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Abstract: Background and Aim: Mechanical ventilation is essential in conditions such as acute
respiratory failure. However, prolonged use may lead to complications; therefore, there is a need for
timely liberation. Special indicators are important for this purpose, including the Rapid Shallow
Breathing Index (RSBI), the dead space to tidal volume ratio (VD/VT), and the Integrative Weaning
Index (IWI), which offers a composite evaluation of ventilatory mechanics. This study aimed to
compare these indices in Type 1 and Type 2 respiratory failure to examine their feasibility in assessing
the likelihood of successful extubation. Methods: The present cross-sectional study involved 35
participants (23 with Type 1 respiratory failure and 12 with Type 2 respiratory failure) successfully
weaned from mechanical ventilation in the Emergency Department of a tertiary care hospital between
2022 and 2024. RSBI, VD/VT, IWI], and arterial blood gas values were evaluated. Data were analyzed
descriptively and statistically, with statistical significance determined at p < 0.05. Results: Type 2
respiratory failure patients had a higher VD/VT ratio (0.37+0.04 vs. 0.29+0.13, p = 0.046) and a lower
PaO,/FiO; ratio (169+49.6 vs. 244+95.6, p = 0.017) than Type 1 patients. RSBI values did not differ
significantly between the groups (p = 1.00). IWI values showed a trend toward lower scores in Type
2 patients, reflecting reduced weaning readiness, although the difference was not statistically
significant. These results demonstrate that patients with hypercapnia have more significant
impairments in gas exchange. Conclusion: RSBI was found to be less discriminative in identifying
weaning failure, whereas VD/VT proved to be a more reliable predictor in hypercapnic respiratory
failure. Additionally, IWI may serve as a useful complementary tool to improve weaning accuracy
by integrating multiple physiological parameters into a single predictive measure.

Keywords: weaning; mechanical ventilator; respiratory dead space; tidal volume; respiratory failure

1. Introduction

Mechanical ventilation (MV) is one of the essential interventions commonly used on patients
with Acute Respiratory Failure (RF) to keep them alive [1]. However, MV may cause the development
of ventilator-associated pneumonia, muscle mass depletion, and increased mortality[2].
Consequently, timely and successful separation from MV support reduces the side effects and
increases the chances of patients’ survival. Weaning is the process when the patient is switched from
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MV to spontaneous breathing. This complex procedure needs close monitoring and accurate
judgments of the patient’s condition to ensure effective extubation [3].

Weaning from the MV uses several indices that predict the patient’s chances of passing through
the process. Among these output indices, the most widely used index is the Rapid Shallow Breathing
Index (RSBI) [4]. Respiratory rate to Tidal Volume (TV) in patients is measured during spontaneous
breathing trials and is termed as RSBI [5]. However, other than RSBI, there is a new valuable index
known as VD/VT, utilized in evaluating the efficiency of the lungs in terms of gas exchange in RF
patients. This ratio is regarded as the less frequent indicator of V/P inequality and is particularly
important for hypercapnic RF. It may be used to determine the extent of the patient’s capacity for
adequate oxygenation or CO2 removal without invasive MV [6].

Although these indices are common, they can fail to predict a weaning success accurately. It has
to be noted that traditional identifiers such as RSBI might not capture alterations in respiratory
mechanics or pathophysiologic variation among various RF kinds [7]. RF is classified into two
categories: Type 1, Hypoxemic RF, and Type 2, Hypercapnic RF. Type 1 RF, which is associated with
an impaired oxygen exchange, can occur in Acute Respiratory Distress Syndrome (ARDS),
Pneumonia, and Pulmonary Embolism (PE) [8]. Type 2 RF results from alveolar hypoventilation and
may develop in conditions such as Chronic Obstructive Pulmonary Disease (COPD), Neuromuscular
Disorders, and Obesity Hypoventilation Syndrome (OHS). The severity of these two types of
respiratory failure differs in their pathophysiology and responsiveness to ventilatory support, which
may affect the weaning success [9].

