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Key question

What are the risk factors for pneumomediastinum in
patients in the intensive care unit with severe COVID-
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Take-home message

The risk factors affecting the development of
pneumomediastinum are the mechanical ventilation
settings (PIP and PEEP) and patients' variables
Pa02/Fi02 ratio and compliance).

Abstract

OBJECTIVES: The incidence of pneumomediastinum (PNMD), its causes of development and its effect on prognosis in the coronavirus
disease 2019 (COVID-19) are not clear.

METHODS: Between March 2020 and December 2020, 427 patients with real-time reverse transcriptase-polymerase chain reaction-
confirmed COVID-19 admitted to the intensive care unit were analysed retrospectively. Using receiver operating characteristic analy-
sis, the area under the curve (AUC) for initial invasive mechanical ventilation (MV) variables such as initial peak inspiratory pressure
(PIP), PaO,/FiO, (P/F ratio), tidal volume, compliance and positive end-expiratory pressure was evaluated regarding PNMD
development.

RESULTS: The incidence of PNMD was 5.6% (n = 24). PNMD development rate was 2.7% in non-invasive MV and 6.2% in MV [odds ratio
(OR) 2.352, 95% confidence interval (Cl) 0.541-10.232; P =0.400]. In the multivariate analysis, the independent risk factors affecting the
development of PNMD were PIP (OR 1.238, 95% Cl 1.091-1.378; P <0.001) and P/F ratio (OR 0.982, 95% CI 0.971-0.994; P=0.004). P/F
ratio (AUC 0.815, 95% Cl 0.771-0.854), PIP (AUC 0.780, 95% CI 0.734-0.822), compliance (AUC 0.735, 95% Cl 0.677-0.774) and positive
end-expiratory pressure (AUC 0.718, 95% Cl 0.668-0.764) were the best predictors for PNMD development. Regarding the multivariate
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analysis, independent risk factors affecting mortality were detected as age (OR 1.015, 95% Cl 0.999-1.031; P=0.04), comorbidity (OR
1.940, 95% Cl 1.100-3.419; P=0.02), mode of breathing (OR 48.345, 95% Cl 14.666-159.360; P <0.001), PNMD (OR 5.234, 95% ClI
1.379-19.857; P=0.01), positive end-expiratory pressure (OR 1.305, 95% Cl 1.062-1.603; P=0.01) and tidal volume (OR 0.995, 95% ClI

0.992-0.998; P=0.004).

CONCLUSIONS: PNMD development was associated with the initial P/F ratio and PIP. Therefore, it was considered to be related to both
the patient and barotrauma. PNMD is a poor prognostic factor for COVID-19.
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ABBREVIATIONS
ARDS  Acute respiratory distress syndrome

AUC Area under the curve

Cl Confidence interval

COVID-19 Coronavirus disease 2019
cT Chest tomography

ICU Intensive care unit

MV Mechanical ventilation

NIV Non-invasive mechanical ventilation

OR Odds ratio
P/F ratio PaO,/FiO,
PEEP Positive end-expiratory pressure

PIP Peak inspiratory pressure

PNMD  Pneumomediastinum

ROC Receiver operating characteristic

TSS Total severity score

v Tidal volume
INTRODUCTION

Severe acute respiratory syndrome coronavirus 2, the cause of
the coronavirus disease 2019 (COVID-19), is associated with
considerable morbidity and mortality [1]. The number of
patients requiring admission to the intensive care unit (ICU)
has risen dramatically in the last 12 months with the COVID-19
pandemic, and the mortality risk is high among patients with
severe disease in such settings [2]. The mortality rate is be-
tween 48% and 57% in patients with COVID-19 admitted to
the ICU [3-5]. Baseline patient characteristics such as older
age, male sex and comorbidities and risk factors such as high
positive end-expiratory pressure (PEEP) or low PaO,/FiO, (P/F)
ratio have been widely investigated, and they are associated
with a high case fatality rate in patients admitted to the ICU
[3-7].

