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Background and Aims: The use of weaning predictive indicators can avoid early extubation and wrongful prolonged mechanical ventilation.
This study aimed to determine the power of the integrative weaning index (IWI) in predicting the success rate of the spontaneous breathing
trial (SBT) in patients under mechanical ventilation. Materials and Methods: In this prospective study, 105 patients undergoing mechanical
ventilation for over 48 h were enrolled. Before weaning initiation, the IWI was calculated and based on the defined cutoff point (>25), the
success rate of the SBT was predicted. In case of weaning from the device, 2-h SBT was performed and the physiologic and respiratory indices
were continuously studied while being intubated. If they were in the normal range besides the patient’s tolerance, the test was considered as a
success. The result was then compared with the IWI and further analyzed. Results: The SBT was successful in 90 (85.7%) and unsuccessful in
15 (14.3%) cases. The difference between the true patient outcome after SBT, and the IWI prediction was 0.143 according to the Kappa agreement
coefficient (P < 0.001). Moreover, regarding the predictive power, IWI had high sensitivity (95.6%), specificity (40%), positive and negative
predictive values (90.5% and 60), positive and negative likelihood ratios (1.59 and 0.11), and accuracy (86.7%). Conclusion: The IWI as a
more objective indicator has acceptable accuracy and power for predicting the 2-h SBT result. Therefore, in addition to the reliable prediction
of the final weaning outcome, it has favorable power to predict if the patient is ready to breathe spontaneously as the first step to weaning.
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INTRODUCTION rate RR] per minute and blood pressure [BP]).[>¥) What is
certain is that the expert’s clinical judgment alone cannot be
an accurate basis for making decisions about weaning from
the ventilator; as wrongful decision-making and early weaning
from mechanical ventilation can cause major stress to the
patient.) However, based on the available evidence, none of
the common criteria used have an accuracy above the median
As aroutine approach, the patient is assessed both objectively ~ in predicting the weaning outcome.

and subjectively for weaning readiness. Subjective assessment
is done based on the physician’s judgment and after evaluating

Delayed and early weaning from the mechanical ventilation
device both impose serious consequences to the patient and
the health system. Therefore, it is recommended that weaning
is done after accurate and objective assessment and when the
patient is truly ready for separation from the ventilator.!!!
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respiration. Objective evaluation is done based on the gas
exchange status (arterial blood oxygen saturation) and
hemodynamic status stability (heart rate [HR] and respiratory
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The spontaneous breathing trial (SBT) is a method suggested
for use immediately after weaning from the ventilator to assess
the patient’s ability to tolerate independent ventilation. The
result of this test can be considered as the basis for weaning
from the mechanical ventilator and as a standard reference for
further evaluation.®”

This means that if the patient tolerated spontaneous ventilation,
the physician can go forward with the next step, extubation of
the tracheal tube. This decision is of significant clinical value, as
a failure in extubation which may occur in 10%—-20% of cases,
is associated with serious consequences for the patient.[®]
Therefore, the outcome of this test could be predicted with
accurate and objective assessment minimizing the probability
of failure and serious complications of reintubation while
delayed weaning can be avoided.

One the most novel introduced indices for predicting the
patients’ outcome following weaning is the integrative weaning
index (IWI). Based on the conducted studies so far, it has a
sensitivity of 99% and specificity of 86% in predicting the
outcome of weaning from the mechanical ventilation device.!!”

This index is a function of three basic parameters, the lungs
capacity, arterial oxygen saturation (PaO,), respiratory rate,
and tidal volume which can be calculated easily and with no
need for patient’s cooperation based on the following equation:
(Cst, rs (Static compliance of the respiratory system) x SaO,
(Arterial oxygen saturation)/F(Respiratory rate)/VT(Tidal
volume) ratio). For many reasons, this indicator can be a more
objective index compared to the conventional methods, as it
considers the function of the cardiovascular system, respiratory
system, and the respiratory static compliance simultaneously.
Therefore, this study was designed to investigate the TWI
power in predicting a successful and an unsuccessful weaning
outcome for SBT in mechanically ventilated patients.

