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Abstract
Aim: This study aimed to investigate the efficacy of NIV in patients with pneumonia-associated acute hypoxemic 
respiratory failure (AHRF) and to identify factors that predict NIV failure.

Material and Methods: A total of 50 very elderly patients (aged 85 and older) with pneumonia-associated AHRF were 
retrospectively evaluated from January 2022 to August 2022. Failure of NIV was defined was characterized by a transition 
to mechanical ventilation (either through tracheal intubation or tracheostomy), discharge under "hopeless" conditions 
while still on NIV, or death during NIV.

Results: The mean age of the patients was 87.4±2.4 years, median SOFA score was 5, median duration of NIV was 4 days, 
and median length of stay in the ICU for the patients was 7 days. It was determined that 48% of the patients experienced 
NIV failure due to worsening clinical conditions. The SOFA score, levels of procalcitonin, CRP, heart rate, and respiratory 
rate were higher in the NIV failure group compared to the NIV successful group. An increased SOFA score (OR= 1.51, 95% 
CI= 1.11-2.06, p= 0.009), elevated CRP levels (OR= 1.03, 95% CI= 1.01-1.05, p= 0.003), and increased respiratory rate (OR= 
1.18, 95% CI= 1.01-1.38, p= 0.039) were identified as independent predictors of NIV failure.

Conclusion: In very elderly patients with AHRF due to pneumonia, the use of NIV may offer a significant survival benefit 
if patients are closely monitored and potential risk factors such as systemic inflammation parameters, SOFA score, and 
respiratory rate are considered.
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Öz
Amaç: Bu çalışma, pnömoniye bağlı akut hipoksemik solunum yetmezliği (AHRF) olan hastalarda NIV'in etkinliğini 
araştırmayı ve NIV başarısızlığını öngören faktörleri belirlemeyi amaçladı. 

Gereç ve Yöntemler: Ocak 2022 ile Ağustos 2022 tarihleri arasında pnömoniye bağlı AHRF olan toplam 50 çok yaşlı hasta 
(85 yaş ve üzeri) retrospektif olarak değerlendirildi. NIV başarısızlığı, mekanik ventilasyona geçiş (ya trakeal entübasyon ya 
da trakeostomi yoluyla), NIV kullanımı sırasında "ümitsiz" durumlarda taburcu edilme veya NIV sırasında ölüm ile tanımlandı.

Bulgular: Hastaların ortalama yaşı 87,4±2,4 yıl, medyan SOFA skoru 5, medyan NIV süresi 4 gün ve hastaların yoğun bakımda 
kalış süresi medyan 7 gün olarak belirlendi. Hastaların %48'inde kötüleşen klinik durumlar nedeniyle NIV başarısızlığı 
yaşandığı belirlendi. SOFA skoru, prokalsitonin seviyeleri, CRP, kalp hızı ve solunum hızı, NIV başarısızlığı yaşayan grupta 
NIV başarılı olan gruba göre daha yüksekti. Artmış SOFA skoru (OR= 1,51, %95 CI= 1,11-2,06, p= 0,009), yükselmiş CRP 
seviyeleri (OR= 1,03, %95 CI= 1,01-1,05, p= 0,003) ve artmış solunum hızı (OR= 1,18, %95 CI= 1,01-1,38, p= 0,039) bağımsız 
NIV başarısızlık öngörücüleri olarak tanımlandı. 

Sonuçlar: Pnömoniye bağlı AHRF olan çok yaşlı hastalarda, NIV kullanımı, hastalar yakından izlendiği ve potansiyel risk 
faktörleri dikkate alındığı takdirde önemli bir sağkalım avantajı sağlayabilir. Bu kohortta NIV başarısızlığını öngörmek için 
sistemik inflamasyon parametreleri, SOFA skoru ve solunum hızı kullanılabilir.

Anahtar Kelimeler: Kritik hastalık, ileri yaş, noninvaziv ventilasyon, pnömoni, solunum yetmezliği
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Introduction
Noninvasive ventilation (NIV) provides respiratory support 
through either a nasal mask, a full-face mask, or a helmet 
masks, unlike tracheal intubation or tracheostomy, does not 
bypass the upper airway [1].  NIV offers significant benefits 
over invasive methods, such as preventing complications from 
endotracheal intubation, minimizing patient discomfort, and 
preserving airway protective mechanisms [2, 3]. 

