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BACKGROUND: Unanticipated respiratory compromise that lead to unplanned intubations is a

known phenomenon in hospitalized patients. Most events occur in patients at high risk in well-

monitored units; less is known about the incidence, risk factors, and trajectory of patients

thought at low risk on lightly monitored general care wards. The aims of our study were to

quantify demographic and clinical characteristics associated with unplanned intubations on gen-

eral care floors and to analyze the medications administered, monitoring strategies, and vital-

sign trajectories before the event. METHODS: We performed a multicenter retrospective cohort

study of hospitalized subjects on the general floor who had unanticipated, unplanned intubations

on general care floors from August 2014 to February 2018. RESULTS: We identified 448

unplanned intubations. The incidence rate was 0.420 per 1,000 bed-days (95% CI 0.374–0.470)

in the academic hospital and was 0.430 (95% CI 0.352–0.520) and 0.394 per 1,000 bed-days

(95% CI 0.301–0.506) at our community hospitals. Extrapolating these rates to total hospital

admissions in the United States, we estimate 64,000 events annually. The mortality rate was

49.1%. Within 12 h preceding the event, 35.3% of the subjects received opiates. All received

vital-sign assessments. Most were monitored with pulse oximetry. In contrast, 2.5% were on

cardiac telemetry, and only 4 subjects used capnography; 53.7% showed significant vital-sign

changes in the 24 h before the event. However, 46.3% had no significant change in any vital

signs. CONCLUSIONS: Our study showed unanticipated respiratory compromise that required

an unplanned intubation of subjects on the general care floor, although not common, carried a

high mortality. Besides pulse oximetry and routine vital-sign assessments, very little monitoring

was in use. A significant portion of the subjects had no vital-sign abnormalities leading up to the

event. Further research is needed to determine the phenotype of the different etiologies of unex-

pected acute respiratory failure to identify better risk stratification and monitoring strategies.
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Introduction

Respiratory compromise is defined as deterioration in re-

spiratory function in which there is a high likelihood of re-

spiratory failure or death.1 Once respiratory compromise

has progressed to respiratory failure, the only measures that

can provide necessary support are intubation and mechani-

cal ventilation. Respiratory compromise is common in the

hospital and a frequent reason for urgent intervention.2,3

Although most of these events occur in intensively
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monitored units and in patients thought to be at risk for re-

spiratory compromise based on various prediction mod-

els4,5; they can also occur on lightly monitored general care

floors.

General care floors are staffed at a lower nurse-to-patient

ratio, and vital signs are conducted at less-frequent intervals

compared with ICUs or step-down units.6 There are no

guidelines to define admission criteria to general care

floors, but, typically, patients who do not require intensive

monitoring or who are thought by clinicians to be at low

risk for physiologic decompensation are housed on general

care floors. The literature about respiratory compromise on

general care floors, however, is scant, and, to our knowl-

edge, there is only one study from a resuscitation registry

that estimated the incidence of these events at 44,500 per

year in the United States.7

Respiratory compromise that leads to an unplanned intu-

bation in a general care ward is a particularly challenging

situation for clinicians. The event is generally unantici-

pated, respiratory deterioration is rapid, the emergency

response is often slow, access to emergency equipment

may be limited, and efforts to avoid an intubation may thus

be unsuccessful. A better understanding of risk profiling

and appropriate monitoring strategies for the broad general

care population of patients who go on to experience an

unplanned intubation is important.

The specific aims of this study were to (1) quantify de-

mographic and clinical characteristics associated with

unanticipated respiratory compromise and unplanned intu-

bations on general medicine and/or surgery floors; and (2)

analyze the medications administered, the monitoring

strategies used, and the vital-sign trajectories of these sub-

jects in the 12–24 h before the unplanned intubation. We

specifically focused on the most severe form of respira-

tory compromise in patients on the general care floor: the

requirement for an artificial airway and mechanical venti-

latory support. It is in this population that the system may

have failed the most in both early warning and in subse-

quent detection and/or management. By understanding the

characteristics of these patients and the support structure

that surrounds them, we hope to inform processes that

may improve monitoring, prediction, and treatment of re-

spiratory failure in this population.

