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| mpact of PF Ratio and Oxygenation on Non-I nvasive Ventilation
Failure during Acute Exacer bations of COPD
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ABSTRACT

Objective. Thisresearch aimsto investigate the role of P/F ratio and oxygenation in predicting non-invasive
ventilation failure in patients going through acute exacerbation of chronic obstructive pulmonary disease.
M ethodology: A Quasi Single Arm Study was carried out in the Medica ICU and medicine ward of atertiary
care hospital, including 170 patients presenting with acute exacerbations of chronic obstructive pulmonary
disease. Data were collected using a structured pro forma after obtaining informed consent. The duration of
the study was 6 months.

Results: The research involved atotal number of 170 individual s who were admitted with acute exacerbation
of chronic obstructive pulmonary disease. Among them, 38% experienced non-invasive ventilation (NIV)
failure during treatment. The observed rate of mortality in this study was 23.5%. Within the NIV success
group, 45% were males and 55% were females. Fraction of inspired oxygen and arterial oxygen saturation
differed significantly at admission, 1 hour, 48 hours, and beyond, while Partial pressure of oxygen varied at
admission and 1 hour but not after 48 hours. The PF ratio showed significant differences at all time points.
Conclusion: This study examined the outcomes of non-invasive ventilation (NIV) and the mortality ratesin
patients undergoing acute exacerbation of chronic obstructive pulmonary disease. The analysis of oxygenation
metrics revealed significant variations between patients who had NIV failure and those who had not, as well
asin relation to mortality. These findings contribute to the understanding of treatment outcomes in acute COPD
exacerbation and can help in clinical decision making. More researches can be conducted for further evaluation.

Keywor ds: Acute exacerbation, acute respiratory failure, chronic obstructive pulmonary disease, mortality,
non-invasive ventilation, P/F ratio
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INTRODUCTION annually, which aso have asignificant financia burden,
comprising 50-70% of all costs associated with COPD.
Furthermore, these episodes elevate the risk of
developing subsequent AECOPDS, hospitalization, and
mortality.

Chronic obstructive pulmonary disease (COPD) is a
common and extremely fatal illnessthat occursglobaly.
It arises from abnormal functioning in the airways and

alveolar sacs, leading to an irreversible restriction of 114 Jccurrence of AECOPDS is associated with

airflow. It is predicted that COPD will become one of
the primary contributors to global mortality by 2030".
Individuals diagnosed with COPD encounter 1 to 4
episodes of acute exacerbation of COPD (AECOPD)
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noteworthy breathlessness, which typically persists for
aduration of 7 to 10 days. In certain instances, complete
recovery may not be achieved for weeks or even
months®. The mortality rate associated with acute
exacerbations of COPD (AECOPD) is considerable.
Following hospitalization for an exacerbation, only
around half of COPD patients survive beyond afive-
year period. The mortality rate within one year after
an AECOPD ranges from 12% to 33% while after two
years, it increases to 26% to 40%°. Noninvasive
ventilation (NIV) refers to a ventilation method that
does not require the use of an invasive artificial airway.
NIV relieves the workload of respiratory muscles,
enhances alveolar ventilation, alleviates dyspnea,
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reduces respiratory rate, and ultimately enhances arteria
oxygenation, hypercapnia, and associated respiratory
acidosis®. Due to these benefits, the utilization of
“noninvasive ventilation (NIV)” for patients
experiencing “acute exacerbation” of “chronic
obstructive pulmonary disease” (COPD) has witnessed
a steady rise in recent times. Furthermore, existing
guidelines strongly support the use of NIV for
individuals facing acute exacerbation®.