Acute hypoxemic respiratory failure (AHRF) is a common reason 
for admission to intensive care units (ICUs) and is a significant 
problem that leads to endotracheal intubation and invasive 
mechanical ventilation [4]. On the other hand, more than half 
of the patients admitted to ICUs are affected by hypoxemia [5]. 
The use of NIV for AHRF remains a contentious issue. Due to a 
lack of conclusive evidence, the European Respiratory Society/
American Thoracic Society's guideline for acute respiratory 
failure has not made a recommendation regarding the use of 
NIV in de-novo AHRF [6]. Results from a meta-analysis indicates 
that using NIV in AHRF decreases the need for endotracheal 
intubation and lowers hospital mortality [7]. However, there is 
concern about the possibility of NIV failure and the resulting 
increased mortality from delayed intubation in elderly patients, 
especially cases with pneumonia [8, 9]. In addition, NIV is often 
recommended for respiratory support in patients with a do-
not-intubate (DNI) order [10, 11].

Identifying the factors of NIV failure in elderly patients with 

pneumonia-associated acute respiratory failure can enable 
safe usage of NIV or indicate the necessity for early intubation 
[12]. However, in this cohort, particularly in very old cases, 
there is limited research evaluating the factors contributing 
to NIV failure. Therefore, this study aimed to investigate the 
efficacy of NIV in patients with pneumonia-associated AHRF 
and to identify factors that predict NIV failure.

Material and Methods
This retrospective study was conducted on elderly patients 
with respiratory failure in the ICU of Internal Medicine of 
University of Health Sciences Konya City Hospital between 
January 2022 to August 2022. This study was approved by 
the Ethics Committee for Non-Drug and Non-Medical Device 
Research at Konya Trade Chamber Karatay University Faculty 
of Medicine (Date: 21.09.2022, Decision No: 2022/042) and was 
carried out in accordance with the relevant ethical guidelines 
and the Helsinki Declaration (2013 Brazil revision). The need 
for informed consent was waived under the approval of the 
Ethics Committee due to the retrospective design. 

In previous studies conducted on elderly and very 
elderly patients, the failure rate of NIV was reported to be 
approximately 40% [12, 13]. Accordingly, the sample size was 
calculated to be at least 41 patients using the formula n = [Z2 
× P × (1 - P)] / d2 with a 90% confidence interval. Here, the Z 
value was taken as 1.96, the p value as 0.40, and the precision 
(d) value as 0.15.
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Study population
We retrospectively evaluated a total of 85 elderly patients 
who received NIV for respiratory failure in the ICU of internal 
medicine. The inclusion criteria were patients aged 85 
years and older, having pneumonia-associated AHRF, and 
complete patient data. Patients under the age of 85, those 
with respiratory failure due to causes other than pneumonia, 
hypercapnic respiratory failure, use of NIV for palliative care, use 
of NIV despite contraindications such as myocardial infarction 
or cardiac arrest, use of NIV for acute postoperative respiratory 
failure, NIV weaning, and those with missing clinical data were 
not included in the study. Following the exclusion process, 50 
very elderly patients (aged 85 and older) with pneumonia-
associated respiratory failure were enrolled in this study.

Collection of Data
The clinical demographic findings, laboratory findings, and 
imaging methods of the study population were obtained from 
the electronic files of the patients. The ratio of partial pressure 
of oxygen (PaO2) to fraction of inspired oxygen (FiO2) and 
partial pressure of carbon dioxide (PCO2) was determined 
using the initial arterial blood gas analysis conducted by 
ABL90 FLEX PLUS device (Radiometer, Copenaghen, Denmark) 
in the ICU department. The complete blood counts of all of 
the patients were measured at admission of ICU department. 
Patients' venous blood samples were evaluated using a Roche 
Cobas 8000 device (Roche Diagnostics, Mannheim, Germany). 
Levels of hemoglobin were determined photometrically, 
platelet count via the impedance method, C-reactive protein 
(CRP) using the immunoturbidimetric method, albumin 
through the bromocresol green method, and creatinine with 
the kinetic colorimetric Jaffe method.