Methods

We performed a retrospective, health-system–wide study

that analyzed electronic health record data from the Duke

University Health System. Duke University Health System

is composed of one tertiary-care academic facility and 2

community hospitals. The academic hospital had 957 acute

care beds and >42,000 admissions per year. Community

hospital 1 had 369 acute care beds and >16,000 admissions

per year, whereas community hospital 2 had 186 acute care

beds and>9,400 admission per year.

Cohort Definition

We used a nested case-control study design to account

for the potentially large sample, with a relatively rare out-

come. Patients were eligible if they were hospitalized from

August 1, 2014, to February 14, 2018, and were ages

$19 y. Subjects were defined by a documented endotra-

cheal tube insertion or death within 1 h of cardiopulmo-

nary resuscitation on a general care floor by any member

of the care team in the flowsheet data within our elec-

tronic health record. In our institutions, emergency en-

dotracheal intubations are performed by physicians,

advanced practice professionals, and advanced respira-

tory therapists.

Death within 1 h of cardiopulmonary resuscitation was

selected as a surrogate marker because of the high rates of

intubation during cardiopulmonary resuscitation,8 which

was likely not documented because the patient expired

quickly. The event had to be at least 24 h after admission

or surgical procedure. A patient was eligible to be a con-

trol if he or she was hospitalized for at least 24 h on a gen-

eral care floor. Patients were excluded if they had an
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endotracheal intubation within 24 h of admission to the

hospital, 24 h after an operation, or 24 h after transferring

out of an ICU or a step-down unit. Endotracheal intuba-

tion before admission was also an exclusion criterion.

Sample scenarios are illustrated in Supplemental Figure 1

(see the supplementary materials at http://www.rcjournal.

com).

Outcome

The outcome for our study was an intubation defined

as an endotracheal tube placement during the encounter,

as shown in the lines, drains, and airways data or flow-

sheet data, or death within 1 h of cardiopulmonary

resuscitation.

Variables of Interest

For all the subjects, we abstracted demographics, encoun-

ters, and comorbidities. We abstracted vital signs and medica-

tion data for all subjects and a random subset of controls.

Medication data during the encounter and the year before the

encounter were grouped according to therapeutic and phar-

maceutical class. Device use during the encounter was

obtained from flowsheets. Vital signs, including telemetry

and pulse oximetry, could be visualized centrally or at the

bedside.

Statistical Analysis

By using the sampled cohort, we compared baseline

characteristics of subjects and controls, stratified by hospi-

tal. We calculated the incident ratio ratio for unplanned

intubation and associated 95% CI by using the full eligible

cohort. By using the sampled cohort, we assessed medica-

tion usage during the year preceding the encounter of inter-

est and the medication use during hospitalizations. For

subjects, we assessed device use in the 1–12 h preceding

the unplanned intubation. We compared changes in vital

signs between subjects and controls before intubation by

using a method described previously.9

In brief, the time at admission was considered time 0;

at the time each subject had his or her unplanned intuba-

tion, we sampled 4 eligible controls who were still at

risk of being intubated. We then abstracted vital signs

during the preceding 24 h. For each vital sign, we fit a

linear mixed model, regressing the vital sign onto time

and adjusting for the patient’s age, sex, and race. To

allow for flexibility in the change in the vital sign, we

included a time as cubic spline and used a likelihood ra-

tio test to determine the degrees of freedom for each

vital sign. We fit an interaction term between case-con-

trol status and time, which allows the curves to vary

between case status.

The model had the form of

Vitalsij ¼ ai þ b 1f ðtijÞ þ b 2Iðcase ¼ 1Þ þ b 3f ðtijÞ
� Iðcase ¼ 1Þ þWiwþ « ij

where ai represents the random effects; f ðtijÞ represents a

flexible function, that is, spline, of time; andWi are patient

demographics. The parameter of interest, b 3, is a parame-

ter vector based on the spline of time. We performed a like-

lihood ratio test on this interaction term (b 3) to assess

whether the curves differed between the 2 groups. With

each subject, for each vital sign, we also fit a simple linear

model to assess whether the individual’s vital signs were

increasing or decreasing when leading up to the event. All

analyses were conducted by using SAS 9.4 (SAS Institute,

Cary, North Carolina) and R version 3.5.2 (R Foundation,

Vienna, Austria). This study was approved by the Duke

University Institutional Review Board.

