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ABSTRACT 
 

Background: Non-invasive mechanical ventilation (NIMV) provides an alternative option to the 
initiation of invasive mechanical ventilation in patients with acute respiratory failure, avoiding the 
associated adverse events. 
Objective: the present study aimed to assess the outcome of the patients who were initially treated 
with NIMV and identify the prognostic predictive value of PH and CRP for NIMV failure. 
Materials and methods: This was observational analytical study conducted in the Department of 
Pulmonology in Tishreen University Hospital –Lattakia- Syria from January 2019 to January 2020. 
Adult patients with the diagnosis of acute on chronic respiratory failure type 2 were enrolled in the 
study. 
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Results: A total of 67 patients with acute on chronic respiratory failure type 2 were included in the 
study. The median age was 63 years and 62.7% were male. The patients in the PH group (7.20-
7.25) presented higher rates of mortality and admission to intensive care unit (ICU) which 
represented 25% and 50% respectively. The NIMV failure rate was 22.4%. Frequency of patients 
with PH≤ 7.31, ΔPH ≤  0.04, or CRP ≥53.5 were higher in NIMV failure group; (33.3% vs. 3.8%, p: 
0.001), (46.7% vs. 23.1% -, p: 0.03), and (53.3% vs. 32.7%, p: 0.04) respectively. Independent 
predictors for NIMV failure were: PH≤ 7.31(OR  3.3[0.6-7.8], p:0.01) and  ΔPH ≤ 0.04(OR 
2.1[1.1-3.9], p: 0.02). 
Conclusion: NIMV is an effective treatment for hypercapnic respiratory failure. Identification 
independent predictors for NIMV failure may be useful to avoid the possible complications. 

 
 
Keywords: Non-Invasive Mechanical Ventilation (NIMV); respiratory failure; mortality; hypercapnic. 
 
1. INTRODUCTION 
 
Chronic respiratory failure is a long-term long-
term condition, usually occurring over a period of 
months or years [1]. It may be due chronic lung 
diseases such as COPD, cystic fibrosis or 
pulmonary fibrosis [2,3]. Neuromuscular disease 
and chest wall abnormalities may also cause 
chronic respiratory failure [3]. It may classified 
as occurring with hypoxia (Type1) or 
hypercapnea (Type 2) [4].  NIMV has emerged 
as a new and important tool in the treatment of 
acute respiratory failure (ARF) for all diagnosis 
including patients with and without chronic 
obstructive pulmonary disease (COPD) 
regardless of the supporting evidence for the 
later [5,6]. It can reduce substantially the need 
for endotracheal-intubation intubation, incidence 
of complications associated with mechanical 
ventilation (MV), stay in the ICU, and mortality 
[7,8].  Recently, NIMV application outside the 
ICU has been reported.  It can be attractive for 
many reasons, such as cost- effectiveness and 
the possibility to treat patients at an early stage 
[9]. Predictors of failure NIMV are not well 
described in the literature, could include 
baseline abnormal blood gas, disease severity, 
malnutrition and higher baseline CRP and white 
blood cell count [10].  CRP is a pentameric 
protein that exists in the plasma. An elevation in 
CRP plasma levels is usually the result of an 
inflammatory or infectious process. This protein 
is of hepatic origin and rises in response to IL-6 
secreted from macrophages and T-cells 
therefore, described as an acute phase protein. 
The main clinical value of CRP is evaluating 
both the severity of the disease and the overall 
response to treatment through monitoring its 
levels [11].  PH stands fro Power of Hydrogen 
[12]. This power of Hydrogen or PH is mainly a 
scale used to measure the degree of acidosis or 
alkalosis in fluids and most importantly the 
blood. Normal blood PH falls between (7.36-

7.44). Hereby, Acidemia occurs when PH <7.36, 
whereas Alkalemia occurs when PH>7.44             
[13].  
 
The aim of the study was to elucidate the 
prognostic value of PH and CRP for NIMV 
failure in patients with chronic respiratory failure 
type 2. 
 

2. MATERIALS AND METHODS  
 

2.1 Study Design and Data Collection  
 
This study includes all the adult patients who 
were admitted to the department of Pulmonology 
in Tishreen University Hospital –Lattakia- Syria 
from January 2019 to January 2020 with a 
diagnosis of acute on  chronic respiratory failure 
type 2. The following data were recorded: 
demographic data (age, sex), laboratory 
parameters including CRP and arterial blood 
gas(ABG) analysis on admission and after 2 
hours of NIMV. Exclusion criteria were patients 
with: metabolic acidosis , unconscious patients. 
 