Definitions
AHRF was defined as having an arterial PaO2 to FiO2 ratio of 
300 or less, accompanied by a normal or low arterial PaCO2 
[14]. The diagnosis of pneumonia was established through 
typical symptoms like fever and cough, increased inflammatory 
markers, and the presence of pneumonic consolidation on chest 
X-rays. Mortality referred to any death that took place from the 
time of admission to the time of discharge from the ICU. The 
success of NIV was defined by the patient's ability to be weaned 
off the device successfully and subsequently discontinue its 
use. Failure of NIV was defined was characterized by a transition 
to mechanical ventilation (either through tracheal intubation 
or tracheostomy), discharge under "hopeless" conditions while 
still on NIV, or death during NIV.

Statistical analysis
All data were analyzed with IBM SPSS Statistics for Windows 
20.0 (IBM Corp., Armonk, NY, USA). Numerical data determined 

to be normally distributed based on the results of Kolmogorov-
Smirnov tests are given as mean ± standard deviation (SD) 
values while non-normally distributed variables are given as 
median (25th-75th quartile) values. For comparisons between 
groups, Student T-test and Mann-Whitney U test were used 
in line with the normality of the considered distribution. 
Categorical variables are given as numbers and percentages, 
and inter-group comparisons were conducted with Chi-square 
and Fisher exact tests. Significance was accepted at P < 0.05 (*) 
for all statistical analyses

Results 

The study included 50 patients, comprising 25 men and 25 
women, with an average age of 87.4 ± 2.4 years (range = 85 – 97 
years). Among the patients, 60% suffered from hypertension (n 
= 30), 58% from heart failure (n = 29), 52% from kidney disease 
(n = 26), and 42% from diabetes mellitus (n = 21). The median 
SOFA score was 5 (range = 2 – 11) (Table 1). It was found that an 
oronasal mask was used in all patients. The initial NIV setting was 
in pressure support mode and EPAP settings were 6.1 ± 0.8 cm 
H2O. It was also observed that during NIV, no patients required 
sedatives and there were no complications. The median duration 
of NIV was 4 days (range = 3 – 8 days) and median length of stay 
in the ICU for the patients was 7 days (range = 5 – 25 days). It was 
determined that 48% (n = 24) of the patients experienced NIV 
failure due to worsening clinical conditions. These patients were 
intubated and received mechanical ventilation, but it was later 
established that they died in the following days. In this context, 
the NIV failure rate was 48% (n = 24). The patients' demographic 
and clinical characteristics are detailed in Table 1 and 2.

Demographic characteristics did not show significant differences 
between the successful and failure NIV groups. The median 
SOFA score (7 vs. 5, p = 0.028), median procalcitonin level (0.9 
vs. 0.3 μg/L, p = 0.027), and median CRP level (90.5 vs. 66.0 mg/
dL, p = 0.004) were higher in the NIV failure group compared 
to the NIV successful group. Other laboratory findings did not 
show significant differences between the groups (Table 1).

The mean heart rate (110.9 ± 11.3 vs. 95.4 ± 13.2 beats/min, 
p < 0.001), and mean respiratory rate (24.8 ± 1.9 vs. 18.6 ± 1.9 
breaths/min, p < 0.001) were higher in the NIV failure group 
compared to the NIV successful group, while the mean systolic 
blood pressure (81.7 ± 12.2 vs. 110.1 ± 12.6 mmHg, p < 0.001) 
was lower. The mean EPAP (6.7 ± 0.6 vs. 5.7 ± 0.7 cm H2O, p < 
0.001) was higher in the NIV failure group compared to the 
NIV successful group. Other clinical findings did not show 
significant differences between the groups (Table 2).