While noninvasive ventilation (NIV) decreases the
necessity for intubation in COPD patients, the mortality
rate rises substantially in cases of NIV failure.
Furthermore, when patients encounter ‘NIV’ failure,
postponed intubation increases the risk of mortality®.
The indications for intubation include ongoing
respiratory distress characterized by a rate over 35
breaths per minute, persistent respiratory acidosis, and
the inability to maintain a PaO2/FiO2 ratio above 100
mmHg, emergence of circumstances requiring
intubation for airway safeguarding (such as coma or
seizure disorders), management of excessive tracheal
secretions, hemodynamic instability unresponsive to
fluids and vasoactive medications and instances of
respiratory or cardiac arrest.

NIV failure wasidentified asthe necessity for intubation
or mortality while undergoing noninvasive ventilation’.
The success of NIV hinges upon severa crucial factors,
including meticulous patient selection, timely
intervention and the use of a well-fitted interface,
motivation and assistance offered to patients along
with careful supervision by skilled team of healthcare
professionals. The causes of NIV ineffectiveness are
frequently associated with the inability to enhance
oxygenation levels, failure to aleviate breathl essness,
discomfort from the mask, restlessness, anxiety,
hemodynamic instability, and worsening of respiration”.
The use of NIV in circumstances lacking definitive
evidence to back its recommendation also increases
the likelihood of failure.

L ate recognition of patients at risk of NIV failure may
experience a delay in starting invasive mechanical
ventilation. This delay is significant asit can lead to
avoidable complications and fatalities'®. Impairment
in oxygenation, indicated by a decreased ratio of partial
pressure of arterial oxygen (PaO2) to fraction of inspired
oxygen (FiO2) which is also known as the P/F ratio,
isawidely supported risk factor and predictor of NIV
failure. Patient outcomes are likely more influenced
by the root cause instead of the initial severity of
hypoxemia itself. The majority of endotracheal
intubation (ETI) cases were attributed to NIV'sfailure
to improve gas exchange (62%).

While the initial arterial blood gas (ABG) values at
the start of the study did not demonstrate predictive
value, severe hypoxemia (P/F =146) after one hour of
NIV treatment was identified as an independent
predictor of NIV failure according to the multivariate
analysis™. The PaO2/FiO2 (P/F) ratio is commonly
used to assess the lung's capability to oxygenate the
blood in acute respiratory distress syndrome (ARDS)*2.
However, recent research indicates that including
positive end-expiratory pressure (PEEP) in the P/F
ratio (P/FP ratio) enhances prognostic capability in
ARDS®.

In the context of acute exacerbation of chronic
obgtructive pulmonary disease (COPD), previous studies
have not specifically examined the role of the P/F ratio
and oxygenation. Additional research is necessary to
assess the significance and usefulness of the P/F ratio
and oxygenation in acute exacerbation of COPD“.
This study was carried out to examine the role of P/F
ratio and itsinability toimprove after NIV and increased
requirements of oxygen after NIV application in
predicting NIV failure during acute COPD exacerbation.

The purpose of the study isto see the significance of
proper maintenance of oxygenation and PF ratio during
acute COPD exacerbation, as well as the role of
inadequate oxygenation and PF ratio in non-invasive
ventilation failure.

METHODOLOGY
IRB/ERC Approval:

A Quas Single Arm Study was donein three campuses
of the Ziauddin Hospital Karachi after taking approval
from Ethical Research Committee (4930222YAMED)
of Ziauddin University Hospital. Written informed
consent was obtained from al the patients.

Patients admitting in Medical ICU and medicine ward
with acute COPD exacerbation were part of this
research. Inclusion criteriawas 1) Age above 40 years,
2) Both genders 3) Known case of COPD, diagnosed
by spirometry, 4) Having history of smoking or treated
as COPD by attending Physician, 5) Admitting with
acute exacerbation. Exclusion criteriawas 1) Patients
diagnosed with disease other than COPD like
pneumonia, heart failure, acute myocardia infarction,
pleural effusion, and 2) Patients whose attendants
signed “Do not Resuscitate” code.