The past literature reviews on MV weaning strategies have highlighted some areas where there
is limited understanding of differentiating the type of RF based on weaning indices. There is
insufficient literature on the sensitivity and specificity of RSBI and VD/VT alone or in identifying
patients with different RF subtypes, typically in patients successfully weaned from MV [10,11].
Research in this area has mainly focused on general patient sampling without differentiating the
pathophysiology of Type 1 and Type 2 RF. This has confused the best weaning indicators for each
type of RF and how to correctly use these markers to aid in clinical decision-making, especially in the
Emergency Department (ED). In addition, the interactions between RSBI, VD/VT, other weaning
parameters, and extubation success have not been well clarified in ED-based populations.

The present study aimed to fill these gaps by comparing the ability of RSBI and VD/VT ratios to
predict successful weaning in patients with Type 1 and Type 2 RF who were successfully intubated
in ED settings. This study seeks to determine the relationship between these indices, patient
characteristics, and weaning success for both RF types. Identifying differences and trends relating to
weaning parameters across the severity spectrum of respiratory failure will enhance best practices in
the management of extubation, thus improving the quality of patient outcomes and diminishing post-
extubation complications. The main innovation of this study was the detailed assessment of two
common weaning measures, RSBI and VD/VT, about various categories of RF. Unlike previous
studies that have targeted unspecified patient groups, this study differentiates between Type 1 and
Type 2 RF, with different requirements and predictive factors.

2. Methods
2.1. Study Design and Setting

This cross-sectional study was executed in the ED of a Tertiary Care Center from the year 2022
to year 2024. The study’s objective was to assess the correlation between types of RF and weaning
predictors in patients who had achieved a successful process of MV weaning.

2.2. Ethical Consideration

Ethical approval was obtained from the University Non-Interventional Clinical Research Ethics
Committee (Decision No: © 2021/08-11, Date: 28.04.2021). All participants or their legal attendents
signed the written informed consent before enrollment. Patient data was kept confidential,
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anonymity was ensured, and all identifying information was omitted from the analysis section. No
additional interventions were made throughout the study apart from direct clinical treatment, and
no sources of bias influenced the research.

2.3. Participants and Recruitment

The participants in the study were adult patients who were >18 years old and had undergone
successful MV weaning. The primary outcome was patients’ spontaneous breathing without the help
of either reintubation or non-invasive ventilation for at least 48 hours after the endotracheal tube
removal. A total 35 patients were initially enrolled in the study and classified into two groups: Type
1 RF, containing 23 hypoxemic patients, and Type 2 RF, containing 12 hypercapnic patients. Patients
with missing data and those requiring supplemental post-extubation mechanical ventilation for 48
hours were excluded. An eligibility criteria flowchart was used to facilitate participant enrolment
according to the eligibility criteria (Figure 1).

Participated patients
n:41

2 patients failed
intubation

4 patients missing data
exlclude from study

Type 1 RF Type 2 RF
n:23 n:12

REF: Respiratory Failure.
Figure 1. Flow Chart of Participated Patients.

2.4. Data Collection

The following variables were involved in the study: Age, gender, heart rate, respiratory rate,
Systolic Blood Pressure (SBP), Hemoglobin (Hb), Blood Urea Nitrogen (BUN), and serum creatinine
at the time of admission. During the ventilation period, physiological variables measured include
Positive End-Expiratory Pressure (PEEP), Peak Inspiratory Pressure (Pmax), Plateau Pressure
(Pplato), TV, and static and dynamic compliance.

Arterial Blood Gas (ABG) analysis provided data on pH, arterial oxygen, and carbon dioxide
tensions, Partial Arterial Oxygen Pressure (PaO,), and Partial Arterial Carbon dioxide Pressure
(PaCQOy), respectively. Weaning indices were obtained just before extubation included:

1. RSBI: Derived from respiratory rate and tidal volume and presented as a fractional value of
f/VT.

2. Dead Space to Tidal Volume Ratio (VD/VT): Measured as (PaCO; - End TidalCO,) / PaCO..

3. Integrative Weaning Index (IWI): Static compliance x Oxygen saturation SaO2/RSBI.
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2.5. Outcome Measures

