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Abstract

IMPORTANCE In the current setting of the coronavirus disease 2019 pandemic, there is concern for
the possible need for triage criteria for ventilator allocation; to our knowledge, the implications of
using specific criteria have never been assessed.

OBJECTIVE To determine which and how many admissions to intensive care units are identified as
having the lowest priority for ventilator allocation using 2 distinct sets of proposed triage criteria.
DESIGN, SETTING, AND PARTICIPANTS This retrospective cohort study conducted in spring 2020
used data collected from US hospitals and reported in the Philips elCU Collaborative Research
Database. Adult admissions (N = 40 439) to 291 intensive care units from 2014 to 2015 who received
mechanical ventilation and were not elective surgery patients were included.

EXPOSURES Two sets of triage criteria: New York State Ventilator Allocation triage criteria
developed in 2015 and 2 selected criteria from a 4-component allocation framework developed in
2020 using principles of saving lives and saving life-years (referred to as save lives/life-years criteria).
Two other equity-focused criteria of this framework, giving heightened priority to health care
workers and other essential workers, and prioritizing younger over older patients, were not included.
MAIN OUTCOMES AND MEASURES Sequential Organ Failure Assessment (SOFA) scores were
calculated for admissions. The proportion of patients who met initial criteria for the lowest level of
priority for mechanical ventilation using each set of criteria and their characteristics and outcomes
were assessed. Agreement was compared between the 2 sets of triage criteria, recognizing
differences in stated criteria aims.

RESULTS Among 40 439 intensive care unit admissions of patients who received mechanical
ventilation, the mean (SD) age was 62.6 (16.6) years, 54.9% were male, and the mean (SD) SOFA
score was 4.5 (3.7). Using the New York State triage criteria, 8.9% (95% Cl, 8.7%-9.2%) were in the
lowest priority category; these lowest priority admissions had a mean (SD) age of 62.9 (16.6) years,
used a median (interquartile range) of 57.3 (20.1-133.5) ventilator hours each, and had a hospital
survival rate of 38.6% (95% Cl, 37.0%-40.2%). Using the save lives/life-years triage criteria, 4.3%
(95% Cl, 4.1%-4.5%) were in the lowest priority category; these admissions had a mean (SD) age of
68.6 (13.2) years, used a median (interquartile range) of 61.7 (24.3-142.8) ventilator hours each, and
had a hospital survival rate of 56.2% (95% Cl, 53.8%-58.7%). Only 655 admissions (1.6%) were in
the lowest priority category for both guidelines, with the k statistic for agreement equal to 0.20
(95% Cl, 0.18-0.21).

CONCLUSIONS AND RELEVANCE Use of selected criteria from 2 proposed ventilator triage
guidelines identified approximately 1in every 10 to 25 admissions as having the lowest priority for
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Abstract (continued)

ventilator allocation, with little agreement. Clinical assessment of different potential criteria for triage
decisions in critically ill populations is important to ensure valid allocation of resources.

JAMA Network Open. 2020;3(12):e2029250.
Corrected on February 8, 2021. doi:10.1001/jamanetworkopen.2020.29250

Introduction

The potential need to ration mechanical ventilators has been a worldwide focus during the
coronavirus disease 2019 (COVID-19) pandemic."? Many regions and countries have been forced to
address the possible need for ventilator allocation, which refers to identification of critically ill
patients for whom mechanical ventilation should be withheld or withdrawn if it has already been
initiated.> Different variations of triage criteria for this rationing have been proposed. In the US, 2 of
the most prominent triage criteria are the New York State protocol* and one initially proposed by
White and Lo.® Both protocols include assessment of a combination of comorbidities and severity of
illness on admission.

Despite extensive literature on resource allocation in pandemics, these criteria have not been
tested on a large scale in high-income countries. It is unclear how many individuals would meet
different triage criteria, which of the specific criteria would most commonly be met, and how many
ventilators would be made available if these criteria were applied to deny care to patients deemed
less likely to benefit. Therefore, we sought to apply these criteria to a heterogeneous cohort of
patients across US intensive care units (ICUs) before the current COVID-19 pandemic as a first step to
understanding the impact of applying these criteria to a critically ill population. Specifically, we
assessed all admissions to ICUs for patients who received mechanical ventilation to determine how
many would meet initial criteria for withholding of mechanical ventilation depending on the level of
triage activated and then how many would meet criteria at a later time for withdrawal of mechanical
ventilation.

Methods

Overview
We assessed selected triage criteria from 2 documents. The first is the New York State Ventilator
Allocation Guidelines developed in 2015.* The second triage criteria were selected from an allocation
framework for rationing ventilators and critical care beds proposed during the first wave of the
COVID-19 pandemic in 2020.° As described in the Supplement to the article with this proposal,” this
framework includes 4 criteria; 2 are based on principles of saving lives and saving life-years, and 2
are equity-focused criteria of giving heightened priority to health care workers and other essential
workers and prioritizing younger over older patients.> These criteria were adopted by some states,
such as Colorado.® The initially proposed criteria were subsequently updated, owing to concerns
raised that they violated US antidiscrimination laws. However, the new version cannot be easily
operationalized in existing health administrative databases, and other guidelines based on it (eg,
Colorado®) have kept the use of specific diagnoses to make it feasible to apply it to individual
patients. For this study, we evaluated selected triage criteria using only the 2 principles of saving lives
and saving life-years (referred to herein as save lives/life-years criteria); 2 other equity-focused
criteria of this framework, giving heightened priority to health care workers and other essential
workers and prioritizing younger over older patients, were not included in this analysis.

