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A B S T R A C T   

PNX was described as an uncommon complication in COVID-19 patients but clinical risk predictors and the 
potential role in patient’s outcome are still unclear. We assessed prevalence, risk predictors and mortality of PNX 
in hospitalized COVID- 19 with severe respiratory failure performing a retrospective observational analysis of 
184 patients admitted to our COVID-19 Respiratory Unit in Vercelli from October 2020 to March 2021. We 
compared patients with and without PNX reporting prevalence, clinical and radiological features, comorbidities, 
and outcomes. Prevalence of PNX was 8.1% and mortality was >86% (13/15) significantly higher than in pa
tients without PNX (56/169) (P < 0.001). PNX was more likely to occur in patients with a history of cognitive 
decline (HR: 31.18) who received non-invasive ventilation (NIV) (p < 0.0071) and with low P/F ratio (HR: 0.99, 
p = 0.004). Blood chemistry in the PNX subgroup compared to patients without PNX showed a significant in
crease in LDH (420 U/L vs 345 U/L, respectively p = 0.003), ferritin (1111 mg/dl vs 660 mg/dl, respectively p =
0.006) and decreased lymphocytes (HR: 4.440, p = 0.004). PNX may be associated with a worse prognosis in 
terms of mortality in COVID patients. Possible mechanisms may include the hyperinflammatory status associated 
with critical illness, the use of NIV, the severity of respiratory failure and cognitive impairment. We suggest, in 
selected patients showing low P/F ratio, cognitive impairment and metabolic cytokine storm, an early treatment 
of systemic inflammation in association with high-flow oxygen therapy as a safer alternative to NIV in order to 
avoid fatalities connected with PNX.   

1. Introduction 

COVID-19, a new severe acute respiratory syndrome (SARS) due to 
SARS-CoV-2 coronavirus emerging in late 2019, is responsible for the 
global pandemic; with data, at time of writing (December 18, 2022), 
reporting over 649 million confirmed cases and over 6.6 million deaths 
globally, in the last 28 days, over 13.7 million cases and over 40 000 new 
fatalities [1]. At present, in Italy, and globally, the number of new 
weekly cases are decreasing but recently Italy faced up to a fourth wave 
of infection with significant pressures on hospital services. Being a virus 
with a specific tropism for the lower respiratory tract there is a real risk 
(in about 20% of affected patients) of developing the severe form of the 
disease with an acute respiratory distress syndrome (ARDS) resulting in 

high morbidity/mortality [2–5]. Pneumothorax (PNX) has been 
observed as a potential complication of COVID-19 in patients at emer
gency department admission and also in ventilated patients [6]. During 
the second wave of the pandemic (from October 2020 to March 2021) in 
our COVID-19 semi-intensive care Respiratory Unit in Vercelli we 
treated COVID-19 patients with severe acute respiratory failure 
recording clinical, laboratory, radiological and medical prescriptions 
data. The aim of the index study was to investigate the prevalence and 
risk factors associated with the onset of PNX in a cohort of hospitalized 
COVID-19 patients with severe respiratory failure in order to find 
possible early risk predictors for its development and for a safer treat
ment of this complication. 
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2. Materials and methods 

