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Abstract

Background—Epidemiologic assessment of surgical admissions into intensive care units (ICU) 

provides a framework to evaluate healthcare system efficiency and project future healthcare needs.

Methods—We performed a 9-year (2008-2016), retrospective cohort analysis of all adult 

admissions to 88 SICUs using the prospectively and manually abstracted, Cerner APACHE 

Outcomes database. We stratified patients into 13 surgical cohorts and modeled temporal-trends in 

admission, mortality, SICU length of stay (LOS) and change in functional status (FS) using 

generalized mixed-effects and Quasi-Poisson models to obtain risk-adjusted outcomes.

Results—We evaluated 78,053 ICU admissions and observed a significant decrease in 

admissions after transplant and thoracic surgery, with a concomitant increase in admissions after 

otolaryngological and facial reconstructive procedures (all p < 0.05). While overall risk-adjusted 

mortality remained stable over the study period; mortality significantly declined in orthopedic, 

cardiac, urologic, and neurosurgical patients (all p < 0.05). Cardiac, urologic, gastrointestinal, 

neurosurgical, and orthopedic admissions showed significant reductions in LOS (all p < 0.05). The 

overall rate of FS deterioration increased per year, suggesting ICU-related disability increased over 

the study period.

Conclusion—Temporal analysis demonstrates a significant change in the type of surgical 

patients admitted to the ICU over the last decade, with decreasing mortality and LOS in selected 

cohorts, but an increasing rate of FS deterioration. Improvement in ICU outcomes may highlight 

the success of healthcare advancements within certain surgical cohorts, while simultaneously 

identifying cohorts that may benefit from future intervention. Our findings have significant 

implications in healthcare systems planning, including resource and personnel-allocation, 

education, and surgical training.

Level of Evidence: IV

Study Type: Economic/ Decision
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Introduction

The field of critical care medicine is rapidly expanding in the United States.(1-5) Over a 

period of two decades, the total number of intensive care unit (ICU) beds has increased by 

over 35% (from 69,300 beds in 1985 to 93,955 in 2005) along with a 44% increase in ICU 

length of stay (LOS) (16.1 million inpatients days to 23.2 million inpatient days).(2,3) 

Mirroring these trends, the costs of providing critical care has also escalated 

disproportionately. From 2000 to 2005 there was a 44.2% rise in spending, with a total of 

$81.7 billion accounting of 0.66% of US gross domestic product spent in 2015.(3) The 

compounding effects of an aging population, increased insurance coverage, limited 

workforce, rising complexity of care and increasing severity of illness will exponentially 

increase the need for critical care services in the future.(6)

Despite the burden of disease and rising critical care exigency in the United States, the 

epidemiology of critical illness remains inadequately characterized, especially within the 

surgical literature.(6) Several authors attribute this to either the lack of a national, 

centralized, administrative or outcomes-based data repository that accurately captures 

critical care admissions or the inability of procedure or hospital-specific diagnosis codes to 

effectively identify the entire spectrum of critical illness.(6,7)

Several studies report temporal decreases in hospital mortality and morbidity for various 

disease processes that commonly require ICU level care, such as sepsis, coronary artery 

bypass graftings and other high-risk procedures.(8-11) Large ICU-based cohort studies from 

Australasia, England and Canada have demonstrated significant temporal reductions in risk-

adjusted mortality and ICU LOS, and recent attempts from the United States also note 

similar trends.(12-15) However, these studies largely focus on medical ICU’s and non-

surgical admissions; to our knowledge, no study has exclusively evaluated surgical ICU 

admissions within the United States. Such an appraisal helps characterize the variety of 

surgical patients admitted to ICU’s and can increase the efficiency of healthcare delivery by 

identifying needs for resource and personnel allocation. Furthermore, these efforts help 

identify priorities for training, education and outcomes-based research.(14,15)

In our current study, we leverage a national ICU outcomes database from the United States 

and model the temporal variation of surgical admissions within ICU’s, mortality, ICU LOS 

and the change of functional status (FS) over almost a decade. We hypothesize that the 

population of surgical patients admitted to ICU’s have increased over the last decade, with 

decreases in ICU mortality, ICU LOS, along with improvements to FS from baseline.