However, it is not well known whether the diagnosis of pneu-
momediastinum (PNMD) in patients with COVID-19 is associated
with unfavourable outcomes and poor prognosis. Although the
incidence of PNMD (either spontaneous or ventilation related)
was reported as 12% in the severe acute respiratory syndrome
pandemic, this remains unclear in patients with COVID-19. It has
been hypothesized that several pathophysiological mechanisms,
such as Macklin's phenomenon, high PEEP values, increased risk
of alveolar damage and infection-induced alveolar septal inflam-
mation, cause the development of PNMD in patients with
COVID-19 pneumonia [4-13]. However, it should be noted that
these hypotheses have not yet been supported by strong
evidence.

The present study primarily investigated the frequency of
occurrence of PNMD in patients with COVID-19-related

pneumonia who were admitted to ICU and the mechanisms
causing PNMD in these patients. We also aimed to investigate
whether PNMD in patients with COVID-19 is associated with
prognosis.

METHODS

The present study was approved for the use of data from patients
with COVID-19 treated in the ICU of the Bakirkoy Dr. Sadi Konuk
Training and Research Hospital in Turkey by the ethics commit-
tee of the hospital (2021/05).

Patients

Between 15 March 2020 and 31 December 2020, a retrospective
analysis was performed on 427 patients with real-time reverse
transcriptase-polymerase chain reaction-confirmed COVID-19
who were admitted to the ICU.

Data on patients who received non-invasive mechanical venti-
lation (NIV) and invasive mechanical ventilation (MV) in the ICU
due to COVID-19 pneumonia and those who were discharged or
died were included, and patients who continued to receive treat-
ment during the study period were excluded.

All patients were treated with the COVID-19 treatment guide-
lines published by the Ministry of Health Scientific Advisory
Board [14].

Record of the invasive mechanical ventilation
settings

In the present study, the initial values of MV variables such as
PEEP, peak inspiratory pressure (PIP), tidal volume (TV),
compliance and P/F ratio were recorded in patients who
received invasive MV (called initial MV values). In patients
with PNMD, MV variable values just before the development
of the PNMD (referred to as PNMD-MV values) were also
recorded (Fig. 1). Thus, in patients with PNMD, the initial MV
values could be compared with the MV values just before
PNMD development.

Other prognostic factors and radiological
examination

Patient characteristics and risk factors such as age, sex, comorbid
disease and mortality in the ICU were also recorded.
High-resolution computed chest tomography (CT) was
performed on all patients upon admission to the hospital. Chest X-
ray was performed daily for each patient in the ICU. All chest X-
rays were jointly reported by specialist radiologists, respiratory
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Figure 1: Chest X-ray and chest tomography image of a female patient with pneumomediastinum in the intensive care unit (black arrow; mediastinal pleura, white ar-

row; pericardium).

physicians and thoracic surgeons. During the follow-up, high-reso-
lution CT of the thorax was performed in patients who had equiv-
ocal or atypical chest radiographs.

For each of the 427 patients, visual CT was evaluated on ad-
mission to the hospital, as described elsewhere [15]. The per-
centage of involvement in each lobe, as well as the overall lung
‘total severity score (TSS)’ was recorded. Each of the 5 lung lobes
was assessed for the percentage of lobar involvement and clas-
sified as none (0%), minimal (1-25%), mild (26-50%), moderate
(51-75%) or severe (76-100%), with corresponding scores of 0,
1, 2, 3 or 4. TSS was calculated by summing the 5 lobe scores
ranging from 0 to 20 [15].

All patients were analysed to examine the incidence of PNMD
and its effect on prognosis. To examine the relationship between
invasive MV and PNMD, only patients undergoing MV were
analysed.