The calculated sample size was 170 via the WHO
calculator, with a95% confidence interval. The absolute
precision required was 0.07. Anticipated population
proportion 1 was 0.115 and anticipated population
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proportion 2 was 0.119, considering in-hospital
mortality rates reported by Correaet a. in 2015 (20.6%
for NIV failure and 69.4% for success). Informed
consent was taken from patient or family. Data were
collected within a duration of six months from Sep
2024- Feb 2025 using a pro forma.

SPSS version 27 was used for data analysis. Shapiro
Wilk test checked the normality of continuous variables
(like age). Mean and standard deviations were cal cul ated
for normally distributed variables (like age in our data),
while the median (IQR) was reported for non-normality
distributed ones. Mann-Whitney U test compared
continuous data. Percentages and frequencies measured
gualitative variables like gender, weak cough reflex,
non-invasive ventilation failure, and in-hospital
mortality.

RESULTS

The research encompassed a sample of 170 individuals
who were admitted to both the Medicine ward and
medical |CU due to acute respiratory failure. Within
the participant pool, there were 80 (47%) males and
90 (53%) females, as shown (Fig. 1) their average age
was 66 + 12 years (ranging from 40 to 80 years). The
findings revealed that 66 (38%) of the patients
encountered unsuccessful outcomes with non-invasive
ventilation (NIV), whereas 104 (61%) achieved
favorable results with NIV. Furthermore, a mortality
rate of 23.5% was ohserved among the patients during
their hospital stay.

® NIV Sucsess

= NIV Failure

Figure 1: NIV Failure Among Patients

The patients who encountered non-invasive ventilation
(NIV) failure, had equal distribution of genders, with
50% males and 50% females. Conversely, within the
NIV success group, 45% were males and 55% were
femdesasshownin (Fig. 2). These proportionsindicate
that thereisno statistically significant correlation between
gender and outcomes of NIV (p-vaue=0.636).

® Femae

u Male
Figure 2: Gender Distribution of NIV Success

Shapiro-Wilk test was used to check the normality of
data. The normality test showed that the data was non
parametric therefore we used non-parametric statistical
test for the analysis of the data.

The comparison of FiO2, Sa02 and PaO2 and PF Ratio
among patients with and without non-invasive
ventilation failure is presented in Table 1. FiO2 at the
time of admission (p<0.001), FiO2 at 1 hour (p<0.001),
FiO2 at 48 hours (p<0.001) and FiO2 after 48 hours
(p<0.001) had highly significant median differences
between those patients who devel oped and those who
did not develop non-invasive ventilation failure,
respectively. Also, statistically significant median
differencesin SaO2 at the time of admission (p<0.001),
Sa02 at 1 hour (p<0.001), SaO2 at 48 hours (p<0.001)
and Sa02 after 48 hours (p=0.023) were observed in
both groups of patients, respectively. We observed
significant difference in the PaO2 at the time of
admission (p<0.001), PaO2 at 1 hour (p<0.001), PaO2
at 48 hours (p<0.001) between the patients who
devel oped and those who did not develop non-invasive
ventilation failure respectively but we found that PaO2
after 48 hour showed statistically insignificant median
difference in patients with and without non-invasive
ventilation failure (p=0.120). We a so observed highly
significant difference in the PF ratio at the time of
admission (p<0.001), PF ratio at 1 hour (p<0.001), PF
ratio at 48 hours (p<0.001) and PF ratio after 48 hours
(p<0.001) between patients with and without non-
invasive ventilation failure respectively.

