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Purpose: To characterize medical and surgical patient characteristics, as well as clinical and economic outcomes, associated with
unplanned intensive care unit (ICU) admissions.

Patients and Methods: This was a retrospective matched cohort analysis that utilized the PINC AI™ Healthcare Database, which
collects deidentified data from 25% of United States (US) hospital admissions. Discharge records were assessed for medical and
surgical admissions in 2021. An unplanned ICU admission was defined as direct transfer from a medical, surgical, or telemetry unit to
the ICU. Patients with and without an unplanned ICU admission were 1:1 propensity score matched. Differences between patients with
and without unplanned ICU admissions were assessed using two-sample #-tests for continuous measures and Chi-square tests for
categorical measures.

Results: A total of 3,807,124 qualifying admissions were identified. Medical admissions with unplanned ICU transfers were more
likely to be urgent/emergent (odds ratio [OR] 2.9, 95% confidence interval [CI 2.7-3.0], p<0.0001), with patient characteristics
including male sex (1.4, [1.4-1.4], p<0.0001), obesity (1.7, [1.6—1.7], p<0.0001), and increased Charlson Comorbidity Index (CCI=1:
1.8, [1.8-1.9], p<0.0001; CCI=5: 3.2, [3.1-3.3], p<0.0001). Surgical admissions with unplanned ICU transfers were more likely to be
urgent/emergent (3.1, [2.9-3.2], p<0.0001) and with patients of higher CCI (2.5, [2.3-2.6], p<0.0001 to a CCI of>5 (7.9, [7.4-8.4],
p<0.0001). Between matched medical patients, mean differences in length of stay, cost, and mortality were 4.1 days (p<0.0001),
$13,424 (p<0.0001), and 21% (p<0.0001), respectively. Between matched surgical patients, mean differences in these outcomes were
6.4 days (p<0.0001), $21,448 (p<0.0001), and 14% (p<0.0001), respectively.

Conclusion: Emergency care in patients with a higher co-morbid burden is more likely to lead to unplanned ICU admission, putting
patients at a significantly increased chance of mortality, longer length of stay, and increased costs. Improving care and monitoring of
patients outside the ICU may help detect early changes in pathophysiology and enable early intervention.

Plain Language Summary: Although unplanned intensive care unit (ICU) admissions from medical and surgical hospital units are
common, the risk factors and outcomes associated with unplanned ICU admissions are not well-characterized. The purpose of this
research was to examine the patient risk factors for unplanned ICU admissions and to calculate the impact of unplanned ICU transfers
on patient length of stay, healthcare costs, and mortality. This research used a healthcare database that contains discharged patient data
from 25% of United States (US) hospital admissions. The top risk factors for medical patients who had an unplanned ICU admission
included emergency admissions (compared to pre-scheduled hospital admissions), male sex, obesity, and having one or more
underlying disease. In surgical patients, the top risk factors for unplanned ICU admissions were emergency admissions (compared
to pre-scheduled surgeries) and having one or more underlying disease. After risk adjustment, compared to medical patients without an
unplanned ICU admission, medical patients with an unplanned ICU admission had significantly longer length of stay (4.1 days), higher
cost ($13,424), and higher mortality (21%). Similarly, surgical patients with an unplanned ICU admission had longer length of stay
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(6.4 days), higher cost ($21,448), and higher mortality (14%) compared to surgical patients without unplanned ICU admission.
Together, these results indicate that emergency care in patients with underlying disease is more likely to lead to an unplanned ICU
admission. This puts patients at a higher chance of mortality, longer length of stay, and increased costs. Improving care and monitoring
of patients outside of the ICU could enable clinicians to intervene early to reduce ICU transfers.

Keywords: healthcare costs, length of stay, mortality, comorbidity

Introduction

Unplanned admissions to the intensive care unit (ICU) are common, but the frequency reported in the current body of
literature is wide, ranging from approximately <1% to 20% in surgical patients and 9% to 40% in medical patients.' ™
These events are associated with increased hospital and ICU lengths of stay, as well as mortality, particularly in cases
where transfers occur from the hospital ward or are delayed.>

Respiratory and cardiac events are common reasons for ICU admission.® Almost all mortality in the Vascular Events
in Noncardiac Surgery Patients Cohort Evaluation occurred during the post-operative period following the non-cardiac
surgical procedure.” Nearly half of all these events were attributed to sepsis, major bleeding, and myocardial injury after
non-cardiac surgery.” These critical changes in pathophysiology put post-operative patients on a trajectory for unplanned
ICU admissions. Several factors, both patient level and those involving the emergent nature of surgical intervention, have
been associated with unplanned admissions to the surgical ICU.* Some of these factors are modifiable, and therefore
better pre-operative patient preparation and early proactive ICU admission on an elective basis in the post-surgical period
may be occasionally necessary.” The severity of sickness or injury and the burden of pre-existing illness are almost
universally identified as risk factors for unplanned medical ICU admission. In some cases, age and the nature of
underlying disease drive admission.®'”