MareriaLs AND METHODS

This diagnostic validation study was designed as a prospective
study in 2015 in which 105 mechanically ventilated patients
hospitalized in the Intensive Care Units (ICUs) of Imam Reza
Hospital, Mashhad, Iran were enrolled.

The sample size was calculated based on the mentioned
equation according to Nemer et al. study.!'”

Patients over 18 years of age receiving mechanical ventilation for
at least 48 h to 3 weeks and with no neuromuscular disease were
selected target-based. Patients with a tracheostomy tube and those
whom were intubated more than once due to weaning failure were
excluded from the study. The study protocol was approved by the
Ethics Committee of Golestan University of Medical Sciences.

In the studied wards, the decision for weaning readiness and
discontinuation of mechanical ventilation was made by the
anesthesiologists in charge and based on the following criteria:

Improvement of the underlying disease, no fever, PaO, >90%
with an inspired O, concentration of <0.4 and a positive

end-expiratory pressure (PEEP) <8, hemodynamic stability
(no use of high-dose vasopressive drugs), readiness for return
to spontaneous ventilation, favorable level of consciousness
(awake or easily awakeable), and pH >7.2.

Given that the specialists were blind to the study goal,
they followed the recommended protocol designed by the
6™ Conference of the Intensive Care International Association for
weaning initiation and all decisions regarding weaning or return
to mechanical ventilation were made by the same physician to
avoid any bias related to difference in the weaning approach.

The required data were gathered by a checklist which included
the following data: demographic data (age, sex, hospitalization
history, disease diagnosis, other underlying diseases, level of
consciousness, length of intubation, and length of ICU stay)
and the physiologic status of the patient (HR/min, RR/min,
BP, PaO,, PaCO,, fraction of inspired oxygen (FiO,), PEEP,
tidal volume, static compliance, temperature, level of
consciousness, and pH).

Based on the physician in charge’s protocol, before weaning
from mechanical ventilation, all patients were placed on the
spontaneous mode with a pressure support (PS) of 8-10 cmH, O,
a PEEP of 5 cmH,O and FiO, <40%. Afterward, the device’s
PS was changed to 0, and the RR/tidal volume, PaO,, Cst, rs,
and the patient’s hemodynamic status were recorded. The static
compliance was measured and recorded from the ventilation
device by placing the patient in the volume mode and a 30 s
pause at the end of inspiration.

The patient was then weaned from the mechanical ventilation
device and underwent SBT by the T-Tube. In case of tolerance
by the patient, the SBT result was considered as successful,
and in case of any of the following results, an unsuccessful
test result was recorded:

Reduced Sa0, <95%, PaO, <60 mmHg, PaCO, >50 mmHg,
pH <7.33 or >0.07 reduction in pH, RR >38/min or an
increase >50% during 5 min, HR >140/min, systolic BP >180
and <90 mmHg, agitation, perspiration, and reduced level of
consciousness.

Along with the doctor’s call for starting the weaning process,
the researcher recorded the required parameters for calculating
the IWI including SaO2, Cst, F/VT, and according to the related
formula, this index was measured. The basis for predicting
success was an index level >25 whereas the basis for failure
was an index level <25.

The collected data were analyzed by the SPSS version 16
SPSS16 software (SPSS, Inc., Chicago, IL, USA) and MedCalc
version 13 (Medcalc, Mariakerke, Belgium). To determine the
predictive power of this tool, diagnostic value indices such
as sensitivity, specificity, predictive value, and likelihood
ratio were used. To determine the agreement of the IWI
predictive power and SBT outcome, the Kappa coefficient
was used. Moreover, to investigate the relationship between
the test result and the patients’ demographic and clinical
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characteristics with a quantitative entity such as age,
hospitalization period the normal distribution of variables
in the two groups was initially studied by the Shapiro—Wilk
test. Independent 7-test was used for normally distributed
data while Mann—Whitney nonparametric test was used for
variables with an abnormal distribution with the weaning
outcome.

