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Abstract

Objective: To describe the incidence, clinical characteristics, and factors associated with mortality in
patients hospitalized for coronavirus disease 2019 (COVID-19) in whom pneumothorax developed.
Patients and Methods: This study was a retrospective analysis conducted using a large administrative
database of adult patients hospitalized for COVID-19 in the United States from February 1, 2020, to June
10, 2021. We characterized the clinical features of patients in whom pneumothorax developed and the
factors associated with mortality and stratified pneumothorax by the timing of the initiation of invasive
mechanical ventilation (IMV) and by the time of hospital admission (early versus late).

Results: A total of 811,065 adult patients had a positive test result for severe acute respiratory syndrome
coronavirus 2, of whom 103,858 (12.8%) were hospitalized. Pneumothorax occurred in 1915 patients
(0.24% overall and 1.84% among hospitalized patients). Over time, the use of steroids and remdesivir
increased, whereas the use of IMV, pneumothorax rates, and mortality decreased. The clinical charac-
teristics associated with pneumothorax were male sex; the receipt of IMV; and treatment with steroids,
remdesivir, or convalescent plasma. Most patients with pneumothorax received IMV, but pneumothorax
developed before the initiation of IMV and/or early during hospitalization in majority. Multivariable
analysis revealed that pneumothorax increased the risk of death (adjusted hazard ratio [aHR], 1.15; 95%
CI, 1.06-1.24). In patients who did not receive IMV, pneumothorax led to nearly twice the mortality (aHR,
1.99; 95% Cl, 1.56-2.54). Increased mortality was also noted when pneumothorax occurred before IMV
(aHR, 1.37; 95% CI, 1.11-1.69) and within 7 days of hospital admission (aHR, 1.60; 95% CI, 1.29-1.98).
Conclusion: The overall incidence of pneumothorax in patients hospitalized for COVID-19 was low.
Pneumothorax is an independent risk factor for death.
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80% in those who received invasive mechani-
cal ventilation (IMV).”
Pneumothorax is an increasingly reported

(SARS-CoV-2), emerged as a global pandemic
on March 11, 2020, and has resulted in, to
date, over 50 million cases and an more than
800,000 deaths in the United States.' Corona-
virus disease 2019, an infectious disease
caused by the SARS-CoV-2 virus, was the lead-
ing cause of death in the United States in
2021.” The overall mortality rate was 1.6%,’
but the rate increased from 4% to 23% in
those with severe disease” (ie, among hospital-
ized patients) and increased to approximately

complication of COVID-19 and may be a
marker of the severity of the disease. Radiolog-
ically, architectural distortion of the lung pa-
renchyma with the formation of cysts has
been shown in lungs with COVID-19, which
may predispose such patients to the develop-
ment of pneumothorax.’ Clinically, patients
with pneumothorax have been shown to
have inferior gas exchange and worse respira-
tory mechanics than those who do not have
pneumothorax.”’”  The  development —of
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pneumothorax in patients with COVID-19
with severe respiratory illness may also be
associated with increased mortality.” "

Management strategies, knowledge, and
treatment evolve as we learn more about
SARS-CoV-2. For instance, clinical trials,
such as the A randomised trial of treatments
to prevent death in patients hospitalised with
COVID-19 and Adaptive COVID-19 Treat-
ment Trial trials, that emerged within the
initial year of the pandemic reported improved
mortality and outcomes with treatment with
dexamethasone and remdesivir and are used
as the standard of care.'"'” Early proning
and noninvasive ventilation (NIV) were
increasingly employed to delay or avoid
IMV. "> The waves of the disease, characterized
by a high incidence of cases lasting weeks until
the infection rates troughed, also stressed on
resources such as staffing, supplies, and space;
furthermore, new variants of the virus
emerged.” These factors may alter the clinical
course of the disease, development of pneu-
mothorax, and outcomes of COVID-19.

To date, little is known about the inci-
dence, characteristics associated with the
development of pneumothorax, and factors
associated with poor outcomes in patients
with COVID-19 and pneumothorax. Even
lesser is known about how these changed
over the course of the pandemic. Most infor-
mation stems from small case series, popula-
tions limited to critical illnesses or the use of
IMV, reports from early stages of the pandemic
when the knowledge of SARS-CoV-2 and its
management options were limited, or series
outside the United States.