Monitoring practices on hospital wards may be linked to unplanned ICU transfers. Spot check intermittent monitoring
is the driver of most early warning scores. Early warning scores that trigger activation of rapid response teams are often
delayed and lag the evolution of the critical event. As little as a 15-minute delay of the ‘afferent limb’ of the rapid
response arc is associated with an increased risk of transfer to the ICU and subsequent mortality.'' Understanding early
indicators of patient deterioration on hospital wards with risk scores and prediction models may be necessary to reduce
unplanned ICU admissions.'?

Detailed patient risk profiles and outcomes of unplanned ICU admissions remain poorly characterized, especially
when compared to planned ICU admissions and to patients who do not undergo ICU transfer. In addition, there is
a paucity of cost data. The purpose of this retrospective analysis was to identify patient characteristics associated with
unplanned ICU admissions during surgical and medical hospital admissions. Secondarily, we describe detailed clinical
and health economic outcomes associated with unplanned ICU admissions.

Materials and Methods

This retrospective analysis was conducted using the PINC AI™ Healthcare Database (Premier Inc, Charlotte, NC, USA),
hereafter referred to as “the healthcare database”, which is compliant with the Health Insurance Portability and
Accountability Act (HIPAA) per 45 Code of Federal Regulations (CFR) 164.514(b)(1) through the “Expert
Determination” method. Institutional Review Board (IRB) approval was not required because the study was not classified
as human subject research under IRB guidelines. Moreover, due to its de-identified and retrospective nature, this analysis
was exempt from the patient informed consent process.

Dataset

The healthcare database used for this analysis contains de-identified data representing approximately 25% of all United
States (US) inpatient admissions. It houses discharge information for inpatient admissions including patient demo-
graphics, Medicare severity-diagnosis related groups (MS-DRG), International Classification of Diseases, 10th Revision,
Clinical Modification (ICD-10-CM) primary and secondary diagnosis and procedure codes, department-level billing and
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cost data, hospital characteristics, and payer information. Sixty percent of the hospitals report costs to the healthcare
database based on the hospital accounting system, and 40% of hospitals submit charges, which the healthcare database
uses to estimate costs based on the submitted charges and cost:charge ratios that hospitals provide to Centers for
Medicare and Medicaid Services (CMS)."? The cost data include both fixed and variable costs and reflect actual costs for
patient treatment. Discharge records that included admission in the year 2021 were assessed. Costs were reported in 2021
US dollars. This cost analysis took the perspective of the hospital.

Objectives

The objective of this analysis was to identify the demographic and clinical characteristics associated with unplanned ICU
admissions of patients admitted to a medical/surgical general or telemetry care unit. Complete lists of the demographic
and clinical characteristics evaluated are provided in Table 1 and Table 2 for medical and surgical patients, respectively.
A secondary objective was to describe the clinical and economic outcomes associated with unplanned ICU admissions,
including total cost of admission, cost of ICU admission, total hospital length of stay, and ICU length of stay. Refer to
Table 3 and Table 4 for complete lists of the clinical and economic outcomes evaluated for medical and surgical patients,

respectively.

Analysis Cohort

All admissions occurring in the year 2021 were assessed, and patients aged >18 years with medical/surgical or telemetry
care floor utilization were selected. Admissions with MS-DRG values that were not classified as medical or surgical by
CMS were excluded. Admission records with missing cost data, including records with care floor utilization and
admission cost of $0 or ICU utilization and ICU cost of $0, were excluded. Due to the presence of specialized care
pathways, admissions involving any cardiac surgical procedure were excluded. Unplanned ICU admission was defined as
a direct transfer from a medical, surgical, or telemetry floor to the medical or surgical ICU, including any patients
experiencing an ICU bounceback (Tables S1 and S2). Other types of ICU admission, for example, directly from the
emergency room (ER) or surgery, were treated as planned ICU admissions. Patients were classified as surgical if they had
a timed surgery operating room billing line or a billing line for cesarean section. The sequence of surgery time in relation
to the room and board billing day it falls on is inconclusive in the database, resulting in an ambiguous patient pathway.
As a result, the analysis required a surgical patient to have one full general ward or telemetry billing day after the surgery
billing date to be included in the unplanned ICU transfer cohort. Medical and surgical patients were analyzed as separate
cohorts.