Methods

Data and Study Design

We performed a 9-year retrospective, temporal, cohort analysis using the APACHE 

outcomes database (Cerner Corporation, Kansas City, MO). This database includes 

prospectively collected clinical data from a cohort of 238 nonrandomized ICU’s across the 

United States from 2008-2016. The APACHE outcomes database compiles de-identified 

data from all participating ICU’s that voluntarily subscribe to its national benchmarking and 

Vakayil et al. Page 3

J Trauma Acute Care Surg. Author manuscript; available in PMC 2021 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



quality improvement service.(16) It collects clinical, physiological and laboratory-based data 

including primary diagnosis for ICU admission, patient location prior to admission, severity 

scores, ventilator status, and duration of ICU LOS during the first 24-hours following 

admission, along with outcomes-based data from all patients admitted to the ICU.(16-18) 

APACHE outcomes use a combination of trained clinical-coordinators and an integrated 

electronic interface to abstract data.(19) Each coordinator is enrolled in a standardized, 

three-phase training session and automated software ensures that the data collected from the 

electronic interface is valid and devoid of incongruous or erroneous data points.(20) Details 

of data collection, validation, reliability and data-audit have been described elsewhere. 

(18-24) Our institutional ethical review board approved this study (UMN 

STUDY00001489).

Inclusion and Exclusion Criteria

The APACHE outcomes database included a total of 345,650 adult ICU admissions from 

2008-2016, from 238 ICU’s. From this cohort, we included all individual patient encounters 

that had a primary surgical diagnosis on ICU admission from 2008 to 2016. We then 

excluded all patients who were <15 years of age. We also excluded any ICU with < 3 years 

of continuous, temporal data, OR any ICU with <25 patient admissions within any given 

year, during the study period (Figure 1).

Epidemiological Classification

To facilitate temporal modeling, we classified all patients into 13 distinct surgical cohorts. 

The classification was based on the type of surgical procedure, the primary surgical team 

providing care, and the involved organ system. The surgical cohorts included: transplant; 

orthopedic; breast, soft-tissue, and extremity; vascular; hepatobiliary; cardiac; thoracic; 

gastrointestinal; urological; obstetric and gynecological; trauma; neurosurgery and spine; 

and facial and ear, nose and throat (ENT) surgery. Details of each surgical procedure and the 

diagnoses included under each cohort are provided in Supplementary Table 1.

Outcomes of Interest

Our primary outcome of interest was the temporal change in the incidence of surgical 

admissions within ICU’s. Our secondary outcomes included: the change in mortality, LOS, 

and the rate of change in functional status from baseline within each surgical cohort. 

Functional status was captured as an ordinal variable, both at ICU admission and at hospital 

discharge, and was assigned to one of three categories (independent, partially dependent and 

fully dependent). A designation of declined or remained stationary - functional status was 

based on the change, or lack thereof, in functional status from admission to hospital 

discharge.

Statistical Methods

Model Estimation—We used generalized mixed-effects regression to account for the 

clustered nature of the data and to adjust for potential hospital-specific variation. Mortality 

and ICU admission incidence rates were modeled at the hospital level using generalized 

negative-binomial models. Year was the predictor of interest, with a random intercept per 
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ICU and an offset for the log number of cases per ICU per year in each epidemiologic 

category. Mortality models were additionally adjusted for severity of disease presentation 

using the validated APACHE III score.(23) All potential confounders were centered and 

scaled prior to fitting. We modeled ICU LOS using patient-level, generalized linear mixed-

effects models with a random intercept for hospital, the year term as the predictor of interest, 

and adjusted for unscaled age, race, sex and APACHE III score. To model the rate of 

changing functional status, we used hospital-level Quasi-Poisson models with an offset of 

log cases per hospital per year per epidemiologic classification and year as the predictor of 

interest. For each functional status model, we adjusted for age, race, sex, and APACHE III 

score using centered and scaled covariates. Despite fitting a large number of models, we did 

not correct for multiple hypothesis testing as this study was primarily exploratory in nature. 

Incidence rate-ratios (IRR) for ICU admissions, mortality, and functional status, along with 

estimates for LOS are reported and graphed with 95% confidence intervals (CI) for a one-

year increase. For the functional status models, the estimate denotes the IRR of declining, or 

stationary functional status during an ICU visit for a one-year increase in time.