The comparison of FiO2, Sa02 and PaO2 and PF Ratio
among patients with and without mortality is presented
in Table 2. We observed significant difference in the
FiO2 at the time of admission (p<0.001), FiO2 at 1
hour (p<0.001), FiO2 at 48 hours (p<0.001) and FiO2
after 48 hours (p<0.001) between patients with and
without mortality respectively. SaO2 at the time of
admission (p=0.007), Sa02 at 1 hour (p<0.001), SaO2
at 48 hours (p<0.001) and SaO2 after 48 hours
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Table 1: Comparison of Mean Arterial Blood Gasin
Patients With and Without NIV Failure

Table 2; Comparison of Mean Arterial Blood
Gasin Patients With and Without Mortality

NIV Failure
Yes Median|No M edian| P-value
(IQR) (IQR)

FiO2 at time 0.53(0.24) | 0.41(0.20) | <0.001*
of admission
FiO2 at 1 hour 0.81(0.01) | 0.61(0.28) | <0.001*
FiO2 at 48 hour 1.00(0.19) | 0.49(0.20) | <0.001*
FiO2 after 48 hour 1.00(0.00) | 0.33(0.20) | <0.001*
Sa02 at time 72(16) 82(11) |<0.001*
of admission
Sa02 at 1 hour 88(10) 93(10) |<0.001*
Sa02 at 48 hour 95(7) 96(3) <0.001*
Sa02 after 48 hour 97(4) 97(2) 0.023*
Pa02 at time 49(17) 59(18) |<0.001*
of admission
PaO2 at 1 hour 75(30) 104(36) |<0.001*
PaO2 at 48 hour 104(44) 124(23) |<0.001*
PaO?2 after 48 hour 125(62) 125(32) 0.120
PF Ratio at time 111(79.95) | 153(81) |<0.001*
of admission
PF Ratio at 1 hour 96(35.50) | 186.80(87) | <0.001*
PF Ratio at 48 hour 104(34) 253(136) |<0.001*
PF Ratio after 48 hour| 128(63) 346(194) |<0.001*

Mann-Whitney U test is applied

*P=0.05 indicates statistical significance

(p<0.001) had significant median differences between
patients with and without mortality, respectively.
Statistically significant median differencesin PaO2 at
the time of admission (p=0.033), PaO2 at 1 hour
(p<0.001), PaO2 at 48 hours (p<0.001) and PaO2 after
48 hours (p<0.001) were observed among patients with
and without mortality, respectively. We observed
significant difference in the FiO2 at the time of
admission (p<0.001), FiO2 at 1 hour (p<0.001), FiO2
at 48 hours (p<0.001) and FiO2 after 48 hours (p<0.001)
between patients with and without mortality,
respectively. We also observed significant difference
in the PF ratio at the time of admission (p=0.002), PF
ratio at 1 hour (p<0.001), PF ratio at 48 hours (p<0.001)
and PF ratio after 48 hours (p<0.001) between patients
with and without mortality, respectively.

DISCUSSION

The study analyzed 170 patients presented to the
Medicine Ward and | CU with acute respiratory failure
caused by COPD exacerbation. The sample included
80 males and 90 females, with an average age of 66
years. The study evaluated NIV outcomes and rates of
mortality in patients. The findings showed NIV success
in61% of patients, while 38% had unfavorable outcomes.

NIV Failure
YesMedian |No Median| P-value
(IQR) (IQR)

FiO2 at time
of admission 0.49(0.22) | 0.41(0.26) | 0.001
FiO2 at 1 hour 0.81(0.01) | 0.61(0.24) |<0.001*
FiO2 at 48 hours 1.00(0.19) | 0.57(0.40) | <0.001*
FiO2 after 48 hours 1.00(0.0) | 0.41(0.40) | <0.001*
Sa02 at time
of admission 76(20.50) 81(16) 0.007*
Sa02 at 1 hour 838(9.50) 92(10) |<0.001*
Sa02 at 48 hours 90(15) 9%6(3) |<0.001*
Sa02 after 48 hours 95(20) 97(3) <0.001*
PaO2 at time
of admission 52(19.40) 57(18) 0.033*
PaO2 at 1 hour 84(36.50) | 101(42.50) | <0.001*
PaO2 at 48 hours 87(37.50) 123(24) |<0.001*
PaO2 after 48 hours 78(47.50) 128(32) |<0.001*
PF Ratio at time
of admission 123(62.57) | 144(99.10) | 0.002*
PF Ratio at 1 hour 113.50(47.75)| 173(108.90) | <0.001*
PF Ratio at 48 hours 92(2850) | 221(163) |<0.001*
PF Ratio after 48 hourg  78(47.50) |312(251.20)| <0.001*

Mann-Whitney U test is applied

*P=0.05 indicates statistical significance.