The objective was to compare the RSBI and the VD/VT ratios in Type 1 and Type 2 RF patients.
Secondary outcome measures were the differences in other ventilatory and oxy-hemoglobin
dissociation parameters, including PaO,/FiO, ratio and IWL

2.6. Statistical Analysis

All statistical analyses described in this manuscript were conducted using the SPSS statistical
tools, version 27 software (IBM, Armonk, NY, USA). Data for continuous variables were presented
as mean + Standard Deviation (SD) or median Interquartile Range (IQR) based on the distribution.
Categorical variables were expressed as frequencies and percentages. Comparisons between groups
were made using the Student’s t-test for independent samples for continuous variables with a normal
distribution and the Mann-Whitney U test for non-continuous variables with a skewed distribution.
Categorical data were analyzed using the Chi-square or Fischer exact test, whichever was applied. In
this study, statistical significance was determined at p-value <0.05.

3. Results

A total of 35 patients successfully weaned from mechanical ventilation were included in the
study. Of these, 23 patients were classified as having Type 1 RF, and 12 had Type 2 RF T. The
demographic and baseline clinical characteristics of the two groups are summarized in Table 1.

Table 1. Demographic Characteristics and Vital Signs of Patients.

Type 1 RF Type 2 RF
p-value
(n:23) (n:12)

Age (mean = SD) 72.57 £18.2 71.75+8.7 0.88

Male (%) 16 (69.6) 10 (83.3)
Gender 0.37"

Female (%) 7 (30.4) 2 (16.7)
Heart Rate (bpm/min) 97.52 +14.19 88.25+14.34 0.07*
SBP (mmHg) 122.96 + 14.59 130.17 £ 21.95 0.25*
RR (breath/min) 17.39 £ 2.85 17.00 +2.89 0.70°
Hemoglobin(gr/dL) 11.93 £3.21 12.90 +2.97 0.39
BUN (mg/dL) 28.00 (21.5-37.5) 37.00 (20.3-43.8) 0.70™
Creatinine (mg/dL) 1.16 (0.81-1.47) 0.97 (0.85-1.13) 0.56™

*Student t test( mean +standard deviation) , **chi-square test(%), ***Mann Whitney U(median, IQR 25-75) IQR:
Inter Quantile Range, RF: Respiratory Failure BUN: Blood Urea Nitrogen, SBP: Systolic Blood Pressure, RR:

Respiratory rate.

The mean age of patients in both groups was similar, for Type 1 RF =72.57+18:2 years for Type 2
RF=71.75+8.7 years, respectively, P = 0.88. Males had higher representation in both groups, 69.6% for
type 1 RF and 83.3% for type 2 RF, with p = 0.37. Systolic Blood Pressure (SBP) did not differ
significantly between the two kinds of RF. Type 1 RF had a higher heart rate of 97.52 + 14.19 bpm
than Type 2 RF, with a heart rate of 88.25 + 14.34 bpm, even though the difference was not statistically
significant, with p = 0.07. SBP was increased in Type 2 RF patients, 130.17 + 21.95mmHg, compared
to Type 1 RF patients, 122.96 + 14.59mmHg, but that was not statistically significant (p = 0.25).

The respiration rate, blood hemoglobin, Blood Urea Nitrogen (BUN), and creatinine did not
demonstrate any intergroup differences. These Median BUN values were 28.00 mg/dL for Type 1 RF
and 37.00 mg/dL for Type 2 RF with p=0.70. The values of median creatinine were 1.16 mg/dL and
0.97 mg/dL, respectively, with p=0.56, as shown in Table 1.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202505.1932.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 May 2025 d0i:10.20944/preprints202505.1932.v1

5 of 10

The results of MV parameters and ABG analysis are illustrated in Table 2. The FiO, requirement
was significantly higher in the Type 2 RF group with median=37.50% and IQR=25.5-40 compared to
the Type 1 RF group with median=30.0% and IQR= 25.5-35 (p = 0.03). Other ventilatory parameters,
including PEEP, Pmax, Pplato, VT, and compliance (static and dynamic), were similar between the
groups. ABG analysis revealed a significantly higher PaCO; level in the Type 2 RF group (mean: 49.1
* 9.65 mmHg) compared to the Type 1 RF group (mean: 40.3 + 4.49 mmHg) (p < 0.001), consistent
with the hypercapnic nature of Type 2 RF.

