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The new prognostic factor in pre-intubation follow-up of 
critically ill patients: integrated pulmonary index monitoring
Dilay Satılmış1* , Ramazan Güven2 

INTRODUCTION
The critically ill patients are a group of physiologically unsta-
ble patients, whose clinics should be followed closely and 
whose treatment should be given attention and speedily1.  
In emergency departments (ED) and intensive care units (ICU), 
the Glasgow Coma Scale (GCS) is a universal scoring system 
and is used as a basic part of critically ill patients’ follow-up in 
evaluating the neurological status of patients and deciding on 
advanced airway application2. GCS is a scoring system used 
for the assessment of impaired consciousness in all types of 
critically ill and trauma patients. The scale evaluates patients 
according to eye-opening, verbal, and motor responses, and 
reports each one separately, giving a result between 3 and 153. 
GCS gives a general idea when stated verbally; however, some 
studies show that GCS presents differences between registrants 
among the inadequacies of scoring in prognosis follow-up, and 
it is stated that it causes delays in the decision of the physi-
cian to apply the neurological status and advanced airway4-6.  
It has also been shown in studies that GCS predicts mortal-
ity well in the extremes but poorly in the moderate range, and 

therefore its prediction capacity is anchored by the endpoints. 
It has been stated that there is a need for easier, understand-
able scoring in critical patient’s follow-up7.

In critically ill patient’s follow-up in the ED and ICUs, oxy-
gen saturation (SpO2), respiratory rate (RR), heart rate (HR), 
blood pressure, central venous pressure, mixed venous oxy-
gen saturation, and lactate are the most important follow-up 
parameters8. Many scoring systems have been developed for the 
neurological follow-up of critically ill patients and in deciding 
on advanced airway application. In addition to these scorings, 
the use of devices containing objective data will help physi-
cians to follow up critically ill patients quickly and effectively.  
In the studies conducted on high-risk patients’ follow-up in the 
ICU, it was emphasized that integrated pulmonary index (IPI) 
could predict respiratory failure in high-risk patients and could 
be objective and useful for respiratory monitoring in the ICU9.

The IPI algorithm is a real-time continuous measure-
ment of the patient’s respiratory status that uses the end-
tidal carbon dioxide (PetCO2), HR, RR, and SpO2 param-
eters to evaluate the patient’s ventilation and oxygenation, 
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SUMMARY
OBJECTIVE: The objective of this study was to identify the integrated pulmonary index in the follow-up of non-intubated critically ill patients in the 

emergency department and its efficacy in deciding on advanced airway application in comparison with the Glasgow Coma Scale.

METHODS: This is a prospective, single-center, methodological study. In our study, we recorded the demographic characteristics, Glasgow Coma 

Scale, and the integrated pulmonary index of 90 patients with respiratory failure who were followed up in the emergency department between June 

1, 2019 and September 1, 2019, and we compared the results of Glasgow Coma Scale and integrated pulmonary index in making the endotracheal 

intubation decision.

RESULTS: Endotracheal intubation was applied to 30% of the 90 patients included in the study. The area under the curve was calculated as 0.906 for 

integrated pulmonary index and 0.860 for Glasgow Coma Scale in predicting endotracheal intubation. There was no significant difference between 

the area under the curves of integrated pulmonary index and Glasgow Coma Scale. According to the best cutoff values determined in the estimation 

of endotracheal intubation, sensitivity was 74.07% and specificity was 95.24% for integrated pulmonary index, and sensitivity was 74.07% and 

specificity was 85.71% for Glasgow Coma Scale.

CONCLUSION: The integrated pulmonary index monitoring provides an objective evaluation in the follow-up of critically ill patients with spontaneous 

breathing in the emergency department and is predictive in deciding on timely endotracheal intubation.
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and combines them in a mathematical model to obtain an 
index value. It is a non-invasive scoring system in which 
it is reduced to a single value where it is represented10,11.  
In our study, we investigated the effectiveness of the IPI in 
the follow-up of non-intubated critically ill patients in the 
ED and its efficacy in deciding on advanced airway applica-
tion in comparison with the GCS.

METHODS

Study design and setting
This is a single-center, prospective, methodological study. 
The medical records of 90 patients who were admitted to the 
Emergency Medicine Department of Kanuni Sultan Süleyman 
Training and Research Hospital between June 1, 2019 and 
September 1, 2019, with a diagnosis of respiratory failure 
and planned for invasive mechanical ventilation support were 
examined. We informed all patients about the study and its 
procedures and collected informed consent on paper from 
the patients before their inclusion in the study. The common 
feature of all patients was that they were followed up in the 
emergency intensive care unit (EICU) with respiratory fail-
ure and invasive mechanical ventilation support was planned 
because there was no effective response after appropriate 
medical treatment and non-invasive mechanical ventilation 
treatment, and if the indication occurred, the patients were 
intubated in the EICU. A total of 5689 patients, who were 
followed up with red area triage coding in the ED with major 
and minor trauma, cases with emergency surgical interven-
tion indication, and patients who were referred to an exter-
nal center were excluded from the study, whereas 90 patients 
who were treated and followed up with respiratory failure in 
the EICU were included in the study.