For each of the 2 sets of triage criteria, we extracted explicit criteria used to determine patient
assignment to each level of priority for ventilator allocation. We then applied these criteria to a cohort
of ICU admissions from a non-COVID-19 period. This study adheres to the Strengthening the
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Reporting of Observational Studies in Epidemiology (STROBE) reporting guideline for cohort studies.
This study used deidentified and publicly available data.” Ethics approval was not applicable because
the Philips elCU Collaborative Research Database” is released under the Health Insurance Portability and
Accountability Act safe harbor provision. The requirement to obtain informed patient consent was not
applicable because the re-identification risk was certified as meeting safe harbor standards by Privacert
(in Cambridge, Massachusetts).

Cohort

This was a retrospective cohort study using the Philips elCU database,” a large database of a random
sample of ICU admissions to 2911CUs in 208 US hospitals participating in Philips telehealth program
from 2014 to 2015. We identified adult admissions (aged =18 years) for patients who received
mechanical ventilation at any time during their ICU stay. We excluded admissions of patients who
were never ventilated, those admitted after elective surgery, and any patient who had inaccurate
data for included variables (eFigure 1in the Supplement). Because patients could be admitted to the
ICU more than once during a hospitalization and would on each admission be eligible for assessment
regarding triage level, we included all admissions to the ICU.

Outcomes

The outcomes assessed included (1) proportion of all admissions mechanically ventilated and
patients who met each level of priority, (2) distribution of specific criteria that patients met for each
level of priority, (3) proportion of all ventilator hours, (4) ICU mortality, and (5) hospital mortality.
Among those who were not the lowest priority level on ICU admission, we also assessed how many
additional patients met each level of priority 48 hours and 120 hours after admission. For outcomes
and descriptors that could only occur once for a patient during a hospitalization (ie, hospital length
of stay, hospital mortality, and discharge destination after the hospitalization), we restricted the
analysis to the first ICU admission for each patient.

New York State Guidelines

The New York State guidelines include 2 steps that are applied to patients on admission. The first is a
list of exclusion criteria for adult patients with “medical conditions that result in immediate or near-
immediate mortality even with aggressive therapy"#®*>” (eTable 1in the Supplement). To
operationalize the exclusion criteria, we mapped them to available variables in the Philips elCU
database (eTable 2 in the Supplement). The data available did not contain all of the granular criteria
listed in the triage documents, and some criteria were not quantitative and required clinical
interpretation to operationalize them using retrospective data (eTable 2 in the Supplement). The
second step in the New York State guidelines is the calculation of a Sequential Organ Failure
Assessment (SOFA) score on admission,® followed by reassessment at 48 hours and 120 hours to
detect any new onset of the stated medical conditions that warrant exclusion and to calculate the
change in SOFA score (eTables 3 and 4 in the Supplement).

For the primary analysis, the SOFA score was calculated from the first available variables during
the first 24 hours after admission to the ICU (SOFA first 24). The respiratory system score in the SOFA
assessment includes points for mechanical ventilation. Because no details are given in the New York
State guidelines regarding how to incorporate mechanical ventilation into the initial assessment
when mechanical ventilation has been initiated before assessment, we calculated the SOFA score
with the regular inclusion of points for mechanical ventilation. Patients with a SOFA score of exactly
7 were not categorized by the guidelines as published (eTable 3 in the Supplement); thus, we
assigned these patients to the highest priority group. Missing data were assumed to be normal and
not imputed, as is common in assessments of SOFA score® and consistent with practice that would
occur in real time regarding available data on a patient (eTable 5 in the Supplement). As a sensitivity
analysis, we also recalculated the SOFA scores using the most extreme value for each variable in the
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first 24 hours after ICU admission (SOFA worst 24) and compared the classification of individuals by
using the SOFA first 24 vs the SOFA worst 24.

Save Lives/Life-Years Framework

The save lives/life-years framework included a similar approach of assessing comorbidities and SOFA
score. There were 2 different categorizations of major comorbid conditions and severe life-limiting
conditions (eTable 6 in the Supplement). We similarly mapped these conditions using available
variables in the Philips elCU database (eTable 7 in the Supplement). However, this approach did not
create exclusions for specific conditions; instead, a certain number of points were allocated for each
condition and added to points from the SOFA score (eTables 8 and 9 in the Supplement). Although
reassessment is recommended in the proposed allocation framework, no specific times for
reassessment or explicit criteria for withdrawal of therapies are given; thus, we did not apply any
reassessments with these criteria.