The mortdlity rate during the hospitd stay was observed
to be 23.5%. The mortality rate due to NIV failurein
AECOPD was 11.2% in a previous study®®. When
analyzing the subset of patients with NIV failure, we
found an equal distribution of genders. However, within
the NIV success group, therewere dightly more females
than males. The Statistical Anaysisfound no significant
link between gender and NIV outcomes.

The researchers also compared various parameters
related to oxygenation, such as FiO2 (fraction of
inspired oxygen), SaO2 (arterial oxygen saturation),
PaO2 (partial pressure of arterial oxygen), and PF ratio
(ratio of arterial oxygen partial pressure to FiO2),
between patients who developed NIV failure and those
who did not develop NIV failure, as well as among
patients who died and those who survived. The results
revealed significant median differencesin FiO2, Sa02,
PaO2, and PF ratios over time between NIV success
and failure groups. FiO2 and Sa0O2 differed significantly
at admission, 1 hour, 48 hours, and beyond, while
PaO2 varied at admission and 1 hour but not after 48
hours. The PF ratio showed significant differences at
all time points. After 1 hour of NIV, patients who did
not show improvement in PF ratio were more likely
to develop NIV failure.
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Similarly, significant median differencesin FiO2, Sa0O2,
Pa0O?2, and PF ratio were noted at various time points
between patients with and without mortality. FiO2 varied
significantly at all points of time, while SaO2 and PaO2
showed significant differences at admission, 1 hour, and
48 hours. Finally, the P/F ratio showed significant
differencesat all points of time. Specialy, failure to show
improvement in PFratio after 1 hour of NIV administration
is a useful predictor of in-hospital morality after NIV
failure. PF ratio can serve as the optimal parameter for
evaluating a patient's oxygenation status. Individuals
exhibiting a PF ratio below 150 are at a heightened risk
of NIV failure'.

CONCLUSION

The results indicated that NIV was effective in most of
the cases, although a notable number of patients
encountered failurewith NIV. The analysis of oxygenation
parameters showed significant differences between the
groups of patientswho did and who did not develop NIV
failure, as well as between the groups of patients who
survived and who died. These findings contribute to our
understanding of the factors influencing treatment results
inindividuals with acute respiratory failure and may have
implications for clinical decision-making.

Limitations of Study: This research is conducted in
different campuses of same hospital setup. Results can
be different if the same research is conducted in multiple
hospitals including private and public setups.

Funding: Nil

Conflict of interest: Authors declare that there is no
conflict of interest.

Authors Contribution: YA: Developed the concept of
this research under the guidance of Dr. Syed Ali Abbas.
YA and KG: searched literature and drafted the
manuscript; AS, NA and HA: Contributed in collection
and analysis of data

REFERENCES

1.0 Yang W, Li F, Li C, Meng J, Wang Y. Focus on early [
COPD: definition and early lung development. Int J O
Chron Obstruct Pulmon Dis. 2021;16:3217-3228. 0
doi:10.2147/COPD.S338359

2.0 Machado A, Barusso M, De Brandt J, Quadflieg K, O
Haesevoets S, Daenen M, et al. Impact of acute O
exacerbations of COPD on patients' health status beyond [
pulmonary function: a scoping review. Pulmonology. [
2022;28(6):462—-471. doi:10.1016/j.pulmoe.2022.04.004

3.0 Cheng J, Lu M, Sun H, Yanjun. Survival analysis of [
patients with acute exacerbation of chronic obstructive [
pulmonary disease discharged from the respiratory [

intensive care unit. Ann Palliat Med. 2020;9(5): O

3296-3304.

