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BACKGROUND: The integrated pulmonary index (IPI) utilizes an algorithm based on the mea-
surement of end-tidal carbon dioxide, breathing frequency, heart rate, and oxygen saturation to
provide an assessment of the patient’s ventilatory status. This clinical trial was designed to deter-
mine whether lower IPI values were associated with extubation failure. METHODS: This prospec-
tive observational trial was conducted in an academic medical center. After institutional review
board approval, 100 mechanically ventilated subjects were enrolled. A stand-alone respiratory
monitor that measures IPI was placed on subjects before starting a spontaneous breathing trial and
continued for up to 48 h postextubation. Clinicians were blinded, and data were recorded contin-
uously. Extubation failure was defined as the need for positive-pressure ventilation within 48 h after
extubation. Mixed-effects regression models were employed to examine differences in IPI patterns
between subjects with extubation success or failure. Significant IPI changes from baseline were then
evaluated to predict extubation outcome. RESULTS: IPI was successfully recorded on 62 subjects
(48 successful and 14 failed extubations). Although mean IPI 5 min before and after extubation were
not significantly different, mean IPI 1 h after extubation in the failure group was significantly lower
by 1.19 (P = .044) compared with the successful group. Negative change in IPI 1 h after extubation
increased odds of failure (odds ratio = 1.57, 95% CI 1.001-2.454). The last mean IPI recorded after
extubation was also significantly lower in the failure group compared with the successful group by
3.03 (P < .001). Negative change in the last measured IPI increased odds of failure (odds ra-
tio = 1.72, 95% CI 1.26-2.34). CONCLUSIONS: Declining IPI measurements postextubation are
predictive of extubation failure. Further clinical trials are needed to assess the role of IPI in guiding
interventions in extubated patients. Key words: mechanical ventilation; extubation failure; integrated pul-
monary index; extubation outcome. [Respir Care 2017;62(12):1550-1556. © 2017 Daedalus Enterprises]

Introduction

Extubation failure occurs in 10-20% of extubated pa-
tients and is linked with extremely poor outcomes and
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high mortality rate.!> Extubation failure may result from a
number of factors, such as impaired respiratory center drive,
neuromuscular abnormalities, underlying disease severity,
ineffective cough, increased pulmonary secretions, and/or
impaired lung mechanics. Predictive indexes for extuba-
tion outcomes are frequently inaccurate.?# Unlike weaning
outcome, which is measured by rapid shallow breathing
index to determine a patient’s success, there is no standard
index or tool available to assess the extubation outcome.*
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Among patients who pass a spontaneous breathing trial
(SBT), approximately 15-18% fail extubation.>7 Most of
the parameters that are available to measure respiratory
mechanics play a minimal role in predicting extubation
outcome.82

The FDA-cleared integrated pulmonary index (IPI) al-
gorithm utilizes the real-time measurement and interac-
tions of 4 parameters (end-tidal carbon dioxide [Pgrco |,
breathing frequency, heart rate, and S,5) to provide a
rapid assessment of a patient’s respiratory status. The al-
gorithm is designed to calculate IPI from various combi-
nations of these measured parameters using a fuzzy logic
model that mimics human thinking and associated clinical
decision making based on a group of clinical experts.'® IPI
is displayed as a single indexed value from 1 to 10. In a
clinical validation study by Ronen et al,'? an IPI = 4 was
thought to require immediate clinical intervention due to
deterioration in the patient’s respiratory status.

Currently, no published data exist assessing IPI’s asso-
ciation with weaning or extubation outcomes of mechan-
ically ventilated patients. The aim of this prospective ob-
servational study was to determine whether IPI values
differed significantly for subjects who were successfully
extubated compared with those who failed extubation.

Methods
Subjects

This study was approved by the Rush University Med-
ical Center institutional review board (approval number
10090811) as part of a multi-center trial. A waiver of
informed consent was obtained for this observational trial,
since there was no more than minimal risk involved. We
were the only institution collecting postextubation data.
From March 2011 to January 2015, all patients admitted to
the ICUs requiring mechanical ventilation and who met
the inclusion criteria and did not meet the exclusion cri-
teria were enrolled in the study. Enrollment was stratified
based on the length of mechanical ventilation such that not
more than 20% subjects were enrolled in the < 24-h group,
not more than 40% were in the 24—48-h group, not more
than 40% were in the 48—72-h group, and not more than
30% were in the > 72-h group. This study excluded pa-
tients who were ventilated noninvasively or via tracheos-
tomy. Once the potential study subject was identified, he
or she was connected to the bedside Oridion CS20 monitor
(Medtronic) with the IPI algorithm. The monitor’s pulse
oximeter probe was attached to the subject, and the cap-
nography (CO,) sampling filter line (Medtronic) was placed
at the ventilator circuit Y-piece and connected to the closed
suctioning system or endotracheal tube. The study subject
was admitted to the CS20 monitor with a de-identified
identification number, and continuous data were recorded
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QUICK LOOK