Statistical Analysis

We first summarized the characteristics of the ICU admission cohort, including age, sex, race/
ethnicity (White, Black, Asian, Hispanic, or unknown), Acute Physiology and Chronic Health
Evaluation (APACHE) IV measure of severity of illness,® and SOFA score, as well as care preferences
prior to or within the first 24 hours after admission to the ICU (defined as full therapy, do not
resuscitate, or other [further] limitations on life support or other care, such as “no blood products” or
"no vasopressors or inotropes”). We used proportions for categorical data and mean (SD) values or
median values (interquartile ranges) for continuous data, as appropriate. Next, we calculated
individual exclusions and comorbidities. Some admissions met more than 1exclusion criterion or had
more than 1 major comorbidity. We calculated the SOFA scores for all admissions using the SOFA first
24 as the primary assessment and the SOFA worst 24 as a secondary assessment and applied the
triage criteria of each guideline to assign each admission to a level of priority for receipt of mechanical
ventilation (lowest, intermediate, and highest). We then assessed the characteristics, resource use,
and outcomes of the group of admissions in each priority level. We calculated the proportion of total
ventilator hours for all patients in the ICU that were taken up by the lowest priority group to
understand how many ventilator hours would be potentially “freed up” by not offering mechanical
ventilation to this group. We compared differences between the lowest and highest priority groups
using standardized differences, with a difference of less than 0.1 considered a negligible imbalance.™
Because we included all admissions (including multiple admissions by the same individual during the
same hospitalization), we also performed a sensitivity analysis comparing agreement between the

2 sets of criteria but restricting the analysis to only the first ICU admission during the hospitalization.

Reassessment of Patients at 48 and 120 Hours

We applied the rules for reassessment of admissions at 48 and 120 hours using the New York State
guidelines to determine the classification of admissions at these times for patients remaining in the
ICU. We did not have an accurate way to determine new diagnoses or other changes in status that
would allow a patient to newly meet the exclusion criteria; thus, we did not apply this portion of the
reassessment.

Comparison of Sets of Triage Criteria

We sought to determine whether these 2 different sets of triage criteria would identify the same or
different admissions for allocation to the lowest priority group. We assessed the chance-corrected
agreement between triage guidelines for assignment to the lowest priority category for mechanical
ventilation using the K statistic. All analyses were performed using SAS Enterprise Guide, version 7.1
(SAS Institute Inc), pgAdmin 4, version 3.2 (pgAdmin Development Team), and R studio, version
1.1.456 (R Project for Statistical Computing). The study was conducted in spring 2020.

[5 JAMA Network Open. 2020;3(12):2029250. doi:10.1001/jamanetworkopen.2020.29250 December 14,2020 414

Downloaded From: https://jamanetwor k.com/ on 03/12/2022


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2020.29250&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2020.29250
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2020.29250&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2020.29250
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2020.29250&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2020.29250

JAMA Network Open | Critical Care Medicine Comparison of Triage Scoring Guidelines for Allocation of Mechanical Ventilators

Results

Cohort

After exclusions, the cohort consisted of 40 439 admissions to the ICU for patients who received
mechanical ventilation during their ICU stay (eFigure 1in the Supplement); the mean (SD) age was
62.6 (16.6) years, 54.9% were male, and three-quarters (75.9%) were White individuals (Table 1).

Table 1. Characteristics of Patients Who Received Invasive Mechanical Ventilation at Any Time
During the Hospital Stay?

Characteristic Total cohort, No. (%)
No. 40439
Age, mean (SD), y° 62.6 (16.6)
Male sex 22191 (54.9)
Race/ethnicity
White 30337 (75.9)
Black 5099 (12.8)
Asian 561 (1.4)
Hispanic 1456 (3.6)
Other/unknown 2514 (6.3)
ICU type
Medical 4697 (11.6)
Medical/surgical 22265 (55.1)
Surgical 2789 (6.9)
Neurological 3064 (7.6)
Cardiac/cardiothoracic 7624 (18.9)
APACHE IV score, mean (SD) 73.1(30.7)
APACHE IV predicted mortality, mean (SD), % 27.9 (26.1)

Sequential Organ Failure Assessment score
First value in first 24 h of ICU admission

Mean (SD) 45(3.7)
Median (IQR) 4(1-7)
Worst value in first 24 h of ICU admission
Mean (SD) 5.5(3.9)
Median (IQR) 5(2-8)
Care preferences prior to and within 24 h of ICU admission
Full therapy 35552 (87.9)
Do not resuscitate 3201 (7.9)
Limitations on life support or other care 1686 (4.2)
Invasive mechanical ventilation before ICU admission 13666 (33.8)

Time from initiation of invasive mechanical ventilation to ICU admission, median (IQR), min 106 (21-222)
Invasive mechanical ventilation on or after ICU admission 26773 (66.2)

Time from ICU admission to initiation of invasive mechanical ventilation, median (IQR), min 110 (21-871)

Total duration of ventilation, median (IQR), h 46.7 (17.0-122.9)
ICU length of stay, median (IQR), d 3.3(1.7-6.7)
ICU mortality 6723 (16.6)

