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Abstract

OBJECTIVE—Reintubation after liberation from mechanical ventilation is viewed as an adverse
event in intensive care units (ICUs). We sought to describe the frequency of reintubations across
U.S. ICUs and to propose a standard, appropriate time cut-off for reporting of reintubation events.

DESIGN & SETTING—We conducted a cohort study using data from the Project IMPACT
database of 185 diverse ICUs in the U.S.

PATIENTS—We included patients who received mechanical ventilation and excluded patients
who received a tracheostomy, had a do-not-resuscitate order placed, or died prior to first
extubation.

MEASUREMENTS—We assessed the percentage of patients extubated who were reintubated,;
the cumulative probability of reintubation, with death and do-not-resuscitate orders after
extubation modeled as competing risks, and time to reintubation.

MAIN RESULTS—Among 98,367 patients who received mechanical ventilation without death or
tracheostomy prior to extubation, 9,907 (10.1%) were reintubated, with a cumulative probability
of 10.0%. Median time to reintubation was 15 hours (interquartile range 2—45 hours). Of patients
who required reintubation in the ICU, 90% did so within the first 96 hours after initial extubation;
this was consistent across various patient subtypes (89.3% for electives surgical patients up to
94.8% for trauma patients and ICU subtypes (88.6% for cardiothoracic ICUs to 93.5% for medical
ICUs).
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CONCLUSIONS—The reintubation rate for ICU patients in US ICUs is approximately 10%. We
propose a time cut-off of 96 hours for reintubation definitions and benchmarking efforts, as it
captures 90% of ICU reintubation events. Reintubation rates can be reported as simple
percentages, without regard for deaths or changes in goals of care that might occur.
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Respiration; Artificial; Ventilator Weaning; Airway Extubation; Respiratory Insufficiency;
Intensive Care

INTRODUCTION

Respiratory failure is a common indication for admission to intensive care units (ICUs) (1),
with approximately 40% of ICU patients in the United States receiving mechanical
ventilation (2, 3). Once liberated from mechanical ventilation, the need for reintubation is
viewed as a potential adverse event. Requiring reintubation is associated with organ
dysfunction secondary to physiologic stress (4, 5), increased mortality (4-6), higher hospital
costs and longer length of ICU stay (6-10), however, if patients are maintained on the
ventilator longer than is necessary, they run the risk of ventilator-associated complications,
increased morbidity and also longer length of ICU stay (4, 8, 11). Therefore, having either a
very high or a very low reintubation rate could negatively impact patient outcomes and
represent low quality care.

Reported rates of reintubation in the literature range from 3% to greater than 30% (5, 7, 12—
21). This variation can be attributed to heterogeneity of included patients, study types, but
also differences in follow up periods ranging from 24 hours to over 1 week after extubation
(6, 14,15, 19, 22, 23). This last aspect of variability occurs because there is no consensus for
the time frame in which a need for reintubation should be tracked and reported after an
initial extubation.

Given the substantial variability in estimates of reintubation rates and timeframes used, the
primary aim of this study was to report the absolute percentage of patients reintubated in
U.S. ICUs using a national multi-center database. We also assessed the cumulative
probability of reintubation events accounting for the competing risks of death or a change in
goals of care (i.e. placement of a do-not-resuscitate (DNR) order). We did this to determine
whether accounting for these events in reporting substantially changes the estimate of
reintubation rates. Finally, we sought to define a time window for reporting reintubation
events and to identify patient and hospital-level factors associated with an increased odds of
reintubation.