2.2 Definitions 
 
Acute on chronic exacerbation of type 2 
respiratory failure: An acute deterioration in an 
individual with significant pre-existing 
hypercapnic respiratory failure. Arterial blood 
gas(ABG) with: PH<7.35, partial pressure of 
oxygen concentration (FiO2) ratio less than 200( 
or PaO2 less than 60 mmHg)[14]. 
 

2.3 Statistical Analysis 
 

Statistical analysis was performed by using IBM 
SPSS version 20. Basic Descriptive statistics 
included means, standard deviations(SD) 
,Frequency and percentages. Independent t 
student test was used to compare 2 independent 
groups, and one way Anova to compare 
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between the three groups.  Differences of 
distribution examined by using chi- square test 
or Fisher exact test if it need. Binary logistic 
regression was performed to identify the risk 
factors associated with NIMV outcome. 
Statistical significance was accepted at a p 
value of <0.05. 
 

3. RESULTS 
 

A total of 67 patients with chronic respiratory 
failure Type 2 were identified. The median age 
was 63 ( range,20-94 years), and 62.7% were 
male. As shown below, 62.7% were in PH group 
( 7.31-7.36). There were significant differences 
between three groups regard to PH and Δ PH            

(p< 0.05). Rates of mortality and admission to 
ICU were more frequently in PH group (7.20-
7.25) which represented 25%, 50% respectively, 
whereas survival rates were higher in PH group 
(7.31-7.36) and (7.26-7.30) which represented 
97.6% and 88.2% respectively. 

 
The rate of NIMV failure was 22.4%. As shown 
below, successful treatment with NIMV was 
associated with significant improvement in PH 
value compared to NIMV failure group. Serum 
CRP levels were higher in the NIMV failure 
group without significant difference ( 53.5± 47.1 
vs. 41.3 ±48.2 ,p:0.4). 
.

 
Table 1. Demographic characteristics of the study population by comparison of the three 
groups of PH. We can notice that demographics were statistically insignificant .PH(1) and 

Delta PH showed statistically significant variations regarding outcome 
 
Variable PH groups (N%) 

7.20-7.25 
8(11.9%) 

7.26-7.30 
17(25.4%) 

7.31-7.36 
42(62.7%) 

p-value 

Age 66[39-88] 62[20-76] 63[37-94] 0.6 
Sex 
Male 
Female 

 
5(62.5%) 
3(37.5%) 

 
11(64.7%) 
6(35.3%) 

 
26(61.9%) 
16(38.1%) 

0.9 

C-reactive protein(CRP) 
mg/dL 

46.1[3.30-147] 46.2[0.40-227] 42.9[3.78-140] 0.9 

PH(1) 7.23±0.02 7.27±0.01 7.35±0.05 0.0001 
Δ PH 0.11±0.07 0.06±0.05 0.02±0.06 0.001 
Outcome 
Survival 
Mortality 
Admission to ICU 

 
2(25%) 
2(25%) 
4(50%) 

 
15(88.2%) 
1(5.9%) 
1(5.9%) 

 
41(97.6%) 
0(0%) 
1(2.4%) 

0.06 

  
Table 2. Comparison of demographic characteristics and laboratory findings 

according to the outcome of patients. failure of treatment with NIMV was associated 
with PH(2)= 7.39±0.06 and PH≤ 7.3 

 
Variable NIMV success 

(n=52) 
NIMV failure 
(n=15) 

p-value 

Age 62[20-90] 68[55-94] 0.05 
Sex 
Male 
Female 

 
33(63.5%) 
19(36.5%) 

 
9(60%) 
6(40%) 

0.8 

Laboratory findings 
CRP  
PH(1)  
PH(2)  
Δ PH 
PH≤ 7.31, n(%) 
ΔPH≥0.04 , n(%)  
CRP ≤53.5, n(%) 

 
41.3±48.2 
7.31±0.06 
7.39±0.06 
0.07±0.04 
2(3.8%) 
12(23.1%) 
17(32.7%) 

 
53.5±47.1 
7.35±0.05 
7.31±0.05 
0.04±0.03 
5(33.3%) 
7(46.7%) 
8(53.3%) 

 
0.4 
0.07 
0.0001 
0.02 
0.001 
0.03 
0.04 
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Table 3. Risk factors for NIMV failure in the study population by multivariate logistic 
regression 

 
Factor OR(95% CI) p-value 
PH≥7.31 3.3[0.6-7.8] 0.01 
Δ PH≥0.04 2.1[1.1-3.9] 0.02 
CRP≤53.5 1.7[0.8-3.6] 0.3 

 
These risk factors are represented in the Fig (1). 
 