Table 2. Comparison of mechanical ventilation parameters and arterial blood gas results.

Type 1 RF Type 2 RF
(n:23) (n:12) prualue
PEEP (cmH,O) 5.0 (5.0-5.5) 5.00 (5.00-5.50) 0.82"
Pmax(cmH,O) 24.0(23.0-25.5) 26.50 (24.50-29.30) 0.16™
Pplato(cmH,O) 18.9 (17.0-20.5) 21.50 (17.00-23.00) 0.14~
FiO: (%) 30.0(25.5-35.0) 37.50 (25.50-40.00) 0.03"
VralL) 423(400-450) 421 (425-450) 0.76"
Cdyn (mL/cmH,0) 22.0£3.85 20.8 £3.87 0.39°
Cstat (mL/cmH,0) 32.5+5.93 30.0£8.17 0.31
Ph 7.36 £ 0.04 7.38 £0.05 0.37°
PaO: (mm/Hg) 70.1+£13.6 61.1+14.2 0.07°
PaCO: (mm/Hg) 40.3 +4.49 49.1 £9.65 <0.001~
Ve (L/min) 7.03+£1.02 721+£1.19 0.65°
EtCO:2(mm/Hg) 28.5+6.51 30.6+6.57 0.38"

*Student t test( mean +standard deviation), **Mann Whitney U((median, (IQR 25-75)), IQR: Inter Quantile Range,
PEEP: Positive End-Expiratory Pressure, Pmax: Maximum Pressure, Pplato: Plateau Pressure, FiO,: Fraction of
Inspired Oxygen, Vt: Tidal Volume, Cdyn: Dynamic Compliance, Cstat: Static Compliance, PaO,:Partial arterial
oxygen pressure PaCO,:Partial arterial carbon dioxide pressure, Ve: Minute Ventilation EtCO,: End-Tidal COs,.

Weaning indices, including RSBI, VD/VT, and PaO,/FiO,, are presented in Table 3. The RSBI
values were identical in both groups, with median= 40.0 and IQR: 3540 (p = 1.00). However, the
VD/VT ratio was significantly higher in the Type 2 RF group (mean 0.37 + 0.04) compared to the Type
1 RF group with mean 0.29 + 0.13 (p = 0.046). The PaO,/FiO; ratio was significantly lower in the Type
2 RF group with a mean of 169 + 49.6 mmHg compared to the Type 1 RF group with a mean of 244 +
95.6 mmHg (p =0.017). Other indices, including the IWI and PaO,/PAQ, ratio, showed no statistically
significant differences between the groups.

Table 3. Comparison of Weaning Index Scores.

. Type 1 RF Type 2 RF
Weaning Indexes p-value
(n:23) (n:12)

RSBI (bpm/L) 40.0 (35.0-40.0) 40.0 (35.0-40.0) 1.00™
Vo/Vr 0.29+0.13 0.37 +0.04 0.046
Pa02/FiO2 (mmHg) 244 +95.6 169 +49.6 0.017"
IWI (bpm/mL) 79.3+325 70.8 +30.7 0.45
Pa02/PAO: 0.45 (0.36-0.69) 0.33 (0.29-0.39) 0.053"

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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*Student t test( mean +standard deviation), **Mann Whitney U((median, (IQR 25-75)), IQR: Inter Quantile Range,
REF: Respiratory Failure, RSBI: Rapid Shallow Breathing Index, VD/VT: Dead Space to Tidal Volume Ratio, IWI:

Integrative Weaning Index, PaO2: Partial arterial oxygen pressure, PAO2: Partial arterial alveolar pressure.