ResuLts

Given the SBT, among the 105 studied cases, 90 (85.7%)
had a successful outcome whereas a failure was recorded in
the other 15 (14.3%) patients. Among the successful cases,
62 (68.9%) were male and 28 (31.1%) female. The same
figures were 8 (53.3%) and 7 (46.7%) in the failure group;
indicating no meaningful difference between the two groups
regarding sex (P = 0.186) Moreover, the findings showed a
statistically meaningful difference between the two groups in
terms of length of hospitalization, RR, static compliance, the
RR-tidal volume ratio, and the IWI score [P < 0.05, Table 1].
The result of logistic regression model adjusted for the length
of hospitalization was associated with a significantly decreased
in the outcome of weaning (odds ratio = 0.9, confidence interval
95% = 0.848-0.978).

Based on the results, the most frequent cause of hospitalization
was poisoning [Figure 1]. Hence, we categorized the causes
into two main categories of poisoning and others. The finding
shows no statistically meaningful association between the
cause of hospitalization and the SBT result [Table 2].

Similarly, the IWI prediction regarding the success or failure
of the SBT result showed success in 95 (90.5%) and failure
in 10 (9.5%) cases. The agreement between the true patients’
outcome after weaning and the IWI prediction revealed a
Kappa coefficient 0of 0.413 (P <0.001). This means that in only
41.3% of cases the IWI prediction regarding weaning was in
agreement with the true SBT outcome [Table 3].

The study findings regarding the IWI predictive power showed
a sensitivity of 95.6% for this index. It means that before
weaning the IWI has correctly predicted the success of SBT
in 95.6% of those with a true successful outcome.

In addition, the study results declared 40% specificity for this
index; this shows that this index was capable of predicting SBT
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Figure 1: Frequency of the cause of hospitalization

Table 1: Distribution of spontaneous breathing trial result according to personal and clinical characteristics

Variable Outcome P Test/df
Successful Unsuccessful
Age (years)£ 46 (37.50) 52(27) Mann—-Whitney
Gender*
Male 62 (68.9) 8(53.3) 0.237 x=14,df=1
Female 28 (31.1) 7 (46.7)
Length of hospitalization (days)£ 12 (1 325) 16 (] 3) 0.016 ManrHWhitney
Length of ventilation (days)* 609 709 0.626 Mann-Whitney
Temperature£ 37(1) 37 (0.5) 0.492 Mann—Whitney
Heart rate/min’ 88.61 (15.25) 87/66 (16/.17) 0.826 t (independent)
RR/min’ 19.55 (6.50) 23.53 (8.57) 0.039 t (independent)
Systolic BP (mmHg)" 124.65 (18.82) 130.53 (17.90) 0.262 t (independent)
Diastolic BP (mmHg)" 76.12 (13.20) 73 (17.6) 0.433 t (independent)
PCO, (mmHg)£ 40 (11.80) 40 (11.40) 0.657 Mann—Whitney
pH£ 7.41 (0.08) 7.42 (0.09) 0.386 Mann—Whitney
LOC (GCS)£ 14 (3) 14 (2) 0.342 ManrkWhitney
IWI score® 67.27 (88.35) 30.98 (65.90) 0.007 Mann—Whitney
RR/tidal volume® 410 (128) 323 (207) 0.049 Mann—Whitney
Static compliance (mmHZO)ﬁ 33 (19.35) 30 (15.60) 0.036 Mann—Whitney
0, saturation (%)f- 96.5 (3) 96 (3) 0.897 Mann—Whitney

*n (%); "Mean+SD; £Median:tlQR. PCO,: Partial pressure of carbon dioxide; RR: Respiratory rate; IWI: Integrative weaning index; BP: Blood pressure;

GCS: Glasgow Coma Scale; SD: Standard deviation; IQR: Interquartile range; LOC: Level of consciousness
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Table 2: Distribution frequency of spontaneous breathing trial according to the cause of hospitalization