The purpose of this study was to examine
patients hospitalized for COVID-19 in whom
pneumothorax developed and describe the
incidence of pneumothorax, clinical character-
istics of the development of pneumothorax,
and factors associated with inpatient mortality.
We further stratified the cohort by the receipt
of IMV, timing of pneumothorax, and wave of
the pandemic. The study was conducted using
a retrospective cohort analysis of a large, na-
tionally representative dataset in the United
States.

METHODS

Data Source

In this retrospective cohort study, we used the
Optum electronic, longitudinal database of
deidentified COVID-19 health records consist-
ing of multiple hospital networks from all re-
gions in the United States, consisting of
more than 90 million patients. The database
contains deidentified inpatient and ambula-
tory, encounter-level information as well as
data on procedures, prescriptions, and the
administration of medication. The University
of Texas Medical Branch institutional review
board approved this study (IRB#, 20-0180).
Written informed consent was not required
because of the deidentified nature of the pa-
tient data.

Cohort

The study cohort included patients older than
18 years diagnosed with SARS-CoV-2 infec-
tion between February 1, 2020, and June 10,
2021, who were subsequently hospitalized
within 14 days. Coronavirus disease 2019
was identified based on a positive laboratory
test  for  SARS-CoV-2  (Supplemental
Appendix 1, available online at http://www.
mcpiqojournal.org) or the International Classi-
fication for Diseases, 10th revision (ICD-10),
clinical modification, diagnosis code U07.1.

Outcomes

We collected information on patient demo-
graphic characteristics as well as clinical and
medication history. The ICD-10, procedure
coding system, codes were used to identify
convalescent  plasma  (XW13325  and
XW14325) and remdesivir (XWO043E5 and
XWO33E5) administered during hospitaliza-
tion. Steroids were identified using National
Drug Codes, with the names of the products
and therapeutic classes obtained from the
2019 RED BOOK Select database (RED
BOOK Select Extracts, Truven Health Ana-
lytics). The primary outcome was inpatient
mortality among patients with hospitalization
for COVID-19. The main independent variable
of interest was pneumothorax, which was
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TABLE 1. Characteristics of Patients Hospitalized for Coronavirus Disease 2019 and By Pneumothorax Status From February 2020 to June

2021 in the United States®

No pneumothorax, N (%) Pneumothorax, N (%)

Characteristics Category Total N=101,943 N=1915 P value
Age, mean (SD) 61.9 (17.8) 62.6 (15.3) <.000
Age (y) 18-50 24616 24268 (23.8) 348 (18.2) <.000!
51-64 29416 28,782 (282) 634 (33.1)
65-80 31,493 30,803 (30.2) 690 (36)
>80 18,333 18,090 (17.7) 243 (12.7)
Sex Women 50921 50,268 (49.3) 653 (34.1) <.000!
Men 52,937 51,675 (50.7) 1262 (65.9)
Race/ethnicity” African American 19,509 19,245 (18.9) 264 (13.8) <.0001
Asian 2577 2506 (2.5) 71 (3.7)
Caucasian 61461 60,379 (59.2) 1082 (56.5)
Hispanic 12,895 12,605 (12.4) 290 (15.1)
Other/missing 7416 7208 (7.1) 208 (10.9)
Census bureau region Midwest 45,962 45,214 (44.4) 748 (39.1) <.0001
Northeast 26,313 25790 (25.3) 523 (27.3)
South 21,829 21,350 (20.9) 479 (25)
West 6574 6448 (6.3) 126 (6.6)
Unknown 3180 3141 3.1) 39 (2)
Comorbidity
Smoking <.0001
Current 10,114 9931 (9.7) 183 (9.6)
Prior 29,395 28,853 (28.3) 542 (28.3)
Never 59,039 57997 (56.9) 1042 (54.4)
Unknown 5310 5162 (5.1) 148 (7.7)
DM No 61,321 60271 (73.3) 1050 (75.1) 1472
Yes 22274 21,925 (26.7) 349 (24.9)
HTN No 33392 32814 (39.9) 578 (41.3) 2913
Yes 50,203 49,382 (60.1) 821 (58.7)
Asthma No 74,507 73,245 (89.1) 1262 (90.2) A911
Yes 9088 8951 (10.9) 137 (9.8)
CKD No 74,105 72,855 (88.6) 1250 (89.3) 4040
Yes 9490 9341 (11.4) 149 (10.7)
ESRD No 80,488 79,134 (96.3) 1354 (96.8) 3186
Yes 3107 3062 (3.7) 45 (3.2)
Stroke No 52,735 51,876 (63.1) 859 (61.4) .1884
Yes 30,860 30,320 (36.9) 540 (38.6)
CHF No 68,368 67,172 (81.7) 1,196 (85.5) .0003
Yes 15,227 15,024 (18.3) 203 (14.5)
Cancer No 81,750 80,396 (97.8) 1,354 (96.8) 0095
Yes 1845 1800 (2.2) 45 (3.2)
CAD No 67323 66,177 (80.5) 1146 (81.9) .1883
Yes 16,272 16019 (19.5) 253 (18.1)
Liver disease No 77,611 76,336 (92.9) 1275 (91.1) 0126
Yes 5984 5860 (7.1) 124 (89)
COPD No 37961 37,326 (81.4) 635 (81.3) 9547
Yes 8683 8537 (18.6) 146 (18.7)
Body mass index <30 48,975 47947 (47) 1028 (53.7) <.000!

