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Abstract
Background and objectives. This retrospective analysis investigates the effect of high levels of Positive 

End-Expiratory Pressure (PEEP) during Non-Invasive Ventilation (NIV) in patients with COVID 19 Acute 
Respiratory Distress Syndrome (ARDS).

Materials and methods. In the University Hospital Center Zagreb from October 2021 to February 2022, 
the study analyzed data from 97 patients who received NIV for acute respiratory support during ICU stay. 
The effect of NIV on survival, the length of stay in the ICU as well as the duration of the support itself was 
investigated.

Results. Results show that despite low mortality in patients with NIV support, mortality is quite high in 
patients who required intubation. There is also a divergence of the respiratory support level parameter after 
the 3rd day on NIV, which suggests that moment as pivotal for assessing the continuation of NIV support. 

Conclusions. The results show that high level PEEP is a viable option for starting respiratory support in 
ARDS, but also the importance of timely assessment to optimize patient outcomes.
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INTRODUCTION 

During the time of COVID pandemic medical wards 
were overwhelmed with patients in need of ventilator 

support. Non-invasive mechanical ventilation was a 
good alternative to intubation because of its lesser in-
vasiveness, fewer infectious complications, and the 
ability to support a bigger turnover of patients [1-3]. 

Abbreviations:
PEEP	 – Positive End-Expiratory Pressure
NIV	 – Non-Invasive Ventilation
ARDS	– Acute Respiratory Distress Syndrome

ICU	 – Intensive care unit
FRC	 – functional residual capacity
P-SILI	 – patient self-inflicted lung injury

CPAP	 – continuous positive airway 
pressure
IMV	 – invasive mechanical ventilation
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Also, high PEEP was found to improve oxygenation, in-
crease functional residual capacity (FRC) and reduce 
atelectotrauma [4]. Experiments on animal models 
showed that high PEEP reduced the risk of patient 
self-inflicted lung injury (P-SILI) caused by intense spon-
taneous breathing by lowering the necessary intensity 
of spontaneous breathing and reducing the amount of 
solid-like atelectatic lung [5]. The adoption of high PEEP 
in NIV for COVID-19 patients is supported by emerging 
data suggesting that optimized airway pressures can 
significantly affect respiratory outcomes. By utilizing 
non-invasive methods, healthcare facilities could po-
tentially ease the burden on ICU capacities and lower 
the morbidity associated with invasive ventilation 
methods. Moreover, the capability to swiftly modify 
ventilation settings and perform close monitoring pro-
vided a dynamic and effective response to the rapidly 
evolving health crisis. 

This study aims to assess the efficacy of high PEEP 
NIV in treating COVID-19 induced ARDS, pinpointing 
critical junctures for intervention to prevent the need 
for invasive ventilation of non-invasive ventilation (NIV) 
with high positive end-expiratory pressure (PEEP) with-
out pressure support (CPAP) in the treatment of pa-
tients with COVID-19-related acute respiratory distress 
syndrome (ARDS). It very important to timely identify 
patients who will fail NIV, to monitor and daily reevalu-
ate, and timely transition to invasive mechanical venti-
lation [6].

MATERIALS AND METHODS

This is a retrospective cohort study with data col-
lected from 97 patients who were administered NIV as 
part of their treatment in the COVID intensive care unit 
(ICU) at University Hospital Centre Zagreb during a peri-
od between October 2021 and February 2022. The defi-
nite outcome was survival; the effects of NIV and vari-
ous respiratory and inflammatory parameters on 
discharge from ICU, number of days spent in ICU, and 
hospital were also investigated. Data were analyzed 
with IBM SPSS version 25. Continuous variables were 
presented as mean (SD) if normally distributed, or as 
median (IQR) if non- normally distributed; categorical 
variables were expressed as absolute numbers and rel-
ative frequencies. The normally distributed data were 
compared using the Student’s t-test, Paired samples t- 
test and One-way and Two-way repeated measures 
ANOVA. The non-normal distributed data were com-
pared using the Mann-Whitney U test, Wilcoxon signed 
rank test, and Friedman test. Logistic and linear regres-
sion was used to assess the connection between pa-
rameters. A p-value of less than 0.05 was considered 
statistically significant.