2.1. Study design and population 

We performed a retrospective observational single centre evaluation 
of a cohort of 184 adult patients admitted to the COVID-19 semi- 
intensive care Respiratory Unit in Vercelli, Italy (Ospedale S. Andrea) 
from October 2020 to March 2021 for severe respiratory failure sec
ondary to SARS-CoV-2 infection. This study was approved by the Insti
tutional Review Board CE 67/20, in accordance with the principles of 
the Declaration of Helsinki. An informed consent was obtained. Inclu
sion criteria included a diagnosis of SARS-CoV-2 infection confirmed by 
real-time reverse transcription-polymerase chain reaction (RT-PCR) 
molecular testing from a nasopharyngeal swab. All patients presented a 
diagnosis of acute respiratory failure type I (paO2 <60 mmHg) and 
bilateral pneumonia as confirmed with chest radiography and/or 
computed tomography (CT) scan. They all received pharmacological 
treatment based on updated national guidelines [7]. We adopted 
non-invasive respiratory support devices following our local protocol. 
Patients were supported with conventional oxygen support by low-flow 
intranasal cannula or Venturi mask, high flow nasal cannula (HFNC) 
oxygen therapy, delivering humified oxygen through a nasal cannula 
with a flow delivery set at 60 l/min and temperature at 37 ◦C, then 
adjusted according to patient’s tolerance and response, or non-invasive 
ventilation (NIV) with a pressure support ventilation modality with 
positive end-expiratory pressure (PEEP) of 10 cmH20 and pressure 
support (PS) of 8–12 cmH2O. NIV was intended as generic non-invasive 
ventilatory support. Presenting severe hypoxemic respiratory failure 
with compensated PH in all cases, patients were treated with CPAP, then 
upgraded if not responding. The criteria for choosing HFNC or NIV was 
taken according to the best clinical practice and considering clinical 
characteristics of the patients; the settings of each device were adjusted 
based on continuous cardiopulmonary monitoring and following pa
tient’s tolerance. In case of worsening of gas exchanges, neurological 
deterioration or hemodynamic instability, they were moved to the 
intensive care unit according to national guidelines [8]. The suspect of 
pneumothorax development was based on deterioration of clinical 
conditions, especially the worsening of gas exchanges (hypoxemia) 
despite oxygen support. Selected patients performed a specific radio
graphic study with chest radiography or CT scan to confirm the diag
nosis. No patients were immunized with vaccine against COVID-19 as no 
vaccines were available at the time of the study. 

2.2. Data collection and clinical variables 

We collected clinical data of the enrolled patients including de
mographics, past medical history and comorbidities, smoking status, 
laboratory tests at patient arrival to emergency department, radiological 
documentation, clinical management, ventilatory support, length of 
hospitalization, the day of occurrence of PNX and the outcome of in- 
hospital stay (discharged or deceased). Demographics, past medical 
history and symptoms onset were extracted from the electronic patient 
registry. Cognitive decline diagnosis (including dementia and vascular 
encephalopathy) at admittance to our unit was recorded from anam
nestic medical records. Patients with either mild or severe cognitive 
impairment were included in the study. Laboratory tests including 
lactate dehydrogenase (LDH) (U/L), ferritin (mcg/L), C-reactive protein 
(CRP) (mg/dL), blood platelet count, D-dimers (ng/mL), lymphocyte 
count and neutrophils/macrophages ratio, troponin, and PaO2/FiO2 (P/ 
F) ratio at admission onto our unit were recorded using electronic 
schedules of emergency department. Lung patterns (consolidative, 
interstitial, pleural effusion, presence of excavations) on the computed 
tomography scan were evaluated and a qualitative assessment was 
performed. In case of a prevalent interstitial pattern a quantitative 
severity index was reported. All patients with PNX were treated with 
chest drainage and with appropriate intensive respiratory support. The 
principal outcome variable was the in-hospital prevalence of PNX. 

2.3. Statistical methods 

Variables were presented with frequencies and percentages for cat
egorical variables and as median (1st-3rdquartile) for continuous vari
ables. In time-to-event analyses the primary event of interest was the 
development of PNX in hospitalized COVID-19 patients. Patients were 
followed from the day of admission until the hospital discharge/death. 
Baseline time for analysis was considered the admittance day to our unit. 
In survival analyses, patients who were alive at discharge or died during 
hospitalization were considered censored observations. A univariate and 
multivariate Cox proportional-hazards model and hazard ratios with 
95% confidence intervals were used to evaluate the association between 
clinical, radiological and laboratory variables and PNX development. To 
test non-proportionality, martingale residuals method was used. The 
variables included in the multivariate regression model respect pro
portionality assumption. We considered, as adjusting factors in the 
multivariable models, the statistically significant variables at the 

Table 1 
Clinical characteristics of studied population.  