(calculated as the weight

Continued on next page
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TABLE 1. Continued

No pneumothorax, N (%)

Pneumothorax, N (%)

Characteristics Category Total N=101943 N=1915 P value
in kilograms divided by
the height in meters squared)®
>30 50,601 49,777 (48.8) 824 (43)
Unknown 4282 4219 (4.1) 63 (3.3)
Treatment
Steroids No 44,936 44,465 (43.6) 471 (24.6) <.0001
Yes 58922 57,478 (56.4) 1444 (75.4)
Remdesivir No 71,816 70,704 (69.4) [112 (58.1) <.0001
Yes 32,042 31,239 (30.6) 803 (41.9)
Convalescent plasma No 94,949 93,376 (91.6) 1573 (82.1) <.0001
Yes 8909 8567 (8.4) 342 (17.9)
MV No 86,182 85,706 (84.1) 476 (24.9) <.0001
Yes 17,676 16,237 (15.9) [439 (75.1)
Pneumothorax timing
Early pneumothorax’ No n/a 327 (17.1)
Yes n/a 1588 (82.9)
IMV + pneumothorax (N=1439) Before IMV n/a [135 (78.8)
After IMV n/a 304 (22.1)
Length of stay in d, mean (SD) 82 (9.0) 258 (232) <.0001
Mortality
Inpatient death among all hospitalized No 92,394 91,417 (89.7) 977 (51) <.0001
Yes [1,464 10,526 (10.3) 938 (49)
Inpatient death among IMV (N=17,676) No 10,127 9531 (58.7) 596 (41.4) <.0001
Yes 7549 6706 (41.4) 843 (58.6)

“CAD, coronary artery disease; CHF, congestive heart failure; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; COVID- 19, coronavirus disease
2019; DM, diabetes mellitus; ESRD, end-stage renal disease; HTN, hypertension; IMV, invasive mechanical ventilation; n/a, not available; SD, standard deviation.

®Persons self-identifying as non-Hispanic ethnicity where categorized based on race (White, Black, Asian, other/unknown). Patients self-identifying as Hispanic ethnicity were
included in the “Hispanic” group, regardless of race.

“For body mass index, when multiple observations were available, we recorded the value at the date closest to the diagnosis of coronavirus disease 2019.
“Early pneumothorax was defined as occurring in less than 7 days from the date of hospital admission.
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defined based on the ICD-10, clinical modifi-
cation, diagnosis code J93.X. Among the sub-
set of patients with pneumothorax, we defined
early pneumothorax as occurring within 7
days from hospital admission. The use of
IMV was based on the ICD-10, procedure cod-
ing system, codes 5A1935Z, 5A1945Z, and
5A1955Z and the Current Procedural Termi-
nology code 31500.