Hospitalization outcome* Abbreviations: APACHE, Acute Physiology and Chronic

Hospital length of stay, median (IQR), d 7.7 (3.9-14.0) Health Evaluation; ICU, intensive care unit; IQR,
Hospital mortality 8795 (23.5) interquartile range.
Discharge disposition among hospital survivors 2@ For missing data information, see eTable 5 in the
Home 14123 (49.5) Supplement.
Other hospital 2051 (7.2) ® Patients aged older than 89 years set to 90 years per
Rehabilitation 2253 (7.9) requirements for public data access.
Skilled nursing facility 6171 (21.6) ¢ Restricted to the first ICU stay that included invasive
Other 3942 (13.8) mechanical ventilation during the hospitalization
(n=37736).
[5 JAMA Network Open. 2020;3(12):2029250. doi:10.1001/jamanetworkopen.2020.29250 December 14,2020 514

Downloaded From: https://jamanetwor k.com/ on 03/12/2022


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2020.29250&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2020.29250
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2020.29250&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2020.29250

JAMA Network Open | Critical Care Medicine Comparison of Triage Scoring Guidelines for Allocation of Mechanical Ventilators

The mean (SD) APACHE IV predicted mortality was 27.9% (26.1%). Mechanical ventilation was
initiated in 33.8% of admissions before the day of ICU admission and 66.2% on or after ICU
admission, with a median (interquartile range) duration of mechanical ventilation of 46.7 (17.0-122.9)
hours. In the first 24 hours in the ICU, 87.9% of admissions were identified as receiving full therapy,
7.9% had a do-not-resuscitate order, and 4.2% had some other limitation on life support or other
care. Overall hospital mortality (n = 8795) was 23.5%.

Relevant Comorbidities

As applied to this cohort, 5.4% (95% Cl, 5.2%-5.6%) of admissions met at least 1 exclusion criterion
in the New York State triage guidelines (Table 2). The most frequent reason was refractory or
unwitnessed cardiac arrest (3.9%; 95% Cl, 3.7%-4.1%), with less than 1% meeting each of the other
exclusion criteria. Using the save lives/life-years criteria, 17.7% (95% Cl, 17.3%-18.1%) had at least 1 of
the major comorbidities, and 8.7% (95% Cl, 8.4%-9.0%) had a severe life-limiting comorbidity that
contributed points to the triage priority score. The most common comorbidities were chronic lung
disease and dementia (Table 2).

SOFA Scores

The mean (SD) SOFA first 24 score for the cohort was 4.5 (3.7), with a median of 4 and a range from
0 to 21 (eFigure 2 in the Supplement). When recalculated using the worst value in the first 24 hours
after ICU admission, the mean (SD) was 5.5 (3.9), with a median of 5 and a range from O to 22. Sixty
percent of the cohort changed to a different SOFA score when using SOFA worst 24 rather than SOFA
first 24, with 18.6% changing by 2 or more points.

Table 2. Patients With Each Criterion for Either Exclusion (New York State Guidelines) or Receipt
of Comorbidity Points (Save Lives/Life-Years Criteria)

Met criterion, % (n = 40 439)

Clinical condition No Yes 95% Cl
Exclusion criteria (New York State)
Any 94.6 5.4 5.2-5.6
Cardiac arrest 96.1 3.9 3.7-4.1
Irreversible hypotension 99.3 0.7 0.6-0.7
Traumatic brain injury with no motor response 99.3 0.7 0.6-0.8

Severe burns®

Other conditions 99.3 0.7 0.7-0.8
Major comorbidities (save lives/life-years)
Any 82.3 17.7 17.3-18.1
Moderate Alzheimer or related dementia 98.1 1.9 1.8-2.0
Malignant neoplasm with <10y expected survival 98.7 1.3 1.2-1.4
NYHA class 1l heart failure 99.7 0.3 0.3-0.4
Moderate to severe chronic lung disease 90.5 9.5 9.2-9.8
ESKD and aged <75y 97.4 2.6 2.5-2.8
Severe multivessel CAD 98.8 1.2 1.1-1.3
Cirrhosis with history of decompensation 97.9 2.1 2.0-2.3
Severe life-limiting comorbidities (save lives/life-years)
Any 91.3 8.7 8.4-9.0 Abbreviations: CAD, coronary artery disease; ESKD,
Severe Alzheimer or related dementia 98.4 1.6 1.4-1.7 end-stage kidney disease; MELD, Model for End-Stage
Cancer with only palliative interventions 99.6 0.4 0.4-0.5 Liver Disease; NYHA, New York Heart Association.
NYHA class IV heart failure + frailty 99.6 0.4 0.4-0.5 ? No patient met this criterion.
Severe chronic lung disease and evidence of frailty 94.3 5.7 5.4-5.9 ® Because 27 individuals aged 75 years were
ESKD and aged >75 P 993 0.7 0.6-0.8 unspecified for classification in either ESKD category,
Cirrhosis with MELD =20, ineligible for transplant 99.9 0.1 0.1-0.2 we indu.d?(.j them in the severe lfe-fimiting
comorbidities category.
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Classification of Priority of Admissions