Outcome/cause of hospitalization Successful, n (%) Unsuccessful, n (%) Total, n (%) P Test
Poisoning 54 (84.4) 10 (15.6) 64 (100) 0.425 Fisher’s exact
Others 36 (87.8) 5(12.2) 41 (100)

Total 90 (85.7) 15 (14.3) 105 (100)

Table 3: 2x2 contingency table, frequency distribution
of the spontaneous breathing trial result, and integrative
weaning index prediction

IWI prediction SBT result Total, K P
Success, Failure, 7 (%)
n (%) n (%)
Success 86(95.6)  9(60) 95(90.5) 0413  0.001
Failure 4(4.4) 6 (40) 10 (9.5)
Total 90 (100)  15(100) 105 (100)

SBT: Spontaneous breathing trial; IWI: Integrative weaning index

failure in 40% of the patients. Based on the collected data, the
positive and negative predictive values (NPVs) for IWI were
90.5% and 60%, respectively. This means that in 90.5% of the
patients the true outcome after weaning (successful SBT) was
in agreement with the IWI prediction whereas in 60% of the
cases, the test had correctly predicted an unsuccessful outcome.
The study results based on the sensitivity and specificity of the
IWI showed a positive and negative likelihood ratio (NLR) of
1.59 and 0.11, respectively. Eventually, the accuracy of the IWI
in the correct prediction of SBT, for either success or failure,
was 87.6% [Table 4].

Discussion

Among all patients whom were ready and were removed from
the ventilation support according to the physician in charge’s
judgment, SBT was a success in 85.7% and a failure in 14.3%.
This is consistent with the study by Eskandar ef al. regarding
the probable success rate following weaning. They claimed
that despite all the medical treatments and care offered to
patients receiving mechanical ventilation for over 24 h, the
first attempt to wean is often a failure in almost 22% of the
cases.!'!]

The findings of the current study support a significant
relationship between the length of hospitalization, the
patients’ respiratory parameters and the SBT outcome of the
ventilation device; meaning that the prevalence of prolonged
hospitalization, respiratory rate, RR-tidal volume ratio, and
the inappropriate pulmonary compliance was higher among
patients with an unsuccessful outcome. This result can not
only be interpreted from the clinical and physiologic aspects,
but similar studies also confirm these findings.>'? Especially
when considering the RR-tidal volume ratio and the lungs
static compliance, several studies have mentioned such indices
as one of the main parameters associated with the weaning
outcome. %1313

This study also revealed a fine agreement between the IWI and
the parameters used by physicians in predicting the weaning
outcome. As several studies have introduced IWI as an index
with high sensitivity and specificity,!'%!>!¥ the small agreement
between this index and other indices used by physicians
can be attributed to the low sensitivity and specificity of
the latter indices. Findings of the current study and Nemer
et al. study both confirm that IWI parameters including the
RR-tidal volume ratio and the lungs’ static compliance are
reliable parameters with high sensitivity and specificity in
this respect.!'?!

Given the diagnostic accuracy of this index, the results
revealed 95.5% sensitivity, 40% specificity, 90.5% positive
predictive value (PPV), 60% NPV, and 87.6% accuracy.
However, several studies have introduced this index
as a desirable tool for predicting the weaning outcome
reporting 90%—97% sensitivity, 66.7%—-94% specificity, a
PPV 0f 90%—-99%, NPV of 50%—-93%, and an accuracy of
87%—92%.3:10.14161 As the comparison of these data shows,
except for the specificity reported by the current study
which is lower than the lowest level reported in the previous
studies, other studied parameters are in the same range as
previous reports.