RESULTS
The patients’ mean age was 67 ± 11,6 years, mean 

Charlson comorbidity index was 4,23 ± 2,15. High PEEP 
NIV by total or full-face mask was applied in all 97 pa-
tients. NIV has been kept on throughout the ICU stay in 
55 (56.7%) patients, while 42 (43.3%) patients required 
a switch to IMV. Overall ICU mortality was 35.5%, while 
ICU mortality of patients kept on NIV was 3.8%. The 
mean starting PEEP was 14,25 ± 2,65 and the mean CRP 
on day 1 was 115,58 ± 67,27. The observed trend in 
PEEP in the first week was slightly advancing to the 
PEEP level on day 3 and then evident divergence of 
PEEP levels after day 3 in failed (PEEP1 14.87, PEEP2 
15.2, PEEP3 15.79, PEEP4 15.87, PEEP5 16.25, PEEP6 
15.95, PEEP7 15.96) vs non failed group (PEEP1 15.14, 
PEEP2 15.25, PEEP3 15.71, PEEP4 15.1, PEEP5 14.21, 
PEEP6 13.18, PEEP7 11.96) (Figure 1b). 

A non-parametric Friedman test of differences 
among repeated measures showed a Chi-square value 
of 15.31 which was significant (p=0,018). Also, the dif-
ference in trends in CRP between the same groups was 
significant, where the non-failed group had a trend of 
lower CRP (CRP1 113.85, CRP3 76.66, CRP7 41.22) vs 
failed group CRP that was stable (CRP1 127.93, CRP3 
107.18, CRP7 108.22) (Figure 1a). 

A non-parametric Friedman test of differences 
among repeated measures showed a Chi-square value 
of 37.47 which was significant (p<0,001). The difference 
in PCT and antibiotic use or positive cultures was non-
significant in the first week. Also, logistic regression of 
HACOR (R2=0,328, p<0,001), Horowitz index (PaO2/
FiO2) (R2=0,334, p<0,001), PEEP on day 3 (R2=0,143, 
p=0,004) and change in PEEP (R2=0,106, p=0,012) (del-
ta PEEP, PEEP on day 3 minus PEEP on day 1) show pre-
dicted probability of failing NIV support.

DISCUSSION

Our findings suggest that high PEEP non-invasive 
ventilation is a promising initial management strategy 
for ARDS induced by COVID-19, particularly in settings 
overwhelmed by pandemic pressures. The data indi-
cates that specific PEEP settings and their adjustments 
during the initial days of ventilation play a crucial role in 
determining the subsequent need for invasive ventila-
tion. A notable observation from our study is the strati-
fication of outcomes based on the PEEP adjustments 
within the first three days, suggesting a pivotal moment 
in the management of respiratory support. Results sug-
gest there is a high chance of NIV failure if on day 3, 
there is Horowitz index 150 mmHg or lower, with PEEP 
levels higher than 16 cmH2O, and maintained or in-
creased PEEP level in first 3 days of respiratory support 
(figure 2). NIV failure is defined as insufficient level of 
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FIGURE 1. a) CRP levels over time b) PEEP levels over times in failed and non failed group
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FIGURE 2. Predicted probability of failing NIV 
respiratory support in relationship with  
a) Horowitz index, b) change of PEEP,  
c) PEEP level on day 3
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respiratory support and need for intubation and inva-
sive mechanical ventilation. So, it is author's opinion 
that non-invasive mechanical ventilation is an excellent 
starting option for respiratory support in ARDS regard-
less of the severity of ARDS itself. Subsequent timely 
reevaluation and eventual progression to IMV is neces-
sary regardless of the modality of respiratory support. 
Trends in the movement of PEEP, as well as other res-
piratory parameters, are good predictors of response to 
ARDS therapy, as well as the movement of inflammato-
ry parameters. Moreover, the divergence in PEEP levels 
between the patients who continued with NIV success-
fully and those who failed indicates the necessity for 
individualized ventilation strategies. This highlights the 
importance of meticulous patient monitoring and time-
ly adjustments based on the evolving clinical scenario. 
However, the challenge remains in the capacity con-
straints faced by healthcare systems during peaks of 
the pandemic, which could hinder the implementation 
of such tailored approaches. It underscores the need 
for robust healthcare infrastructure capable of adapting 
to significant pressures, ensuring that all patients receive 
optimal care tailored to their specific clinical needs. The 
shortcomings of this research lie in the incomplete 
monitoring of other respiratory parameters, which oc-
curred due to overcrowding of the ICU and overworked 
health care personnel during the pandemic.