Missing Variable Analysis—Missing variable analysis identified four variables with 

missing data; race (N = 1,179, 1.5%), APACHE III score (N = 104, 0.1%), hospital length of 

stay ( N = 6, <0.01 %) and discharge functional status (N = 19,290, N=24.7%). Little’s test 

determined that the data was not missing completely at random (MCAR), (χ2 = 64.4, P < 

0.001). We did not utilize multiple imputation methods to account for missing data and 

instead chose complete case analysis for model creation as (i) three of the four variables 

with missing data had a very low percentages of data missing, (ii) functional status, which 

had the highest proportion of missing data, was an outcome/dependent variable; multiple 

imputation techniques are not recommended in these situations as they can inflate standard 

errors and introducing uncertainty into the models, (iii) pattern analysis of the missing data 

determined that data missing for functional status was unreported for all patients from 

certain participating hospitals; it is highly unlikely that this pattern of missingness would 

systemically bias our models.

Sensitivity Analysis—We performed a post-hoc, best- and worst-case sensitivity analysis 

for the overall change in discharge functional status, which had nearly 25% missing data. At 

the person level, we recoded those patients with a missing change in functional status as 

“stationary” or “independent to fully dependent” for best- and worst-case scenarios, 

respectively. We then modeled the rate of changing functional status using hospital-level 

Quasi-Poisson models with the same covariates described earlier.

All analyses were performed using R (version 3.4.0, R Core Team 2019, R: A language and 

environment for statistical computing. R Foundation for Statistical Computing, Vienna, 

Austria. URL https://www.R-project.org) and STATA (StataCorp. LLC 2017. Stata 

Statistical Software: Release 15. College Station, TX).

Results

Of the 345,650 adult ICU admissions, 97,893 (28.3% of all ICU admissions) had a primary 

surgical diagnosis for ICU admission.. A total of 78,053 patient admissions, from 88 ICU’s 
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across the United States, met our inclusion criteria (Figure 1). ICU and patient 

characteristics are shown in Table 1 and Table 2, respectively. On average, each participating 

hospital received 343 ± 204 ICU admissions annually. Geographically, the APACHE 

database captured data from all four major regions of the United States. However, in 

comparison with national metrics reported by the Centers for Medicare and Medicaid 

Services (CMS) Hospital Cost Report in the 2011, ICU’s from the South and Midwest 

regions were overrepresented in our current analysis (CMS data- proportion of ICU’s from 

national sample, South = 16.3%, Midwest = 22.6% vs. APACHE data- South= 40.9%, 

Midwest = 34.1%).(5)

Similarly, our data sampled a higher proportion of teaching hospitals than CMS data (the 

proportion of ICU’s from national CMS sample: large teaching = 28.5%, small teaching = 

31.5% vs. APACHE data: large teaching = 38.6%, small teaching = 30.7%.).(5) A higher 

percentage of patients were male (56.8%) with a mean age of 62.8 ± 15.9 years. While all 

racial groups were sampled, in comparison to the 2010 United States Census, a higher 

proportion of patients were White (72.4% vs. 83.9%) with a mean APACHE III score of 

(47.8 ± 21.8).(25) We observed that nearly 60% of patients were admitted to the ICU 

directly from home, while approximately 10% were referred from an outpatient clinic, and 

7% transferred from the emergency department. Cardiothoracic surgery services admitted 

the highest volume of patients (N=18,705, 24 %) followed by general surgery (N=11,722, 

15.0%). On admission, 40% (N=31,242) of patients had an independent functional status, 

with approximately 26% (N=20,471) being partially dependent and 4.4% (3,439) being fully 

dependent on external care.

Change in ICU Admissions

The overall incidence of surgical admissions to the ICU remained unchanged during the 

study period (IRR = 0.9, P = 0.961, Figure 2A and Supplementary Table 2). Transplant (IRR 

= 0.9, P = 0.001), and thoracic surgery admissions (IRR = 0.9, P < 0.001) decreased, while 

facial surgery & ENT (IRR = 1.1, P = 0.003) along with surgery for breast, soft tissue 

infections and extremity surgery (IRR = 1.1, P <0.001) admissions increased in incidence.

Change in Hospital Mortality for Patients Admitted to the ICU

We observed no temporal change in the overall, risk-adjusted mortality over the 9-year study 

interval (Figure 2B and Supplementary Table 3). However, certain surgical cohorts such as 

cardiac surgery (IRR = 0.8, P = 0.001), neuro/spine surgery (IRR = 0.8, P = 0.001), 

orthopedic surgery (IRR = 0.7, P = 0.039), and breast, soft-tissue infection and extremity 

surgery (IRR = 0.7, P = 0.016) demonstrated a significant decrease in ICU mortality. 