Using the New York State guidelines, 8.9% (95% Cl, 8.7%-9.2%) of admissions would be classified in
the lowest priority category for mechanical ventilation and 77.1% (95% Cl, 76.7%-77.5%) in the
highest priority category (Table 3). The save lives/life-years criteria identified 4.3% (95% Cl, 4.1%-
4.5%) of the admissions as meeting criteria for the lowest priority category for mechanical ventilation
and 81.3% (95% Cl, 80.9%-81.7%) as highest priority. Reclassification of admissions using the SOFA
worst 24 meant that 11.3% (95% Cl, 11.0%-11.6%) of admissions met criteria using the New York State
guidelines and 5.7% (95% Cl, 5.5%-5.9%) using the save lives/life-years criteria (eTable 10 in the
Supplement). For admitted patients still in the ICU after 48 hours and not already identified as low
priority (n = 25 383) using the New York State guidelines, an additional 1193 admissions (4.7% [95%
Cl, 4.4%-5.0%)] of those remaining) would have been reclassified as lowest priority; by 120 hours

(n = 6572), a further 1862 (28.3% [95% Cl, 27.2%-29.4%] of those remaining) would have been
reclassified as lowest priority (Figure).

Characteristics and Hospital Outcomes

The New York State guidelines identified a lowest priority group of admissions with a median
(interquartile range) of 57.3 (20.1-133.5) ventilator hours each, representing 10.5% of ventilator hours
of the total cohort. The lowest priority category identified by the save lives/life-years criteria each
used a median (interquartile range) of 61.7 (24.3-142.8) ventilator hours and a total of 5.0% of all
ventilator hours of the cohort (Table 3). Using the New York State guidelines, those classified as
lowest priority were of similar age as admitted patients assigned to other priority groups (Table 3) but
with a slightly higher percentage who were non-White and more with limitations on care. The
APACHE IV predicted mortality was 71.3%. Actual hospital mortality (using only the first ICU
admission) was 61.4% (hospital survival, 38.6%; 95% Cl, 37.0%-40.2%); among those who survived,
35.2% were discharged home. Using the save lives/life-years criteria, the lowest priority group
identified, compared with patients assigned to other priority groups, was composed of slightly older
admitted patients (mean [SD] age, 68.6 [13.2] years) and also had a slightly higher percentage of
non-White individuals but with a similar distribution of limitations on care in the first 24 hours after
ICU admission. This group had lower predicted (51.4%) and actual (43.8%) mortality (hospital
survival, 56.2%; 95% Cl, 53.8%-58.7%). A similar proportion of survivors (39.0%) were

discharged home.

Agreement Between the 2 Triage Systems

There was poor agreement between the 2 triage systems regarding which admissions were identified
as lowest priority for mechanical ventilation (k = 0.20; 95% Cl, 0.18-0.21), recognizing that the 2
proposed triage systems have unique aims in terms of values for identifying patients. Of the 3612 and
1738 admissions identified as lowest priority by the different scoring systems, only 655 met criteria
in both (1.6% of the overall cohort) (Table 4). Using the New York State guidelines, 3.8% of
admissions identified as lowest priority would have been identified as intermediate priority and 3.6%
as highest priority using save lives/life-years criteria. Similarly, 1.2% of admissions identified as lowest
priority using save lives/life-years criteria would have been identified as intermediate priority and
1.4% as highest priority using New York State guidelines. Characteristics of the admissions that met
the lowest criteria using both criteria vs other patients who met criteria for lowest priority in each
guideline for one set of criteria are given in eTable 11 in the Supplement. Restricting analyses to the
first admission to the ICU during the hospitalization yielded the same agreement (1.6%; eTable 12 in
the Supplement).

Discussion

When applied retrospectively to a cohort of critically ill patients without COVID-19, 2 different sets of
criteria for ventilator allocation identified 4.3% and 8.9% of admissions as meeting the lowest level
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Table 3. Characteristics of Patients by Categorization for Mechanical Ventilation Using Each Triage System

Categorization of priority for mechanical ventilation within first 24 h of ICU admission, No. (%)