Results

We identified a total of 448 unplanned intubations: 291

at our academic facility, and 100 and 57 at community hos-

pitals 1 and 2, respectively. There were 202,910 eligible

controls across all 3 hospitals; 20,056 sampled controls

were included in the analyses. Baseline characteristics of

subjects and sampled controls are presented in Table 1. Of

the 448 unplanned intubations on general ward floors from

our 3 facilities, the median age was 65.5 (quartiles, 56.6,

75.4) y, 57.1% were men, and the median body mass index

was 27.4 (quartiles 23.4, 32.8) kg/m2. The median age for

the controls were 62.3 (quartiles, 49.9, 72.6) y, 48.2% were

men, and the median body mass index was 28 (quartiles,

24.0, 33.3) kg/m2.

Based on our analyses, we found the incidence rate of

unplanned intubations to be 0.420 per 1,000 (95% CI

0.374–0.470) bed-days in the academic hospital; 0.430 per

1,000 (95% CI 0.352–0.520) bed-days in community hospi-

tal 1 and 0.394 per 1,000 (95% CI 0.301–0.506) bed-days at

community hospital 2. The mortality rate of the subjects

with unplanned intubation was 49.1% during the event

hospitalization. Seventeen subjects were defined by cardio-

pulmonary arrest. Subjects had higher rates of coronary ar-

tery disease, cerebrovascular disease, congestive heart

failure, COPD, and organ transplantations compared with

the controls. The medication use during the past year for

subjects and controls is illustrated in Supplemental Table 1

(see the supplementary materials at http://www.rcjournal.

com). Notably, subjects had higher rates of anti-hypergly-

cemics, cardiac and cardiovascular drugs, and diuretics.

The use of medication and devices in the 1–12 h before

the event is presented in Table 2. Of the subjects, 12.9%

received a benzodiazepine, 35.3% received an opiate, 9.3%
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received either a sedative or antipsychotic, 23.7% received

a bronchodilator, 20.1% received a diuretic, and 29.0%

were on antibiotics. The vast majority were receiving pulse

oximetry and had received oxygen supplementation. A

small minority were on telemetry (2.5%), whereas only 4

cases had used an end-tidal CO2 monitor before the event;

5.4% used noninvasive ventilation, and 5.1% used high-

flow nasal cannula oxygen therapy.

The average vital-sign trajectories of pulse, breathing

frequency, systolic and diastolic blood pressure, and pulse

oximetry in leading up to the events for subjects compared

with time-matched controls are illustrated in Figure 1. All

vital signs except diastolic blood pressure showed signifi-

cantly different average trajectories (P < .01, likelihood

ratio test). However, there was heterogeneity in the indi-

vidual trajectories (Table 3). For example, with respect to

respiration, 4.8% of the subjects showed a significant

decrease in leading up to the event, indicative of bradyp-

nea, whereas 13% showed a significant increase indicative

of tachypnea. Importantly, 46.3% of the subjects had no

significant change in any vital sign in leading up to the

event.

Discussion

To our knowledge, this was the first study that focused

solely on unplanned emergent intubations, the severest

form of respiratory compromise, in subjects who were

lightly monitored and in seemingly stable general floor

care. Over our 43-month study period, we identified 448

such events in 3 hospitals, with >67,000 combined admis-

sions per year. Extrapolating that to American Hospital

Association data (https://www.aha.org/statistics/2020-01-

07-archived-fast-facts-us-hospitals-2019, Accessed January
5, 2020), which reported >36 million admissions in 2017

in the United States, analysis of our results suggested that

>64,000 unplanned intubations/year occur on general care

services, a number comparable with that observed in the

aforementioned study by Andersen et al7 in subjects outside

the operating room, emergency department, and ICU.