Mortality after urological surgery also decreased but failed to achieve statistical significance 

(IRR = 0.7, P = 0.056).

Change in ICU Length of Stay

Our study showed a decrease in overall ICU LOS (Estimate −0.06, P < 0.001, Figure 2C and 

Supplementary Table 4) with significant reductions following gastrointestinal, urologic, 

transplant, cardiac, and neuro/spine surgery.

Vakayil et al. Page 6

J Trauma Acute Care Surg. Author manuscript; available in PMC 2021 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Change in Functional Status

Overall, we observed an increase in the IRR for declining and stationary functional status 

(Figure 2D and Supplementary Table 5 & 6). Orthopedic surgery (IRR = 1.04, P = 0.035), 

hepatobiliary surgery (IRR = 1.1, P = 0.004), and cardiac surgery (IRR = 1.1, P <0.001) 

demonstrated the greatest increase in declining functional status. Worst-case sensitivity 

analysis showed similar increases in IRR for stationary (IRR =1.023, P = <0.001) and 

declining functional status (IRR =1.094, P = <0.001). Similarly, sensitivity analysis for best-

case scenarios demonstrated increases in IRR for stationary (IRR =1.030, P = <0.001) and 

declining functional status (IRR =1.135, P = <0.001, Supplementary Table 7).

Discussion

Our study is an early attempt to epidemiologically model surgical admissions and outcomes 

from multiple ICU’s within the United States using a non-administrative ICU database that 

has been used previously by other investigators(23,24). We demonstrate that after adjusting 

for center-specific variation, the overall cohort of surgical patients requiring critical care 

services have changed significantly from 2008 to 2016, with concomitant changes in 

mortality, ICU LOS and functional status.

Temporal Changes in ICU Admissions

An increasing amount of hospital resources are directed towards providing critical care 

services resulting in a disproportionate increase in the number of ICU beds nationwide. 

(1-4,26), Despite this increase, postoperative ICU utilization rates have decreased over time; 

in 2005, the utilization rates were 68% which decreased to approximately 66% in 2010.

(27,28) We anticipated the incidence of surgical admissions in ICU’s to increase but our 

results demonstrate that apart from certain surgical cohorts, overall incidence remained 

static. While it may remain arduous to prove causality, the decrease in ICU utilization may 

partially explain our findings.

Other longitudinal ICU models have observed significant trends in medical admissions, 

where the frequency of certain disease processes such as sepsis, pneumonia, congestive heart 

failure, and diabetic ketoacidosis increased, while others such as asthma and gastrointestinal 

obstruction decreased in a temporal fashion.(29) However, a similar evaluation among 

surgical admissions is lacking. In our study, rates of ICU admissions for facial & ENT 

surgery, and surgery for necrotizing soft tissue infections increased. Similarly, rates of 

transplant and thoracic surgery decreased. While it is beyond the scope of this paper to 

review each trend in detail, our findings are congruent with recent epidemiological studies 

that document increases in the incidence of oropharyngeal cancers(30) and necrotizing soft 

tissue infections(31) and decreases in the incidence of lung, bronchus, and esophageal 

cancer for the past decade.(32,33) Epidemiologically monitoring ICU trends may help 

project future resource and personnel requirements. Such evaluations help ICU 

administrators and providers better anticipate cohort-specific needs, providing ample time 

for these systems to evolve and adapt.
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Temporal Changes in Mortality

Hospital mortality after ICU admission has decreased temporally, however, these rates vary 

significantly based on geography, diagnosis, case-mix of the ICU, and time period of review.

(12,13,15,29) An earlier review of US ICU’s that spanned over 24-years (1988-2012) noted 

a 35% relative reduction in unadjusted mortality(15), while a more contemporary analysis 

(2009-2013), observed a more modest decline (relative reduction of 3.3%).(29) While we 

observed a decrease in mortality within certain surgical cohorts, overall mortality rates 

remained stable. Several reasons may explain this discordance; aggregation of medical and 

surgical diagnosis (12-15,29), inclusion of patients with only high baseline-risk of mortality 

or high frequency of admission (15,29), inadequate risk-adjustment, and earlier time periods 

of review.(12,13,15) All these factors may affect the accuracy of temporal surgical models as 

surgical ICU admissions have a lower mortality than non-surgical ICU admissions(12) and a 

primary surgical diagnosis accounts for only 3 of the top 10 most frequent causes for ICU 

admissions. (29) Consequently, producing accurate estimates for surgical mortality would 

mandate and independent analysis.