Statistical Analyses

The patient and clinical characteristics were
summarized as frequencies and percentages
or means and standard deviations and then
compared using chi-square statistics or ¢ tests,
as appropriate. A logistic regression model

with random effect for hospital network was
used to determine the predictors of a patient
being diagnosed with pneumothorax. We
used time-dependent Nelson-Aalen cumula-
tive hazard functions to assess the rate of inpa-
tient mortality among patients with
pneumothorax and those without pneumo-
thorax. Multivariable Cox proportional hazard
models with random effects for hospital
network were used to estimate the hazard ra-
tios for inpatient mortality accounting for the
patient and clinical characteristics. Pneumo-
thorax was included in the model as a time-
dependent variable based on the date of onset.
The patients were censored at the time of
death, during hospital discharge, or at the
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end of the study period (June 24, 2021). The
interaction between pneumothorax and me-
chanical ventilation was also tested. Addition-
ally, we conducted subset analyses among the

TABLE 2. Odds Ratios of the Development of Pneumothorax Among Patients

Hospitalized for Coronavirus Disease 2019 From February 2020 to June 2021 in
the United States®

patients with pneumothorax to determine the Vaniables Odds ratio 9%l
effect of the timing of presentation (early or Age ()
late or before or after mechanical ventilation) 18-50 ref
on inpatient mortality. Multivariable Cox pro- 96 e b= 25
portional hazard models were used to model 65-60 1:35 .19-1.52

>80 091 0.78-1.06
these effects. All the analyses were performed
using SAS, version 9.4 (SAS, Inc.). A P value DX
of <.05 was considered statistically significant. W =

Men .63 I.51-1.77

Race/ethnicity”

RESULTS :

Caucasian ref
During the study period, 811,065 adults had a Afican American 085 075.095
SARS-CoV-2 positive test result and had com- Adr 126 0.99-1.59
plete data. Of these, 103,858 adult patients Hispanic 121 1.07-137
(12.8%) were hospitalized within 14 days of Other/unknown 140 1.21-1.62
diagnosis. Pneumothorax occurred in 1915 Region
(0.24%) of those with a COVID-19 diagnosis West ref
and 1.84% of patients hospitalized for Midwest 10l 067-153
COVID-19. Of patients with pneumothorax, Northeast 1.04 0.66-1.64
70% required tube thoracostomy, and nearly South 1.60 1.05-2.43
one third required the insertion of more than Unknown 0.74 047-1.16
1 chest tube. Comorbidity

DM

Characteristics and Outcomes of Patients i Rer
Hospitalized for COVID-19 e o0 02 001s
Table 1 shows the characteristics of patients Stroke
hospitalized for COVID-19. Overall, the No Ref
average age was 62 years, the number of e e = LE
men and women was nearly equal, and over HTN
half were Caucasian. Smoking status, either No Ref
current or prior smokers, accounted for 38% Yes 091 083-1.00
of the cohort and did not differ based on the Asthma
pneumothorax status. With regard to treat- No Ref
ment, 15.9% received IMV, few received Yes 1.03 090-1.17
convalescent plasma, one third received CKD
remdesivir, and over half received steroids. No Ref
When we compared the characteristics based Yes 095 0.83-1.08
on the pneumothorax status, a higher propor- CAD
tion of pneumothorax cases occurred in those No Ref
aged between 51 and 80 years and in men. Yes 082 0.73-091
Differences in race were observed overall and Lvar dliseees
based on the pneumothorax status. For No Ref
instance, similar proportions of Caucasians Yes 120 1.05-1.38
hospitalized based on the pneumothorax sta- CcoPD
tus were noted. African Americans accounted No Ref
for 18.9% of hospitalizations for COVID-19 Yes 098 088-1.09

but represented only 13.8% of those with a

. . . . Continued on next page
pneumothorax diagnosis. However, Hispanics
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TABLE 2. Continued

Variables Odds ratio 95% Cl
Body mass index
<30 Ref
>30 0.72 0.66-0.78
Unknown 0.88 0.68-1.14
Treatment
Steroids
No Ref
Yes 202 1.83-222
Remdesivir
No Ref
Yes 1.07 097-1.17
Convalescent plasma
No Ref
Yes 1.81 1.62-2.04
MV
No Ref
Yes 238 2.18-2.58

“CAD, coronary artery disease; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary

disease; DM, diabetes mellitus; HTN, hypertension; IMV, invasive mechanical ventilation; Ref,

reference.