4.00 Bonnevie T, Gravier FE, Fresnel E, Kerfourn A, Medrinal O
C, Prieur G et a. Noninvasive ventilation is not adequate [
for high-intensity endurance exercise in COPD. JClin O
Med. 2020;9(4):1054. doi:10.3390/jcm9041054

5.0 Chen T, Bai L, Hu W, Han X, Duan J. Risk factors O
associated with late failure of noninvasive ventilation O
in patients with chronic obstructive pulmonary disease.l]
Can Respir J. 2020;2020:8885464. doi:10.1155/2020/ [
8885464

6.0 Ding M, Han X, Bai L, Huang S, Duan J. Impact of [
HACOR score on noninvasive ventilation failure in O
non-COPD patients with acute-on-chronic respiratory 0
failure. Can Respir J. 2021;2021:9960667. doi:10.1155/ [J
2021/9960667

7.0 Duan J, Wang S, Liu P, Han X, TianY, Gao F, et a. [
Early prediction of noninvasive ventilation failure in [
COPD patients: derivation, internal validation, and [0
external validation of asimple risk score. Ann Intensive [
Care. 2019;9(1):108. doi:10.1186/s13613-019-0585-9

8.0 Korula PJ, Nayyar V, Stachowski E, Karuppusami R, [
Peter JV. An observational study on the practice of O
noninvasive ventilation at a tertiary-level Australian [
intensive care unit. Aust Crit Care. 2020;33(1):89-96. [
doi;:10.1016/j.aucc.2018.11.067

9.0 Abraham SV, Azeez AK, Padmanabhan A. Noninvasive O
ventilation failure in respiratory failure: an analysis. 0
Egypt J Bronchol. 2023;17(1):8. doi:10.1186/s43168-0]
023-00203-8

10.0Scala R, Pisani L. Noninvasive ventilation in acute O
respiratory failure: which recipe for success? Eur Respir [
Rev. 2018;27(149):180029. doi:10.1183/16000617.0029-1
2018

11.0Liang YR, Lan CC, Su WL, Yang MC, Chen SY, Wu O
YK. Factors and outcomes associated with failed O
noninvasive positive pressure ventilation in patients [
with acute respiratory failure. Int J Gen Med. O
2022;15:7189-7199.

12.0Palanidurai S, Phua J, Chan YH, et al. P/FP ratio: O
incorporation of PEEP into the PaO2/FiO2 ratio for [
prognostication and classification of acute respiratory O
distress syndrome. Ann Intensive Care. 2021;11:124. [
doi:10.1186/s13613-021-00908-3

13.0Babu S, Abhilash KP, Kandasamy S, Gowri M. O
Association between SpO2/FiO2 ratio and PaO2/FiO20]
ratio in different modes of oxygen supplementation. [
Indian J Crit Care Med. 2021;25(9):1001-1005. O
doi:10.5005/jp-journals-10071-23977

14.0Hinke CF, Jorres RA, Alter P, Bals R, Bornitz F, Kreuter [
M, et al. Prognostic value of oxygenated hemoglobin [
assessed during acute exacerbations of chronic O
pulmonary disease. Respiration. 2021;100(5):387—-394. O
doi:10.1159/000513440

15.0Ghazala L, Hatipodlu U, Devnani T, Covert E, Hanks [
J, Edwards K, et al. Duration of noninvasive ventilation [
is not a predictor of clinical outcomes in patients with [
acute exacerbation of COPD and respiratory failure. [
Can JRespir Ther. 2021;57:113-118. doi:10.29390/cjrt-
2021-02100

6. GOmez CC, Ruiz NT, delaVillaZamoraB, Gonzalez LB,
Salmerén PP, Aragliés PL. Predictors of noninvasive
mechanical ventilation weaning failure in the emergency
department. Emergencias. 2021;33(1):9-14.

[N

Ann Jinnah Sindh Med Uni 2025; 11(2):62-66

66