Current knowledge

Extubation failure occurs in about 20—25% mechani-
cally ventilated patients and is associated with poor
outcomes in terms of length of hospital stay, morbidity
and mortality. Currently, there is no standard tool/index
to accurately predict the extubation outcome.

What this paper contributes to our knowledge

In this prospective observational study, decrease trend
of integrated pulmonary index after extubation provided
an indication of impending respiratory failure. This de-
cline in IPI over time can be utilized to identify patients
who are at risk of developing postextubation respiratory
failure.

to a USB drive. Before beginning the SBT, baseline data
were collected for 10 min. Once the baseline data were
collected, the SBT was performed, and data were recorded
to the thumb drive. Based on the institution policy, SBT
was conducted for 30 min using automatic tube compen-
sation with a PEEP of 5 cm H,O on all study subjects. If
the subject did not pass the SBT, the same steps were
followed for subsequent daily SBTs but not to exceed 3
trials. Monitoring was stopped in subjects who failed 3
daily consecutive SBT trials. All extubated subjects were
placed on a Smart Capnoline Oxygen cannula (Medtronic)
to provide oxygen and monitor Pgyco, noninvasively and
were followed up for 48 h postextubation.

Definition of Variables

The primary outcome measurement was extubation out-
come or the ability to maintain spontaneous, unassisted
breathing at 48 h after discontinuation of mechanical ven-
tilation. The subject was considered an extubation failure
if: (1) the subject was re-intubated and returned to me-
chanical ventilation within 48 h after the initial discontin-
uation from the ventilation or (2) if the subject required
continuous noninvasive ventilation (NIV) within 48 h after
initial discontinuation from the ventilation. Successful ex-
tubation was defined as freedom from positive-pressure
ventilation at 48 h postextubation.

Data Collection
For each enrolled subject, demographics, admitting di-
agnosis, co-morbidities, reason for intubation/mechanical

ventilation, and the name of the surgical procedure if in-
tubated in the operating room was collected to describe
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subject groups. The timing and date of initiation of me-
chanical ventilation, ventilator settings, and arterial blood
gas before first SBT, endotracheal tube size, and the spe-
cific critical care unit where the subject was admitted was
recorded. After completion of each SBT, the following
data were collected: date, SBT start time, SBT end time,
SBT outcome, reasons if passed SBT but not extubated,
reasons for failed SBT, rapid shallow breathing index at
start of SBT, and rapid shallow breathing index at end of
SBT. For extubation, the date and time of extubation and
oxygen therapy used postextubation was recorded. After
extubation, the following information was recorded: time
subject remained without mechanical ventilation, use of
rescue NIV, NIV settings, re-intubation date and time within
48 h postextubation, and the reason for NIV or re-intuba-
tion. If the subject required rescue NIV postextubation, IPI
recording was stopped. After all of the data collection, IPI
data were then consolidated and recorded on an Excel
(Microsoft, Redmond, Washington) spreadsheet for statis-
tical analysis.

Statistical Analysis

Data were uploaded onto an FTP site at Oridion for the
data to be compressed into 1-min usable averages. We
manually identified the last measured IPI in all the sub-
jects analyzed in this study. Mixed-effects regression mod-
els were employed to compare the over time patterns in 4
repeated measures of IPI (baseline [ie, 5 min before extu-
bation], 5 min after, 1 h after, and last IPI), between sub-
jects who were successfully extubated and those who failed
extubation. Likelihood ratio tests and fit statistics, such as
Akaike information criterion and Bayesian information cri-
terion, were used to select the best-fit variance-covariance
structure for the repeated measurements. A backward se-
lection method was employed to select demographic vari-
ables that could potentially affect IPI. Measurement time
was treated as a categorical variable, with baseline as ref-
erence, to identify the time point at which group IPI dif-
ference occurred. Interactions between group (extubation
failure vs success) and measurement time points were in-
cluded in the model to allow and estimate the difference in
the patterns of change between groups. The repeatedly
measured IPI values were modeled using PROC MIXED
in SAS (SAS Institute, Cary, North Carolina). Once the
time points of significant group differences in IPI
were identified, IPI changes from baseline were used in
the logistic regression model predicting extubation out-
come (PROC LOGISTIC in SAS). Backward selections
were performed to identify factors associated with extu-
bation outcome. Estimates and 95% ClIs for odds ratios
were reported for significant factors. All tests were 2-sided
hypothesis tests, controlling for type-1 error probability of
0.05.
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Subjects enrolled in

study
100
Withdrawn from the
> study
16

Extubation outcome
84

' l

Extubation failure Extubation success
18 66

Data unavailable due Data unavailable due
—{ to technical issues — to technical issues
4 18

Data analyzed Data analyzed
14 48

Fig. 1. Flow chart.