A recent Canadian review reports outcomes analogous to ours.(34) Other publications have 

also observed decreases in ICU and non-ICU specific mortality following cardiac surgery 

(8,9,15,29), neuro/spine surgery (15,35), orthopedic surgery (15,36), and soft tissue/

extremity surgery. (37) This decline in mortality is attributed to the general improvements 

made in healthcare delivery, along with the development of modern medical and surgical 

therapies.(15,29) Post-ICU mortality is an important marker of clinical care; our results aid 

in establishing benchmarks and help identify cohorts that may benefit from remedial quality 

improvement initiatives including prospective interventional studies.

Temporal Changes in ICU Length of Stay

We detected a fractional decrease in overall ICU LOS (6% decrease, which translates to 0.06 

days or 1.6 hours) along with concurrent reductions within certain surgical cohorts. Despite 

achieving statistical significance, the clinical relevance of such a trend remains unclear. 

Earlier studies showed a more significant drop in ICU LOS, but more recent studies concur 

with our findings which may imply a plateauing effect.(15,29,38) Various political, 

economic and technologic incentives such as prospective payment systems, managed care 

plans, innovations in healthcare, adherence to standard practice guidelines, enhanced 

rehabilitation and mobilization efforts have all helped reduce hospital LOS, however, the 

complexity and ethical considerations of the ICU care have precluded it from following suit. 

(29,38-40) Moreover, regional and local studies have demonstrated the effect of operational 

changes, technologic advances and quality improvement efforts on ICU LOS reduction, but 

these have been yet to be demonstrated nationally. (29,38,40) This may explain why recent 

epidemiological reviews(29), including ours, fail to demonstrate significant clinical changes 

to ICU LOS.

Changes in Functional Status

A decrease in baseline functional status at hospital discharge is independently associated 

with increased risk of post-discharge mortality; improvements are associated with increased 

survival.(41) Along with decreases in patient mortality, we observed an increase in the rate 
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of functional status deterioration. This association may allude to the increased burden of 

survivorship which is expected to grow in the US as a result of an increasing elderly 

population.(42) Our findings warrant concern, particularly considering the impact such 

deterioration would have on post-discharge outcomes.

The effect of functional status deterioration on long-term outcomes has garnered national 

interest, and efforts to better characterize the prevalence, etiology and associated risk factors 

are underway.(42) Several risk factors like increased age, comorbidities, baseline cognition, 

prolonged immobilization and mechanical ventilation affect both discharge functional status 

and the propensity to develop chronic critical illness.(42-44) Identifying patients at higher 

risk, and targeting modifiable risk factors such as early mobilization, may help reduce 

subsequent disability.(42) For example, the effective implementation of the “ABCDE” 

bundles have helped double the rates of mobilization, independently improving functional 

status.(45) However, studies have largely analyzed the effects of poor functional status; little, 

to no research has evaluated temporal trends in changing functional status.

It is possible, considering our timeline of review, that our results are reflective of trends prior 

to the clinical emphasis on chronic critical illness and early mobilization. Currently, there is 

heightened awareness of the clinical impact of chronic critical illness and early mobilization; 

expert consensus statements and critical care guidelines all currently recommend daily 

functional and cognitive assessments.(42) Monitoring these trends in the future may more 

accurately reflect the effectiveness and success of such interventions. Moreover, identifying 

patients who are at highest risk for functional status deterioration may enhance resource 

allocation and encourage quality improvement initiatives.

We acknowledge several limitations of our study. First, this was a retrospective review of a 

self-selected cohort of ICU’s that used the APACHE system to audit outcomes. Despite 

observing great variation in geographic distribution, hospital-size, and teaching status, our 

sample accounted for only 1.4% of all ICU’s in the United States (N=6,119). (27,46) 

Second, all the ICU’s that met our inclusion criteria did not serially collect data for the entire 