MATERIALS AND METHODS

We conducted a cohort study to determine the cumulative probability and timing of
reintubations in U.S. ICUs using data from the Project IMPACT database from 2000 through
2009 for the primary analysis and APACHE Outcomes database from 2010 through 2012 for
secondary analysis. Project IMPACT is a large, validated database of 185 diverse ICUs in
the U.S. (24). Data were prospectively collected by certified data collectors at participating
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ICUs and the database is managed by Cerner Corporation, Kansas City, MO. Details of the
Project IMPACT database have been published previously (1, 24). For a secondary analysis
of reintubation rates that accounted for non-invasive positive pressure ventilation (NIPPV)
we used the APACHE Outcomes database (2010 through 2012), as it included information
on NIPPV as well as invasive mechanical ventilation. However, we did not use this database
for the primary analysis because it lacked information on implementation of DNR orders
during the ICU stay and tracheostomy during the ICU stay. Analyses were conducted at
Albert Einstein College of Medicine. Institutional Review Board approval was waived by
Albert Einstein College of Medicine as these data were deidentified.

Patients and Variables

Analysis

We included patients aged = 18 years from 2000 through 2009 admitted to participating
ICUs in the U.S. who had mechanical ventilation at any point during the ICU stay. For the
primary analysis, there was no minimum duration of mechanical ventilation required for
inclusion. We excluded patients who were admitted to the ICU with any limitation in life-
sustaining therapy, and those who received a tracheostomy or died prior to a first extubation
event. We also excluded patients for whom there was missing data on mechanical ventilation
start date or DNR date (Figure 1). For cases where a patient was reintubated multiple times,
or re-admitted to the ICU multiple times, only the first ICU admission with mechanical
ventilation during the hospitalization was included in the analysis.

The primary outcomes were the percentage of extubated patients who were reintubated and
the cumulative probability of reintubation, accounting for the competing risks of death
and/or placement of a DNR order. Time of extubation was defined using the end date and
time of invasive mechanical ventilation; reintubation was defined by the reinstitution of
invasive mechanical ventilation following extubation at any time during the same ICU stay.
Time to reintubation was recorded in hours from extubation, rounded to the nearest hour. All
reintubation events during the same ICU stay were included.

We summarized demographic and clinical characteristics for all patients, and stratified by
the need for reintubation. Differences between groups were assessed using t-tests and Chi-
squared tests as appropriate. We calculated the cumulative probability of reintubation with
DNR and death modeled as competing risks, as these events preclude a reintubation event
from occurring (25). We followed patients until the last reintubation event in the cohort (32
days following extubation) and patients were assumed to be event-free (i.e. no reintubation)
after ICU discharge. We also assessed the cumulative probability of reintubation for patients
stratified by ICU type (Medical, Surgical, Combined Medical/Surgical, Cardiothoracic,
Neurological, Other) and patient type (medical, surgical - elective, surgical - emergent,
trauma). Sensitivity analyses were performed to assess the cumulative incidence of
reintubation excluding patients with a duration of mechanical ventilation of less than 12, and
then less than 24 hours.

Our aim was to determine a time cut-off that was clinically significant and would capture the
majority of reintubation events. After determination of a time cut-off that captured 90% of
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reintubation events, we also assessed the time cut off across the sub-groups above. Finally,
we examined risk factors associated with the occurrence of reintubation using the cut-off of
96 hours after extubation. We excluded patients who died or who had a DNR order placed
during the first 96 hours after extubation. Clinically relevant patient and hospital-specific
risk factors were assessed using hierarchical logistic regression, adjusting for clustering of
patients within ICUs.

To examine the frequency of use of non-invasive positive pressure ventilation (NIPPV) after
initial extubation, we used the APACHE Outcomes database, stratifying patients by any or
no use of NIPPV, and also by whether or not NIPPV was instituted within 24 to 48 hours of
extubation. We also assessed the relationship between use of NIPPV and the cumulative
probability of reintubation and calculated the cumulative probability, accounting for the
competing risk of death. Due to differences in data variables, specifically the lack of data on
tracheostomy placement and institution of DNR orders, we did not combine these data with
the original cohort. Database management and statistical analysis were performed using
Stata 13 (StataCorp LP, College Station, Texas).