Potential factors associated with NIV failure were included in a 
multivariable regression model. Accordingly, an increased SOFA 
score, elevated CRP levels, and increased respiratory rate were 
identified as independent predictors of NIV failure (Table 3). 
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Table 1. Demographic and laboratory findings of patients.
Variables All 

population 
n = 50

Noninvasive ventilation p-value
Success 
n = 26

Failure 
n = 24

Age, years 87.4 ± 2.4 87.5 ± 2.5 87.2 ± 2.2 0.627
Gender, n (%)
Female 25 (50.0) 14 (53.8) 11 (45.8) 0.778
Male 25 (50.0) 12 (46.2) 13 (54.2)
Comorbidity, n (%)     
Hypertension 30 (60.0) 16 (61.5) 14 (58.3) 0.995
Heart failure 29  (58.0) 13 (50.0) 16  (66.7) 0.265
Kidney disease 26 (52.0) 15 (57.7) 11 (45.8) 0.572
Diabetes mellitus 21 (42.0) 11 (42.3) 10 (41.7) 0.999
SOFA score 6 (3-8) 5 (3-7) 7 (5-9) 0.028*
Laboratory parameters     
Neutrophils, ×10³ µ/L 8.1 (6.7-11.6) 7.8 (5.8-11.3) 9.6 (7.7-12.5) 0.159
Lymphocytes, ×10³ µ/L 2.3 (1.9-3.3) 2.4 (2-3.6) 2.0 (1.7-2.7) 0.125
Platelets, ×10³ µ/L 183 (156-231) 174 (152-232) 193 (167-221) 0.393
Lactate, mmol/L 2.0 ± 0.5 2.0 ± 0.6 1.9 ± 0.3 0.821
Creatinine, mg/dL 1.5 ± 0.7 1.7 ± 0.7 1.4 ± 0.7 0.192
Procalcitonin, μg/L 0.8 (0.3-1.5) 0.3 (0.2-1.4) 0.9 (0.6-1.7) 0.027*
CRP, mg/dL 87.5 (65.0-112.4) 66.0 (53.0-104.5) 90.5 (83.0-129.5) 0.004*
Albumin, mg/dL 2.9 ± 0.4 2.9 ± 0.4 2.7 ± 0.4 0.083
The data are expressed as the mean ± SD or median (IQR) or number (%).  Abbreviations: CRP, C-reactive protein; SOFA, sequential organ 
failure assessment.

Table 2. Clinical findings of the patients.

Variables
All 

population 
n = 50

Noninvasive Ventilation
p-valueSuccess 

n = 26
Failure 
n = 24

Physiologic parameters     
Systolic BP, mmHg 96.4 ± 18.9 110.1 ± 12.6 81.7 ± 12.2 <0.001*
Heart rate, beats/min 102.8 ± 14.5 95.4 ± 13.2 110.9 ± 11.3 <0.001*
Respiratory rate, breaths/min 21.6 ± 3.7 18.6 ± 1.9 24.8 ± 1.9 <0.001*
Arterial pH 7.3 ± 0.1 7.3 ± 0.1 7.3 ± 0.1 0.375
PaO2/FiO2 ratio 210.9 ± 34.5 218.8 ± 34.9 201.8 ± 34.6 0.088
PaCO2, mmHg 38.8 ± 3.9 38.4 ± 3.8 38.8 ± 3.8 0.695
Interface type, n (%)     
Oronasal  55  (100) 26  (100) 24  (100) -
Initial mode, n (%)     
Pressure support mode  55  (100) 26  (100) 24  (100) -
Initial setting     
EPAP, cm H2O 6.1 ± 0.8 5.7 ± 0.7 6.7 ± 0.6 <0.001*
Tidal volume, mL 442.0 ± 24.4 446.0 ± 15.7 436.8 ± 21.9 0.092
Duration of NIV, days 4 (3-5) 4.5 (3-5) 4 (3-5) 0.621
Duration of ICU stay, days 7 (6-8) 7 (6-8) 6 (6-7.5) 0.251
Duration of hospital stay, days 14 (13-17) 15 (13-17) 14 (12.5-16) 0.323
The data are expressed as the mean ± SD or median (IQR) or number (%). Abbreviations: BP, blood pressure; EPAP, expiratory positive 
airway pressure; FiO2, fraction of inspired oxygen; ICU, intensive care unit; NIV, non-invasive ventilation; PaCO2, arterial partial pressure of 
carbon dioxide; PaO2, arterial partial pressure of oxygen.
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Discussion
This study is among the limited studies assessing factors 
associated to NIV failure in advanced-age patients hospitalized 
in the intensive care unit for pneumonia-associated AHRF. 
Associations were found between NIV failure and several 
clinical indicators, including elevated SOFA scores, heightened 
inflammation markers, increased respiratory rates, and higher 
EPAP settings. Among these potential factors, the SOFA score, 
CRP levels, and respiratory rate were identified as independent 
predictors of NIV failure.