9-year duration of the study, which may have introduced bias due to data not missing 

completely at random. Third, our criteria for classifying patients into distinct 

epidemiological cohorts was based on a simple yet pragmatic clinical stratification scheme 

that accounted for the primary surgical team and underlying disease process. It is common 

clinical practice to aggregate outcomes to the primary team providing care; however, we 

acknowledge that in an ICU setting, such an approach may be suboptimal as patient care is 

more often a multidisciplinary effort. Fourth, we were unable to capture outcomes following 

hospital discharge; certain outcomes including mortality and functional status are known to 

vary significantly following discharge. For example, patients who survive hospitalizations 

after the initial ICU admission report higher mortality rates in the 6 months following 

discharge.(47) To this regard, we were unable to discern the location of hospital discharge 

and rates of readmission, which may additionally confound our results. Several authors have 

observed an increasing trend to transfer patients to post-acute care facilities, acute-care 

hospitals, or other long-term, acute-care facilities, which may all spuriously reduce hospital 

mortality and LOS.(48,49) Fifth, we were unable to assess the accuracy of diagnostic codes 

and ICU prognostic tools used by the database as these may have changed with time.(50) 
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Older prediction models have documented a decrease in accuracy and calibration when used 

with more contemporary datasets, as a result, it is possible that the APACHE III system, may 

have over predicted mortality outcomes.(50) Sixth, as with any ecologic or epidemiologic 

study, we cannot discern the presence of incongruous empirical correlations at the 

individual- or aggregate level. Nonetheless, despite these ecologic or individualistic 

fallacies, contemporary evidence mandates a comprehensive evaluation of multilevel 

models. Lastly, while we were able to adjust for center-specific random effects (between 

centers), we were unable to independently adjust for within center variation and other 

potential confounders like ICU structure (open vs. closed, medical, mixed, surgical, etc.), 

ICU staffing, teaching status of hospitals, use and adoption of disease-specific therapies, 

social determinant of health and adherence to standard of care guidelines.

Conclusions

In summary, the paradigm of surgical critical care is evolving in the United States. Our 

epidemiological assessment demonstrates that the population of surgical patients requiring 

critical care services is changing over time. We identify critical trends in ICU mortality, ICU 

length of stay, and demonstrate that functional status is deteriorating at an increased rate 

among surgical patients. Our results provide valuable insights into practice trends 

nationwide, help establish specialty-specific ICU benchmarks, and may have implications in 

healthcare systems planning, including resource and personnel-allocation, education, and 

surgical training.
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Figure 1. 
Inclusion and Exclusion Criteria

ICU= Intensive Care Unit
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Figure 2. 
(A) Log (Incidence rate-ratios) for surgical ICU incidence (B) Log (Incidence rate-ratios) for 

surgical ICU Mortality (C) Estimates for surgical ICU Length of Stay (D) Log (Incidence 

rate-ratios) for stationary and declining functional status.

Obstetrics and gynecological surgical models did not converge

*Breast, soft-tissue, extremity surgery

ICU= Intensive Care Unit, GI = Gastrointestinal surgery , ENT = Ear, nose and throat 

surgery, CI = Confidence interval.
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Table 1.

Intensive Care Unit characteristics

Covariate 2008-2010
N=24

2011-2013
N=61

2014-2016
N=71

Overall
N = 88

Admissions per ICU, per year 197 ± 175 195 ± 171 220 ± 163 343 ± 204

Region

   Midwest 12 (50%) 27 (44.4%) 24 (33.8%) 30 (34.1%)

   Northeast 8 (33.3%) 13 (21.3%) 7 (9.9%) 13(14.8%)

   South 1 (4.2%) 14 (23%) 32 (45.1%) 36 (40.9(%)

   West 3 (12.5%) 7 (11.5%) 8 (11.3%) 9 (10.2%)

Hospital Bed Size 547 ± 287 538 ± 293 650 ± 406 641 ± 363

Teaching Status

   Large teaching hospital 15 (62.5%) 25 (41%) 24 (33.8%) 34 (38.6%)

   Small teaching hospital 5 (20.8%) 21 (34.4%) 24 (33.8%) 27 (30.7%)

   Non-teaching hospital 4 (16.7%) 15 (24.5%) 23 (32.4%) 27 (30.7%)

ICU = Intensive Care Unit

Descriptive statistics include N (Percent) or Mean ± Standard Deviation where indicated
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Table 2.