Statistical analysis

The data were entered into the Statistical Package for the Social
Sciences (IBM SPSS 14 Statistics for Windows, Version 23.0,
Armonk, NY, USA). Descriptive statistics were used to summa-
rize pertinent study information. Quantitative variables are pre-
sented as mean, maximum (max) and minimum (min) values
and qualitative variables are presented as percentage values.
The Student's t-test was used for comparisons between the
groups. The Pearson’s ° test was used for the analysis of quali-
tative variables; however, the Fisher's exact test was used if the
sample size was small. Non-parametric continuous variables,
presented as median values, were compared using the Mann-
Whitney U-test. Factors with a P-value of <0.05, as determined
by univariate analysis, were considered potential factors in the
multiple regression analysis. Therefore, some covariates were
excluded from the models as they did not affect the develop-
ment of PNMD or mortality in the univariate analysis. Since
ventilation parameters were only in patients in the MV group,
different multivariable logistic regression analyses were made
when those parameters were statistically significant in the

univariate analysis. The continuous variables were not catego-
rized in the multivariable logistic regression analyses, and the
stepwise regression analysis was used in the present study.
Receiver operating characteristic (ROC) curves were drawn, and
the areas under the ROC curves (AUCs) were calculated. The
‘optimal’ cut-off points calculated using ROC analysis for the de-
velopment of PNMD in invasively ventilated patients were de-
termined using the best sensitivity and specificity scores. Even if
some MV parameters are not found to be significant in the mul-
tivariable logistic regression analyses, it was decided that they
were added to the ROC analyses. Statistical significance was set
at P-value <0.05.

RESULTS

The demographic and clinical characteristics of the patients
are shown in Table 1. The patients had a median age of 59.9
(min=19years, max=100years, interquartile range = 18.7)
and most of them were male (n=288). At least 1 comorbidity
was seen in 331 patients (87.5%). The prevalence of pre-
existing lung disease was 14.1%. Radiologically, pneumonia
was observed to be frequently bilateral (n=382, 89.5%) and
the mean TSS was 7.3 (min=1, max=18, interquartile
range=9.7). A total of 354 (82.9%) patients were supported
with MV. PEEP, PIP, TV, P/F ratio and compliance values for
patients with MV are shown in Table 1.

Incidence of pneumomediastinum and factors
affecting pneumomediastinum

During the follow-up period, 5.6% (n=24) of patients had
PNMD. The average time between ICU admission and the first
documented PNMD was 4.2days (min=2days, max=25days,
interquartile range=7). Of these patients with PNMD, 5 subse-
quently developed a pneumothorax (4 of them were treated us-
ing chest tube, 1 patient treating using nasal oxygen had a
pneumothorax volume <5%). Isolated pneumothorax developed
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Table 1: Demographics, clinical variables and MV settings
data of the patients

Variables Outcomes
Age (years), mean + SD 59.9+16.1
Gender, n/%

Female 139/32.6

Male 288/67.4
Comorbidity, n/% 331/87.5
Number of comorbidities, n/%

Non 96/22.5

1 115/26.9

2 93/21.8

3 or more 123/28.8
Pre-existing lung disease. n/% 60/14.1
Side of pneumonia, n/%

Unilateral 45/10.5

Bilateral 382/89.5
TSS, mean + SD 7.3+4.1
Mode of breathing, n/%

NIV 73/17.1

MV 354/82.9
PEEP (cmH,0),* mean + SD 8.8+14
PIP (cmH,0),> mean + SD 263+4.8
TV (ml/kg),® mean + SD 456.7 +84.2
PaO,/FiO; ratio (mmHg),* mean + SD 172.6 +68.5
Compliance (ml/cmH,0),* mean + SD 32.9+10.2
PNMD development, n/%

Yes 24/5.6

No 403/94.4
Pneumothorax, n/% 11/2.6
Status, n/%

Discharge 180/42.2

Mortality 247/57.8

#Calculation was made in mechanically ventilated patients (n = 354).

MV: invasive mechanical ventilation; NIV: non-invasive mechanical ventila-
tion; PEEP: positive end-expiratory pressure; PIP: peak inspiratory pressure;
PNMD: pneumomediastinum; SD: standard deviation: TSS: overall lung to-
tal severity score; TV: tidal volume.

in 6 patients. In 2 patients having a tension PNMD, a mediastinal
tube placement was performed under general anaesthetic to alle-
viate their haemodynamic instability with a right thoracoscopic
surgery and a mediastinotomy.