Variable All n = 184 (100) no PNX n = 169 (92) PNX n = 15 [8] HR (CI 95%) P 

Age, years (IQR) 79 (69–86) 79 (69–86) 81 (74–84) 1.007 (0.960–1.050) >0.05 
Male sex, n (%) 98 (53.3) 92 (54.4) 6 (40.0) 0.619 (0.220–1.743) >0.05 
Smoking abitude, n (%) 96 (52.2) 85 (50.2) 11 (73.3) 2.606 (0.829–8.194) >0.05 
Obesity, n (%) 79 (42.9) 72 (42.6) 7 (46.6) 1.170 (0.420–3.260) >0.05 
Comorbidities, n(%) 
Diabetes 31 (16.8) 29 (17.1) 2 (13.3) 0.672 (0.149–3.024) >0.05 
Arterial hypertension 97 (52.7) 89 (52.6) 8 (53.3) 0.903 (0.324–2.513) >0.05 
Heart disease 44 (23.9) 41 (24.2) 3 (20.0) 0.834 (0.233–2.990) >0.05 
Kidney disease 14 (7.6) 12 (7.1) 2 (13.3) 1.476 (0.330–6.603) >0.05 
Dementia 54 (29.3) 40 (23.6) 14 (93.3) 31.181 (4.089–237.793) 0.0009 
Blood gas parameters and ventilatory support 
PaO2/FIO2(>200), n (%) 124 (67.4) 118 (69.8) 6 (40.0) 0.338 (0.119–0.959) 0.041 
PaO2/FIO2 mmHg (IQR) 262 (185–304) 266 (192–304) 106 (56–309) 0.990 (0.986–0.997) 0.004 
NIV, n (%) 84 (45.4) 71 (42.0) 13 (86.6) 7.970 (1.760–36.088) 0.007 
Outcome 
Mortality at day 30, n (%) 69 (37.5) 56 (33.1) 13 (86.6) 5.097 (2.518 10.317) <.0001 
Hospital stay days, n (IQR) 13 [8–20] 14 [8–20] 9 [2–15]  >0.05 
Hospital stay days, min-max (0–73) (1–73) (0–41) >0.05 
Day of PNX diagnosis, n 9 9  

Data are presented as number and percentage for dichotomous values or median and interquartile range (IQR) for continuous values. 
Abbreviations: HR, Hazard Ratio; CI, confidence interval; PNX, Spontaneous pneumothorax; NIV, non-invasive ventilation; PaO2, arterial oxygen partial pressure; 
FiO2, fraction of inspired oxygen. 
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univariate analysis in our cohort (dementia, P/F, NIV support, LDH, 
ferritin, lymphocytes reduction) including age and sex. Using a stepwise 
selection procedure (entry probability - slentry 0.10, exit probability - 
slstay 0.05) dementia, P/F and low lymphocytes were selected as the 
most significant variables associated with PNX development. A p-value 
of <0.05 was considered significant. Statistical analyses were performed 
with SAS (SAS institute, Cary, NC, USA) software. 

3. Results 

3.1. Clinical characteristics of PNX subgroup patients 

A total of 15/184 patients (8.1%) experienced during their hospi
talization PNX with a median time lapse from admission of 9 (0–41) 
days. Their median age was 81 years (52–89), 6/15 patients were males 
(40%), 11/15 patients were current or former smokers (73.3%). 
Regarding the most common comorbidities 14 patients out of 15 had a 
history of cognitive impairment (93.3%), and 8/15 patients suffered 
from hypertension (53.5%). The most affected side of PNX was the right 
(12/15 patients), 2 patients developed PNX on the left and two patients 
had bilateral PNX. Moreover 8/15 patients developed associated pneu
momediastinum. The totality of patients required chest drainage. 
Regarding respiratory support 13/15 patients during hospitalization 
received non-invasive ventilation with NIV before experiencing a PNX 
(86.6%). An analysis of blood chemistry values, revealed elevated CRP 
levels in all the patients (100%) with a median value of 7.1 mg/dl (0–42 
mg/dl), 14 patients (93.3%) had elevated LDH levels with a median 
value of 420 U/L (120–1163 U/L), 13 patients (87%) had low leukocyte 
cell count (<4.5 × 103/μL), high neutrophils/leukocyte rate, high D- 
Dimer test with median value 455 ng/ml (75–1410 ng/ml) and high 
ferritin with median value of 1111 mcg/L (148–6256 mcg/L), and 12 
patients had high troponin (80%). The median P/F ratio of pneumo
thorax group was 106 mmHg (38–400) (p = 0.004). We observed an in- 
hospital mortality significantly higher among PNX subgroup patients: 
the fatality rate was of 13/15 patients (86.7%). The admission charac
teristics and medical history of the whole cohort with PNX subgroup are 
shown in Table 1, radiological and laboratory findings are shown in 
Table 2. 