Cohort Characteristics

After exclusions, the primary cohort consisted of 98,367 patients in 185 ICUs who received
mechanical ventilation during their ICU stay and survived their first intubation episode
without tracheostomy. Details of the hospitals and ICUs contributing patients to this cohort
are in Appendix Table 1 in the Supplemental Digital Content. Mean age was 58.4 £17.9
years, 59.2% were male, 79.4% Caucasian and 50.3% were classified as non-surgical (Table
1). The most frequent indications for ICU admission were cardiovascular (30.7%) or
pulmonary (27.4%) diagnoses. Most patients were admitted from the emergency room
(34.8%) or perioperative setting (operating room or recovery room) (44.8%). The median
duration of first mechanical ventilation episode was 1 day (interquartile range (IQR) 0.5-3.3
days).

Cumulative Probability of Reintubation

Of all patients extubated, 10.1% were reintubated during the same ICU stay. The cumulative
probability for reintubation was 10.0% (95% confidence interval (Cl): 9.8-10.2%) (Table 2).
When stratified by type of ICU, patients in medical, surgical or combined medical/surgical
ICUs had a similar cumulative probability to the overall cohort, while the cumulative
probability of reintubation was substantially lower in Cardiothoracic ICUs (4.9%, 95% CI:
4.1-5.8%). Among patients with a minimum duration of 12 hours of mechanical ventilation,
the cumulative probability of reintubation was 12.2% (95% CI: 12.0-12.4) and for those
with a minimum duration of 24 hours of mechanical ventilation, the cumulative probability
of reintubation was 14.7% (95% ClI: 14.4-14.9) (Supplementary Digital Content Appendix
Figure 2).
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Time to Reintubation

Patients were followed until the last recorded first reintubation event at 769 hours (32 days)
following extubation. The median time to reintubation was 15 hours (interquartile range
(IQR) 245 hours). Of the 10.1% of patients who required reintubation, 76.6% did so within
the first 48 hours (2 days), and 91.8% within the first 96 hours (4 days) (Figure 2). The 96-
hour cutoff consistently captured approximately 90% of reintubation events across different
types of patients and ICUs (Table 2), and across years (Appendix Figure 1 in the
Supplemental Digital Content).

Factors associated with reintubation within 96 hours

Patients who required reintubation were slightly older (Mean age 60.1 + 17.5 vs. 58.2

+ 17.9), had a longer duration of primary mechanical ventilation (Median days [IQR] 2.8
[0.9-6.9] vs. 0.9 [0.4-2.9], p<0.001), and longer ICU length of stay (Median days 13.4 [8.5-
20.9] vs. 2.9 [1.6-5.9], p<0.001). Hospital length of stay (Median days 23 [14-35] vs. 9 [6—
16], p<0.001) was significantly longer for reintubated patients and in-hospital mortality was
substantially higher (21.9% vs. 7.9%, p<0.001) (Table 1).

In multivariable modeling (N=68,312), patients age 70-79 had the highest likelihood of
reintubation by 96 hours (odds ratio (OR) 1.34; 95% CI 1.21-1.47, p<0.001 compared with
patients <50 years) (Table 3). Compared to patients admitted for a pulmonary diagnosis
those with sepsis (OR 1.23; 95% CI 1.11-1.35, p<0.001) and trauma (OR 1.59; 95% ClI
1.46-1.74, p<0.001) were more likely to be reintubated, while those with cardiovascular,
metabolic, renal and gastroenterological diagnoses were less likely to be reintubated.
Compared to patients admitted from the emergency room, those who presented from the OR/
PACU were less likely to be reintubated [OR 0.82, (CI 0.73-0.92, p=0.001)], while those
presenting from the step down or telemetry unit [OR 1.55 (CI 1.38-1.74, p<0.001) or ward
[OR 1.42 (CI 1.29-1.57, p<0.001) were more likely to be reintubated.