Patients
We reviewed the demographic characteristics and the IPI algo-
rithm of 90 patients followed up with respiratory failure in the 
EICU and evaluated its efficacy in predicting 30-day mortality 
and making the decision for endotracheal intubation (ETI) in 
comparison with GCS.

Test methods
The IPI algorithm is a non-invasive algorithm that uses the 
patient’s respiratory status and displays it as a single index value 
from 1 to 10, where 8–10 indicates nearly normal ventilation, a 
level of ≤6 indicates that intervention may be necessary, and a 
level of ≤4 indicates that intervention is ultimately necessary11.

When we look at the literature, we see that the IPI is mostly 
used to evaluate the weaning process and to confirm pulmo-
nary embolism in patients admitted to the ED with respiratory 
failure9,10,12. We recorded the value at the 10th minute of the 
measurement of the IPI of the critically ill patients whom we 
examined and treated in the EICU using the Capnostream-20 
monitor. We compared the scoring results with admission GCS 
and laboratory parameters. The ethical approval was obtained 
from the ethics committee of Kanuni Sultan Süleyman Training 
and Research Hospital (KAEK/2019.05.130). It was conducted 
in compliance with the principles of the Declaration of Helsinki. 
The results of this study were reported according to the recom-
mendations of Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE)13.

Statistical analysis
Descriptive analyses were presented using median [Interquartile 
range (IQR)] for non-normally distributed data or n (%) for 
categorical variables. The Shapiro–Wilk test was used to test 
the normality of the data. The receiver operating characteris-
tic (ROC) curve analysis was applied to determine the opti-
mal cutoff point of IPI and GCS for predicting the ETI, ICU 
stays, and 30-day mortality. The area under the curve (AUC), 
sensitivity, specificity, positive likelihood ratio (+LR), nega-
tive likelihood ratio (-LR), and accuracy were calculated and 
reported with 95% confidence intervals. Delong et al.’s method 
was used for the comparison of AUCs [ref ]. The optimal cut-
off point of measurements was determined as the value of the 
maximum Youden index. Statistical analysis was performed 
using IBM SPSS Statistics for Windows, version 23.0 (IBM 
Corp., Armonk, NY). A two-sided p-value <0.05 was consid-
ered statistically significant14.

RESULTS
A total of 90 patients were included in the study. The median 
age of the patients (n=90) included in the study was 71 years 
(IQR: 62–80). Of note, 52.2% of the patients were males. 
The number of patients who had the habit of smoking was 22 
(24.4%). The comorbid diseases and the laboratory values of 
the patients are shown in Table 1. ETI was applied to 30% of 
the patients followed in the EICU, whereas 44.4% were treated 
in the ICU, 34.4% were in the service, 20% were discharged, 
and 1 patient died. The patients had a 30-day mortality rate of 
25.6% and a median mortality time of 2.5 days.

The AUC was calculated as 0.906 (95%CI: 0.826–0.957) 
for IPI and 0.860 (95%CI: 0.771–0.924) for GCS in predict-
ing ETI. There was no significant difference between the AUC 
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values of IPI and GCS (p=0.413). For IPI and GCS, the best 
cutoff values determined by the Youden index in estimating 
intubation were ≤4 and ≤12 (Table 2). According to the best 
cutoff values determined, sensitivity was 74.07% and specific-
ity was 95.24% for IPI, and sensitivity was 74.07% and speci-
ficity was 85.71% for GCS. Accuracy was 88.9% (+LR: 15.56 

and -LR: 0.27) for IPI and 82.2% (+LR: 5.19 and -LR: 0.3) 
for GCS (Table 3).

For the 30-day mortality estimate, the AUC for IPI was 0.794 
(95%CI: 0.696–0.872) and 0.851 (95%CI: 0.761–0.918) for 
GCS. The difference between the AUC values of IPI and GCS 
was not significant (p=0.282). For IPI and GCS, the best cutoff 
values determined by the Youden index in predicting 30-day 
mortality were ≤4 and ≤12 (Table 3). According to the best 
cutoff values determined, sensitivity was 60.87% and specific-
ity was 86.57% for IPI, and sensitivity was 73.91% and spec-
ificity was 82.09% for GCS. Accuracy was 80% (+LR: 4.53 
and -LR: 0.45) for IPI and 80% (+LR: 4.13 and -LR: 0.32) 
for GCS (Table 3).

