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ABSTRACT
Background: Unplanned postoperative reintubation increases the risk of mortality, 

but associated factors are unclear.
Objective: To elucidate factors associated with increased mortality risk in patients 

with unplanned postoperative reintubation.
Design: Retrospective study. Patients older than 40 years who underwent unplanned 

reintubation from 2005 to 2010 were identified using the American College of Surgeons 
National Surgical Quality Improvement Program database. Multiple regression models 
were used to examine the impact on mortality of factors that included the modified 
frailty index (mFI) we developed, American Society of Anesthesiologists (ASA) score, 
age decile, and days to reintubation.

Main Outcome Measure: Mortality.
Results: A total of 17,051 postoperative reintubations in adults were analyzed. Overall 

mortality was 29.4% (n = 5009). On postoperative day 1, 4434 patients were reintu-
bated and 878 (19.8%) died. On postoperative day 7 and beyond, 6329 patients were 
reintubated and 2215 (35.0%) died. Increasing mFI resulted in increasing incidence of 
mortality (mFl of 0 = 20.5% mortality vs mFl of 0.37-0.45 = 41.7% mortality). As ASA 
score increased from 1 to 5, reintubation was associated with a mortality of 12.1% to 
41.6%, respectively. Similarly, increasing age decile was associated with increasing 
incidence of mortality (40-49 years, 17.9% vs 80-89 years, 42.1%). After adjustment 
for confounding factors, mFI, ASA score, age decile, and increasing number of days to 
reintubation were independently and significantly associated with increased mortality 
in the study population.

Conclusion: Among patients who underwent unplanned reintubation, older and more 
frail patients had an increased risk of mortality.

INTRODUCTION
Unplanned reintubation is a measur-

able complication of surgical care that is 
associated with significant morbidity and 
mortality.1 Postsurgical physiologic deteri-
oration or alterations of normal hormonal 
and metabolic physiology may contribute 
to respiratory failure and lead to even-
tual unplanned reintubation.2,3 In modern 
health care, quality is not only expected but 
is also reportable. Unplanned reintubation 
is an identifiable event in a patient’s post-
operative course and serves as an outcome 
marker for quality improvement.

The population of Americans over the 
age of 65 years is projected to increase 
by 53.2% from the year 2003 to 2020.4 
An increasing number of elderly patients 
will be undergoing surgery, leading to a 
projected 31% increase in general surgery 
workload.5 In recent years, a standardized 
measure of a patient’s physiologic reserve 
has been developed in an effort to predict 
postoperative morbidity and mortal-
ity.6,7 Frailty has been utilized to analyze 
multiple postoperative complications, 
including mortality.8,9 However, there is 
insufficient literature regarding the impact 

of unplanned reintubation in the elderly 
population.

We hypothesized that the use of the 
modified frailty index (mFI) in reintubated 
patients would be predictive of increased 
mortality. We further hypothesized that 
the time to reintubation and American 
Society of Anesthesiologists (ASA) score 
would also affect mortality.

METHODS
This study used the American College 

of Surgeons National Surgical Quality 
Improvement Program (NSQIP) database. 
The NSQIP is a dataset used by hospitals 
nationally to help track areas of surgical 
performance for quality improvement.10 
Trained nurse reviewers at each participat-
ing hospital are responsible for collecting 
the data, which encompasses approxi-
mately 136 variables per patient. These 
variables include patient demographics, 
preoperative risk factors, and postopera-
tive mortality and complications within 
30 days of surgery for patients undergo-
ing major operations, such as unplanned 
reintubation. The NSQIP database defines 
unplanned reintubation as placement of 
an endotracheal tube and mechanical or 
assisted ventilation because of the onset of 
respiratory or cardiac failure manifested 
by severe respiratory distress, hypoxia, 
hypercarbia, or respiratory acidosis within 
30 days of the operation.11

Patients age 40 years and older who 
underwent unplanned reintubation from 
2005 to 2010 were included in our study. 
The following variables were extracted 
from the NSQIP database for each patient: 
age, sex, ASA classification, race, wound 
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classification at the end of the surgery, 
whether or not the surgery was emergent, 
inpatient or outpatient status, surgical sub-
specialty performing the surgery, diabetes 
mellitus status, tobacco use and number 
of packs smoked per year, history of co-
morbidities, functional status, and preop-
erative laboratory values (hematocrit and 

albumin). The total operative time for each 
patient also was extracted. Additionally, 
weight and height were used to calculate 
the body mass index for each patient.