Within each cohort, patients with and without an unplanned ICU admission were propensity score matched 1:1 within
each MS-DRG using a greedy algorithm and the nearest available neighbor matching method. The propensity score was
calculated using multivariable logistic regression with the following predictor variables: age group, sex, race, insurance
type, admission type, Charlson Comorbidity Index (CCI) category, obstructive sleep apnea (OSA) or sleep disordered
breathing, obesity, opioid naivety, hospital region, teaching or non-teaching hospital, hospital bed size, and urban or rural
hospital. Admission type was defined as either elective, in which the patient’s condition permitted adequate time to
schedule care, or urgent/emergent, in which the patient required immediate attention for the care and treatment of
a physical or mental disorder. CCI is an established measure of long-term mortality risk and assesses the following 19
comorbidities:'*'> AIDS, metastatic solid tumor, moderate or severe liver disease, lymphoma, leukemia, non-metastatic
cancer, diabetes with end organ damage, moderate or severe renal disease, hemiplegia, diabetes, mild liver disease, ulcer
disease, connective tissue disease, chronic pulmonary disease, dementia, cerebrovascular disease, peripheral vascular
disease, congestive heart failure, and myocardial infarction.'

Propensity score matching required an exact match on the MS-DRG value. Admissions for which there were no
corresponding records with the same MS-DRG value were excluded. Post matching covariate balance was validated
separately for the medical and surgical patient cohorts using the standardized difference of predictor variables between
the unplanned ICU admissions group and the comparison group, with threshold value for each variable <0.1.'°
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Table | Medical Patient and Hospital Characteristics Prior to Risk Adjustment Matching

Patient Characteristics

With Unplanned ICU Admission

Without Unplanned ICU Admission

p-value®

Comparison of Unplanned ICU Admission to

(N=71,296) (N=2,784,626) No Unplanned ICU Admission
Number of Patients | Percent of Patients | Number of Patients Percent of Patients Odds Ratio 95% CI p-value®
Age category
< 65 years 32,245 45% 1,535,832 55% <0.0001 Reference Group
= 65 years 39,051 55% 1,248,794 45% 1.0 1.0 1.1 0.011
Sex
Male 38,188 54% 1,121,638 40% <0.0001 1.4 1.4 1.4 <0.0001
Female 33,108 46% 1,662,988 60% Reference Group
Race
Black 11,633 16% 462,186 17% <0.0001 0.9 0.9 0.9 <0.0001
White 51,919 73% 1,966,497 71% Reference Group
Other 4384 6% 197,171 7% 1.0 1.0 1.1 0.1417
Unspecified 3360 5% 158,772 6% 1.1 1.0 I.1 <0.0001
Insurance Type
Medicaid 10,731 15% 568,730 20% <0.0001 1.0 1.0 1.0 0.254
Commercial 12,996 18% 656,568 24% 1.0 1.0 I.1 0.0052
Uninsured 2293 3% 101,020 4% 0.9 0.9 1.0 0.0008
Other insurance 2532 4% 95,685 3% 1.0 1.0 I.1 0.1191
Medicare 42,744 60% 1,362,623 49% Reference Group
Admission Type
Elective 1880 3% 330,893 12% <0.0001 Reference Group
Urgent/Emergent 69,416 97% 2,453,733 88% 29 27 3.0 <0.0001
CCI Category
0 9073 13% 893,089 32% <0.0001 Reference Group
| 12,056 17% 510,189 18% 1.8 1.8 1.9 <0.0001
2 10,448 15% 386,032 14% 2.0 20 2.1 <0.0001
3 9361 13% 281,026 10% 2.5 24 25 <0.0001
4 8143 1% 223,615 8% 2.6 25 2.7 <0.0001
25 22,215 31% 490,675 18% 32 3.1 33 <0.0001
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Obstructive Sleep Apnea/Sleep Disordered Breathing

Yes 10,490 15% 253,253 9% <0.0001 1.0 1.0 1.1 0.0005
No 60,806 85% 2,531,373 91% Reference Group
Obesity
Yes 22,260 31% 541,432 19% <0.0001 1.7 1.6 1.7 <0.0001
No 49,036 69% 2,243,194 81% Reference Group
Opioid Naive
Yes 67,556 95% 2,659,876 96% <0.0001 Reference Group
No 3740 5% 124,750 4% 1.1 1.0 1.1 0.0021
Hospital Characteristics
Hospital Region
South 36,241 51% 1,231,317 44% <0.0001 1.2 1.2 1.2 <0.0001
Northeast 10,546 15% 521,148 19% 0.8 0.8 0.8 <0.0001
Midwest 16,291 23% 615,095 22% Reference Group
West 8218 12% 417,066 15% 0.8 0.8 0.8 <0.0001
Teaching Hospital
Teaching Hospital 36,581 51% 1,373,024 49% <0.0001 1.1 I.1 I.1 <0.0001
Non-Teaching Hospital 34,715 49% 1,411,602 51% Reference Group
Bed Size
2500 beds 24,641 35% 924,185 33% <0.0001 1.0 1.0 1.0 0.0219
300-500 21,439 30% 824,134 30% 1.0 1.0 1.1 0.0002
<300 25,216 35% 1,036,307 37% Reference Group
Urban vs rural
Urban 60,838 85% 2,390,880 86% <0.0001 1.0 1.0 1.0 0.7988
Rural 10,458 15% 393,746 14% Reference Group

Notes: *Chi-square test was used to calculate the p-value.