3.2. Clinical predictors of development of PNX 

Considering the high fatality rate in the subgroup of PNX patients we 
tried to investigate more carefully this population to find any early 
clinical predictor that may be related to the development of PNX in our 
cohort of patients and possibly predict a poor prognosis. No significant 
differences were found comparing occurrence of PNX in females and 
males (10.5% vs 6.1%, respectively). We observed that older age, 
smoking habitude and obesity were associated with an increased risk of 
development of PNX, by univariate analysis (HR = 1.007; 95%CI, 
0.960–1.050, HR = 2.606; 95%CI, 0.829–8.194 and HR = 1.170; 95%CI, 
0.420–3.260, respectively). We evaluated the prevalence of underlying 
comorbidities among PNX patients finding that in our cohort chronic 
renal failure is associated with an increased risk of PNX development 
(HR = 1.476; 95%CI, 0.330–6.603) but in particular dementia was the 
only comorbidity associated with an increased risk to develop PNX 
reaching statistically significance (HR = 31.181; 95%CI, 
4.089–237.793, p = 0.0009). With regards to the clinical presentation at 
admission, the P/F ratio, identifying a more severe respiratory failure at 
admission, predicted the occurrence of PNX along with the ventilatory 
support. In particular, patients with a low P/F ratio had an increased risk 
of developing a PNX, while patients with higher P/F (>200) showed a 
statistically significant reduced risk to develop PNX (HR = 0.338; 95% 
CI, 0.119–0.959; p = 0.041) even considering P/F as a continuous var
iable (HR = 0.990; 95%CI, 0.986–0.997; p = 0.004). Similarly, patients 
being treated (from admission to our unit) with non-invasive ventilation 
(NIV), when compared to those treated with ventilatory support 
including HFNC oxygen therapy or only conventional oxygen support by 
low-flow intranasal cannula or Venturi mask, showed a poorer prognosis 
with around 8 times higher risk of developing a PNX (HR = 7.970; 95% 
CI, 1.760–36.088; p = 0.007). A sub-analysis including patients with P/F 
ratio <200 showed for subjects with PNX an increased mortality risk 
when compared to patients without PNX (OR = 9.81; 95%CI, 
1.945–49.471), this effect has been adjusted for disease severity in a 
multivariable logistic regression model. Statistically significant vari
ables associated with PNX compared between the groups of patients 
with and without PNX are reported in Fig. 1. Probability of PNX 
development during the time of observation in the cohort is reported in 
Fig. 2. 

Table 2 
Radiological and laboratory data at admission of studied population.  

Variable All n = 184 (100) no PNX n = 169 (92) PNX n = 15 [8] HR (CI 95%) p 

Radiographic pattern 
Severe ground glass, n (%) 78 (42.4) 72 (42.6) 6 (40.0) 0.748 (0.265–2.113) >0.05 
Pleural effusion, n (%) Right 13 (7.1) 11 (6.5) 2 (13.3)  >0.05 
Left 14 (7.6) 13 (7.6) 1 (6.6)  >0.05 
Bilateral 39 (21.2) 37 (21.8) 2 (13.3)  >0.05 
Escavation, n (%R) 4 (2.2) 4 (2.3) 0 (0)  >0.05 
Lung consolidations, n (%) 49 (26.6) 43 (25.4) 6 (40) 1.755 (0.624–4.940) >0.05 
Inflammatory markers at admission 
LDH elevation, n (%) 157 (85.3) 144 (85.2) 13 (86.6) 1.074 (0.240–4.804) >0.05 
LDH - U/L (IQR) 346.5 (277.5–454.5) 345 (277–444) 420 (292–550) 1.002 (1.000–1.004) 0.003 
Ferritin elevation, n (%) 169 (91.8) 155 (91.7) 14 (93.3) 1.275 (0.166–9.816) >0.05 
Ferritin - mcg/L (IQR) 697 (256.5–850.5) 660 (249–834) 1111 (315–1.696) 1.001 (1.000–1.001) 0.006 
CRP elevation, n (%) 178 (96.7) 163 (96.4) 15 (100)  >0.05 
CRP - mg/dl (IQR) 7.7 (3.6–13.3) 7.9 (3.6–13.2) 7.2 (4.0–15.3) 0.990 (0.920–1.060) >0.05 
PLT elevation, n (%) 12 (6.5) 11 (6.5) 1 (6.6) 0.872 (0.110–6.897) >0.05 
PLT - x 10.000/mcl (IQR) 205 (143–272) 206 (143–272) 177 (127–223) 0.990 (0.990–1.004) >0.05 
D-dimer elevation, n (%) 152 (82.6) 139 (82.2) 13 (86.6) 1.083 (0.241–4.869) >0.05 
D-dimer - ng/ml (IQR) 435 (271–870) 434 (272–889) 455 (270–602) 0.990 (0.990–1.000) >0.05 
Tn T, n (%) 114 (62.0) 102 (60.3) 12 (80.0) 2.066 (0.575–7.421) >0.05 
Lymphocytes reduction, n (%) 31 (16.8) 24 (34.7) 7 (46.6) 4.440 (1.604–12.289) 0.004 
N/Macrophages elevated ratio 155 (84.2) 142 (84.0) 13 (86.6) 1.006 (0.225–4.498) >0.05 