Patient characteristics

Variable 2008-2010
N=10,432

2011-2013
N=24,046

2014-2016
N=43,575

Overall
N = 78,053

Age 62.8 ± 15.9 62.9 ± 15.9 62.7 ± 15.8 62.8 ± 15.9

Sex (Male) 6,040 (57.9%) 13,592 (56.5%) 24,678 (56.6%) 44,310 (56.8%)

Race

   White 9,421 (90.3%) 20,377 (84.7%) 34,721 (79.7%) 64,519 (83.9%)

   Black or African American 728 (7.0%) 2,313 (9.6%) 5,181 (11.9%) 8,222 (10.5%)

   Asian 82 (0.8%) 378 (1.6%) 724 (1.7%) 1,184 (1.5%)

   Native American 32 (0.3%) 223 (0.9%) 501 (1.1%) 756 (1.0%)

   Other 91 (0.9%) 467 (1.9%) 1,635 (3.8%) 2,193 (2.8%)

Admitting Location

   Home (Elective Surgery) 6,559 (62.9%) 13,648 (56.8%) 25,605 (58.8%) 45,812 (58.7%)

   Emergency department (Emergency Surgery) 448 (4.3%) 1,117 (4.6%) 4,064 (9.3%) 5,629 (7.2%)

   Another hospital/transfer 333 (3.2%) 1,370 (5.7%) 3,239 (7.4%) 4,942 (6.3%)

   Other
a 3,092 (29.6%) 7,911 (32.8%) 10,667 (24.4%) 3,041 (2.8%)

Discharge Location

   Floor 4,365 (41.8%) 7,161 (29.8%) 10,337 (23.7%) 21,863 (28.0%)

   Floor with tele-monitoring 1,215 (11.6%) 5,241 (21.8%) 13,314 (30.6%) 19,770 (25.3%)

   Step-down unit 2,287 (21.9%) 5,599 (23.3%) 8,336 (19.1%) 16,222 (20.8%)

   Tele-unit 1,379 (13.2%) 3,263 (13.6%) 6,516 (15.0%) 11,158 (14.3%)

   Home 508 (4.9%) 1,115 (4.9%) 2,581 (5.9%) 4,264 (5.5%)

   Other 678 (6.5%) 1,667 (6.9%) 2,491 (5.7%) 4,776 (6.1%)

Admitting Specialty

   CT surgery 2,603 (25.0%) 6,090 (25.3%) 10,012 (23%) 18,705 (24.0%)

   General surgery 2,168 (20.8%) 3,776 (15.7%) 5,778 (12.9%) 11,722 (15.0%)

   Neurosurgery 1,275 (12.2%) 2,772 (11.5%) 5,623 (12.9%) 9,670 (12.4%)

   Internal medicine 248 (2.4%) 737 (3.1%) 4,720 (10.8%) 5,705 (7.3%)

   Vascular surgery 900 (8.6%) 1,762 (7.3%) 2,459 (5.6%) 5,121 (6.6%)

   Anesthesia 71 (0.7%) 2,027 (8.4%) 2,325 (5.3%) 4,423 (5.7%)

   Critical care 157 (1.5%) 737 (3.1%) 2,392 (5.5%) 3,286 (4.2%)

   Trauma 344 (3.3%) 863 (3.6%) 1,715 (3.9%) 2,922 (3.7%)

   Other 2,666 (25.6%) 5,282 (21.9%) 8,551 (19.6%) 16,499 (21.1%)

APACHE III Score 48.5 ± 21.7 47.8 ± 21.6 47.6 ± 21.9 47.8 ± 21.8

Discharge Functional Status

   Independent 6,273 (60.1%) 9,870 (41.0%) 15,099 (34.7%) 31,242 (40.0%)

   Partially dependent 2,915 (27.9%) 6,343 (26.4%) 11,213 (25.7%) 20,471 (26.2%)

   Fully dependent 673 (6.5%) 802 (3.3%) 1,964 (4.5%) 3,439 (4.4%)

ICU LOS 1.7 [0.9, 3.1] 3 [2,4] 3 [2,4] 1.7 [1, 3]

Mortality 335 (3.2%) 1,186 (4.9) 1,857 (4.3%) 3,611 (4.6%)
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ICU = Intensive Care Unit, CT = Cardiothoracic, APACHE = Acute Physiology and Chronic Health Evaluation Score, SAPS = Simplified Acute 
Physiology Score, LOS = Length of Stay Descriptive statistics include N (Percent), Mean ± Standard Deviation, or Median [Interquartile Range] 
where indicated

a
Other includes outpatient surgery center, outpatient clinic, long-term acute care hospital, psychiatric facility, other rehabilitation centers.
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