI, 0.08–0.37; p < 0.001 
and 30-d OR, 0.21; 95% CI, 0.11–0.41; p < 0.001), and 
admission for a surgical (postoperative) indication 

rather than a medical indication (in-hospital OR, 
0.23; 95% CI, 0.08–0.58; p < 0.001 and 30-d OR, 0.38; 
95% CI, 0.16–0.81; p = 0.02).

The incorporation of an interaction term between 
staffing model and SOFA score had little impact on 
the estimated coefficients in the multiple logistic re-
gression models for in-hospital and 30-day mortality 
(eTABLES 1 and 2, http://links.lww.com/CCX/B136). 
There was no statistically significant interaction be-
tween staffing model and SOFA score (in-hospital 
mortality p = 0.83; 30-d mortality p = 0.92).

Because one of the major interventions associated 
with the higher intensity staffing model was manda-
tory intensivist consultation for all ICU patients not 
admitted by the intensivist service, subgroup analy-
ses were performed separately comparing mortality 
outcomes across staffing models for patients admit-
ted by a nonintensivist service (low-intensity group: 
603/788 subjects [77.5%]; high-intensity group: 

TABLE 2.
Multivariable Model for In-Hospital Mortality

Covariate OR (95% CI) p 

Intercepta –6.70 (–8.22 to –5.30) < 0.001

High-intensity staffing model 0.89 (0.57–1.38) 0.60

Subject nurse:patient ratio at time of admissionb   

  1 RN: 1 Pt 1.12 (0.63–1.97) 0.71

  2 RN: 1 Pt 0.32 (0.02–2.10) 0.32

Age 1.04 (1.03–1.06) < 0.001

Female sex assigned at birth 0.78 (0.51–1.17) 0.23

Non-Hispanic White 1.43 (0.80–2.69) 0.24

Charlson Comorbidity Index 1.06 (0.97–1.16) 0.18

Sequential Organ Failure Assessment score 1.42 (1.32–1.52) < 0.001

Night admission (7 pm–7 am) 0.98 (0.63–1.51) 0.92

Weekend admission 0.73 (0.44–1.20) 0.23

Number of mechanically ventilated patients on unit at time of admission 0.95 (0.88–1.03) 0.26

Number of patients on pressors on unit at time of admission 1.06 (0.93–1.20) 0.37

Type of ICU admissionc   

  Cardiac/cardiovascular surgery 0.18 (0.08–0.37) < 0.001

  Neurologic 0.80 (0.43–1.48) 0.50

  Surgical (postoperative) 0.23 (0.08–0.58) < 0.001

OR = odds ratio, RN = registered nurse, pt = patient.
aPresented on the log(OR) scale.
bOR relative to nurse:patient ratio 1 RN: 2 Pt.
cOR relative to medical admission. OR for admission type “Other” was inestimable due to quasi-complete separation.
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314/440 subjects [71.3%]), and for patients admit-
ted by intensivists. For intensivist admissions, the 
odds of in-hospital and 30-day mortality were essen-
tially the same in the lower versus higher intensity 
groups (in-hospital OR, 0.98; 95% CI, 0.48–1.99; p = 
0.96 and 30-d OR, 1.03; 95% CI, 0.53–2.01; p = 0.93;  
eTABLES 3 and 4, http://links.lww.com/CCX/B136). 
For nonintensivist admissions who had newly man-
dated intensivist consults under the high-intensity 
service, the estimated odds of mortality were lower 
during the higher intensity staffing period, but the 
changes were not statistically significant (in-hospital 
OR, 0.73; 95% CI, 0.38–1.34; p = 0.32 and 30-d OR, 
0.79; 95% CI, 0.47–1.31; p = 0.37; eTABLES 5 and 6, 
http://links.lww.com/CCX/B136).

To assess whether other underlying temporal 
trends could be affecting mortality, these out-
comes were plotted by month of hospital admission  

(Fig. 2). Notably, there is no sustained trend in mor-
tality spanning both the low-intensity and high-
intensity model periods. An unadjusted analysis 
of mortality outcomes can be found in eTABLE 7 
(http://links.lww.com/CCX/B136).