Modified Frailty Index
Frailty has been associated with in-

creased adverse events and prolonged 

postoperative recovery in several stud-
ies.6,7,12 The Canadian Study of Health 
and Aging Frailty Index (CSHA-FI) is one 
index that has been developed to measure 
frailty. For this study, we calculated mFI 
by mapping the 70 variables from the 
CSHA-FI to the existing NSQIP preop-
erative variables, resulting in 11 matched 

Table 1. Univariate comparison of patients’ demographics and clinical characteristics of patients who required unplanned 
reintubationa

Characteristic Overall (N = 17,051) Alive (n = 12,042) Dead (n = 5009) p value
Age at reintubation (years), mean ± SD 69.4 ± 11.8 67.4 ± 11.9 71.4 ± 11.7 < 0.001
Men 9229 (54.2) 6462 (46.3) 2767 (44.6) 0.05
Emergent operation 5344 (31.3) 3583 (29.8) 1761 (35.2) < 0.001
Inpatient 16,756 (98.3) 11,817 (98.1) 4939 (98.6) 0.032
Tobacco use 4697 (27.5) 3532 (29.3) 1165 (23.3) < 0.001
Packs per year, mean ± SD 15.6 ± 44.8 17.6 ± 43.1 13.5 ± 46.5 < 0.001
Body mass index (kg/m2), mean ± SD 28.2 ± 25.1 29.2 ± 42.2 27.2 ± 7.9 0.002
Diabetes
Type 1 2328 (13.7) 1570 (13.0) 758 (15.1) < 0.001
Oral medication 1749 (10.3) 1264 (10.5) 485 (9.7) < 0.001
Comorbidities
Mechanical ventilation 1233 (7.2) 884 (7.3) 349 (7.0) 0.391
COPD 3263 (19.1) 2272 (18.9) 991 (19.8) 0.166
Pneumonia 705 (4.1) 455 (3.8) 250 (5.0) 0.001
Hypertension requiring medications 12470 (73.1) 8668 (72.0) 3802 (75.9) < 0.001
Wound classification at end of surgery
Clean 5582 (32.7) 4034 (33.5) 1548 (30.9) < 0.001
Clean/contaminated 6391 (37.5) 4559 (37.9) 1832 (36.6)
Contaminated 1951 (11.4) 1314 (10.9) 637 (12.7)
Infected 3127 (18.3) 2135 (17.7) 992 (19.8)
Surgical subspecialty
Cardiac surgery 324 (1.9) 261 (2.2) 63 (1.3) < 0.001
Thoracic surgery 316 (1.9) 214 (1.3) 102 (0.6)
Vascular surgery 3797 (22.3) 2621 (21.8) 1176 (23.5)
General surgery 11756 (68.9) 8329 (69.2) 3427 (68.4)
Obstetrics and gynecology 80 (0.5) 57 (0.5) 23 (0.5)
Neurosurgery 236 (1.4) 170 (1.3) 66 (1.4)
Orthopedics 285 (1.7) 195 (1.8) 90 (1.7)
Otolaryngology 78 (0.5) 63 (0.3) 15 (0.5)
Plastic surgery 36 (0.2) 22 (0.3) 14 (0.2)
Urology 143 (0.8) 110 (0.6) 33 (0.2)
Functional status
Independent 11492 (67.4) 8513 (70.7) 2979 (59.5) < 0.001
Partially dependent 3314 (19.4) 2079 (17.3) 1235 (24.7)
Totally dependent 2229 (13.1) 1436 (11.9) 793 (15.8)
Unknown 16 (0.1) 14 (0.1) 2 (0)
Other clinical factors
Total operative time (minutes), mean ± SD 171 ± 127 182 ± 133 159 ± 120 < 0.001
Preoperative hematocrit (%), mean ± SD 35.2 ± 6.6 35.9 ± 6.6 34.5 ± 6.5 < 0.001
Modified frailty index, mean ± SD 0.21 ± 0.14 0.20 ± 0.14 0.23 ± 0.15 < 0.001
a Data are no. (%) unless indicated otherwise.
COPD = chronic obstructive pulmonary disease; SD = standard deviation.
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variables, and then mapping these variables 
to the patients’ medical history. These 11 
variables included nonindependent func-
tional status; history of either chronic ob-
structive pulmonary disease or pneumonia; 
history of diabetes mellitus; hypertension 
requiring the use of medications; history 
of congestive heart failure; history of myo-
cardial infarction; history of percutaneous 
coronary intervention, cardiac surgery, 
or angina; peripheral vascular disease or 
resting pain; transient ischemic attack or 
cerebrovascular accident without residual 
deficit; cerebrovascular accident with defi-
cit; and impaired sensorium. A patient’s 
mFI was calculated as the proportion of 
variables present (“positive”) in a patient’s 
medical history from the total 11 variables. 
The primary outcome was mortality.