Use of non-invasive positive pressure ventilation

Using the APACHE Outcomes database from 2010-2012, 23,723 patients received
mechanical ventilation and survived to initial extubation. The cohort had a mean age of
61.7+16.8 years; 55.0% were male, 79.8% Caucasian and 69% were classified as non-
surgical (Appendix Table 2 in the Supplemental Digital Content), a notably higher
percentage than in the primary cohort. The overall rate of reintubation was 8.1% (cumulative
probability 8.0%, Appendix Table 3 in the Supplemental Digital Content) and median time
to reintubation was 13.0 hours (IQR 1.2-47.2). Of patients who were extubated after a first
episode of mechanical ventilation, 1,144 (4.8%) patients received NIPPV after initial
extubation. Among these patients, the NIPPV was initiated within the first 24 hours after
extubation in 57.4%, and within the first 48 hours in 79.7% of patients. The cumulative
probability for reintubation at any time during the ICU admission was substantially higher
for patients who received NIPPV following extubation (31.9%) than for those who did not
(6.8%) (Supplementary Digital Content, Appendix Table 3 & Figure 3).
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DISCUSSION

This is the first epidemiologic study to describe the percentage of patients requiring
reintubation in United States ICUs, providing a benchmark rate of 10%. It is notable that the
“crude” reintubation rate and the cumulative probability, which accounted for deaths and
DNR status, were almost identical, suggesting that simple estimates that do not account for
risk of death or change in code status can be used in place of more complex calculations.

The choice of a time cut-off of 96 hours consistently captured approximately 90% of
reintubations across all ICU types and patient types, and over a 12-year period, suggesting it
is a stable metric. We propose that the 96 hour time cut-off be used as the standard for
reporting reintubation rates. However, we recognize that the choice to capture a higher
percentage of reintubations is balanced against the preference to include only reintubations
that can be linked to the decision to extubate, rather than a new cause of respiratory failure.
As more time elapses from the extubation event, the possibility of the latter increases.

Our finding of a cumulative probability of reintubation of 10% falls well within the range of
3 —>30% previously reported in the literature (5, 11,13, 19, 26). Inclusion of many patients
with short durations of mechanical ventilation who would have been excluded in prior
studies explains why our estimate is slightly lower than estimates in reviews (5, 13, 22). Our
median time to reintubation (15 hours) also falls in the range of previously reported median
time to reintubation (13 — 36 hours) (5, 6, 11). Similar to previous reports, we found a lower
cumulative probability of reintubation in cardiothoracic ICUs, likely due to the transient use
of mechanical ventilation for this particular patient population in the immediate post-
operative period (26). Previously reported risk factors for reintubation included age (4, 11)
high Rapid-Shallow-Breathing Index (RSBI) (14, 19, 27) and pneumonia (19). We also
demonstrated that age was a risk factor for reintubation, and found that patients admitted
with sepsis or trauma were more likely to be reintubated.

When examining NIPPV as a “treatment” for extubation failure, Esteban ef a/ found no
change in reintubation rate and a possible association with higher mortality (28). Using a
separate dataset (APACHE Outcomes) we were also able to assess the use of NIPPV after
extubation; it is notable that the reintubation rate for patients who received NIPPV was very
high (almost 30%) compared with the overall rate. One must interpret this finding with
caution, as this is likely due to the fact that patients who are either perceived as high risk for
reintubation, or exhibit difficulty are the ones who may receive NIPPV as an attempted
“bridge” to avoid reintubation (29, 30). Our findings do not assess whether NIPPV as a
treatment was a successful method to avoid reintubation in this population, or impacted
mortality.