Table 1. Baseline Characteristics for Subjects With Unplanned Intubations and Sampled Controls

Characteristic
Academic Hospital

(n ¼ 291)

Community Hospital

1 (n ¼ 100)

Community Hospital

2 (n ¼ 57)

Controls

(n ¼ 20,056)

Demographics

Age, y 64.4 (55.4–73.3) 71.1 (63.8–79.1) 72.0 (61.0–78.3) 62.3 (49.9–72.6)

Males, n (%) 167 (57.4) 52 (52.0) 37 (64.9) 9,676 (48.2)

Non-Hispanic blacks, n (%) 96 (33.0) 47 (47.0) 22 (38.6) 6,395 (31.9)

Non-Hispanic whites, n (%) 179 (61.5) 47 (47.0) 31 (54.4) 12,229 (61.0)

Smoker, n (%)

Current 27 (12.1) 16 (16.5) 3 (5.7) 2,734 (16.5)

Former 112 (50.2) 44 (45.4) 27 (50.9) 6,407 (38.6)

Never 84 (37.7) 37 (38.1) 23 (43.4) 7,441 (44.9)

Clinical characteristics and comorbidity

history in the past year

Body mass index, kg/m2 27.7 (23.1–33.4) (274) 27.8 (24.4–33.3) (93) 26.1 (22.4–29.9) (56) 28.0 (24.0–33.3) (17,953)

Asthma, n (%) 14 (5.7) 8 (9.2) 3 (6.5) 1,108 (6.3)

CAD, n (%) 73 (29.8) 38 (43.7) 12 (26.1) 2,762 (15.6)

Cerebrovascular disease, n (%) 48 (19.6) 17 (19.5) 6 (13.0) 1,803 (10.2)

CHF, n (%) 75 (30.6) 37 (42.5) 8 (17.4) 2,821 (16.0)

COPD, n (%) 72 (29.4) 33 (37.9) 12 (26.1) 3,627 (20.5)

Organ transplantation, n (%) 40 (16.3) 5 (5.7) 0 (0.0) 1,336 (7.6)

Sleep apnea, n (%) 47 (19.2) 10 (11.5) 3 (6.5) 2,396 (13.6)

Comorbidities (of total 15) 4.0 (2.0–5.0) (245) 4.0 (2.0–6.0) (87) 2.0 (1.0–4.0) (46) 2.0 (1.0–4.0) (17678)

Cardiopulmonary resuscitation, n (%) 6 (2.1) 10 (10.0) 1 (1.8) NA

Died during an encounter, n (%) 141 (48.5) 54 (54.0) 25 (43.9) 238 (1.2)

Emergency admission, n (%) 185 (63.6) 91 (91.0) 43 (75.4) 10649 (53.1)

Service line, n (%)

Medicine 223 (76.6) 94 (94.0) 44 (77.2) 12672 (63.2)

Surgery 65 (22.3) 6 (6.0) 13 (22.8) 6922 (34.5)

Other 3 (1.0) 0 (0.0) 0 (0.0) 461 (2.3)

CAD ¼ coronary artery disease

CHF ¼ congestive heart failure

NA ¼ not applicable
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Not surprisingly, we found that subjects who received an

unplanned intubation had a significantly high mortality rate

compared with the control subjects who were hospitalized

and in general care, 49% of the subjects who required an

unplanned intubation expired either at the time of intuba-

tion or during the hospitalization. This mortality rate was

significantly higher than was found in other general care

cohorts, including sepsis,10 COPD exacerbation,11 pneumo-

nia,12 and heart failure.13 Compared with controls, our cases

had higher rates of coronary disease, diabetes, COPD, and

congestive heart failure. Furthermore, the cases had higher

rates of multiple comorbidities compared with the controls.

Interestingly, there was little difference in the rates of sleep

apnea between the cases and the controls. The lack of dif-

ference runs contrary to the current literature because previ-

ous research has shown obstructive sleep apnea to be a risk

factor for respiratory failure.14,15

In the 12 h leading up to the intubation event, the rate of

opiate and sedative use was high in the cases that required

intubations. Both of these medication classes have been

shown to impact ventilatory drive.16-18 This likely suggests

that the addition of sedative medications on a cohort of

patients with comorbidities while acutely ill would play a

factor in their decompensation. This warrants further study.