Data are presented as number and percentage for dichotomous values or median and interquartile range (IQR) for continuous values. 
Abbreviations: HR, Hazard Ratio; CI, confidence interval; Tn, troponin; CRP, C-reactive protein; PTL, platelets; LDH, lactate dehydrogenase; N/M, neutrophils/ 
macrophages ratio. 
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Fig. 1. Comparison between significant clinical characteristics of COVID 19 patients with PNX (white bars) and w/o PNX (grey bars). Abbreviations: PNX, pneu
mothorax; NIV, non-invasive ventilation; P/F, Arterial oxygen partial pressure/fraction of inspired oxygen. 

Fig. 2. Probability of PNX development during the time of observation in the cohort with pointwise confidence limits (CI 95%).  
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3.3. Radiological and laboratory predictors of PNX development 

Among the laboratory variables at admission, we observed higher 
values of most inflammatory indices (LDH, ferritin, CRP, D-dimers, 
troponin, N/M ratio) in the PNX subgroup, some of them were associ
ated with an increased risk of PNX development, but the most important 
predictor of PNX in our cohort were elevated ferritin (median value 
1111 mcg/L; HR = 1.001; 95% CI, 1.000–1.001; p = 0.006) and LDH 
(median value 420 U/L; HR = 1.002; 95% CI, 1.000–1.004, p = 0.003) 
levels, and a low white cell count (HR = 4.440; 95% CI, 1.604–12.289, p 
= 0.004). There were no significant differences identified for radiolog
ical findings (severe ground-glass, excavation, pleural effusion) in the 
two groups even though we observed that a consolidative pattern is 
associated with an increased risk of occurrence of PNX (HR = 1.755; 
95% CI, 0.624–4.940). 

The multivariate regression model confirmed that dementia and low 
lymphocytes are risk factors for the development of PNX while a P/F >
200 is a protective factor. Table 3. 

4. Discussion 

In this study we analyzed the clinical characteristics and outcome of 
a cohort of patients hospitalized in an intermediate care unit of pneu
mology for severe COVID-19 infection and respiratory failure. We 
focused the analysis, in particular, on those who developed PNX as a 
potential complication of the infection. The occurrence of PNX as a 
complication in hospitalized COVID-19 patients, including non- 
ventilated patients, has been described during the pandemic period 
[9–13] and has been associated with a high incidence of mortality 
especially in critically ill patients developing ARDS [14]. However, 
currently, limited data is available on the incidence and outcome of this 
complication in COVID-19 patients and early predictors of PNX devel
opment in this specific population remain poorly described. The 
occurrence of PNX may also reflect a specific feature of COVID-19 severe 
infection resulting in the development of lung excavation and bullae 
[15–19]. In our cohort, 15/184 patients (8%) developed PNX and in this 
subgroup the fatality rate was much more higher confirming previous 
reports showing a worse prognosis in severe COVID-19 patients who 
develop PNX/PNM [20–24]. The fatality rate of the whole cohort of 
COVID patients was 37.5%. Data regarding the in-hospital mortality are 
in line with those reported in literature in Italy for that period in our 
geographic area [25–27]. Data of patients in Northern Italy, at the time, 
reported an in-hospital mortality close to 30% although most of reports 
were referring to patients in the intensive care unit (ICU) setting [28, 
29]. Recent reports showed an important variability in COVID-19 
mortality rate in Italy for hospitalized patients depending on individ
ual prognostic factors and also depending on the pandemic wave, being 
at a lower risk of death patients hospitalized after the first wave [30]. 
Older age seems to have, in general, an important impact on mortality in 
COVID-19 patients as reported in previous studies and meta-analyses [9, 
31,32] and, more specifically, some studies reported a correlation with 
older age and a negative prognosis in COVID-19 patients with PNX [15, 
33]. In our cohort the elevated rate of mortality may partly be explained 
by the older age of the patients (median age in PNX group 81 years) and 