 

Fig. 1. Risk factors for NIMV failure in the study population. This figure represents the findings 
demonstrated in Table 3 

 
To determine the factors associated with NIMV 
failure, binary logistic regression analysis was 
carried out, and PH≤ 7.31 and ΔPH ≤  0.04 were 
found to be risk factors for NIMV failure,           
Table (3). 

 
4. DISCUSSION 
 
This analytic study demonstrated characteristics 
and predictive ability of PH andc CRP for NIMV 
failure in patients with chronic respiratory failure 
Type 2. 
 
Patients with a PH value < 7.25 had significantly 
greater rates of mortality and admission to ICU 
compared to patients with a PH value > 7.25. 
Successful treatment with NIMV was associated 
with significant improvement in PH(p:0.0001) 
after two hours of NIMV, and patients who failed 
NIMV were more likely to be with PH≤ 7.31, 
ΔPH ≤  0.04, and CRP ≥ 53.5. There were no 
significant differences between two 

groups(success and failure) in regard to sex and 
age. The most important risk factors for NIMV 
failure in the present study were: PH≤ 7.31 and  
ΔPH ≤ 0.04. 
 

Risk factors and predictors of NIMV failure are 
numerous. The PH level which is an indicator of 
the severity of hypercapnia has been reported to 
be a critical factor in determining the success of 
NIMV. Although some reports failed to show any 
relationship between baseline ABGs and 
success of NIMV [15,16], a large body of 
evidence clearly indicated that a lower baseline 
PH is a risk factor for NIMV failure, and PH 
<7.25 was associated with NIMV failure [17]. 
 

Studies related to the role of CRP levels, which 
is used as an inflammatory marker, are 
inconsistent and found to lack sensitivity and 
specificity to predict NIMV failure [18]. 
 

In comparison to other studies, Salturk et al. [19] 
found that NIMV is effective in respiratory failure, 
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and PH<7.31, Delta PH<0.30 between baseline 
and control, peak CRP, and PaO2/FiO2 ratio< 
200 on baseline were found to be the risk factors 
for NIMV failure in COPD patients with ARF [19]. 
 
Confalonieri et al. [20] pointed out that a PH< 
7.25 after 1 h of NIMV use, was associated with 
an increased risk of failure. Also, that risk of 
failure was even greater when PH levels 
were<7.25 at admission [20]. 
 
Wang et al. [21] demonstrated that high serum 
CRP levels predict NIMV failure for patients with 
acute exacerbation of COPD(39.48±16.77 vs 
7.85±6.23, p:0.001) [21]. 
 

5. CONCLUSION 
 
This study was able to establish a strong 
connection between lower PH levels and failure 
in treatment with NIMV. Two cut-off points were 
determined to predict failure in treatment with 
NIMV; PH≤ 7.31, ΔPH ≤  0.04. 
 
Also, lower CRP levels were associated with 
higher rates of successful treatment but those 
findings were statistically insignificant.Clinicians 
should be aware of the predicted parameters of 
NIMV failure because of the strong link between 
failure and poor outcome. 
 
This study will best serve as a pilot study for 
future research with larger sample size and more 
parameters to study 
 

CONSENT AND ETHICAL APPROVAL 
 
As per international standard or university 
standard guideline patients consent and ethical 
approval has been collected and preserved by 
the authors. 
 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. American Association for Respiratory Care 

(AARC). Position statement: Definition of 
respiratory care; 2015.  
Available:http://www.aarc.org/wp-
content/uploads/2017/03/statement-
ofdefinition-of-respiratory-care.pdf. 

2. Global initiative for Chronic Obstructive 
Lung Disease (GOLD). Global strategy for 

the diagnosis, management and 
prevention of COPD-2017; 2017.  
Available:http://goldcopd.org. 