4. Discussion

MYV is mandatory for patients with acute RF, and prolonged use has been shown to increase the
risk of complications in the patients [12]. Weaning off the ventilator, also known as weaning, is vital
in the recovery process. Subsequently, identifying the patients through the indices RSBI and VD/VT
is crucial for determining weaning success [13]. In this study, the VD/VT ratio was significantly
higher in patients with Type 2 RF. This finding suggests increased physiological dead space may be
related to impaired gas exchange efficiency in hypercapnic patients [14,15]. The increase in the dead
space fraction is primarily due to reduced alveolar ventilation, which becomes clinically significant
in conditions such as chronic COPD that lead to hypercapnia [16].

However, no differences were observed in RSBI values between the Type 1 and Type 2 RF
groups, suggesting that RSBI is less useful in patients with hypercapnia. RSBI scored as the
respiratory rate divided by the TV reflects the patient’s respiratory workload, although its prognostic
value is limited due to ventilation-perfusion mismatch in the presence of elevated CO, [17,18]. As
Santos et al. (2021) observed that the predictive indices, including the IWI, poorly predicts the
extubation outcomes. This is consistent with the current results regarding the limitations of
conventional indices such as RSBI, particularly in patients with Type 2 RF and poor gas exchange
[19]. These results demonstrate that traditional measures, including RSBI, may be less effective in
some patient populations, and measures reflecting gas exchange efficiency, such as VD/VT, may play
a significant role in the weaning process [20].

In the present study, the VD/VT ratio was higher in the patients with Type 2 RF than in the
patients with Type 1 RF (0.37 + 0.04 and 0.29 + 0.13; p = 0.046). This finding corresponds to the
observation made by Lazzari et al. (2022), who noted that enhanced physiological dead space volume
is related to reduced ventilation effectiveness [21]. Hypercapnic individuals demonstrate reduced
alveolar ventilation, producing a high VD/VT ratio due to ventilation-perfusion inequality. Likewise,
Jiang et al. (2025) showed that using VD/VT ratios of greater than 0.6 tends to provoke higher
mortality, indicating clinical relevance. The elevated VD/VT ratio in the Type 2 RF group aligns with
this observation and highlights their impaired gas exchange efficiency [22]. The PaO,/FiO, ratio
showed a significant difference between the two groups, with PaO,/FiO; of Type 1 RF 244+95.6 and
that of Type 2 RF being 169+49.6(p=0.017). This result affirms the study conducted by Abbott et al.,
2024 where findings indicated enhanced gas exchange discrepancies in hypoxemic RF [23].
Chiumello et al. (2024) stated that a ratio lower than 200 provides poor clinical outcomes. The
decreased PaO,/FiO; ratio observed in the Type 2 RF group highlights the severity of gas exchange
impairment in hypercapnic patients [24].

The mean of the RSBI was 40.0 and did not differ significantly between the groups p=1.00. The
above result indicates that RSBI has poor prognostic value in hypercapnic patients. Specifically,
Ghianiet al.(2024) discussed that RSBI may be less accurate in the patients, introducing newer indices,
including IWI, which reflects compliance, oxygenation, and breathing indices [25]. Sterr et al. (2024)
noted that measures like RSBI, PaO,/FiO,, and diaphragm ultrasonography have been extensively
tested concerning weaning failure [26]. As the study reported, impaired gas exchange and respiratory
mechanics were indicated to be significant contributors to Type 2 RF patients. In the present study,
IWI values did not show significant differences between the groups (79.3 + 32.5 in Type 1 RF vs. 70.8
+30.7 in Type 2 RF; p=0.45). Moreover, PaO,/FiO, and RSBI values were consistent with Kamal et al.
(2023), who demonstrated that combining these parameters into an integrative weaning index
improves predictive accuracy [27].