Elderly patients are particularly prone to pneumonia, a major 
cause of respiratory failure that requires admission to ICUs [15, 
16]. Additionally, advanced age correlates with less favorable 
outcomes patients experiencing acute respiratory failure [17-
19]. However, there are concerns that NIV failure may be more 
common in this cohort, which increases hesitations about using 
NIV in elderly patients affected by pneumonia [20-22]. Despite 
these challenges, evidence from a randomized controlled 
trial suggests that NIV can effectively reduce the rates of 
intubation and mortality compared to high-concentration 
oxygen therapy in severe pneumonia-induced hypoxemia 
[23]. Previous studies on AHRF have shown that NIV improves 
gas exchange, reduces ventilator-associated pneumonia, and 
is associated with lower complication and mortality rates, 
as well as shorter durations of IMV and ICU stays. However, 
endotracheal intubation was reported to be necessary in 31-
54% of cases [24, 25]. Therefore, it is recommended to exercise 
caution when using NIV in AHRF patients at high risk of failure.

In fact, in patients with AHRF, NIV aims to lessen respiratory 
effort, correct rapid and shallow breathing, and avert 
respiratory muscle exhaustion and the need for endotracheal 

intubation [1]. However, studies involving these patients have 
reported conflicting results. It has also been reported that ICU 
mortality rates in elderly patients do not differ between NIV 
and IMV [26, 27]. A previous study included 369 very elderly 
patients who were hospitalized for community-acquired 
pneumonia with respiratory failure. Among these patients, 
232 (63%) were treated with NIV, while 137 (37%) were 
treated with invasive mechanical ventilation (IMV) as their 
initial ventilation strategy. In the mentioned study, hospital 
mortality was reported as 49% for NIV and 66% for IMV [28]. 
The heterogeneity of patients included in these studies may 
lead to varying outcomes for NIV in AHRF. Our study found a 
mortality rate of 48% among very elderly patients hospitalized 
for pneumonia with AHRF. 

In the present study, NIV failure was observed in all patients 
who died. The clinical trial results demonstrated that NIV 
failure was independently linked to poor clinical outcomes, 
including increased morbidity and mortality [29-33]. In fact, 
elderly patients are more prone to severe physiological 
abnormalities and have a higher risk of NIV failure [34]. 
The success rate of NIV in treating acute respiratory failure 
associated with pneumonia varies between 20% and 76%, 
making it challenging to identify which patients will respond 
well to the treatment [35]. Therefore, recognizing the risk 
factors for NIV failure is crucial for improving patient outcomes. 
Moreover, early recognition of these risk factors allows for the 
optimization of resource allocation within ICUs, ensuring that 
interventions are both timely and appropriate. 

Patients with AHRF, physiological derangement, severe 
pneumonia, severe hypoxemia, and those over the age of 40 
constitute risk factors for NIV failure [24, 36]. Several studies have 

Table 3. Independent predictors of noninvasive ventilation failure.
Variables Univariable Regression Multivariable Regression

HR 95% CI p-value HR 95% CI p-value
SOFA score 1.53 1.24 – 1.88 0.001* 1.51 1.11 – 2.06 0.009*
Procalcitonin 1.35 1.05 – 2.00 0.048* - - -
CRP 1.03 1.01 – 1.05 0.004* 1.03 1.01 – 1.05 0.003*
Systolic BP 0.96 0.94 – 0.98 <0.001* - - -
Heart rate 1.03 1.01 – 1.06 0.027* - - -
Respiratory rate 1.30 1.15 – 1.48 <0.001* 1.18 1.01 – 1.38 0.039*
EPAP 2.37 1.31 – 4.27 0.004* - - -