partly by the severity of illness at admission. The development of PNX in 
our study was shown to be independent of gender and correlated with 
aging (HR 1.007). We noticed a similar length of hospitalization be
tween surviving patients and deceased patients with a median time of 
hospitalization in the whole population of 14 days. Moreover, we 
investigated the clinical, radiological and biochemical characteristics 
shared in patients showing PNX in order to try to detect factors making 
them more prone to develop PNX. Evaluating the prevalence of under
lying comorbidities, we observed that, interestingly, only cognitive 
impairment reached a statistically significant prevalence in patients 
with PNX (p = 0.0009). Recent data showed that dementia can predict 
severity of COVID-19 infection. In fact, patients with dementia are more 
exposed to COVID-19 infection and more likely to require hospitaliza
tion and to have severe sequelae or fatal outcomes compared with pa
tients who do not [34]. Factors connecting dementia to the development 
of PNX are not completely clarified yet and, to our knowledge, has not 
yet been investigated before. We hypothesized that an altered mental 
status may be related to a misperception of health status and difficulties 
in communication conducting to a worst compliance to therapies, 
especially to mechanical ventilation, and a poor outcome, in particular 
in the presence of a serious complication like PNX. Analysing which 
clinical predictors might reveal patients at higher risk of PNX develop
ment we found that the most important clinical index was the P/F ratio, 
identifying that a more severe respiratory failure condition at admission 
was likely to predict PNX occurrence. In particular, patients with a low 
P/F ratio (<200) were more prone to develop PNX and had a poorer 
prognosis compared to survivors (median value 106 [56–309] vs 266 
[192–304]; p = 0.004) [35,36]. Another important observation from our 
data suggests that ventilatory support was a predictor of PNX develop
ment. Patients receiving ventilation from hospital admission (related to 
the severity of the acute respiratory failure and/or to the need for res
piratory support) were shown to develop PNX more frequently when 
compared with those receiving only conventional oxygen support or 
HFNC (p = 0.007). This may indicate a barotrauma mechanism 
although, recent evidence demonstrated that barotrauma may overlap 
with other specific lung damage that may increase the frailty of airway 
tissue amplifying the final result [20,24,37–40,42]. It is likely that, in 
our PNX subgroup, a specific phenotype of patients characterized by a 
particular severity of illness was selected. Clearly the overlapping of 
factors including the severity of Covid-19 related respiratory failure, the 
low P/F ratio, the development of ARDS, and the need for mechanical 
ventilation make it difficult to specifically attribute the cause of the 
onset of PNX or the high mortality rate observed in these patients. The 
role of mechanical ventilation has been hypothesized to contribute to 
barotrauma though this mechanism, independently, is unlikely to 
explain by itself the occurrence of PNX occurrence in these patients [41]. 
To support this observation, a recent systematic review and 
meta-analysis showed no evidence for distinct clinical phenotypes in 
patients with COVID-19-related ARDS compared to other causes of 
ARDS concluding that no change in conventional lung-protective 
ventilation strategies are warranted [43]. It can be hypothesized that 
inflammatory and ischemic damage in the smaller airways, together 
with prolonged mechanical ventilation that these patients frequently 
require, may lead to the increased risk of the development of PNX, 

Table 3 
Predictors of Pneumothorax development on multivariable logistic regression analysis according to prediction sets.  