The mFI has been validated in previous 
studies. Park et al13 showed that the mFI 
correlates with postesophagectomy morbid-
ity and mortality using the NSQIP database. 

Statistical Analysis
To identify if age predicts mortality in 

patients undergoing unplanned reintuba-
tion, we divided the study population into 
groups by their age decile (40-49, 50-59, 
60-69, 70-79, and 80-89 years). The inci-
dence and odds ratio (OR) for mortality 
were calculated for each age decile.

To examine the impact of time to re-
intubation after surgery, we defined 4 
different groups: Postoperative Days 0 to 
1, 2 to 3, 4 to 6, and 7 and beyond. The 
postoperative complications were cross-
tabulated with mortality and examined for 
differences using Student’s t-test or the χ2 
test as appropriate.

The study population was divided in 
2 groups: patients who died and patients 
who survived. A univariate comparison 
was performed to identify differences be-
tween the 2 groups. Categorical variables 
were compared using the Pearson χ2 or 
Fisher exact test as appropriate. Continu-
ous variables were examined for normality 
of distribution using the Shapiro-Wilk test. 
Normally distributed variables were com-
pared using the Student t-test, and nonnor-
mally distributed variables were compared 
using the Mann-Whitney U test. Variables 
that were different at p < 0.05 were entered 
in a binary logistic regression to examine 
the impact on mortality of mFI, ASA, age 

decile, and days to reintubation. Adjusted 
ORs with 95% confidence interval (CI) 
were derived from the regression. 

RESULTS
A total of 1,334,886 patients were in-

cluded in the NSQIP database from 2005 
to 2010. Of those, 17,051 (1.3%) met our 
inclusion criteria and were analyzed. Of these 
17,051 reintubated patients, 5009 had a 
documented death within 30 days of surgery. 
Therefore, the overall rate of postoperative 
mortality in patients requiring reintubation 
was 29.4%. Further analysis was performed 
to investigate the effect on mortality of pa-
tient age, ASA score, days to reintubation, 
and mFI. Patients who died were signifi-
cantly more likely to be older compared with 
patients who survived (mean 71.4 years vs 
mean 67.4 years, p < 0.001), more likely 
to have undergone an emergent operation 
(35.2% vs 29.8%, p < 0.001), more likely 
to have type 1 diabetes (15.1% vs 13.0%, p 
< 0.001), and more likely to have an infected 
wound (19.8% vs 17.7%, p < 0.001). The 
mFI was significantly higher for patients 
who died (0.23 vs 0.20, p < 0.001). Details 
of patient clinical characteristics and demo-
graphics are presented in Table 1.

Table 2 shows the incidence of mortality 
for different study groups. The mortal-
ity rate was higher among patients who 

were reintubated later after their original 
surgery, compared with those reintubated 
sooner after their initial surgery. Patients 
who required reintubation on postop-
erative days 0 to 1 had a mortality rate 
of 19.8%; days 2 to 3, 28.4%; days 4 to 
6, 32.9%; and day 7 and beyond, 35.0% 
(p < 0.001). When mortality was calcu-
lated for age, an associated increase in 
mortality with increase in age decile was 
observed. As patient age increased from 
the fourth through the eighth decile of age, 
the mortality rate increased from 17.9% 
to 42.1%. As seen in Table 1, the mean 
age of patients requiring reintubation who 
died was 71.4 years; however, Table 2 illus-
trates that mortality in patients requiring 
unplanned reintubation in the younger age 
deciles was significantly high (40-49 years, 
17.9%; 50-59 years, 21.6%; p < 0.001). 
Similarly, Table 2 also illustrates that an 
increasing ASA score was associated with 
significantly higher mortality.