Abbreviations: Cl, confidence interval; CCl, Charlson Comorbidity Index; ICU, intensive care unit.
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Table 2 Surgical Patient and Hospital Characteristics Prior to Risk Adjustment Matching

Patient Characteristics With Unplanned ICU Admission Without Unplanned ICU Admission p-value* | Comparison of Unplanned ICU Admission to
(N=12,356) (N=938,846) No Unplanned ICU Admission
Number of Patients | Percent of Patients | Number of Patients Percent of Patients Odds Ratio 95% ClI p-value®
Age category
< 65 years 5433 44% 594,293 63% <0.0001 Reference Group
= 65 years 6923 56% 344,553 37% 1.1 1.0 1.1 0.0029
Sex
Male 6554 53% 327,706 35% <0.0001 1.3 1.3 1.3 <0.0001
Female 5802 47% 611,140 65% Reference Group
Race
Black 2057 17% 132,159 14% <0.0001 I.1 1.0 1.1 0.005
White 8937 72% 677,082 72% Reference Group
Other 833 7% 71,483 8% I.1 1.0 1.2 0.0525
Unspecified 529 4% 58,122 6% 1.0 0.9 1.1 0.9598
Insurance Type
Medicaid 1741 14% 188,83 | 20% <0.0001 0.9 0.9 1.0 0.0702
Commercial 2186 18% 311,772 33% 0.8 0.8 0.9 <0.0001
Uninsured 281 2% 28,117 3% 0.7 0.6 0.8 <0.0001
Other insurance 436 4% 36,759 4% 1.0 0.9 I.1 0.7325
Medicare 7712 62% 373,367 40% Reference Group
Admission Type
Elective 2013 16% 437,067 47% <0.0001 Reference Group
Urgent/Emergent 10,343 84% 501,779 53% 3.1 29 32 <0.0001
CCI Category
0 1460 12% 439,037 47% <0.0001 Reference Group
| 1673 14% 167,940 18% 2.5 23 2.6 <0.0001
2 1824 15% 115,049 12% 35 33 38 <0.0001
3 1557 13% 63,868 7% 5.0 4.6 53 <0.0001
4 1409 1% 49,323 5% 54 5.0 5.8 <0.0001
25 4433 36% 103,629 1% 79 74 84 <0.0001
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Obstructive Sleep Apnea/Sleep Disordered Breathing

Yes 1746 14% 95,949 10% <0.0001 1.0 1.0 1.1 0.2943
No 10,610 86% 842,897 90% Reference Group
Obesity
Yes 3541 29% 240,846 26% <0.0001 1.2 1.1 1.2 <0.0001
No 8815 71% 698,000 74% Reference Group
Opioid Naive
Yes 11,626 94% 905,264 96% <0.0001 Reference Group
No 730 6% 33,582 4% 1.3 1.2 1.4 <0.0001
Hospital Characteristics
Hospital Region
South 6354 51% 415,423 44% <0.0001 1.1 1.1 1.2 <0.0001
Northeast 1825 15% 168,519 18% 0.8 0.7 0.8 <0.0001
Midwest 2883 23% 199,903 21% Reference Group
West 1294 10% 155,001 17% 0.7 0.6 0.7 <0.0001
Teaching Hospital
Teaching Hospital 7084 57% 498,469 53% <0.0001 1.1 1.0 I.1 0.009
Non-Teaching Hospital 5272 43% 440,377 47% Reference Group
Bed Size
2500 beds 5185 42% 346,848 37% <0.0001 1.2 1.1 1.3 <0.0001
300-500 3713 30% 272,434 29% 1.1 1.1 1.2 <0.0001
<300 3458 28% 319,564 34% Reference Group
Urban vs rural
Urban 10,999 89% 829,425 88% 0.021 1.1 1.0 1.2 0.0082
Rural 1357 1% 109,421 12% Reference Group

Notes: *Chi-square test was used to calculate the p-value.