Parameter Parameter Estimate Standard Error Chi-Square Pr > ChiSq Hazard Ratio 95% Hazard Ratio Confidence Limits 

Age 0.00186 0.03587 0.0027 0.9586 1.002 0.934 1.075 
Sex 0.39569 0.56826 0.4849 0.4862 1.485 0.488 4.524 
Dementia 3.26344 1.04312 9.7877 0.0018 26.139 3.384 201.929 
Low lymphocytes 1.57814 0.58117 7.3737 0.0066 4.846 1.551 15.138 
PaO2/FiO2 − 0.00716 0.00295 5.8989 0.0152 0.993 0.987 0.999 

Hazard ratio (HR) with standard error (SE) and p values (p) have been reported. 
Abbreviations: PaO2, arterial oxygen partial pressure; FiO2, fraction of inspired oxygen. 
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moreover, lung co-infections may induce air leaks leading to sponta
neous PNX [13]. Also, cough and/or airway obstruction by secretions 
may induce hyperinflation and endo-alveolar pressure with a Macklin 
effect [44]. Future studies with larger sample sizes are needed to address 
these questions and to better define the pathophysiology of lung injury 
induced by SARS-CoV-2, leading especially to PNX development and 
subsequently to find specific treatment strategies, and prevent and 
manage these dangerous complications. In line with the 
above-mentioned observations, among laboratory variables at admis
sion, we observed in the PNX subgroup a higher value of many in
flammatory indices, particularly lymphopenia, ferritin and LDH at 
admission seem to have a stronger association with PNX (p = 0.004, p =
0.006, p = 0.003, respectively). Compromised leukocyte’s function may 
lead to uncontrolled lymphocyte traffic from peripheral blood to the 
lung, resulting in an increased immunological alveolar injury and, in 
turn, to an increased risk of pneumothorax [45]. Numerous studies have 
highlighted increased ferritin levels during COVID-19 infection and a 
meta-analysis on 18 studies showed that ferritin levels were significantly 
increased in severe patients and in non-survivors; moreover, patients 
with one or more comorbidities including thrombotic complications had 
significantly higher levels of ferritin compared to the others needing 
more intensive supportive care and mechanical ventilation [46]. High 
ferritin levels can trigger cell death by releasing reactive oxygen radicals 
and in COVID-19 may reflect cell damage and contribute to inflamma
tion [47] and thrombotic events [48]. Various studies have identified 
the presence of high LDH levels as a prognostic biomarker with a high 
accuracy for predicting in-hospital mortality in severe and critically ill 
patients with COVID-19 [49–51] and a recent meta-analysis confirmed 
that LDH levels can be used as a COVID-19 severity marker and are a 
predictor of survival [52]. Finally, it has been recently argued that 
therapies specifically targeting neutrophilic inflammation in COVID-19 
infection may have a positive effect, although no therapies have 
currently been investigated in large-scale clinical trials [53]. 

5. Limitations 

Our study presents some limitations; the main limitation is the 
relatively small sample size of the PNX subgroup, but in line with pre
vious reports in literature due to the difficulty to collect large number of 
cases of relatively infrequent complications. The retrospective nature of 
this investigation is another limitation. An observational case series 
cannot establish causality between COVID-19 and pneumothorax. 
Moreover, it is possible that some cases of pneumothorax are coinci
dental to COVID-19. However, given the relative frequency of this co- 
presentation it seems unlikely that this explains even a majority, of 
our patients. It must be noted that the particular severity of COVID-19 
disease of the patients admitted to our centre does not allow us to 
generalize the prevalence and mortality data that we have observed to 
all general hospital departments. A limitation may be represented by the 
lack of collection of specific data relating to the methods of execution of 
mechanical ventilation in individual patients, however the nature of the 
digitized documents from which we drew data did not allow this type of 
evaluation. Moreover, the exact cause of death of patients was not 
collected, neither in patients experiencing PNX, and this aspect may not 
allow us to understand whether the deceased patients were directly due 
to the PNX or to other complications not directly associated. 

6. Conclusions 

PNX may be a not infrequent and serious complication of severe 
COVID-19 infection associated with a poor prognosis. Our findings are 
consistent with the possible mechanism of a hyperinflammatory state 
associated with the critical illness rather than the simple barotrauma 
effect resulting in the development of PNX in these patients. According 
to our experience, it seems reasonably to suggest for selected patients, 
particularly with cognitive impairment, that high-flow oxygen therapy, 

when applicable and indicated, or ventilation with protective lung set
tings may be a safer alternative to standard NIV in order to avoid the 
potentially fatal occurrence of pneumothorax. Moreover, early recog
nition of cytokine storm with specific inflammatory indexes and treat
ment of the inflammatory state in COVID patients may help to a better 
control of the infection and possibly to avoid the increased lung frailty in 
COVID/ARDS and its consequences. Further research is essential to 
identify early risk factors for this potentially fatal COVID-19 
complication. 
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