On comparing the patients with and without PNMD, age
(P=0.009), PEEP (P<0.001), PIP (P<0.001), P/F ratio (P<0.001)
and compliance (P <0.001) significantly influenced the develop-
ment of PNMD. Sex, comorbidity, number of comorbidities, pre-
existing lung disease history, bilateral pneumonia, TSS, support-
ing MV and TV were found not to affect PNMD development
(Table 2). The PNMD development rate was 2.7% (n=2) for NIV
support and 6.2% (n =22) for MV support; however, there was no
statistical difference between the 2 modes of breathing [odds ra-
tio (OR) 2352, 95% confidence interval (Cl) 0.541-10.232;
P=0.400]. PNMD developed on the second day in the NIV
group, while it developed on the fifth day in the MV group
(P=0.116).

In the multivariate analysis, the only independent risk factors
affecting the development of PNMD were the PIP (OR 1.238,
95% Cl 1.091-1.378; P<0.001) and P/F (OR 0.982, 95% Cl 0.971-
0.994; P=0.004).

The best predictors for PNMD development were found to be
P/F ratio (AUC 0.815, 95% Cl 0.771-0.854) and PIP (AUC 0.780,
95% Cl 0.734-0.822) (Table 3). The patients with the highest AUC
values were divided into subgroups using optimal cut-off values

in terms of P/F, PIP, compliance and PEEP. Patients with a high
P/F ratio (n=268) were found to develop statistically less PNMD
than patients with a low P/F ratio (n=86) (1.9% vs 19.8%,
P<0.001, OR 12.959, 95% ClI 4.618-36.364). Patients who re-
ceived high PIP (n=95) developed statistically more PNMD than
those who received low PIP (n=259) (15.8% vs 2.7%, P<0.001,
OR 6.750, 95% Cl 2.659-17.138), while patients with high compli-
ance (n=229) had less PNMD than those with low compliance
(n=125) (1.7% vs 14.4%, P<0.001, OR 9.463, 95% Cl 3.126-
28.644). In addition, patients with high PEEP (n=142) were found
to have more PNMD than those who received low PEEP (n=212)
(12.0% vs 2.4%, P <0.001, OR 5.630, 95% Cl 2.027-15.638).

In patients with PNMD, when the initial MV values were com-
pared with the MV values just before the development of
PNMD, it was observed that PEEP was almost similar, whereas
TV, P/F and compliance decreased in addition to the increase in
PIP (Fig. 2). However, these changes were not statistically
significant.

Relationship between mortality and
pneumomediastinum and the factors affecting
mortality

Mortality was observed in 57.8% (n=247) of the patients.
Mortality was observed in 83.3% (n=20) of the patients with
PNMD (n=24), this rate was 56.3% (n=227) in those without
PNMD (n=403) (P=0.009). Age (P<0.001), comorbidity
(P<0.001), mode of breathing (P <0.001), initial PEEP (P <0.001),
PIP (P=0.003), TV (P=0.002), P/F ratio (P<0.001) and compli-
ance (P=0.003) were found to affect mortality. In 5 patients hav-
ing a pneumothorax + PNMD, the mortality rate was 80% (n=4),
whereas it was 84.2% (n=16) in 19 patients having an isolated
PNMD (P = 1.000).

Considering the multivariate analysis, independent risk factors
affecting mortality were age (OR 1.015, 95% CI 0.999-1.031;
P=0.04), comorbidity (OR 1.940, 95% Cl 1.100-3.419; P=0.02),
mode of breathing (OR 48345, 95% Cl 14.666-159.360;
P<0.001), PNMD (OR 5.234, 95% Cl 1.379-19.857; P=0.01), ini-
tial PEEP (OR 1.305, 95% ClI 1.062-1.603; P=0.01) and TV (OR
0.995, 95% Cl 0.992-0.998; P=0.004) (Table 4).