Vital sign monitoring is a cornerstone of current general

floor care management, and although designed to detect

decompensation, monitoring is only done intermittently.19

Important vital sign changes were observed in the h before

the unplanned intubation in a number of our cases.

However, there were a significant number of subjects who

had no vital sign abnormalities before their respiratory

decompensation, which illustrates the shortcomings of

current general floor vital sign monitoring modalities. The

considerable heterogeneity in these vital sign patterns

underscores the range of etiologies and trajectories of in-

hospital respiratory compromise.

These “phenotypes” of respiratory compromise would

include sudden (catastrophic) events versus gradual

deteriorations that involve neurologic, cardiovascular,

or respiratory function. Thus, there is no single approach

to predicting, monitoring, or preventing these occur-

rences.20 For each of these phenotypes, risk prediction

models, monitoring strategies, and intervention potential

are likely to be different. Future research can be directed

to better characterize these phenotypes and to group

patients accordingly. Patients with specific patterns

could then benefit from more-focused monitoring and

intervention strategies.

In addition to vital-sign measurements, 2 monitors are

generally available for patients in general care: exhaled gas

capnography and pulse oximetry (SpO2
). Capnography can

offer a noninvasive means of accurately measuring the

Table 2. Medications and Devices 1–12 h Before an Event

Characteristic
All Subjects

(n ¼ 448)

Academic Hospital

(n ¼ 291)

Community Hospital

1 (n ¼ 100)

Community Hospital

2 (n ¼ 57)

Medication use in previous 1–12 h, n (%)

Benzodiazepines 58 (12.9) 38 (13.1) 10 (10.0) 10 (17.5)

Opioids 158 (35.3) 105 (36.1) 31 (31.0) 22 (38.6)

Sedatives 10 (2.2) 8 (2.7) 0 (0.0) 2 (3.5)

Anticholinergics 53 (11.8) 37 (12.7) 10 (10.0) 6 (10.5)

Antipsychotics 32 (7.1) 22 (7.6) 6 (6.0) 4 (7.0)

Bronchodilators 106 (23.7) 59 (20.3) 31 (31.0) 16 (28.1)

Diuretics 90 (20.1) 63 (21.6) 17 (17.0) 10 (17.5)

Antibiotics 130 (29.0) 89 (30.6) 31 (31.0) 10 (17.5)

Systemic corticosteroids 49 (10.9) 36 (12.4) 8 (8.0) 5 (8.8)

Pressors or inotropes 22 (4.9) 20 (6.9) 0 (0.0) 2 (3.5)

Device use and therapies in previous 1–12 h, n (%)

None (room air) 28 (6.3) 22 (7.6) 3 (3.0) 3 (5.3)

Pulse oximetry 442 (98.7) 288 (99.0) 98 (98.0) 56 (98.2)

Telemetry 11 (2.5) 7 (2.4) 4 (4.0) 0 (0.0)

ETCO2 device 4 (0.9) 4 (1.4) 0 (0.0) 0 (0.0)

Nasal cannula 198 (44.2) 125 (43.0) 51 (51.0) 22 (38.6)

High-flow nasal cannula 23 (5.1) 13 (4.5) 6 (6.0) 4 (7.0)

Face mask 20 (4.5) 13 (4.5) 2 (2.0) 5 (8.8)

CPAP 12 (2.7) 10 (3.4) 1 (1.0) 1 (1.8)

BPAP 12 (2.7) 6 (2.1) 3 (3.0) 3 (5.3)

ETCO2 ¼ end-tidal carbon dioxide

BPAP ¼ bi-level positive airway pressure
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breathing frequency and is generally available in most

hospitals. Capnography has also been shown to be effec-

tive in identifying respiratory compromise in patients in

general care.21 However, despite the high use of opioids

and sedatives, the rate of capnography monitoring in our

subjects was very low. This underscores the likelihood

that providers truly thought that these subjects were at

low risk for further cardiopulmonary decompensation.