The impact of mFI on mortality after 
reintubation was examined using trend 
analysis and Mantel-Haenszel testing 
(Table 3). As mFI increased from 0 to 
0.45, mortality rate increased from 20.5% 
to 41.0% (p < 0.001, linear R2 = 0.976).

After adjustment for differences between 
the 2 groups (dead vs alive), an increas-
ing mFI was significantly associated with 

Table 2. Incidence of 30-day mortality by postoperative days to reintubation, age 
decile, and American Society of Anesthesiologists (ASA) scorea

Variable N Mortality, n (%) p value
Postoperative days to reintubation
0-1 4434 878 (19.8) 0.003
2-3 3404 967 (28.4)
4-6 2884 949 (32.9)
≥ 7 6329 2215 (35.0)
Age decile (years)
40-49 2016 361 (17.9) < 0.001
50-59 3125 675 (21.6)
60-69 4678 1212 (25.9)
70-79 3556 1213 (34.1)
80-89 3676 1548 (42.1)
ASA score
1 - No disturbance 91 11 (12) < 0.001
2 - Mild disturbance 1651 317 (19.2)
3 - Severe disturbance 9236 2503 (27.1)
4 - Life-threatening 5723 2032 (35.5)
5 - Moribund 350 146 (41.6)
a 5009 total deaths out of 17,051 total reintubations.
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an increasing probability of dying (ad-
justed OR = 2.57, 95% CI = 1.94-3.40, 
p < 0.001; Table 4). Similarly, increased 
mortality was significantly associated with 
increasing ASA score (adjusted OR = 1.27, 
95% CI = 1.20-1.35, adjusted p < 0.001), 
age decile (adjusted OR = 1.31, 95% CI 
= 1.27-1.35, p < 0.001), and days to rein-
tubation (adjusted OR = 1.23, 95% CI = 
1.20-1.27, p < 0.001).

DISCUSSION
This retrospective study of mortality in 

reintubated patients examined well-known 
risk factors such as age, ASA score, and 
time to reintubation. However, to the best 
of our knowledge, this is the first study 
specifically examining the impact of frailty 
on mortality in this population. 

Unanticipated reintubation in the surgi-
cal patient population is a measurable event 
associated with significant morbidity. The 
present study suggests that the prognosis 
of reintubation depends on several factors 
including frailty, ASA class, age, and time to 
reintubation. In this study, the overall mor-
tality of patients who required unplanned 
reintubation was exceedingly high (28.9%), 
which reflects the physiologic derangement 
driving respiratory failure.

The incidence and risk factors associated 
with reintubation have been previously 
examined.1,14,15 Snyder et al15 identified 

several risk factors for unplanned reintuba-
tion including severe chronic obstructive 
pulmonary disease, previous cardiac sur-
gery, peripheral vascular disease, emergen-
cy procedure, dependent functional status, 
smoking within the past year, alcohol 
intake greater than 2 drinks per day, prior 
operation within the past 30 days, and 
transfer from an acute care hospital. Nafiu 
et al14 reported that among all patients 
requiring emergent reintubation after elec-
tive surgery, 3.3% were elderly. However, 
this classification reflected chronologic age 
only and not patients’ overall fitness and 
physiologic reserve.

For the present study, a frailty index 
modified from the CSHA-FI was de-
veloped using the 11 variables that are 
tracked in the NSQIP database. Multiple 
studies have shown that fewer variables 
may still yield an adequate assessment of 
a patient’s frailty. Rockwood et al16 studied 
the CSHA-FI and showed that using any 
10 variables of that index resulted in com-
parable predictive value in frailty.

Respiratory failure within the first 72 
hours after surgery has been related to 
hypoxemia and analgesic therapy.17,18 Ram-
achandran et al1 examined the incidence 
of early unplanned reintubation and found 
that one-half of all reintubations within a 
30-day period occurred during the first 3 
days, which was associated with a 9-fold 

increase in mortality. When adjusting for 
preoperative risk factors, these authors 
established a mortality rate of 9.7% to 
30.6% in the first 3 days.1 These data, al-
though similar to our findings, represent 
a patient population much more diverse 
than ours, because we focused on an older 
age group. 