New York State criteria

Save lives/life-years criteria

Standardized

Standardized

Characteristic® Lowest Intermediate Highest difference® Lowest Intermediate Highest difference®
No. of patients, 3612 (8.9) 5640 (14.0) 31187 (77.1) 1738 (4.3) 5831 (14.4) 32870(81.3)
(%) [95% ClI] [8.7-9.2] [13.6-14.3] [76.7-77.5] [4.1-4.5] [14.1-14.8] [80.9-81.7]
Proportion of 10.5 (10.3-10.6) 18.6 (18.4-18.8) 71.0(70.7-71.2) 5.0 (4.9-5.1) 16.5(16.3-16.7)  78.5(78.3-78.7)
total ventilation
hours, % (95% Cl)
Age, mean (SD),y 62.9(16.6) 63.4 (15.5) 62.4 (16.8) 0.03 68.6 (13.2) 65.5(13.7) 61.8(17.1) 0.44
Male sex 2148 (59.6) 3330(59.1) 16713 (53.6) 0.12 964 (55.5) 3079 (52.8) 18148 (55.2) 0.01
Race/ethnicity
White 2618(73.2) 4167 (74.6) 23552 (76.5) 1244 (71.9) 4402 (76.2) 24691 (76.1)
Black 444 (12.4) 709 (12.7) 3946 (12.8) 242 (14.0) 754 (13.1) 4103 (12.6)
Asian 48 (1.3) 54 (1.0) 459 (1.5) 013 13(0.8) 70(1.2) 478 (1.5) 0.16
Hispanic 187 (5.2) 256 (4.6) 1013 (3.3) 110 (6.4) 209 (3.6) 1137 (3.5)
Other or 280(7.8) 403(7.2) 1831 (5.9) 120(6.9) 340(5.9) 2054 (6.3)
unknown
ICU type
Medical 357(9.9) 643 (11.4) 3697 (11.9) 191 (11.0) 770 (13.2) 3736 (11.4)
Medical/ 2042 (56.5) 3384 (60.0) 16839 (54.0) 1106 (63.6) 3372 (57.8) 17787 (54.1)
surgical
Surgical 218 (6.0) 309 (5.5) 2262 (7.3) 0.22 66 (3.8) 331(5.7) 2392 (7.3) 0.32
Neurological 152 (4.2) 241 (4.3) 2671 (8.6) 44 (2.5) 227 (3.9) 2793 (8.5)
Cardiac/ 843 (23.3) 1063 (18.8) 5718(18.3) 331(19.0) 1131(19.4) 6162 (18.7)
cardiothoracic
APACHE IV score, 120.4 (27.3) 91.7 (25.7) 63.7 (24.1) 2.20 101.2 (31.9) 87.0(33.2) 68.9 (28.5) 1.07
mean (SD)
APACHE IV 71.3(22.9) 41.0(23.9) 19.8(19.4) 2.43 51.4(27.6) 39.8(28.7) 24.3(24.0) 1.05
predicted
mortality,
mean (SD), %
SOFA score, 10.1(4.2) 9.1(1.1) 3.1(2.4) 2.06 9.6 (3.1) 7.0(4.4) 3.8(3.1) 1.88
mean (SD)
Care preferences
prior to and
within 24 h of
ICU admission
Full therapy 2812 (77.9) 4907 (87.0) 27833(89.2) 1341 (77.2) 4827 (82.8) 29384 (89.4)
Do not 545 (15.1) 495 (8.8) 2161 (6.9) 253 (14.6) 650 (11.1) 2298 (7.0)
resuscitate 0.31 0.33
Limitationson 255 (7.1) 238(4.2) 1193 (3.8) 144 (8.3) 354 (6.1) 1188 (3.6)
life support or
other care
Care preferences
prior to and
within 24 h of
ICU discharge
Full therapy 1915 (53.0) 3822 (67.8) 24411 (78.3) 951 (54.7) 3790 (65.0) 25407 (77.3)
Do not 922 (25.5) 953 (16.9) 3630(11.6) 394 (22.7) 1068 (18.3) 4043 (12.3)
resuscitate 0.55 0.49
Limitationson 775 (21.5) 865 (15.3) 3146 (10.1) 393 (22.6) 973 (16.7) 3420(10.4)
life support or
other care
Duration of 57.3(20.1-133.5) 67.3(27.1-160.2) 42.1(15.1-114.0) 0.19 61.7 (24.3-142.8) 56.5(21.8-136.5) 44.6(15.9-118.9) 0.21
ventilation,
median (IQR), h
Survived to 90.8 (36.8-196.0) 73.2(30.9-166.7) 41.1(15.2-110.2) 0.55 68.6(29.5-152.1) 64.1(25.2-145.4) 43.6(16.0-117.1) 0.33
ICU discharge
Died prior to 36.2 (14.7-80.9) 51.6(18.8-135.2) 57.2(14.8-148.2) 0.24 41.2(18.0-113.4) 38.9(15.6-104.0) 50.8(15.1-129.8) 0.04
ICU discharge
ICU length 3.1(1.1-7.0) 4.4(2.2-8.3) 3.1(1.7-6.3) 0.05 3.6(1.9-7.1) 3.5(1.7-7.1) 3.3(1.7-6.6) 0.08
of stay,
median (IQR), d
ICU mortality 1851 (51.3) 1388 (24.6) 3484 (11.2) 0.96 585 (33.7) 1432 (24.6) 4706 (14.3) 0.47
(continued)
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Table 3. Characteristics of Patients by Categorization for Mechanical Ventilation Using Each Triage System (continued)

Categorization of priority for mechanical ventilation within first 24 h of ICU admission, No. (%)

New York State criteria Save lives/life-years criteria
Standardized Standardized

Characteristic® Lowest Intermediate Highest difference® Lowest Intermediate Highest difference®
Hospitalization
outcomes®