3. Swinburne AJ, Fedullo AJ, Bixby K. 
Respiratory failure in the elderly. Analysis 
of outcome after treatment with 
mechanical ventilation. Arch Intern Med. 
1993;153:1657-1662. 

4. Jeffrey AA, Warren PM, Flenley DC. Acute 
hypercapnic respiratory failure in patients 
with chronic obstructive lung disease: risk 
factors and use of guidelines for 
management. Thorax.1992;47:34-40. 

5. Clinical indications for noninvasive positive 
pressure ventilation in chronic respiratory 
failure due to restrictive lung disease, 
COPD, and nocturnal hypoventilation-a 
consensus conference report. Chest. 
1999;116:521-534. 

6. Windisch W, Haenel M, Storre JH, Dreher 
M. High–intensity non-invasive positive 
pressure ventilation for stable hypercapnic 
COPD. Int J Med Sci. 2009;6:72-76. 

7. Lightowler JV, Wedzicha JA, Elliott MW. 
Non-invasive positive pressure ventilation 
to treat respiratory failure resulting from 
exacerbations of chronic obstructive 
pulmonary disease.Cochrane systematic 
review and meta- analysis.BMJ. 
2003;326:185. 

8. Plant PK,Owen JL,Elliott MW. Early use of 
non-invasive ventilation for acute 
exacerbations of chronic obstructive 
pulmonary disease on general respiratory 
ward: a multicenter randomized controlled 
trial. Lancet. 2000;355:1931-5. 

9. Keenan SP, Sinuff T, Burns KE. Clinical 
practice guidelines for the use of 
noninvasive positive pressure ventilation 
and noninvasive continuous positive 
airway pressure in the acute care setting. 
CMAJ. 2018;183:E195-214. 

10. Biere GB, Soo Hoo GW. Noninvasive 
ventilation for acute respiratory failure: A 
national survey of veterans Affair 
Hospitals. Respir Care. 2015;54:1313-
1320. 

11. Pepys MB, Hirschfield GM. “C-reactive 
protein: a critical update,” Journal of 
Clinical Investigation. 2003;112(2):299–
299. 

12. Jensen WB. “The Symbol for pH,” Journal 
of Chemical Education. 2004;81(1):21 

13. Mehta WA, Emmett M. “Approach to Acid-
Base Disorders,” Primer on Kidney 
Diseases. 2009;98–107. 

14. Celli BR, Barnes PJ. Exacerbations of 



 
 
 
 

Alkhayer et al.; AJMAH, 19(6): 20-25, 2021; Article no.AJMAH.69297 
 
 

 
25 

 

chronic obstructive pulmonary disease. Eur 
Respir J. 2007;29:1224-1238. 

15. Soo Hoo GW, Santiago S, Williams AJ. 
Nasal mechanical ventilation for 
hypercapnic respiratory failure in chronic 
obstructive pulmonary disease: 
Determinants of success and failure. Crit 
Care Med. 1994;22:1253-1261. 

16. Anton A, Guell R, Gomez J. Predicting the 
result of noninvasive ventilation in severe 
acute exacerbations of patients with 
chronic airflow limitation. Chest. 
2000;117:828-833. 

17. Miller D, Fraser K, Murray I. Predicting 
survival following noninvasive ventilation 
for hypercapnic exacerbations of chronic 
obstructive pulmonary disease. Int J Clin 
Pract. 2012;66:434-437. 

18. Sproston NR, Ashworth JJ. Role of C-

reactive protein at sites of inflammation 
and infection. Front Immunol. 2018;9:   
754. 

19. Salturk M, Yalcinsoy M, Oztas S. Can 
patients with moderate to severe acute 
respiratory failure  from COPD be treated 
safely with noninvasive mechanical 
ventilation on the ward; 2014. 

20. Confalonieri M, Garuti G, Cattaruzza MS. 
A chart of failure risk for noninvasive 
ventilation in patients with COPD 
exacerbation . Eur Respir J. 2005;25:348-
355. 

21. Jinrong Wang, Huimian Shang, Xiaoya 
Yang. Procalcitonin, C-reactive protein, 
PaCO2, and noninvasive mechanical 
ventilation failure in chronic obstructive 
pulmonary disease exacerbation. 
Medicine. 2019;98:17. 

_________________________________________________________________________________ 
© 2021 Alkhayer et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

 
 
 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sdiarticle4.com/review-history/69297 