®Persons self-identifying as non-Hispanic ethnicity where categorized based on race (White, Black,
Asian, other/unknown). Patients self-identifying as Hispanic ethnicity were included in the “His-

panic” group, regardless of race.
“For body mass index, when multiple observations were available, we recorded the value at the date

closest to the diagnosis of coronavirus disease 2019.
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and Asians comprised 12.4% and 2.5% of the
cohort, respectively, and both represented
higher proportions of pneumothorax cases
(15.1% and 3.7%, respectively). With regard
to treatment, a higher proportion of those
with pneumothorax received IMV, remdesivir,
convalescent plasma, and steroids compared
with those who did not have pneumothorax.
Among those with pneumothorax, more than
80% of cases occurred early, ie, within 7
days of hospital admission. Although majority
received IMV during hospitalization, in more
than three fourth of those with pneumothorax,
pneumothorax developed before the initiation
of IMV. On average, the patients with pneu-
mothorax were hospitalized for longer (9 vs
23.2 days).

When we assessed the patient characteris-
tics and the outcomes of the hospitalized pa-
tients based on the waves of the pandemic
(Supplemental Table 1, available online at
http://www.mcepiqojournal.org), changes were
noted, mainly in treatment, with the use of
remdesivir and steroids increasing significantly

(from 0.3% to 44.1% and 30.6% to 61.4%,
respectively). When the overall trends were
assessed over time, we excluded wave 4
because the study period may have ended
before all patient outcomes were resolved.
The use of IMV decreased from 21.3% in
wave 1 to 15% by wave 2 and then remained
steady. The rates of pneumothorax remained
stable overall, but the proportion of patients
with pneumothorax who did not receive
IMV or in whom pneumothorax developed
before the initiation of IMV increased. The
overall mortality rate of the COVID-19 cohort
was 11%. The mortality among all the hospi-
talized patients with COVID-19 decreased,
whereas the mortality among those with pneu-
mothorax and those who received IMV was
stable over time.

Risk Factors for the Development of
Pneumothorax

As shown in Table 2, the factors associated
with increased odds of the development of
pneumothorax among the patients hospital-
ized for COVID-19 were male sex and an
age of 51-80 years. Treatment with steroids,
convalescent plasma, and IMV showed an
increased odds ratio of being associated with
pneumothorax. The receipt of remdesivir
showed no difference in the incidence of
pneumothorax.

Risk of Death in Patients Hospitalized for
COovID-19

Table 3 presents the multivariate analysis of
the characteristics associated with inpatient
death among patients hospitalized for
COVID-19. The most significant risk factors
associated ~ with inpatient death  were
increasing age and the receipt of IMV. In pa-
tients in whom pneumothorax developed,
the hazard ratio of inpatient death was 1.15
(95% CI, 1.06-1.24). Patients who received
remdesivir and steroids had a lower hazard
ratio of inpatient death.

A step-wise multivariate analysis (Figure 1)
was conducted to show the impact of comor-
bidities, demographic characteristics, and the
use of IMV on mortality in those with pneu-
mothorax. Patient demographic characteristics
and comorbidities had the highest effect on
increasing mortality, whereas the receipt of
IMV and medications attenuated this effect.
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Effect of Pneumothorax and Mortality

We also assessed the effect of the interactions
between pneumothorax and IMV and the ef-
fect of the timing of pneumothorax on mortal-
ity. The risk of death was double when we
compared patients who had never received
IMV and had pneumothorax with those who
received IMV at some point during their hos-
pitalization (adjusted hazard ratio [aHR],
1.99; 95% CI, 1.56-2.54). Among patients
who received IMV, the presence of pneumo-
thorax increased the risk of death by 9%
(@aHR, 1.09; 95% CI, 1.0-1.19) (Figure 2).
However, when we assessed the timing of
pneumothorax—both before the initiation
of IMV or during early stages (within 7 days
of admission)—we found an increased hazard
ratio of death after adjusting for all the vari-
ables in Table 1 ([aHR, 1.37; 95% CI, 1.11-
1.69] and [aHR, 1.60; 95% CI, 1.29-1.98],
respectively) (Figure 3).