Length of ICU Stay

The subdistribution hazard ratios (HRs) of each 
covariate for ICU LOS, along with corresponding 
95% CIs and p values, are presented in eTABLE 8 
(http://links.lww.com/CCX/B136). Treating in-
hospital mortality as a competing risk, the sub-
distribution HR of discharge from the ICU for the 
high-intensity versus low-intensity staffing mod-
els was 0.99 (95% CI, 0.89–1.09; p = 0.80), indi-
cating that staffing model was not associated with 
the rate of being discharged. In contrast, age (p < 

TABLE 3.
Multivariable Model for 30-Day Mortality

Covariate OR (95% CI) p 

Intercepta –5.99 (–7.29 to –4.77) < 0.001

High-intensity staffing model 0.90 (0.61–1.34) 0.62

Subject nurse:patient ratio at time of admissionb   

  1 RN: 1 Pt 0.95 (0.57–1.60) 0.86

  2 RN: 1 Pt 0.21 (0.01–1.32) 0.17

Age 1.04 (1.03–1.06) < 0.001

Female sex assigned at birth 0.78 (0.54–1.12) 0.18

Non-Hispanic White 1.13 (0.68–1.92) 0.64

Charlson Comorbidity Index 1.09 (1.01–1.19) 0.03

Sequential Organ Failure Assessment score 1.35 (1.27–1.43) < 0.001

Night admission (7 pm–7 am) 0.97 (0.65–1.42) 0.87

Weekend admission 0.71 (0.45–1.12) 0.15

Number of mechanically ventilated patients on unit at time of admission 0.97 (0.90–1.04) 0.38

Number of patients on pressors on unit at time of admission 1.02 (0.91–1.14) 0.75

Type of ICU admissionc   

  Cardiac/cardiovascular surgery 0.21 (0.11–0.41) < 0.001

  Neurologic 0.90 (0.53–1.52) 0.71

  Surgical (postoperative) 0.38 (0.16–0.81) 0.02

OR = odds ratio, RN = registered nurse, pt = patient.
aPresented on the log(OR) scale.
bOR relative to nurse:patient ratio 1 RN: 2 Pt.
cOR relative to medical admission. OR for admission type “Other” was inestimable due to quasi-complete separation.

http://links.lww.com/CCX/B136
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0.001), SOFA score (p < 0.001), being admitted for 
a cardiac/cardiovascular surgery versus a medical 
reason (p < 0.001), being admitted for a surgical 
reason versus a medical reason (p = 0.01), and hav-
ing a nursing ratio of two RN: one Pt versus one RN: 
one Pt (p = 0.03) were significantly associated with 
the incidence of being discharged. There was not 
a statistically significant interaction between staff-
ing model and SOFA score (p = 0.73; eTABLE 9,  
http://links.lww.com/CCX/B136).

The cumulative incidence curve for ICU discharge 
did not significantly differ between staffing models 
(p = 0.14; eFIG. 1, http://links.lww.com/CCX/B136). 
The median ICU LOS for the entire study sample  

never exceeded 2.5 days for a given hospital admission 
month (eFIG. 2, http://links.lww.com/CCX/B136).

DISCUSSION

We performed a prospective before-and-after study 
at a single community hospital ICU to explore the 
impact on patient outcomes of transitioning from a 
low-intensity to a high-intensity intensivist staffing 
model. Analysis using a multivariable logistic regres-
sion model did not demonstrate a significant associa-
tion between staffing model and in-hospital or 30-day 
mortality, nor was there an association between staff-
ing model and ICU LOS. We did note a shift in the 

Figure 2. The proportion of patients that died in-hospital or within 30 d after admission by month of hospital admission. The dashed red 
line denotes the time at which the transition from the low-intensity to high-intensity staffing model occurred. The numbers above each 
point reflect the number of patients admitted to the hospital for whom mortality data were available.

http://links.lww.com/CCX/B136
http://links.lww.com/CCX/B136
http://links.lww.com/CCX/B136
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usage of ICU resources between staffing models with 
an increased proportion of patients under the high-
intensity staffing model being admitted for active 
ICU-based interventions (e.g., vasoactive medications, 
mechanical ventilation) and a higher proportion of 
patients under the low-intensity staffing model being 
admitted to the ICU without a specific ICU need (e.g., 
close observation).

Transition to a high-intensity staffing model was not 
associated with changes in mortality or ICU LOS.

Although overall mortality was lower during the 
higher intensity staffing period, multivariable mod-
els suggest that these changes were largely driven not 
by the staffing model change but rather by changes 
between the two time periods in the proportion of 
patients admitted for cardiac surgery versus med-
ical indications, as well as changes in patient age and 
acuity. Admission for cardiac or cardiac surgery indi-
cations was associated with an 82% decrease in odds 
of in-hospital mortality and a 79% decrease for 30-day 
mortality relative to admission for a medical indica-
tion. Likely, this is related to the significantly lower 
in-hospital mortality rates reported with cardiac sur-
gery procedures (2–4% [22–24]) relative to those re-
ported for common medical ICU indications such as 
septic shock (40–50% [25, 26]) and acute respiratory 
distress syndrome (35–50% [27]). During the high-
intensity staffing model time period, the proportion of 
admissions for cardiac or cardiac surgery indications 
increased from 19.7% to 28.9%, while admissions for 
medical indications decreased from 51.5% to 42.7%. 
Patient age and acuity also slightly decreased during 
the high-intensity staffing model time frame, and both 
of these changes were also associated with decreased 
odds of mortality. ICU LOS did not significantly 
change between staffing models in either unadjusted 
or adjusted analysis.