The different reported values may be related to the different
prevalence of successful and unsuccessful outcomes in
different societies, various clinical characteristics of the
patients, and a variety of underlying diseases in the studied
populations.['”

Another significant point is that all the aforementioned
studies were performed as comparative interventional studies
including a study and control group whereas the current
study has a cross-sectional design due to the unfamiliarity of
the authors with the mentioned index and not accepting it as
an alternative to the conventional approach in predicting the
patient’s readiness for weaning. It is obvious that the findings
of a comparative study will be different from those of a
descriptive study. The positive likelihood ratio of the index
was 1.59 in our study, meaning that the probability of the
IWI to predict a positive outcome in those with a successful
SBT is 1.59 times greater than those with a weaning failure.
On the other hand, a NLR = 0.11 shows that the probability
of a negative outcome prediction in those with SBT failure
is 0.11 times higher than those with a successful outcome.
The reported range for the IWI positive and NLR in different
studies is 2.84, 16.5, 0.03-0.12, respectively.'%141¢ The only
point which can justify the inconsistency in these findings is
the difference in study design and the association between the
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Table 4: Comparing the predictive power of the parameters used by physicians and the integrative weaning index in
determining the patient’s readiness for weaning from mechanical ventilation

Index Accuracy Sensitivity Specificity PPV NPV LR+ LR—- ROC
Temperature 81.9 94.4 6.7 85.9 16.7 1.20 0.99 -0.015
PaO, 70.4 80 21.11 81.4 14.5 1.01 0.59 -0.900
PCO, 71.4 82.22 13.33 85.1 11.1 133 0.59 -0.050
Acidity 60.9 87.8 6.7 81.6 3.4 1.17 0.82 -0.176
LOC 60 68.9 6.7 84.9 8.3 1.58 0.55 0.061
Static compliance 64.7 67.88 88.4 88.4 19.4 1.27 0.69 0.091
RR/tidal volume 86.6 96.67 333 89.7 62.5 1.45 0.1 0.347
TWI 87.6 95.56 40 90.5 60 1.59 0.11 0.413

PaO,: Partial pressure of oxygen in arterial blood; PCO,: Partial pressure of carbon dioxide; RR: Respiratory rate; PPV: Positive predictive value;
NPV: Negative predictive value; LR+: Likelihood ratio of positive test; LR—: Likelihood ratio of negative test; IWI: Integrative weaning index;

ROC: Receiver operator characteristic; LOC: Level of consciousness

likelihood ratio and the specificity parameter which was less in
the current study in comparison to other studies. And last but
not least is the IWI accuracy which was similar to the values
reported by other studies.

As mentioned in the “results” section, the accuracy of the IWI
in the correct prediction of success and failure in the studied
population was 88% in our study, the same value was reported
from 87% to 97% in the previous studies.['%141¢]

Moreover, the findings of the current study showed that IWI
as an objective index has higher accuracy in comparison
to the other parameters used by physicians in predicting
the SBT outcome. This finding is in agreement with that of
several other studies comparing objective protocols with the
physician-oriented approach.8-2!!

This study was performed to investigate the IWI power in
predicting the success and failure of the SBT outcome in
patients under mechanical ventilation, hospitalized in Imam
Reza Educational Hospital, in 1 year.

Given the findings of the current study and previous reports, it
can be concluded that weaning indices which only evaluate one
function usually have low accuracy. Therefore, the IWI which
can evaluate main functions such as RR-tidal volume ratio,
compliance, RR, oxygenation and the CROP index (Compliance,
Resistance, Oxygenation, Pressure Index), has higher accuracy
and can be considered as a more objective index compared to
the indices used by physicians in predicting success or failure.

Therefore, it is recommended to use IWI as a valuable clinical
parameter in determining the readiness of patients for weaning
from ventilation support besides predicting the weaning outcome.

Eventually, conducting complementary studies with different
methodologies in other clinical settings is highly recommended
in the future studies. Moreover, the IWI power could also be
studied in the pediatric ICUs.

CoNCLUSION

The IWI as a more objective indicator has acceptable accuracy
and power for predicting the 2-h SBT result. Therefore, in

addition to the reliable prediction of the final weaning outcome,
it has favorable power to predict if the patient is ready to
breathe spontancously as the first step to weaning.
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