Hospital length 5.4 (1.8-13.2) 9.5(4.8-16.3) 7.7 (4.0-13.7) 0.28 7.8(3.6-13.8) 7.9(3.9-14.2) 7.7 (3.9-13.9) 0.04

of stay, median

(IQR), d

Hospital 2120(61.4) 1715 (33.2) 4960 (17.2) 1.01 709 (43.8) 1780 (33.0) 6306 (20.7) 0.51

mortality
Discharge
disposition

Home 468 (35.2) 1407 (40.9) 12248 (51.5) 355(39.0) 1554 (43.2) 12214 (50.8)

Other hospital 144 (10.8) 314 (9.1) 1593 (6.7) 78 (8.6) 305 (8.5) 1668 (6.9)

Rehabilitation 151 (11.4) 283(8.2) 1819 (7.7) 035 55(6.0) 248 (6.9) 1950 (8.1) 0.29

Skilled nursing 325 (24.5) 901 (26.2) 4945 (20.8) 281 (30.9) 935 (26.0) 4955 (20.6)

facility

Other 241(18.1) 535 (15.6) 3166 (13.3) 141 (15.5) 552(15.4) 3249 (13.5)

Abbreviations: APACHE, Acute Physiology and Chronic Health Evaluation; ICU, intensive ¢ Restricted to the first ICU stay that included mechanical ventilation during the
care unit; IQR, interquartile range; SOFA, Sequential Organ Failure Assessment. hospitalization (n = 37736).

@ For missing data, see eTable 5 in the Supplement.

b Comparison between lowest priority and highest priority categories; absolute
differences higher than 0.1 are considered significant.

Figure. Number of Patients Meeting Each Ventilator Allocation Triage Level During the First 24 Hours of Admission
toanICU for the New York State and Save Lives/Life-Years Criteria and Number of Patients Meeting the New York
State Guidelines for Remainingin the ICU Based on Reassessment at 48 and 120 Hours After Admission
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of priority to receive mechanical ventilation. Patients who were assigned the lowest level of priority
by these criteria received 2 to 3 days of ventilation, and both sets of criteria would have assigned a
slightly higher percentage of non-White patients to the lowest priority group. However, the 2 triage
criteria identified substantially different patients for initial consideration for withholding (or very
early withdrawal) of mechanical ventilation.

Although many triage criteria exist, few studies have assessed the application of these criteria
to actual patients. After the HIN1 pandemic in 2009, a few small studies assessed triage scores or
tools for triage.”'® However, those studies focused on predicting the need for mechanical ventilation
rather than assessing which patients would be identified as lowest priority and determining their
outcomes. In the present study, we identified challenges with attempting to apply these criteria—
particularly SOFA scores—to patients retrospectively admitted to ICUs given that some life-sustaining
interventions had already been applied. Our finding that the use of the worst value of a variable to
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calculate a SOFA score led to different scores for patients highlights the fluid nature of these scores
and the challenges associated with hard cutoffs; a SOFA score may change markedly from before to
after intubation in particular, with either deterioration or stabilization after intubation. Moreover,
SOFA scores have been primarily validated for general intensive care or sepsis populations and not
for isolated respiratory disease.'*®

The New York State criteria overall identified a sicker cohort. Because the overall goal of these
triage criteria is to minimize allocation of a scarce resource to those who seem least likely to benefit,
the New York State criteria appeared closer to achieving this goal. However, many admitted patients
identified as lowest priority by both sets of criteria survived to at least hospital discharge. Moreover,
we are unable to determine whether the choice to forgo mechanical ventilation in favor of
treatments, such as prone positioning, may result in better outcomes for some patients, as has been
raised as an area of discussion with regard to patients with COVID-19 and their treatment
management.'® The triage criteria do explicitly state that they emphasize different priorities; the
New York State criteria define survival by examining a patient’s short-term likelihood of surviving the
acute medical episode and not by focusing on whether the patient may survive a given illness or
disease in the long term (eg, years after the pandemic). By contrast, the save lives/life-years criteria
use an approach that is more focused on balancing short- and long-term risk of death.

The New Yorlk State triage framework does not include age as a criterion for allocation of
resources, but the allocation framework proposed by White and Lo includes age group as an
additional consideration, “giving heightened priority to those who have had the least chance to live
through life's stages" and prioritizes younger over older individuals.® There are differences of opinion
regarding the appropriateness of allocation that may incorporate age in such decisions, and it is
important to understand the consequences of different proposed criteria. Similarly, studies of
patients with COVID-19 have highlighted a concerning pattern in the US, suggesting that minority
groups, such as Black persons, may be disproportionately affected by COVID-19."” Animportant
aspect of triage criteria assessment is to determine whether the criteria may disadvantage certain
groups. Although difficult to ascertain without application to patients with COVID-19, the New York
State guidelines did not disproportionately identify Black patients, but both allocation schemes did.,
overall, identify more non-White patients in the lowest priority groups.

Seemingly objective criteria for allocation will almost inevitably fail to address inequities (and
likely perpetuate them) unless considerations of race/ethnicity and other relevant social factors are
incorporated in the development and evaluation of the criteria. However, the save lives/life-years
criteria evaluated in this study were based on selective evaluation of triage criteria proposed by
White and Lo,® and only used the 2 principles of saving lives and saving life-years. Importantly, the 2
other equity-focused criteria proposed as additional considerations in this framework, giving
heightened priority to health care workers and other essential workers and prioritizing younger over
older patients, were not included in this analysis because they could not be easily operationalized.
Therefore, it is not possible to make inferences or draw conclusions with respect to allocation by race
or age without considering all of these criteria.