Abbreviations: Cl, confidence interval; CCl, Charlson Comorbidity Index; ICU, intensive care unit.
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Table 3 Economic and Clinical Outcomes Associated with Unplanned ICU Admissions in Medical Patients Before and After Risk Adjustment

Before Match

With Unplanned ICU Admission

Without Unplanned ICU Admission

Comparison of Groups

Number of Patients Mean (SD) 95% ClI Number of Patients Mean (SD) 95% ClI p-value Mean
(N) (N) Difference
ICU LOS (Days) 71,296 44 (4.1) 4.4-45 2,784,626 0.2 (1.0 0.2-0.2 <0.0001 43
ICU Cost (United States 71,296 $16,721 ($14,549) $16,614— 2,784,626° $802 ($4112) $797-$807 <0.0001 $15919
Dollars) $16,828
Admission LOS (Days) 71,296 1.5 (7.3) 11.4-11.5 2,784,626 44 (4.3) 4.4-44 <0.0001 7.0
Admission Cost (United 71,296 $31,749 ($18,863) $31,610- 2,784,626 $10,351 ($9688) $10,340- <0.0001 $21,398
States Dollars) $31,887 $10,363
Mortality (%) 20,954 29.4% - 57,085 2.1% - <0.0001 27.3%
After Match With Unplanned ICU Admission Without Unplanned ICU Admission Comparison of Groups
Number of Patients Mean (SD) 95% CI Number of Patients Mean (SD) 95% CI p-value Mean
(N) (N) Difference
ICU LOS (Days) 69,903 4.3 (4.0 4344 69,903° 1.2 (3.0) 1.2-1.2 <0.0001 3.1
ICU Cost (United States 69,903 $16,302 ($14,218) $16,197- 69,903° $4,948 ($11,698) | $4,861-$5,034 | <0.0001 $11,355
Dollars) $16,407
Admission LOS (Days) 69,903 1.4 (7.2) 11.3-114 69,903 7.2 (6.3) 7.2-7.3 <0.0001 4.1
Admission Cost (United 69,903 $31,339 ($18,685) $31,201- 69,903 $17,916 $17,797- <0.0001 $13,424
States Dollars) $31,478 ($15,986) $18,034
Mortality (%) 19,978 28.6% - 5019 7.2% - <0.0001 21.4%

Notes: *For patients with no ICU admission, ICU LOS was assigned a value of 0 days; *For patients with no ICU admission, ICU cost was assigned a value of $0.
Abbreviations: ICU, intensive care unit; LOS, length of stay; Cl, confidence interval; SD, standard deviation.
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Table 4 Economic and Clinical Outcomes Associated with Unplanned ICU Admissions in Surgical Patients Before and After Risk Adjustment

Before Match

With Unplanned ICU Admission

Without Unplanned ICU Admission

Comparison of Groups

Number of Patients Mean (SD) 95% CI Number of Patients Mean (SD) 95% ClI p-value Mean
(N) (N) Difference

ICU LOS (Days) 12,356 6.3 (6.5) 6.2-6.4 938,846" 0.3 (1.3) 0.3-0.3 <0.0001 6.1
ICU Cost (United States Dollars) 12,356 $27,951 ($24,922) | $27,512 — $28,391 938,846° $1883 ($8456) $1865-$1900 <0.0001 $26,069
Admission LOS (Days) 12,356 17.8 (10.7) 17.7-18.0 938,846 5.0 (54) 5.0-5.1 <0.0001 12.8
Admission Cost (United States 12,356 $56,494 ($29,041) | $55,982-$57,006 938,846 $19,814 $19,781-$19,847 | <0.0001 $36,680
Dollars) ($16,267)
Mortality (%) 2349 19.0% - 6046 0.6% - <0.0001 18.4%

Comparison of Groups

After Match With Unplanned ICU Admission Without Unplanned ICU Admission
Number of Patients Mean (SD) 95% CI Number of Patients Mean (SD) 95% ClI p-value Mean
(N) (N) Difference

ICU LOS (Days) 12,321 6.3 (6.5) 6.2-6.4 12,3217 1.9 (4.4) 1.8-1.9 <0.0001 44

ICU Cost (United States Dollars) 12,321 $27,862 ($24,833) | $27,424-$28,301 12,321° $9813 $9468-$10,157 <0.0001 $18,050
($19,504)

Admission LOS (Days) 12,321 17.8 (10.7) 17.6-18.0 12,321 114 (9.2) 11.3-11.6 <0.0001 6.4

Admission Cost (United States 12,321 $56,418 ($29,009) | $55,906-$56,930 12,321 $34,970 $34,516-$35,424 | <0.0001 $21,448

Dollars) ($25,710)

Mortality (%) 2335 19.0% - 557 4.5% - <0.0001 14.4%

Notes: *For patients with no ICU admission, ICU LOS was assigned a value of 0 days; ®For patients with no ICU admission, ICU cost was assigned a value of $0.
Abbreviations: ICU, intensive care unit; LOS, length of stay; Cl, confidence interval; SD, standard deviation.
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Statistics
Data were summarized by descriptive statistics (for continuous variables) or frequencies and percentages (for categorical
variables). Statistical tests, including two-sample #-tests for continuous measures and Chi-square tests for categorical
measures, were 2-sided. Statistical significance was accepted at p<0.05. Analyses were performed using SAS™ Version
9.4 for UNIX (SAS Institute Inc, Cary, NC).