-2Log Likelihood = 122.7, p < 0.001
The effects of confounder factors such as gender, and comorbidities were adjusted in the multivariable regression analysis. Abbreviations: 
BP, blood pressure; CI, confidence interval; CRP, C-reactive protein; EPAP, expiratory positive airway pressure; HR, hazard ratio; SOFA, sequen-
tial organ failure assessment.
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suggested that higher SOFA scores, increased expiratory tidal 
volume, lower pH, elevated heart rate, increased respiratory 
rate, and lower PaO2/FiO2 are significant predictors of NIV 
failure [37-41]. In a study conducted on pneumonia patients 
over 65 years old, it was reported that elevated heart rate, 
increased PaCO2 and lower PaO2/FiO2 levels after one hour of 
NIV were independent predictors of NIV failure [41]. In another 
study involving a similar age group, the independent predictors 
of NIV failure were identified as the presence of pneumonia, 
elevated heart rate, and increased PaCO2 levels after one hour 
of NIV [12]. Supporting these findings on the utility of NIV, a 
meta-analysis involving patients with AHRF demonstrated 
that NIV significantly reduces the risk of intubation in patient 
groups with PaO2/FiO2 ratios between 100 mm Hg and 200 
mmHg, as well as in those with ratios between 200 mm Hg 
and 300 mmHg [7]. This evidence suggests that NIV can be an 
effective intervention across a broader spectrum of hypoxemia 
severity than previously recognized, extending its potential 
applicability in clinical practice.

The specific risk factors for NIV failure in very elderly patients 
hospitalized for pneumonia with AHRF remain unclear. In 
the present study, the PaO2/FiO2 ratio was not associated 
with NIV failure. This may be related to the inclusion of only 
very elderly AHRF patients, which differs from other studies. 
Therefore, the PaO2/FiO2 ratio may not provide predictive 
value in a very elderly AHRF cohort. However, consistent with 
the aforementioned studies, an increased respiratory rate was 
a significant predictor of NIV failure. An elevated respiratory 
rate may indicate increased breathing effort and significant 
fatigue in the respiratory muscles, making patients more 
susceptible to NIV failure [22, 42]. It has been demonstrated 
in numerous studies that patients with higher SOFA scores 
have a greater likelihood of experiencing NIV failure [38, 39, 
43-45]. Our study also supports these findings. In patients 
with AHRF, the respiratory component of the SOFA score, 
typically measured by oxygenation indices like the PaO2/
FiO2 ratio, is particularly critical. Patients with NIV failure 
tended to have a decrease in PaO2/FiO2. However, PaO2/FiO2 
alone was not found to be a significant parameter. Scoring 
systems that incorporate combined parameters may serve 
as better prognostic indicators for very elderly patients with 
AHRF. Clinical signs and biochemical parameters can serve 
as early predictors of adverse outcomes in patients with 
pneumonia. Another predictor of NIV failure was increased 
CRP levels. In patients with mild to moderate acute respiratory 

distress syndrome due to pneumonia, those who failed non-
invasive ventilation were reported to have higher CRP levels 
and lower albumin levels [46]. Although there is an increase 
in the inflammatory response due to infection, an excessive 
inflammatory response can lead to increased alveolar-capillary 
barrier permeability, lung edema, and organ damage [47]. This 
is consistent with higher SOFA scores. 

The current study had several significant limitations. It was 
primarily a single-center, retrospective study and involved a 
relatively small cohort of subjects. Secondly, the study included 
only patients over the age of 85. Including patients between 
the ages of 65 and 85 could have provided better insights into 
distinguishing factors that potentially affect NIV failure in both 
elderly cohorts. Thirdly, all patients received oronasal NIV, and 
different interface types could potentially impact NIV failure 
rates. Lastly, the study did not include patients with hypercapnic 
respiratory failure. The inclusion of such patients could have 
provided a more thorough evaluation of factors influencing NIV 
failure across different types of respiratory failure.

Conclusion
In very elderly patients with AHRF due to pneumonia, the use 
of NIV may offer a significant survival benefit if patients are 
closely monitored and potential risk factors are considered. 
For predicting NIV failure in this cohort, systemic inflammation 
parameters, SOFA score, and respiratory rate can be utilized. 
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