Limitations
This study has major limitations. First, we applied these criteria to a non-COVID-19 cohort of adult
patients who were admitted to ICUs and received mechanical ventilation in 2014 to 2015. We

Table 4. Comparison of Agreement in Classification Regarding Admissions in Each Priority Category
for Ventilation on Admission to the Intensive Care Unit?

Save lives/life-years priority score, No. (%)

New York State priority score 6-8 (Lowest priority) 4-5 (Intermediate priority) 1-3 (Highest priority)
Lowest priority 655 (1.6) 1523 (3.8) 1434 (3.6) 2 Percentages refer to the entire cohort. For
Intermediate priority 503 (1.2) 1066 (2.6) 4071 (10.1) agreement assessing the lowest priority vs other
Highest priority 580 (1.4) 3242 (8.0) 27365 (67.7) Cétegories.co'mbined (intermediate priority and
highest priority), K = 0.20 (95% Cl, 0.18-0.21).
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recognize that the demographic characteristics and severity of iliness (e.g., SOFA scores) of patients
admitted with COVID-19 may have a different distribution. In particular, patients with COVID-19 may
represent a more homogeneous population that would allow for better agreement between different
guidelines when applied and, owing to single organ failure, may more frequently have a low SOFA
score. However, potential application of triage criteria would not be isolated to patients with
COVID-19 but would be as relevant for patients represented in this cohort. Future work should assess
more contemporary patients to determine what the application of these criteria would look like in a
period with primarily COVID-19 admissions and how SOFA or other scores may need to be
recalibrated for a COVID-19 population.

Second, we could not fully determine patients’ preferences for ventilation and other invasive
support or the clinical criteria used for the decision to institute ventilator support for a patient
because we were limited by the use of retrospective data. We recognize that there can be substantial
variability in these decisions that influence the cohort we assessed.’®

Third, we also had to approximate some of the criteria for comorbidities based on available
data, and we had some missing data, particularly regarding APACHE IV, that we chose not to impute.
We tried to be conservative in our approach to err on the side of undertriage rather than overtriage
of individuals to the lowest priority categories.

Fourth, of the many triage protocols proposed, we chose to assess only elements of 2 that could
be most easily operationalized using retrospective cohort data,'® and we examined only US criteria
and patients. A preliminary triage proposal in Ontario, Canada, has a very different approach, which
eschews the use of any severity of illness score in favor of a more detailed assessment of clinical
condition and underlying diseases to determine who is at high risk of death.2° Such approaches may
identify different patient populations.

Fifth, the save lives/life-years criteria we evaluated was based on only 2 of the 4 criteria from the
original allocation framework proposed by White and Lo and does not represent the way this
framework was intended to be used. Therefore, the findings from this study, particularly with respect
to the characteristics (ie, age and race/ethnicity) of groups identified as having low or high
prioritization with these selected criteria may be different than findings if all 4 allocation criteria,
including the equity-focused criteria of this framework, had been applied.

Sixth, we did not assess the actual number of ICU bed-days of these patients. Given the large
number of nonventilated patients in US ICUs as well as the complex reallocation of beds associated
with reductions in elective surgery and other procedures, such calculation was outside the scope of
this work.

Seventh, we chose to focus on patients meeting the lowest priority criteria for mechanical
ventilation. These guidelines were developed to assess different levels of priority, and in times of a
true shortage, there may be escalation to withholding or withdrawal of mechanical ventilation in the
intermediate category. Reassessment of patients would also occur. Because we did not have an
accurate way to determine new diagnoses or other changes in status that would allow someone to
newly meet the exclusion criteria, we did not apply this portion of the reassessment. Therefore, we
have underestimated the number of patients who would have transitioned to the lowest priority
category.

Eighth, we chose to focus on the triage for mechanical ventilators. However, other equipment,
such as dialysis machines, personal protective equipment, and personnel, may be the aspects of care

that ultimately are in shortest supply.2"22

Conclusions

This study assessed the application of 2 different ventilator triage criteria retrospectively to critically
ill patients without COVID-19, showing the complexity of this application and the choices that might
be made depending on the triage criteria chosen. Allocation of life-saving resources in a pandemicis a
challenging concept, and many competing interests would be involved in decisions to withhold or
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withdraw mechanical ventilation. We recognize that the criteria were put forth as suggestions rather
than as hard-and-fast rules to be adopted across a cohort of patients by using administrative data.
This study highlights the importance of assessing these approaches using actual patient data because
it allows for determination of the ways that guidelines may be difficult to operationalize, whether
certain groups may be disproportionately affected, and what further work is needed to refine these
approaches for clinical use. In particular, the lack of agreement between the assessed sets of criteria
highlights that these guidelines approach this allocation challenge in somewhat unique ways and
could lead to different choices.
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