Results

One hundred subjects met the inclusion criteria and were
enrolled in the trial, but 16 were withdrawn from the study
due to inability to liberate from mechanical ventilation. Of
those included, 66 subjects were successfully extubated,
and 18 failed extubation. Due to the inability to compress
data on 22 subjects, only 48 were included in the success-
ful extubation group and 14 in the failed extubation group
(Fig. 1). Of 14 who failed extubation, 9 were re-intubated
and required mechanical ventilation, whereas 5 were placed
on NIV.

Overall subject characteristics are shown in Table 1.
Mean age was about 63 y. Males represented 43.5% and
females 56.5% of all subjects included. Approximately
half of the study population was white (51.6%), 17 sub-
jects (27.4%) were African-American, and most of the
sample was overweight (mean body mass index,
29.39 £ 8.07). The primary reason for intubation was
respiratory failure (48.4%) followed by postoperative is-
sues (38.7%), cardiac issues (6.5%), and airway protection
(4.8%). The baseline arterial blood gas values before first
SBT were within normal limits among all study partici-
pants.

Sample characteristics by extubation outcomes are also
shown in Table 1. Of the 62 study participants, 48 (77.4%)
were successfully extubated, and 14 (22.6%) required
either re-intubation or NIV within 48 h after the initial
discontinuation of mechanical ventilation. Subject char-
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Table 1.  Subject Characteristics
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Characteristics Overall (N = 62) Extubation Success (n = 48) Extubation Failure (n = 14) P

Age, mean = SDy 634 = 13.6 639 =122 63.5*+17.8 .14
Male/female sex, n (%) 27 (43.5)/35 (56.5) 22 (45.8)/26 (54.2) 5(36)/9 (64) .36
BMI, mean * SD kg/m? 29.39 * 8.07 29.39 * 6.67 31.49 + 8.87 13
Ethnicity, n (%) .14

Caucasian 32 (51.6) 26 (54.2) 6 (42.9)

African-American 17 (27.4) 10 (20.8) 7 (50)

Asian 3(4.8) 3(6.3) 0

Hispanic 10 (16.1) 9 (18.8) 1(7.1)
Reason for intubation, n (%) 95

Respiratory failure 30 (48.4) 24 (50) 6(42.9)

Postoperative 24 (38.7) 18 (37.5) 6 (42.9)

Airway protection 3(4.8) 2(4.2) 1(7.1)

Cardiac issues 4(6.5) 3(6.3) 1(7.1)

Others 1 (1.6) 1(2.1) 0
ABG before first SBT, mean = SD

Arterial pH 7.42 = 0.06 742 = 0.62 7.46 = 0.34 .036

P.co,» mm Hg 37.24 = 9.37 37.40 = 8.60 36.69 = 12.18 81

Paoz,_mm Hg 131.72 = 64.85 138.15 £ 69.22 108 = 38.52 13

HCO5, mEq/L 23.95 = 5.77 2351 = 4.84 25.58 = 8.44 25

Siop % 97.58 = 2.38 97.84 = 1.79 96.7 = 3.80 11
Duration of mechanical ventilation, n (%) 48

<24h 18 (29) 15(31.3) 3(21.4)

24-48 h 17 (27.4) 14 (29.2) 3(21.4)

48-72h 13 (21) 8 (16.7) 5(35.7)

>72h 14 (22.6) 11 (22.9) 3(21.4)

BMI = body mass index

ABG = arterial blood gas

SBT = spontaneous breathing trial
mEq = milliequivalents

acteristics were similar in both groups in terms of age,
sex, body mass index, ethnicity, reason for initiating
mechanical ventilation, and length of mechanical ven-
tilation. However, as compared with those who success-
fully passed extubation, subjects who failed extubation
had a significantly higher pH before initiation of the
first SBT (P = .036).