CONCLUSION
In conclusion, our study confirms that high PEEP 

non-invasive ventilation can be a safe and effective ini-
tial treatment modality for all patients with ARDS, re-
gardless of the severity of their condition. It allows for 
significant flexibility in patient management, potential-
ly reducing the need for invasive ventilation. Our analy-
sis underscores the importance of the third day of NIV 
as a critical point for evaluating the need to escalate 
care. This finding is crucial for clinical practice, suggest-
ing that timely interventions could prevent the progres-
sion to invasive ventilation, thus optimizing patient out-
comes and resource utilization in critical care settings.

Author’s contributions:  
Conceptualization, I.Š. and D.L.; methodology, I.Š.; 

software, I.Š.; validation, I.Š., A.E., D.L.;  
formal analysis, I.Š.; investigation, I.Š, A.E., A.M.; 

resources, A.E.,N.Dž.;G.M.; data curation, D.L.;  
writing – original draft preparation, I.Š., N.Dž.; G.M.; 

writing – review and editing, A.E., A.M., D.L.;  
visualization, I.Š.; supervision, D.L.;  

project administration, I.Š., A.M.;  
funding acquisition, I.Š, N.Dž.; G.M.

All authors have read and agreed  
to the published version of the manuscript. 

Conflict of interest: Authors don’t have any financial 
interest or any conflict of interest.

REFERENCES
1.	 James A, Verdonk F, Bougle A, Constantin 

JM. Non-invasive ventilation for acute 
respiratory failure (in COVID-19 patients): the 
non-ending story? Anaesth Crit Care Pain 
Med. 2020;39(5):549-550. https://doi.
org/10.1016/j.accpm.2020.08.004

2.	 Rahmanzade R, Rahmanzadeh R, Tabarsi P, 
Hashemian SM (2020) Noninvasive Versus 
Invasive Ventilation in COVID-19: One Size 
Does Not Fit All! Anesth Analg. 
2020;131(2):114-5. https://doi.org/10.1213/
ANE.0000000000004943

3.	 Avdeev SN, Yaroshetskiy AI, Tsareva NA, 
Merzhoeva ZM, Trushenko NV, Nekludova 
GV et al. Noninvasive ventilation for acute 
hypoxemic respiratory failure in patients with 
COVID-19. Am J Emerg Med. 2021;39:154-7. 
https://doi.org/10.1016/j.ajem.2020.09.075.

4.	 Muscedere JG, Mullen JB, Gan K, Slutsky 
AS. Tidal ventilation at low airway pressures 
can augment lung injury. Am J Respir Crit 
Care Med. 1994;149(5):1327-1334. https://
doi.org/10.1164/ajrccm.149.5.8173774

5.	 Morais CCA, Koyama Y, Yoshida T, Plens 
GM, Gomes S, Lima CAS et al. High Positive 
End-Expiratory Pressure Renders 
Spontaneous Effort Noninjurious. Am J Respir 
Crit Care Med. 2018;197(10):1285-96. https://
doi.org/10.1164/rccm.201706-1244OC.

6.	 Dobler CC, Murad MH, Wilson ME. 
Noninvasive Positive Pressure Ventilation in 
Patients With COVID-19. Mayo Clin Proc. 
2020 Dec;95(12):2594-2601. doi: 10.1016/j.
mayocp.2020.10.001. Epub 2020 Oct 8. 
PMID: 33276832; PMCID: PMC7543969.

http://doi.org/10.1016/j.mayocp.2020.10.001
http://doi.org/10.1016/j.mayocp.2020.10.001