DISCUSSION

Spontaneous PNMD is a benign and rare condition, with an inci-
dence of <1:44000 [16]. It is a self-limiting condition that occurs
when extraluminal gas enters the mediastinum [17, 18]. The most
common cause of secondary PNMD is invasive MV. In patients
admitted to the ICU for any reason, the incidence of PNMD
varies between 7.4% and 36% and greatly depends on the under-
lying indication for MV [19-21]. As recent studies, the rate of
PNMD has dropped below 10% [22]. In a prospective study in-
vestigating the effect of severe acute respiratory syndrome pneu-
monia, among 75 patients, 9 (12%) developed PNMD [9].

Three recent studies reported the rates of PNMD in patients
with COVID-19 admitted to the ICU to be in the range of 9.4-
13.6% [4-7]. Although the incidence in the current study (5.6%)
was comparable with the incidences in these studies, it was found
to be lower than the incidence in these previous studies. There
may be several reasons for this. First, the current study included
the MV and NIV groups. In a retrospective observational study
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Table 2: Comparisons between patients with PNMD and patients without PNMD

Variables Univariate analysis Multivariate analysis
Absence of PNMD Presence of PNMD P-value OR 95% Cl P-value
(n=403) (n=24)
Age (years), mean + SD 60.4+15.9 51.2+16.1 0.009 0.996 0.927-1.070 0.915
Gender, n/% 0.265
Female 134/33.3 5/20.8
Male 269/66.7 19/79.2
Comorbidity rate, n/% 313/77.7 18/75.0 0.761
Pre-existing lung disease, 56/13.9 4/16.7 0.761
n/%
Side of pneumonia, 1.000
Unilateral 43/10.7 2/83
Bilateral 360/89.3 22/91.7
TSS, mean + SD 7.2+40 89+54 0.198
Mode of breathing, n/% 0.400
NIV 71/17.6 2/83
MV 332/82.4 22/91.7
PEEP (cmH,0),? 8.8+14 9.8+1.0 <0.001 1.082 0.725-1.616 0.698
mean +SD
PIP (cmH,0),2 259+4.4 323+6.6 <0.001 1.238 1.091-1.378 <0.001
mean +SD
TV (ml/kg),® mean + SD 457.4+83.0 4456+102.3 0.580
PaO,/FiO; ratio 176.6 £67.6 111.7 £51.5 <0.001 0.982 0.971-0.994 0.004
(mmHg),* mean +SD
Compliance (ml/ 333+£10.2 26.5+7.1 <0.001 0.990 0.923-1.063 0.775

c¢mH,0),% mean + SD

#Calculation was made in mechanically ventilated patients (n = 354).

Cl: confidence interval; MV: invasive mechanical ventilation; NIV: non-invasive mechanical ventilation; OR: odds ratio; PEEP: positive end-expiratory pressure; PIP:
peak inspiratory pressure; PNMD: pneumomediastinum; SD: standard deviation; TSS: overall lung total severity score; TV: tidal volume. Boldface indicates statisti-

cal significance.

investigating 154 patients with COVID-19 treated with NIV,
PNMD occurred in 1.3% of the patients [8]. Second, these studies
included hospitalized patients with COVID-19 during the early
phase of the pandemic (February-April and March-April). The
current study, however, comprised the first 10 months of the
pandemic. Over time, the incidence may have decreased due to
the standardization of the follow-up of patients with COVID-19
and the widespread use of lung protective ventilation (low TV,
~6ml/kg and a plateau airway pressure restricted to ~28-30
c¢mH,0). In the initial months of the pandemic, it was widely sug-
gested that the respiratory failure in patients with COVID-19 was
due to viral pneumonia that progressed to acute respiratory dis-
tress syndrome (ARDS). Thus, several severely ill patients were
mechanically ventilated at high pressures [4]. However, changes
were made in the MV support in line with the new recommenda-
tions such as low TV ventilation, PEEP not exceeding 10 cmH,0
and maximized up to 12 cmH,0, keeping SaO, target values be-
tween 88% and 92% [23]. In addition, since the present study is a
large patient series that specifically examines the relationship be-
tween COVID-19 and PNMD in the literature, the actual inci-
dence may have decreased with the increase in the number of
patients. This could have been because of decrease in the rate of
progressive parenchymal inflammation in patients with the help
of new treatment methods [24].