Mean IPI over time for the 2 groups (extubation failure
or success) is plotted in Fig. 2. Whereas IPI measures
remained relatively stable for subjects who successfully
extubated, IPI means decreased for those who failed ex-
tubation. Likelihood ratio tests and fit statistics suggested
that an unstructured variance-covariance pattern fit the data
the best. Fixed-effects parameter estimates from the se-
lected model with the unstructured pattern are shown in
Table 2. Results indicated that IPI in the success group
remained around 7.3-7.8 with no statistical difference.
Whereas estimated IPIs in the failure group were not
statistically different from those of the success group at
baseline or 5 min after extubation, the failure group IPI
was significantly lower by 1.19 at 1 h after and even
more so at the last measurement, by 3.03. The overall
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time point by group interaction was highly significant
(P < .001).

Based on the identified group IPI difference starting
from the third IPI measurement (1 h after extubation),
we created 2 IPI change-from-baseline variables.
IPI3 — 1 represents the third IPI measure (1 h after)
minus baseline IPI, and IPI4 — 1 is the last IPI measure
minus baseline IPI. Results from backward selection
from all demographic variables in the logistic regres-
sion models predicting extubation outcome are shown
in Table 3. Model results revealed that African-Amer-
ican subjects were less likely to be successfully extu-
bated than the rest of the population (odds ratio = 0.20,
95% CI 0.04-0.93). After adjustment for African-
American race, both IPI change-from-baseline variables
(IPI3 — 1 [Table 3, top] and IPI4 — 1 [Table 3, bot-
tom]) were significantly associated with the extubation
outcome. The positive effects of IPI changes on the
outcome (IPI3 — 1 estimate = 0.45, P = .050; IPI4 — 1
estimate = 0.54, P < .001) revealed that increases in
later IPI measures (1 h after and last measurement)
resulted in higher odds of having a successful extuba-
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10

Mean IPI

-o— Passed extubation
-e— Failed extubation

2 -
T T T T
Baseline 5 min post 1 h post Final
Fig. 2. Observed integrated pulmonary index (IPl) before and after extubation.
Table 2.  Mixed-Effects Regression Model Results for Integrated Discussion

Pulmonary Index Over Time

Group Estimate = SE P

Extubation success group

Baseline 7.73 = 0.28

5 min after 7.38 = 0.30 2%

1 h after 7.79 = 0.28 76%*

Last IPI 7.33 £0.37 26%
Group difference: failure — success

Baseline 0.05 £ 0.58 93

5 min after —0.44 £ 0.63 48

1 h after —1.19 £ 0.58 .044

Last IPI —3.03 =£0.80 <.001

* P values for comparisons relative to baseline in success group; other P values are for group
comparisons.
IPI = integrated pulmonary index

tion outcome. Since most subjects had an IPI that de-
creased over time, these results also mean that decreases
in the third and last TPl measurements increased the
odds of having a failed extubation outcome. Specifi-
cally, a I-unit decrease in IPI3-1 change increased the
odds of failure to 1.57 times (95% CI 1.01-2.45). A
1-unit decrease in the IPI4 — 1 change increased the
odds of failure to 1.72 times (95% CI 1.26-2.34). We
also found that both IPI3 — 1 and IPI4 — 1 are statis-
tically correlated (correlation coefficient = 0.23,
P = .08). Therefore, due to the clinical importance of
the timing of the third IPI measure, the change in IPI 1 h
after extubation can be considered as an optimal pre-
dictor for the extubation outcome.
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This study assessed the association between IPI and
extubation outcome. After extubation, the mean IPI value
remained stable among subjects who were successfully
extubated; however, the mean IPI value decreased over
time among those who failed extubation. Both the decline
in IPT after 1 h and last IPI recorded after extubation are
predictive of extubation failure. Although the change in
last IPI from baseline has a stronger association, the earlier
timing in change of IPI 1 h after extubation is of more
clinical value as a predictor of extubation failure. The
earlier prediction of extubation failure would allow for use
of clinical interventions that may prevent these patients
from progressing to respiratory failure.

An extubation failure rate of 10-20% is common.? If
patients require re-intubation, they are more likely to have
poor clinical outcomes and a high mortality rate.?* Re-
searchers have demonstrated that patients requiring re-in-
tubation due to upper-airway issues have a lower mortality
rate as compared with those with non-airway issues like
respiratory failure and congestive heart failure.*-¢ They
suggested that instruments should be developed to identify
patients who are at risk of deterioration and extubation
failure. Currently, bedside clinicians rely on individual
vital signs (heart rate, breathing frequency, and S, ) to
assess the extubation outcome and alert the medical team
of any impending signs of respiratory failure.