DISCUSSION
This study aims to evaluate IPI monitoring in comparison with 
GCS in making ETI decisions in critically ill patients’ follow-up 
in the EICU. In the 4th National Audit Project of the Royal 
College of Anaesthetists and Difficult Airway Society (NAP4) 
study in England, due to complications that may develop during 
emergency airway provision, it has been reported that 31% of 
ED patients and 60% of ICU patients have permanent neuro-
logical damage or death. Based on the cases reported to NAP4 
from ED and ICUs, it was reported that the airway could not 
be evaluated frequently, and more importantly, it was stated 
that the high-risk patient could not be identified and followed 
up with an appropriate airway strategy15. A complete airway 
assessment in critically ill patients has often been reported to 
be impractical16. Loss of situational awareness was determined 
as the most common cause of problems in 40% of the cases 
reported to NAP4 and it is recommended that critically ill 
patients be monitored and evaluated with SpO2, PetCO2, elec-
trocardiography, and non-invasive blood pressure17.

IPI monitoring can improve clinicians’ ability to recog-
nize patients with respiratory distress earlier, by collecting four 
variables in a single parameter and tracking trends in a single 
variable instead of four separate variables. Recognition of this 
downward trend in IPI may allow early recognition of clinical 
deterioration and timely intervention in patients and may pre-
vent time-wasting in making intubation decisions.

Yasutoshi et al. reported that the evaluation of the IPI mon-
itoring might be useful for respiratory monitoring in post-an-
esthesia care units (PACUs) and ICUs after general anesthe-
sia. Therefore the IPI can predict the occurrence of respiratory 
compromise in high-risk patients in PACUs9. Ramandeep et al., 
in their study on the association of low IPI values with extuba-
tion failure, observed that decreasing IPI measurements over 

Table 1. Demographic characteristics and the final diagnosis of 
the patients.

CAD: coronary artery disease; CRP: C-reactive protein; DM: diabetes 
mellitus; GCS: Glasgow Coma Scale; HGB: hemoglobin; HT: hypertension; 
ICU: intensive care ünit; IQR: interquartile range; IPI: integrated pulmonary 
index; PLT: platelet; WBC: white blood cell count.

Variables (n=90)

Age, median (IQR) 71 (62–80)

Gender, n (%)

Female 43 (47.8)

Male 47 (52.2)

Smoking, n (%) 22 (24.4)

HT, n (%) 37 (41.1)

CAD, n (%) 17 (18.9)

DM, n (%) 9 (10)

Arrival examination, median (IQR)

pH 7.32 (7.28–7.4)

Lactate 2.24 (1.58–3.41)

PCO
2

47.35 (39.9–57.2)

HGB 12.25 (10.5–14.1)

PLT 238 (161–315)

WBC 9.99 (8.42–14.09)

Urea 45.5 (33–68)

Creatinine 1 (0.75–1.46)

Sodium 138 (135–140)

Potassium 4.5 (4.1–5.2)

CRP 39.08 (2.82–98.23)

IPI, median (IQR) 7 (4-8)

GCS, median (IQR) 13 (10–15)

Endotracheal intubation 27 (30)

Hospital discharge

ICU 40 (44.4)

Service 31 (34.4)

Discharge 18 (20)

Exitus 1 (1.1)

30-day mortality, n (%) 23 (25.6)

Mortality, n (%) 39 (43.3)

Mortality day, median (IQR) 2.5 (1–35)
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time predicted extubation failure in subjects after extubation18.  
In another study, the correlation of IPI monitoring with arterial 
blood gas values was evaluated in patients treated under invasive 
and non-invasive mechanical ventilation in ICU. In this study, 
a correlation was found between IPI’s SpO2 and PetCO2 values 
and arterial blood gas saturation and PaCO2 measurements. 
With these results, it has been reported that IPI monitoring, 

which is a non-invasive and continuous measurement method, 
can be preferred to blood gas monitoring, which is an invasive 
method in the follow-up of patients in ICU19.

In our study, we compared the IPI with GCS in making 
ETI decisions in critically ill patients. When the AUC values 
of IPI and GCS were compared, 0.906 for IPI and 0.860 for 
GCS were calculated, and no significant difference was found 

Table 2. Comparison of area under the curves of the receiver operating characteristic curves of integrated pulmonary index and Glasgow Coma 
Scale data.

AUC: area under the curve; GCS: Glasgow Coma Scale; IPI: integrated pulmonary index.