Admission records with total costs below the 1st and above the 99th percentiles across admissions in both the ICU
admissions group and the comparison group were excluded from the analysis to minimize the impact of extreme outliers.
The cost percentiles for medical and surgical cohorts were calculated independently.

Results
Analysis Cohort

Among the 6,514,189 admissions in 2021 within the healthcare database, 3,807,124 admissions met all inclusion criteria
and no exclusion criteria (Figure 1). This included 2,855,922 medical patients and 951,202 surgical patients. Within the
medical patient cohort, 71,296 patients (2.5%) had an unplanned ICU admission. Within the surgical patient cohort,
12,356 (1.3%) surgical patients had an unplanned ICU admission. Propensity matched medical and surgical patient
cohorts included 69,903 and 12,321 patients, respectively (Figure 1).

Patient Care Pathways and Primary Diagnoses

For medical patients with an unplanned ICU admission, the most common patient care pathway was from the ER to the

medical/surgical unit, to the ICU, to the medical/surgical unit, and discharged (Table S1). For medical patients either with

or without an unplanned ICU admission, the most common primary diagnoses were COVID-19 and sepsis (Table S2).
For surgical patients with an unplanned ICU admission, the most common patient care pathway was the ER to the

medical/surgical unit, to the ICU, to surgery, to the ICU, and discharged (Table S3). Surgical patients with either

Admissions in 2021

(N=6,514,189) Excluded:

Age <18 years (n=870,520)

No medical/surgicaltelemetry unit admission (n=1,460,879)
Cardiac surgery (n=151,236)

Missing cost data (n=14,358)

Ambiguous care pathway (n=6,262)

Diagnosis related group not classified as medical/surgical (n=622)

Qualifying Admissions
(N=4,010,312)

l | |

Excluded:
Cost <1 or >99 percentile (n=80,204)

Allocation

Excluded:
No matching MS-DRG

admission (n=38,165)

Medical Admissions
(N=2,894,087)

Surgical Admissions
(N=1,036,021)

Exeluded-
E C
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unplanned ICU admission or no unplanned ICU admission most frequently had a primary diagnosis of either sepsis or
COVID-19 (Table S4).

Characteristics of Medical Cohorts Before Propensity Score Matching

Among medical patients, 55% of patients with unplanned ICU admission were >65 years of age, compared to 45% of
patients without unplanned ICU admission. Fifty four percent and 40% of patients with and without unplanned ICU
admission were male, respectively (Table 1). Most admissions were urgent or emergent, comprising 97% and 88% of
patients with and without unplanned ICU admission, respectively.

The odds of unplanned ICU admission were significantly higher in patients with urgent or emergent admission (odds
ratio [OR] 2.9, 95% confidence interval [CI] 2.7-3.0, p<0.0001), in male patients (OR 1.4, 95% CI 1.4-1.4, p<0.0001)
and in patients with obesity (OR 1.7, 95% CI 1.6-1.7, p<0.0001). In addition, compared to patients with a CCI of 0, the
odds of unplanned ICU admission increased as the CCI increased from 1 (OR 1.8, 95% CI 1.8-1.9, p<0.0001) to =5 (OR
3.2, 95% CI 3.1-3.3, p<0.0001) (Table 1, Figure 2A). The odds of unplanned ICU admission for any of the individual
comorbidities within the CCI ranged from 0.939 (95% CI 0.9—-1.0, p<0.0001) for dementia, to 2.5 (95% CI 2.4-2.6,
p<0.0001) for moderate/severe liver disecase (Table S5). Patient and hospital characteristics after risk adjustment
matching are provided in Table S6. Post-match covariate balance was validated using standardized mean difference of
predictor variables (Figure 3).

Characteristics of Surgical Cohorts Before Propensity Score Matching

Among surgical patients, 56% of patients with an unplanned ICU admission and 37% of patients without an unplanned
ICU admission were >65 years of age (Table 2). Fifty three percent and 35% of patients with and without an unplanned
ICU admission were male. Most surgical patients with or without an unplanned ICU admission had no history of OSA or
sleep disordered breathing (86% and 90%, respectively), were not obese (71% and 74%, respectively), and were opioid
naive (94% and 96%, respectively).