Our study has a number of limitations. The observational study design using a large database
limits analysis to variables pre-existing in the database. Data on the etiology of respiratory
failure, other specific risk factors, such as details of the cardiac or pulmonary disease status,
and the indication for reintubation were not available. It is possible that the risk factors we
have identified from multivariable analysis (table 3) may contribute less than other
unmeasured variables that we could not include in the model. Our results also may not be
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generalizable to smaller community hospitals; Project IMPACT has an over-sampling of
large community hospitals and academic medical centers. Our study includes data from
2000-2009 for Project IMPACT and 2010-2012 for APACHE Outcomes. The cumulative
probability of reintubation in the years 2010-2012 was 2% lower (10% vs. 8%), possibly
reflecting overall reduced rates of reintubation with changes in clinical practice. It is also
possible that in the time period from 2012 to 2016 other changes in practice may have
influenced the rates of reintubation. In particular, the increasing interest in and use of high
flow nasal cannula oxygen could have an impact (31, 32). We also assumed that patients
were event-free on ICU discharge, which could lead to an underestimation of the true
reintubation probability, as patients may be discharged from the ICU and require
reintubation and readmission. However, the ICU readmission rate within Project IMPACT is
relatively low (4% within 120 hours of discharge), making it unlikely to affect the validity of
our estimates (1).

Using a large, multi-center database, we were able to estimate both the rate and timing of
reintubation in U.S. ICUs. These estimates were stable across a number of different
subgroups and over time. Consequently, we propose that a reintubation rate of 10% and a 96
hour time-window for defining reintubation events be considered for use as quality
benchmarks and as part of patient safety initiatives.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Project Impact 2001-2009
n =366,979

U.S. Hospital Admissions
n=353,123

Adults (age=>18)
n = 349,235

Mechanically Ventilated
n=129,253

Full Code on ICU Admission
n=125,314

Cohort Creation Data Complete
n=122,458

Candidates for Reintubation
n =98,367

Figure 1.

-» ICU discharge date: 53

> ICU discharge alive: 4,052

Page 10

Data missing
1t MV stop date: 56

Alive/dead on ICU discharge: 11
DNR date: 2,736

i Not Reintubation Candidates
i Death prior to extubation: 10,209

Tracheostomy: 192
DNR order: 9,638

Flow chart of exclusions for cohort for evaluation of reintubations in US ICUs. For cases
where a patient was reintubated multiple times, or re-admitted to the ICU multiple times,
only the first ICU admission with mechanical ventilation during the hospitalization was

included in the analysis

Abbreviations: DNR: Do Not Rescuscitate; ICU: Intensive Care Unit.
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Cumulative probability of reintubation over time with death and do-not-resuscitate orders
modeled as competing risks
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Table 1
Baseline Characteristics of cohort of patients who received mechanical ventilation and were extubated in the
ICU
Variable cTJﬁf?:t Relntubated p value
No Yes
Total patients, N (%) 98,367 (100) | 88,460 (89.9) | 9,907 (10.1)
Age, yrs (meanzsd) 58.4+17.9 58.2+17.9 60.1£17.5 <0.001
Gender, % male 59.20 59.23 58.91 0.54
Race % 0.012
White 79.38 79.26 80.45
Black 13.57 13.62 13.10
Other 7.05 7.12 6.46
MPMlll, mean +sd 17.1£16.5 16.9 £16.5 18.7 £16.3 <0.001
Diagnosis Group % * <0.001
Respiratory or Thoracic Surgery 27.38 27.08 30.11
Cardiovascular 30.68 3181 20.65
Trauma 12.17 11.60 17.20
Gastrointestinal 9.31 9.31 9.28
Neurological 9.10 8.89 11.01
Sepsis 5.99 5.63 9.27
Metabolic or Renal 5.36 5.69 2.48
Non-Surgical (%) 50.3 49.4 57.8 <0.001
Duration Mechanical Ventilation, First Episode Median (IQR) | 1.0 (0.5,3.3) 0.9 (0.4,2.9) 2.8(0.9,6.9) <0.001
Location Prior to ICU (%) <0.001
Emergency Room 34.8 348 35.2
Operating Room or PACU 448 45.9 35.1
Ward 6.5 6.2 9.1
Step Down or Telemetry 4.2 4.0 6.4
Other 9.7 9.2 14.2
ICU Length of Stay, (days) median (IQR) 3.3(1.7,7.4) 29(1.6,59) | 13.4(8.520.9) | <0.001
Hospital Length of Stay, (days) median (IQR) 10 (6,19) 9 (6,16) 23(14,35) <0.001
ICU mortality, % 5.3 4.2 14.7 <0.001
Hospital Mortality, % 9.3 7.9 21.9 <0.001