PNMD in patients with COVID-19 is poorly understood and
is an uncommon clinical finding [10, 18, 25]. In the present
study, PNMD in COVID-19 was associated with ventilatory
variables. In the univariate analysis, it was determined that
high initial PEEP, high initial PIP, low P/F ratio and low

compliance increased the PNMD incidence, while in the mul-
tivariate analysis, only high PIP and low initial P/F ratio were
found to affect PNMD development. Nevertheless, in patients
with PNMD, although not statistically significant, it was ob-
served that the PIP value was higher, and TV, P/F and compli-
ance were lower on the day of just before the development of
the PNMD than on the first ventilation day. The changes in
ventilation variables over time do not affect the PNMD devel-
opment. Similar to our study, there was no significant differ-
ence in the initial and maximum ventilation variables in a case
series of 5 patients with PNMD [11].

The best predictors for PNMD development in COVID-19
were P/F ratio, PIP, compliance and PEEP. In the comparisons
made using threshold values, it was found that PNMD increased
12.9 times in patients with low P/F, 6.7 times in those with high
PIP, 9.4 times in those with low compliance and 5.6 times in
those with high PEEP. Thus, the association between barotrauma
and the presence of air outside the tracheobronchial tree in me-
chanically ventilated patients with COVID-19 should be consid-
ered. The present study is the first to compare PNMD
development in terms of ventilation variables by determining
threshold values using ROC analysis. In an NIV study using the
threshold value for PEEP, PNMD occurred only in the high PEEP
group in patients with severe COVID-19 (4.7%). However, the
threshold value determined in this study was not identified by
ROC analysis.

ARDS is a major risk factor for PNMD in patients with MV
[19]. Historically, many studies involving patients with ARDS
have revealed a relationship between both PIP and PEEP and



S. Ozdemir et al. / Interactive CardioVascular and Thoracic Surgery 241

Table 3: AUC for invasive mechanical ventilation variables were evaluated with regards to PNMD development in invasively venti-

lated patients

a) Determination of AUC and threshold values

Variables AUC 95% Cl

PEEP 0.718 0.668-0.764
PIP 0.780 0.734-0.822
PaO,/FiO; ratio 0.815 0.771-0.854
Compliance 0.735 0.677-0.774
v 0.535 0.482-0.588
TSS 0.578 0.529-0.625

Cut-off*

Sensitivity Specificity P-value
>9 772 62.3 <0.001
>29 68.1 734 <0.001
<120 772 79.2 <0.001
<29 81.2 67.7 <0.001
<300 13.6 96.3 0.681
>13 29.1 91.5 0.271

b) Comparison of PNMD incidence in subgroups®

Variables
PaO,/FiO,
High PaO,/ 5(1.9)
FiO, (n=268)
Low PaO,/
FiO, (n=86)
PIP
Low PIP 7(2.7)
(n=259)
High PIP
(n=95)
Compliance
High compli- 4(1.7)
ance (n=229)
Low compli-
ance (n=125)
PEEP
Low PEEP 5(2.4)
(n=212)
High PEEP
(n=142)

PNMD incidence, n/%

17 (19.8)

17 (12.0)

OR 95% Cl

12.959 4.618-36.364

6.750 2.659-17.138

9.463 3.126-28.644

5.630 2.027-15.638

*Numerical values with the best sensitivity and specificities were accepted as cut-offs.

PUsing the determined cut-offs, patients were divided into subgroups according to their data above or below the threshold values.