Surgical patients with an unplanned ICU admission were more likely to have urgent/emergent admissions (OR 3.1,
95% CI 2.9-3.2, p<0.0001), and the odds for unplanned ICU admission increased in a stepwise manner as the CCI
increased, from a CCI of 1 (OR 2.5, 95% CI 2.3-2.6, p<0.0001) to a CCI of >5 (OR 7.9, 95% CI 7.4-8.4, p<0.0001)
(Table 2, Figure 2B). The odds of unplanned ICU admission for any of the individual comorbidities within the CCI
ranged from 1.0 (95% CI 1.0-1.1, p=0.3452) for diabetes with complications, to 3.3 (95% CI 3.0-3.6, p<0.0001) for
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Figure 3 Results of the post-match covariate balance validation for predictor variables, medical admissions. Points represent standardized mean differences before matching
(white diamonds) and after matching (black circles).
Abbreviation: CCl, Charlson Comorbidity Index.

moderate or severe liver disease (Table S7). Patient and hospital characteristics after risk adjustment matching are
provided in Table S8. Post-match covariate balance was validated using standardized mean difference of predictor

variables (Figure 4).
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Clinical and Economic Outcomes Associated with Unplanned ICU Admissions in

Medical Patients
Table 3 provides a brief summary of the main results for clinical and economic outcomes associated with unplanned ICU
admissions in medical patients.

In the medical cohort, the mean difference in total admission length of stay between matched patients with and
without an unplanned ICU admission was 4.1 days (11.4 + 7.2 vs 7.2 + 6.3; p<0.0001), and the mean difference in total
admission cost was $13,424 ($31,339 + $18,685 vs $17,916 + $15,986; p<0.0001) (Table 3). Similarly, the mean
difference in ICU length of stay between matched patients with and without unplanned ICU admission was 3.1 days (4.3
+4.0 vs 1.2 £3.0; p<0.0001), and the mean difference in ICU cost was $11,355 ($16,302 + $14,218 vs $4,948 + $11,698;
p<0.0001). In the unmatched population, mortality rates were 29% and 2% in patients with and without an unplanned
ICU admission, respectively (p<0.0001). After matching, mortality rates in patients with or without unplanned ICU
admission were 29% and 7%, respectively (p<0.0001).

Clinical and Economic Outcomes Associated with Unplanned ICU Admissions in

Surgical Patients
Table 4 provides a brief summary of the main results for clinical and economic outcomes associated with unplanned ICU
admissions in surgical patients.

Before matching surgical patients, mortality rates for admissions with or without an unplanned ICU transfer were
19% and 1%, respectively (p<0.0001). After matching, the mortality rate in surgical patients with an unplanned ICU
admission was 19%, compared to 5% in patients without an unplanned ICU admission (p<0.0001) (Table 4). Between
matched patients with and without unplanned ICU admissions, the mean total admission length of stay was 6.4 days
longer (17.8 = 10.7 vs 11.4 + 9.2; p<0.0001), the mean ICU length of stay was 4.4 days longer (6.3 = 6.5 vs 1.9 = 4.4;
p<0.0001), the mean total admission cost was $21,448 higher ($56,418 £ $29,009 vs $34,970 + $25,710; p<0.0001), and
the mean ICU cost was $18,050 higher ($27,862 + $24,833 vs $9,813 + $19,504; p<0.0001) (Table 4).

Discussion

Our analysis confirms that predominantly males, >65 years of age, and with higher CCI scores were more likely to
experience unplanned ICU transfers from medical and surgical floors.'”2° Although most patients transferred to the ICU
happen to be unplanned, our findings compare well to a large (non-US) multicenter prospective cohort.'” Besides
requiring a higher level of care, these patients also carry higher in-hospital mortality, hospital length of stay, and higher
mean admission and ICU costs than those who did not need an ICU transfer or went to the ICU directly from the ER,
surgery, or the Telemetry unit, which is also consistent with prior literature.'’*' >’ For example, Hillman et al reported
that patients from the general wards had greater severity of illness (APACHE II) than patients from the ER or surgery,
and a greater percentage of those patients died (47.6%) than from the ER (31.5%) and surgery (19.3%).>* Our analysis
confirms the significant human toll of patient decline on the general ward, as patients in our cohort who experienced
unplanned transfer had a 3 to 4 fold increase in mortality and significantly greater lengths of stay.