Abbreviations:

Sd = standard deviation; MPM = mortality probability model 31; ICU = intensive care unit;

IQR =interquartile range; LOS = length of stay; PACU = post-anesthesia care unit

*
APACHE diagnostic categories
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Table 2

Cumulative probability and time to reintubation stratified by ICU type and patient type
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Patient Group N Total Cumulative % of Total
Cumulative Probability Reintubations
Probability (%) | at 96 hrs (%) by 96 hrs
All Patients 98,637 10 9.2 91.6
ICU Type ™
Surgical ICU 28,092 10.8 9.8 90.5
Medical ICU 10,350 9.6 9.0 93.5
Combined Medical/Surgical ICU | 54,450 9.8 9.0 91.9
Cardiothoracic ICU 2,493 4.9 4.4 88.6
Patient Type
Surgical (Elective) 28,673 6.6 5.9 89.3
Surgical (Emergent) 20,239 11.2 10.1 90.5
Medical 49,455 115 10.7 92.9
Trauma™* 11,968 14.2 135 94.8

*
Data for neurologic ICUs (N=195) and other or unclassified ICUs (N=3,087) not shown

Aok

Trauma patients include both medical and surgical patients
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Table 3

Multivariable logistic regression model of patient and hospital factors associated with reintubation
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Variable OddsRatio (95% CI) | Pvalue
Age (years)

<50 ref

50-59 1.24 (1.15,1.35) <0.001

60-69 1.23(1.13,1.34) <0.001

70-79 1.34(1.21,1.47) <0.001

80+ 1.13(1.00,1.27) 0.046
Female (vs. male) 0.95 (0.90,1.00) 0.066
Race

White ref

Black 0.83 (0.77,0.90) <0.001

Other 0.83 (0.74,0.93) 0.001
MPMylll (predicted mortality)

<10% ref

10-19% 1.20(1.12,1.29) <0.001

20-29% 1.45 (1.33,1.58) <0.001

230% 1.52 (1.40,1.65) <0.001
Diagnostic Group *

Respiratory or thoracic ref

Cardiovascular 0.85(0.78,0.92) <0.001

Sepsis 1.23(1.11,1.35) <0.001

Trauma 1.59 (1.46,1.74) <0.001

Neurological 1.12 (1.02,1.23) 0.013

Metabolic or renal 0.49 (0.42,0.57) <0.001

Gastroenterological 0.84 (0.76,0.93) 0.001
Location Prior to ICU Admission

Emergency Room ref

OR/PACU 0.82 (0.73,0.92) 0.001

Ward 1.42 (1.29,1.57) <0.001

Step Down or Telemetry 1.55(1.38,1.74) <0.001

Other 1.29 (1.18,1.41) <0.001

Non-surgical patient (vs. surgical) 0.96 (0.87,1.06) 0.436
Type of ICU o

Medical ICU ref

Surgical ICU 1.25 (0.99,1.59) 0.063

Medical/Surgical ICU 1.00 (0.81,1.23) 0.997

Cardiothoracic ICU 0.59 (0.24,1.46) 0.254
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Variable OddsRatio (95% CI) | Pvalue
Hospital Type
Governmental (city/state/federal) ref
Community-for profit 0.96 (0.58,1.59) 0.886
Community-not for profit 1.01 (0.68,1.49) 0.978
Academic 1.37 (0.91,2.05) 0.129
Abbreviation:

MPM = mortality probability model; ICU = intensive care unit; PACU = post-anesthesia care unit; OR = odds ratio;

ClI = confidence interval

*
APACHE diagnostic categories

*:
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Data for neurologic ICUs (N=195) and other or unclassified ICUs (N=3,087) included in the model but not shown
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