IPI GCS p

Endotracheal intubation

AUC (95%CI) 0.906 (0.826–0.957) 0.860 (0.771–0.924) 0.413

Youden index 0.693 0.598

Associated cutoff ≤4 ≤12

ICU stay

AUC (95%CI) 0.808 (0.711–0.883) 0.789 (0.690–0.868) 0.724

Youden index 0.480 0.465

Associated cutoff ≤7 ≤14

30-day mortality

AUC (95%CI) 0.794 (0.696–0.872) 0.851 (0.761–0.918) 0.282

Youden index 0.474 0.560

Associated cutoff ≤4 ≤12

Table 3. Cross-tabulation of integrated pulmonary index and Glasgow Coma Scale results by the occurrence of endotracheal intubation, emergency 
intensive care unit stay, and 30-day mortality in the patients.

EICU: emergency intensive care unit; +LR: positive likelihood ratio; -LR: negative likelihood ratio.

Not occurred, 
n (%)

Occurred, 
n (%)

Sensitivity
(95%CI)

Specificity
(95%CI)

+LR
(95%CI)

−LR
(95%CI)

Accuracy

Endotracheal intubation

IPI>4 60 (95.2) 7 (25.9) 74.07 (53.7–88.9) 95.24 (86.7–99) 15.56 (5–48) 0.27 (0.1–0.5) 88.9

IPI≤4 3 (4.8) 20 (74.1)

GCS>12 54 (85.7) 7 (25.9) 74.07 (53.7–88.9) 85.71 (74.6–93.3) 5.19 (2.7–9.9) 0.3 (0.2–0.6) 82.2

GCS≤12 9 (14.3) 20 (74.1)

EICU stay

IPI>7 29 (58) 4 (10) 90 (76.3–97) 58 (43.2–71.8) 2.14 (1.5–3.0) 0.17 (0.07–0.4) 72.2

IPI≤7 21 (42) 36 (90)

GCS>14 27 (54) 3 (7.5) 92.5 (79.6–98.4) 54 (39.3–68.2) 2.01 (1.5–2.7) 0.14 (0.05–0.4) 71.1

GCS≤14 23 (46) 37 (92.5)

30-day mortality

IPI>4 58 (86.6) 9 (39.1) 60.87 (38.5–80.3) 86.57 (76.0–93.7) 4.53 (2.3–9.0) 0.45 (0.3–0.8) 80

IPI≤4 9 (13.4) 14 (60.9)

GCS>12 55 (82.1) 6 (26.1) 73.91 (51.6–89.8) 82.09 (70.8–90.4) 4.13 (2.3–7.3) 0.32 (0.2–0.6) 80

GCS≤12 12 (17.9) 17 (73.9)
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between the AUC values (p=0.413). According to the best cut-
off values, sensitivity was 74.07% and specificity was 95.24% 
for IPI, and sensitivity was 74.07% and specificity was 85.71% 
for GCS and sensitivity values were similar. This showed us 
that IPI has an accuracy equivalent to GCS in the early pre-
diction of respiratory failure and ETI indication in critically ill 
patients, and timely interventions to prevent the progression 
of these patients to respiratory failure.

In our study, we also evaluated the effectiveness of IPI in 
predicting the length of stay in the ICU and predicting the 
30-day mortality of critically ill patients. According to the best 
cutoff values determined, the sensitivity and specificity of IPI 
in predicting 30-day mortality were similar to the sensitivity 
and specificity of GCS cutoff values.

Unlike previous studies, in our study, it was thought that 
evaluating the deterioration in vital parameters of critically ill 
patients with bedside monitoring and controlling the patient’s 
breathing by timely ETI decision would be effective and suffi-
cient in preventing secondary complications that may develop 
without delay in airway management. We believe that continu-
ous respiratory monitoring with IPI can prevent delay in mak-
ing ETI decisions in critically ill patients and therefore allow 
timely administration of appropriate treatments that can pre-
vent complications associated with instabilities in our decision 
to follow up with an advanced airway strategy.

This study has some limitations. First of all, this study is 
a single-center study and its population was limited to adult 
patients presenting to the ED. In addition, trauma patients 
and patients who were sedated in the ED and connected to an 

invasive mechanical ventilator were excluded from the study. 
Second, since the study was an observational study, no interven-
tion was made according to the IPI value. The third limitation 
is the requirement for special equipment for IPI monitoring.  
It was the first study to determine the role of IPI in determining 
ETI, although there is no literature to evaluate the reliability 
of IPI in ETI planning of critically ill patients.

CONCLUSION
The IPI monitoring provides an objective evaluation in the 
follow-up of critically ill patients and is predictive in deciding 
on timely ETI in the ED.
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