The significantly higher VD/VT ratio observed in Type 2 respiratory failure patients reflects
impaired gas exchange efficiency, primarily due to increased physiological dead space. This finding
is consistent with the observations of Akella et al. (2022), who emphasized the roles of increased
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airway resistance, intrinsic PEEP, and diaphragmatic dysfunction in weaning failure [28]. Depta et
al. (2024) also highlighted the clinical relevance of VD/VT in assessing ventilation-perfusion
mismatch and overall ventilatory efficiency [29]. VD/VT is particularly useful in conditions such as
COPD and other hypercapnic states, where dead space ventilation is elevated. In support of this,
Depta et al. (2024) demonstrated that reductions in VD/VT during PEEP titration reflect improved
gas exchange. These insights underscore that factors like alveolar hypoventilation, ventilation-
perfusion inequality, and impaired CO, clearance contribute to hypercapnia, making VD/VT a
valuable indicator in evaluating weaning readiness.

VD/VT thereby serves as a direct marker of ventilatory efficiency in patients with hypercapnia
and plays a critical role in ensuring adequate oxygenation during the weaning process. In contrast to
traditional indices like RSBI, which primarily assess respiratory workload but fail to capture gas
exchange abnormalities [30], VD/VT reflects the efficiency of alveolar ventilation. This makes it a
superior predictor of weaning success in hypercapnic patients. These findings align with studies
suggesting that combining gas exchange parameters with respiratory mechanics improves the
predictive accuracy of weaning indices [31,32].

Although RSBI has historically been considered a key predictor of weaning success [33], our
findings and previous literature suggest it may not be sufficient alone in hypercapnic patients due to
its inability to reflect gas exchange abnormalities [34]. Recent developments such as the Integrative
Weaning Index (IWI), which combines static compliance, oxygenation, and RSBI, have shown
promise in enhancing weaning prediction [8]. Although no significant difference in IWI was observed
between groups in our study, combining it with VD/VT may improve accuracy, especially in
hypercapnic patients. This is further supported by Chuang et al. (2020), who demonstrated that an
elevated VD/VT ratio is associated with ventilatory inefficiency and impaired gas exchange in
patients with COPD, a common cause of hypercapnic respiratory failure [35].

4.1. Strengths and Limitations

The study has several strengths and gives individual assessments of the RSBI, IWI and VD/VT
ratios. It provides valuable information regarding the usefulness of these indices for predicting
successful weaning in patients with different types of RF. The prospective design also effectively
minimizes potential biases within the data collection process. The inclusion of full ventilatory
parameters and indices of gas exchange, also increases the strength of the analysis. The novelty lies
in the fact that this study is the first to provide specific insight into the issues encountered in
hypercapnic patients and aims to give useful suggestions to ensure improved strategies for the
weaning process.

There are a few limitations that must be addressed. Small sample sizes, particularly in the Type
2 RF group, may reduce the generability of the findings. The study does not assess long-term
outcomes such as post-extubation supportive care.

5. Conclusion

This study confirmed that despite getting similar RSBI and IWTI at the two RF types, patients
with type 2 RF most likely have worse VD/VT ratios and lower PaO,/FiO, implying poor gas
exchange and reduced alveolar ventilatory efficiency. These results underscore the importance of
integrating VD/VT into clinical practice in addition to the conventional markers of weaning early,
especially in the presence of hypercapnia. Based on these findings, future studies using a larger
sample size must confirm these findings and fine-tune the weaning process to increase the patients’
positive prognosis.
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Abbreviations

ABG Arterial Blood Gas

ARDS Acute Respiratory Distress Syndrome
BUN Blood Urea Nitrogen

CDyn Dynamic Compliance

CStat Static Compliance

COPD  Chronic Obstructive Pulmonary Disease
ED Emergency Department

EtCO,  End-Tidal Carbon Dioxide

VD/VT  Dead Space to Tidal Volume Ratio

FiO; Fraction of Inspired Oxygen

Hb Hemoglobin
IWI Integrative Weaning Index
MV Mechanical Ventilation

OHS Obesity Hypoventilation Syndrome
PaCO,  Partial Arterial Carbon Dioxide Pressure
PaO, Partial Arterial Oxygen Pressure

PAO; Partial Alveolar Oxygen Pressure

PEEP Positive End-Expiratory Pressure

Pmax Peak Inspiratory Pressure
Pplato  Plateau Pressure

RF Respiratory Failure

RR Respiratory Rate

RSBI Rapid Shallow Breathing Index
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