Our findings differ somewhat from those previ-
ously reported (12–14), in which LOS reductions were 
observed for at least a subset of patients in all studies, 
and mortality improvements were seen in some, but 
not all, studies (12, 14). One potential source of dis-
crepancy may relate to differences in study setting. Our 
setting was a community hospital multidisciplinary 
ICU, whereas most prior reports have examined only 
the medical ICU at academic centers. Observed effects 
may not directly translate between these sites. Also, a 
statistically significant increase in the proportion of 
cardiac and cardiovascular surgery patients occurred 

between study periods, and patients of this type had 
significantly lower mortality rates and longer lengths 
of stay in our multivariable analyses. Sensitivity to 
such changes in disciplinary demographic may limit 
our ability to detect other underlying changes in ways 
not experienced by studies of single-discipline ICUs.

Transition to a High-Intensity Staffing Model 
Reduced Admissions Without a Specific ICU 
Indication

We observed a statistically significant shift toward ICU 
admissions for ICU-specific interventions (e.g., vaso-
pressors, mechanical ventilation) and away from “soft” 
indications (e.g., close monitoring) associated with the 
transition to the higher intensity staffing model. We 
believe that this may be due at least in part to increased 
intensivist participation in the triaging process, lead-
ing to more judicious use of ICU beds. This economi-
zation of space was further reflected by a statistically 
significant decrease in ICU census at the time of each 
patient’s admission under the high-intensity staffing 
model.

The need for strategies to ensure optimal use of ICU 
space has been underscored by a number of studies 
showing associations between mortality and ICU op-
eration at or near maximum capacity (28–30). The use 
of decision support tools to assist with ICU triage can 
reduce inappropriate (“too well”) ICU admissions in 
some settings (31), but in others has been shown to 
exclude ICU admission for patients who might ben-
efit from it (32). Consequently, the ICU triaging guide-
lines of the Society of Critical Care Medicine (33) as 
well as the World Federation of Societies of Intensive 
and Critical Care Medicine (34) both recommend di-
rect involvement of intensivists in triage decisions. The 
observed reduction in patients admitted to the ICU 
without a direct ICU need under the high-intensity 
staffing model would seem to support these guidelines.

ICU Staffing Model and COVID-19 Surge 
Management

The recent COVID-19 pandemic strained ICU re-
sources throughout the world with adverse effects to 
patient outcomes (35, 36). At the hospital examined 
in this study, two findings associated with the higher 
intensity model were particularly helpful during local 
surges. First, the association between increased inten-
sivist involvement and tighter triage helped to minimize 
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the ICU load, and this association was extrapolated to 
justify the creation of a system-wide triage intensivist 
position. Second, staffing has been identified as a chief 
driver of capacity limitations in analyses of ICU opera-
tions during the pandemic (37, 38). Because the study 
hospital had recently increased its standing ICU staff 
complement of the hospitals in our system, this one re-
quired the fewest ad hoc staffing additions to manage 
the increased capacity.

Limitations

The limitations of this study are several-fold. First, it 
is limited to a single center. Second, the observational 
nature of the study prevents assignment of causality. 
Third, the before-and-after design may introduce tem-
poral biases such as those related to seasonal changes 
in disease (e.g., respiratory viral season) or simulta-
neous but unrecognized temporal shifts in other fac-
tors related to ICU care (e.g., turnover of nursing staff). 
Finally, the overall census numbers for the center were 
relatively low under both the low- and high-intensity 
models compared with similar studies of the same na-
ture, which may limit generalizability.

CONCLUSIONS

In this before-and-after study examining the transition 
to a high-intensity ICU staffing model, multivariable 
analysis showed no association of this transition with 
all-cause in-hospital and 30-day mortality. However, 
this change was associated with a statistically signif-
icant decrease in the proportion of patients admit-
ted to the ICU without the need for an ICU-specific 
intervention. The observational nature of our study 
precludes determination of causality; thus, further 
research will be needed to determine whether this 
triaging effect is indeed due to increased intensivist 
involvement.
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