Dead space fraction has been shown to be a powerful
predictor of extubation success in the adult population.'!
But calculation of dead space fraction, (P,co, — Perco,)/Paco,
requires invasive arterial blood sampling and measure-
ment of mean exhaled CO,. These requirements limit its
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Table 3.  Logistic Regression Model Predicting Extubation Success
Parameters Estimate = SE P OR 95% CI for OR

IPI 1-h change from baseline (IPI3 — 1) as predictor

African American —1.18 £ 0.70 .09 0.31 0.08-1.21

IPI3 — 1 045 £0.23 .049 1.57 1.01-2.45
Last IPI change from baseline (IPI4 — 1) as predictor

African American —1.60 £ 0.83 .054 0.20 0.04-1.03

IPI4 — 1 0.54 £0.16 <.001 1.72 1.26-2.34
OR = odds ratio

IPI = integrated pulmonary index

use in critical care units to monitor respiratory status of
patients postextubation. Although Pprco has a well-es-
tablished role in detecting sedation-related respiratory de-
pression,'? there is very limited literature available on its
utility to predict extubation outcome in adults. Research
studies in a pediatric population have shown that higher
Pgrco, valueis associated with failed extubation outcome. '3
The IPI algorithm includes Pppco, measurement in its cal-
culation and hence provides a noninvasive method to mon-
itor ventilation status in patients postextubation.

In our study, we found that a declining IPI value was an
early indicator of extubation failure. IPI encompasses sev-
eral variables (Pgrco,, heart rate, breathing frequency, and
Sp0,) into one parameter that may improve clinicians’ abil-
ity to recognize patients with respiratory compromise
sooner by monitoring trends in a single variable rather
than 4 separate variables. Recognition of this downward
trend in IPI may allow for application of timely interven-
tions to lessen the clinical deterioration and may prevent
re-intubation.

Several interventions are available to manage postextu-
bation respiratory failure. High-flow nasal oxygen has been
shown to reduce the risk of re-intubation among low risk
patients.'* Although the role of early NIV to prevent re-
intubation in patients who develop respiratory failure after
extubation is controversial,'> a recent study by Thille et al'®
demonstrated that prophylactic use of noninvasive venti-
lation after extubation may decrease the re-intubation rate
in patients with easily identified risk factors. Furthermore,
in a randomized clinical trial among high-risk subjects,
Hernandez et al'” showed that the use of high-flow oxygen
therapy was similar to NIV in terms of preventing re-
intubation and postextubation respiratory failure. However,
delay in re-intubation and reinstituting ventilatory support
has proven to be associated with increased mortality in
patients with extubation failure.*'® We believe that con-
tinuous respiratory monitoring with IPI can prevent delay
in detecting postextubation respiratory failure, and there-
fore it may allow for timely application of appropriate
therapies that can improve the adverse effects associated
with extubation failure.
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After adjusting for sex, age, body mass index, duration
of mechanical ventilation, and reason for mechanical ven-
tilation, African-American subjects were less likely to be
successfully extubated than the rest of the population. There
are very limited data available to support this finding, but
a study published in 2011 by Erickson et al'® demonstrated
that African-Americans had a higher acute physiology score
at the time of ICU admission and had a longer unadjusted
length of ICU stay. It may be that these acute physiologic
derangements at the time of ICU admission influence the
extubation outcome in the African-American population
and require further study.

This study has some limitations. First, this was an ob-
servational study, and hence no intervention was made
based on the IPI value. This was the first study conducted
to examine the role of IPI in identifying extubation out-
come. Although there is no literature available to assess
the reliability of IPI value in extubated patients, we pro-
pose that this method can be easily reproduced as IPI
becomes commercially available in patient-monitoring de-
vices. Second, 26 of the 84 extubated subjects were lost
due to technical issues, which further limited the data avail-
able for analysis, but subject characteristics included in
both groups were similar, and the primary outcome reached
significance. Furthermore, the population enrolled in this
study was heterogeneous in nature in terms of reason for
intubation and length of mechanical ventilation, and the
purpose of this was to ensure that we identified the role of
IPI in a heterogeneous population. Last, patients who failed
>3 SBTs were excluded from this study, which may cause
uncertainty in establishing the role of IPI monitoring in
difficult-to-wean patients.

Conclusions

In this prospective study, we observed that declining IPI
measurements over time are predictive of extubation fail-
ure in postextubation subjects. Further studies are needed
to determine the role of IPI in guiding interventions that
may prevent extubation failure.
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