AUC: area under the curve; Cl: confidence interval; OR: odds ratio; PEEP: positive end-expiratory pressure; PIP: peak inspiratory pressure; PNMD: pneumomedias-
tinum; TSS: overall lung total severity score; TV: tidal volume. Boldface indicates statistical significance.

PNMD [5, 21]. Although PIP and PEEP are frequently cited risk
factors for pulmonary barotrauma, some studies have claimed
that trans-alveolar pressure and alveolar distention, rather than
airway pressures themselves, are the major factors that lead to
barotrauma and ventilator-induced lung injury [5, 26]. However,
since the effects of barotrauma on PNMD development were
revealed with the results obtained in the present study, it can-
not be inferred that the underlying COVID-19 parenchymal
damage alone causes PNMD. Although TSS was found to be
high in the PNMD group, the difference was not statistically sig-
nificant supports this view. The possible effect of barotrauma is
superimposed on the direct effect of lung damage related to
COVID-19 pneumonia [8]. The current findings may support the
emerging theories of lung damage in COVID-19. It must be con-
sidered that the combination of the barotrauma from high ven-
tilator pressure and alveolar damage predisposes the patient
cohort to PNMD [11]. The development of PNMD in the NIV
group indicated the presence of alveolar damage. The develop-
ment of PNMD in the NIV group indicated the presence of alve-
olar damage. Neither median minute ventilation nor the large
swings in transpulmonary pressure resulting from spontaneous
respiratory effort can be limited in NIV, by nature [27]. This may
compound the reduced functional lung volume seen in COVID-
19 pneumonia and ARDS, resulting in patient self-induced lung
injury. In the early phases of ARDS, before the patient has fa-
tigued or has been sedated, the high transpulmonary pressures

associated with spontaneous vigorous inspiratory effort may
contribute to the damage, it was termed ‘patient self-induced
lung injury’ [28].

Some studies indicated that pre-existing lung disease seem to
have a role in the occurrence of PNMD, whereas others did not
indicate [6,27,29]. In the present study, pre-existing lung disease
history was found not to affect PNMD development. There could
be several reasons for this. First, the rates of pre-existing lung dis-
ease vary from study to study. Second, the underlying lung dis-
ease subtype in studies may differ. Third and most importantly, it
was thought that the primary main cause of PNMD in COVID-19
is the degree of lung destruction, not the underlying lung disease.

Independent risk factors affecting mortality were age, comor-
bidity, MV, PEEP, PNMD and TV. PNMD was found to increase
the mortality risk 5.2 times. Similar to the present study, pub-
lished studies on the relationship between PNMD and COVID-19
have found that the diagnosis of PNMD in patients with COVID-
19 admitted to the ICU is associated with unfavourable outcomes
and worse prognosis [6, 8, 10, 11]. Some studies have reported
that PNMD has no statistically significant effect on mortality in
patients with COVID-19 [4, 5]. The authors of those studies asso-
ciated this with younger patients who developed PNMD [4].

The current study was presented to highlight the increased risk
of this potentially life-threatening complication among the
COVID-19 patient cohort and offer guidance for its management
to physicians. Considering the association of PNMD with the MV
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Figure 2: Comparisons of the initial mechanical ventilation settings in patients with PNMD and the mechanical ventilation settings just before PNMD development.
PEEP: positive end-expiratory pressure; PIP: peak inspiratory pressure; PNMD: pneumomediastinum; TV: tidal volume.

settings (PIP and PEEP) and patients’ variables (P/F ratio and
compliance), it was suggested to use the lung protective mecha-
nism (lower PEEP and lower PIP) as possible to prevent PNMD.
Moreover, it should be noted that PNMD should not be ignored
in patients with low P/F ratio and compliance. To minimize the

risk of barotrauma such as PNMD, patients should be ventilated
with the least damaging settings possible to achieve adequate ox-
ygenation. Considering the specific features of COVID-19 ARDS
that may differ from non-COVID-19 ARDS, the message to take
home, in the present study, that in patients requiring escalating
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Table 4: Factors affecting mortality
Variables Univariate analysis Multivariate analysis® Multivariate analysis®
Discharge Mortality P-value OR 95% Cl P-value OR 95% Cl P-value
(n=180) (n=247)
Age (years), mean + SD 56.2+17.0 62.7+14.8 <0.001 1.015 0.999- 0.04 1.015 0.999-1.032 0.04
1.031