Age is known to be an important and independent patient characteristic determining unplanned transfer to medical
and surgical ICUs and consequent higher mortality.'® Although our analysis accounted for age, it did not adjust for frailty
and decreased physiological reserve, which are known to be important contributors.'>** Whether systematic prophylactic
ICU admission of the critically ill elderly leads to reduction in mortality is a matter of debate, but this was outside the
scope of our study.? Co-morbid burden is a well-recognized factor associated with unplanned ICU transfers, but it is also
a formidable patient attribute to plan for. Given the timing of the study period, COVID-19 and sepsis were the most
common primary diagnoses among both medical and surgical patients with unplanned transfer to the ICU, and moderate
to severe liver disease was the most predictive comorbidity for unplanned ICU transfer. Our findings call for further
studies to focus on better planning and triage for ICU transfers to decrease in-hospital mortality and cost of care for
patients admitted with moderate to severe liver disease. This study also confirms a higher rate of ICU transfers among
patients admitted with a diagnosis of sleep disordered breathing.>® This was reported among both medical and surgical
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cohorts. This finding calls for the screening of all inpatients for both OSA and obesity-hypoventilation syndrome, and
this is particularly important for the obesity-hypoventilation syndrome group because of the need for higher levels of
care, as well as postoperative complications.”*>" Overall, these comorbidities are expected to continue to be common
reasons for patient transfer to the ICU.

The above examples of underlying co-morbid states make the case for potential earlier transfer to the ICU when the
co-morbid load in a clinically deteriorating patient is higher, given that it has consistently been shown that patients
transferred from the medical/surgical floors have higher mortality compared to patients admitted directly from the ER,
from surgery, or the telemetry unit. In particular, this may be possible for patients in the non-academic setting where ICU
bed availability may be less strained. Alternatively, future studies need to develop criteria for identification of patients
with a greater co-morbid load and allow clinicians to evaluate the need for better monitoring and proactive intervention
on the hospital floors. This is particularly true in the current hospital setting, where ICU bed availability is scarce. Several
studies have shown that continuous vital sign monitoring in general hospital wards is associated with reduced ICU
transfer and length of stay.*> > In one study before and after optimization of a continuous monitoring system, Dykes et al
found 367.11 avoided ICU days, with an estimated cost savings of 2.3 million.>* Establishing a continuous monitoring
system that articulates with an early warning score and decreases time for the afferent response arm of the rapid response
team may be an important intervention to decrease unplanned ICU admissions.

To the best of our knowledge this analysis is the first study examining the economic impact of unplanned ICU
transfers from medical and surgical wards using a large US database. ICU costs stand at approximately 1% of the US
gross domestic product.*® With increasing age and acuity of hospitalized patients, the need for ICU care is likely to grow.
At a time when hospital budgets are strained with high inflation and labor shortages, our finding that unplanned ICU
transfers result in over 60% greater costs is significant. This analysis illustrates the significant economic burden of
escalation of care, allowing hospitals to better understand the financial impact of mitigation strategies aimed at reducing
avoidable ICU admissions. Our data are derived from one of the largest US administrative databases, and we analyzed
medical and surgical patients separately. All patients identified as unplanned transfers to the ICU represent those that
deteriorated on the medical or surgical floors, including telemetry unit patients.

Limitations

This retrospective cohort study, although large, is limited by the use of hospital administrative data. The propensity
score calculation was limited to the data available, including patient demographics, comorbidity load, and hospital
characteristics. Unplanned ICU admissions were identified using patient care pathways, which rely on the accuracy of
billing records. Although higher in-hospital mortality was reported in the unplanned ICU transfer group, the data do
not directly compare patients who deteriorated on the medical/surgical floors to patients directly admitted to the ICU
from the ER or from surgery. In our study, the three major groups of patients in the cohort without unplanned transfer
to ICU were patients directly admitted from the ER to the general medical or surgical floor, ICU, and telemetry floors.
Previous smaller studies have reported higher mortality in patients admitted from general wards to the ICU, compared
to those admitted from the ER, surgery or the recovery room, sometimes even independent of APACHE scores.”” This
further calls for equal emphasis on the underlying co-morbid burden of a deteriorating patient over the adverse clinical
event necessitating higher level of care. Our study also does not give us any information about what antecedent
adverse events, types of surgery, intra-operative events, surgical complications, vital sign abnormalities, or hospital-
level factors such as bed availability and staffing triggered the transfer to the ICU, and whether rapid response teams
were involved. COVID-19 patients were a substantial portion of our unplanned ICU cohort. This 2021 data set
followed the most disruptive period of 2020 at the beginning of the COVID-19 pandemic. We believe the results are
applicable and generalizable to periods with no or lower COVID-19 burden, as our large sample also includes many
patients without COVID-19.

Conclusion
In an analysis of >3 million medical and surgical admissions, age and comorbidity burden are the biggest drivers of
unplanned medical and surgical ICU admissions. These led to increased ICU mortality and length of stay, which resulted
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in significantly higher healthcare costs. Early identification of these patients on the hospital wards and proactive measures
to prevent decline will be necessary to reduce these critical events and burden on ICU systems.
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