Although guidelines exist for capnography usage for

operating rooms, patients who are moderately sedated

and on advanced life care support, there are no guidelines

to direct capnography usage on patients on the general

floor.22

Pulse oximetry is a widely used monitor that is noninva-

sive, simple to operate, and often is a part of admission

order sets. Indeed, nearly all of our subjects had pulse oxi-

metry monitors in use but, as noted above, recorded

changes in SpO2
before the unplanned intubation were

uncommon. Whether this is because adequate supplemental

oxygen was being adjusted to achieve the normal range of

oxygen saturation or these subjects truly had no aberrancy

in their oxygen saturation before respiratory failure remains

unclear. The limitations of pulse oximetry are well known.

The reported values are time-weighted averages and thus

delays in recognizing acute events occur. Hypotension, va-

soconstriction, motion artifacts, and low cardiac outputs

can all lead to poor signal quality.23-25

Given the heterogeneity of respiratory compromise and

the limited available data to inform clinicians, it should not

be surprising that evidence-based guidelines on general floor

care monitoring are lacking. Decisions and selection are

largely left up to providers. Furthermore, initiatives such as

the Choosing Wisely Campaign, have adopted recommenda-

tions in minimizing device monitoring in certain clinical set-

tings.26 Our results strongly suggest that “one size does not

fit all” and that much more research is needed to understand

cost-effective strategies for general floor care monitoring.
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Fig. 1. Vital sign trajectories heart rate, breathing frequency, diastolic blood pressure (BP), pulse oximetry, and systolic blood pressure.

Table 3. Percentage of Subjects Who Had a Significant Increase or

Decrease in a Vital Sign in the 24 h Before the Event

Vital Sign Decrease, % Increase, %

Pulse 10.7 16.1

Respirations 4.8 13.1

Diastolic blood pressure 10.4 6.6

Systolic blood pressure 12.4 7.2

SpO2
7.3 5.7
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The findings of this study should be interpreted in the

context of the study design and the limitations of the data

sets. Our definition of unplanned intubation, defined a 24-h

time limit for inclusion after admission, ICU transfer, or

operation, and does not truly reflect a point in time reflec-

tive of clinical stability. We also delineated the time frame

for medication and device usage as 1-12 h before the event.

From the data available, it is not possible to assess if the

medications or devices were being used for routine treat-

ment and/or monitoring (eg, noninvasive ventilation for

obstructive sleep apnea) or directed toward impending re-

spiratory failure.

Another limitation of our study was the reliance of data

captured by documentation in the electronic health record.

Electronic health record data can be incomplete27 and due

to data entry discrepancies as well as back-end data trans-

formation, not always reflective of the true clinical experi-

ence. Furthermore, although vital signs have been shown to

be predictive of deterioration,28 recordings may be incom-

plete.29,30 Because we censored the subjects after the time

stamp of intubation or cardiopulmonary arrest, data that

were time stamped after the event but could have occurred

before the event would not have been included.

Also, we used subjects who died 1 h after cardiopulmo-

nary arrest as a surrogate marker for unplanned intubation

since, patients generally need endotracheal intubation who

develop cardiopulmonary arrest. Because we censored the

subjects after the time stamp of intubation or cardiopulmo-

nary arrest, data that were time stamped after the event but

could have occurred before the event would not have been

included.

Conclusions

Respiratory compromise that requires an unplanned

intubation of patients on the general care floor, although

uncommon, carries a high mortality and is potentially

preventable. Not surprisingly, the subjects in general

care who were older and sicker were at higher risk.

Importantly, besides pulse oximetry and routine vital

sign assessments, very little other monitoring was in use

in our patient population. There clearly were multiple

etiologies and clinical trajectories for acute respiratory

compromise that occurred in this population. Further

research is needed to effectively determine the pheno-

type of the different etiologies of acute de novo respira-

tory failure on the general care floors to identify better

risk stratification, monitoring processes, and interven-

tional strategies for these patients.
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