Gender, n/% 0.901

Female 58/32.2 81/32.8

Male 122/67.8 166/67.2
Comorbidity rate, n/% 124/68.9 207/83.8 <0.001 1.940 1.100- 0.02 2.179 1.183-4.014 0.01

3419

Pre-existing lung disease, n/% 20/11.1 40/16.2 0.136
Side of pneumonia, n/% 0.757 v

Unilateral 18/10.0 27/10.9 <

Bilateral 162/90.0 220/89.1 g
TSS, mean = SD 7.1+38 7.4+43 0.841 T
Mode of breathing, n/% <0.001 48.345 14.666- <0.001 NA NA NA =

159.360

NIV 70/38.9 3/1.2

MV 110/61.1 244/98.8
Pneumothorax, n/% 0.767

Yes 4/2.2 7/2.8

No 176/97.8 240/97.2
PNMD development, n/% 0.009 5.234 1.379- 0.01 4.861 1.328-21.439 0.04

19.857

Yes 4/2.2 20/8.1

No 176/97.8 227/91.9
PEEP (cmH,0)," mean + SD 85+1.4 9.0+1.4 <0.001 1.305 1.062-1.603 0.01
PIP (cmH,0),¢ mean + SD 253+5.0 267 4.7 0.003 0.989 0.930-1.053 0.743
TV (ml/kg),” mean + SD 478.6 +85.4 446.8+82.0 0.002 0.995 0.992-0.998 0.004
PaO,/FiO; ratio (mmHg), 190.7 £ 60.9 164.4+70.2 <0.001 0.996 0.993-1.001 0.125

mean + SD
Compliance (ml/cmH,0), 35.0+9.1 31.9+10.5 0.003 0.998 0.970-1.028 0.940

mean + SD

“Multivariate analysis was applied in all patients. Since ventilation parameters were only for patients in the MV group, those were not included in this analysis.

PMultivariate analysis was made on patients in MV group (n = 354).
“Calculation was made in mechanically ventilated patients (n =354).

Cl: confidence interval; MV: invasive mechanical ventilation; NA: not applicable; NIV: non-invasive mechanical ventilation; OR: odds ratio; PEEP: positive end-expi-
ratory pressure; PIP: peak inspiratory pressure; PNMD: pneumomediastinum; SD: standard deviation; TSS: overall lung total severity score; TV: tidal volume.

Boldface indicates statistical significance.

PEEP and PIP, efforts should be focused on identifying potentially
reversible causes and strategies to reduce the MV settings should
be sought [4-6, 23].

Limitations

First, our study includes the incidence of PNMD in patients ad-
mitted to the ICU caused by COVID-19. Compared to patients
with severe COVID-19 who require ICU admission, this incidence
is likely to decrease in patients who do not require ICU admis-
sion. Second, PNMD may develop secondary to intubation [12].
latrogenic PNMD, although rare, is usually evident within 24 h af-
ter intubation [10]. In the current study, PNMD developed 2 days
after intubation at the earliest. In addition, as CT was not per-
formed frequently in all patients, minimal PNMDs developed in
patients may have been overlooked.

CONCLUSION

PNMD is not uncommon in patients admitted to the ICU for
COVID-19. High levels of MV variables such as PIP and PEEP and
patient variables such as P/F and compliance were found to

affect PNMD. This suggests that PNMD due to alveolar damage
develops with the excess of parenchymal inflammation develop-
ing secondary to COVID-19 and the increase in MV variables
used for the treatment of respiratory failure that develops as a re-
sult. Age, comorbidity, MV, PEEP, TV and PNMD increased the
risk of mortality in severe COVID-19.
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