Several protective measures can be un-
dertaken to potentially avoid the signifi-
cant morbidity and mortality associated 
with unplanned reintubation. Early tra-
cheostomy in patients who are anticipated 
to have a protracted respiratory failure has 
been advocated, but it remains controver-
sial. The advantages include reduced rates 
of ventilator-associated pneumonia and 
decreased hospital length of stay. Several 
recent studies have tried to compare the 
outcomes between performing an early 
vs late tracheostomy, but the data remain 
controversial. The present study showed an 
incremental increase in the probability of 
adverse outcomes as the day to reintuba-
tion increased. It is possible that early tra-
cheostomy in people who are anticipated 
to have a protracted ventilatory need and 
difficulty weaning off the ventilator would 
reduce the hypoxia and physiologic stress 
of an unplanned reintubation and would 
potentially result in fewer adverse events. 
It is possible that calculating a patient’s 
mFI will provide clinicians with a risk 
assessment tool regarding the probability 
of reintubation-associated mortality and 
will serve as a guide to patients and family 
counseling regarding early tracheostomy.

There are several limitations to this 
study. The first is the inability to know 
the details surrounding the indications 
for reintubation. This information may 
extend our knowledge of patients’ physi-
ologic deterioration surrounding the event 
requiring reintubation. Second, NSQIP 
tracks reintubation as an event in a 30-
day postoperative period, but it is not 
clear on which day a patient was initially 
extubated. Furthermore, NSQIP data in-
clude accidental extubations that require 

Table 3 . Incidence of 30-day mortality by modified frailty indexa 
Modified frailty index N Mortality, n (%)
0 1990 408 (20.5)
0.01-0.09 4252 1097 (25.8)
0.10-0.18 4486 1301 (29.0)
0.19-0.27 3479 1082 (31.1)
0.28-0.36 1204 437 (36.3)
0.37-0.45 1640 684 (41.7)
a Linear R2 = 0.976, p < 0.001.

Table 4. Multivariate analysis for 30-day mortalitya

Variable Adjusted odds ratio (95% CI) Adjusted p value
Frailty index 2.57 (1.94-3.40) < 0.001
ASA score 1.27 (1.20-1.35) < 0.001
Age decile 1.31 (1.27-1.35) < 0.001
Days to reintubation 1.23 (1.20-1.27) < 0.001
a Adjustment was made for emergent surgery, diabetes, tobacco use, body mass index, history of comorbidities, wound 

classification at end of surgery, surgical subspecialty performing the operation, functional status of the patient, total 
operative time, and preoperative hematocrit value. 

ASA = American Society of Anesthesiologists; CI = confidence interval.

… the prognosis of reintubation 
depends on several factors 

including frailty, ASA class, age, 
and time to reintubation.
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reintubation, and such events would po-
tentially confound the results. The patient 
population requiring delayed extubation is 
likely more acutely ill and has an inherently 
higher mortality. This may be an area for 
future research. Another limitation to this 
study is that although NSQIP variables for 
preoperative risk assessment are collected 
prospectively, the mFI was applied retro-
spectively to these variables.

CONCLUSION
Despite the aforementioned limita-

tions, this study was conducted using 
the NSQIP database, which is a robust 
nationwide database comprising data 
from diverse participating institutions 
and surgeons. Our overall mortality rate 
of 29.4% is consistent with prior stud-
ies that found 30-day mortality among 
reintubated patients to be 29.4%.15 We 
identified several patient variables that 
were predictive of mortality in reintu-
bated patients: age, ASA score, time to 
reintubation, and frailty. Of these vari-
ables, frailty had the highest OR of 2.57. 

This large, cross-sectional study of rein-
tubated surgical patients found that despite 
the low overall incidence of postoperative 
reintubation, it is fraught with significant 
mortality, especially among older patient 
populations. v
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Endure

No skill or art is needed to grow old; the trick is to endure it.

— Johann Wolgang von Goethe, 1749-1832, German author and statesman