DISCUSSION

In summary, we characterized and described
outcomes among patients hospitalized for
SARS-CoV-2 infection and pneumothorax in
a large US cohort. The rate of pneumothorax
was less than 2%. The risk factors for pneumo-
thorax were age and male sex. Treatment with
steroids, convalescent plasma, and IMV were
also shown to increase the hazard ratio for
pneumothorax, but this association may
reflect the severity of the disease rather than
a causal relationship. Pneumothorax is associ-
ated with an increased risk of death, especially
when it develops early and/or before the initi-
ation of IMV, which occurred in most of these
patients.

Pneumothorax and Sex

An interesting finding was the increased pro-
portion (more than two third) of
pneumothorax cases noted among men with
COVID-19, also seen in multiple previous re-
ports.” """ However, a similar proportion
(77%) of pneumothorax cases among men
was observed before SARS-CoV-2 infection.'”
Although the reasons for this are unknown,
the hypotheses include an increase in the prev-
alence of the consumption of tobacco and the
anthropometric characteristics of men.' """

Pneumothorax in Spontaneously Breathing
Patients

We noted that more than 80% of the pneumo-
thorax cases occurred in patients who had
never received IMV or in patients before the
initiation of IMV. The reasons for this phe-
nomenon are unclear. The increased use of
positive pressure via the expanded use
of NIV*"”'"*" and the prolonged duration
of NIV before the initiation of IMV”' have
both occurred during the pandemic and have
also been shown to increase the incidence of
barotrauma.'” Unfortunately, the use of NIV
could not be ascertained using our data, and
it is unclear whether NIV, as a risk factor for
pneumothorax, accounted for the increased
rates of pneumothorax.

Similar to our study, other reports found
that up to half of pneumothorax cases
occurred while the patient was not receiving
IMV. 5121929 One of the largest studies of
pneumothorax in patients with COVID-19 re-
ported that pneumothorax occurred while us-
ing simple low-flow supplemental oxygen
(31%) or no-oxygen therapy (5%)."” Palumbo
et al’” found that just under half of cases of
pneumothorax occurred while using simple
oxygen. These reports may suggest a patho-
physiology beyond that caused solely by
positive-pressure ventilation.

One explanation may be the phenomenon
known as the Macklin effect, wherein an in-
crease in the pulmonary interstitial pressure
above the alveolar pressure along with sudden
lengthening and shortening of the pulmonic
vessels and associated bronchi prompts alve-
olar leakage along the vascular sheaths.”’
This can occur with increased work of breath-
ing and coughing—predominant features of
COVID-19. Another proposed mechanism in-
volves a high respiratory drive, an excessive
inspiratory effort, and uncontrolled transpul-
monary pressures, causing self-inflicted lung
injuries in patients; however, this phenome-
non remains controversial.”*

Pneumothorax Plus IMV and Mortality

Similar to our study, prior series of patients
with COVID-19 have also shown that pneu-
mothorax independently carries up to 3 times
the risk of death.”"'**” Our a priori hypoth-
esis  was that the development of
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TABLE 3. Hazard Ratios and 95% Cl From Multi-
variable Cox Model for Inpatient Death Among

TABLE 3. Continued

Variabl Hazard rati 95% Cl
Patients Hospitalized for COVID-19 From February e drale e 2
2020 to June 2021 in the United States® Comorbidity, continued
Variables Hazard ratio 95% Cl Unknown 33 16152
Treatment
Age (y) Steroids
18-50 Ref No Ref
51-64 .55 1.40-1.72 Yes 0.84 0.80-0.88
65-80 2.70 245-2.98 Rerndesivir
>80 557 502-6.17 No Ref
Sex Yes 0.89 0.84-0.93
Women Ref Convalescent plasma
Men 110 105 .14 No Ref
Race/ethnicity” e 00 [E=l07
C i Ref MV
preissg s 081-092 e Ref
rican Amencan 5 o Yes 362 344-380
Asian 0.84 0.73-0.98
Hispani 083 077090 Pheumothorax
S 07 098.1.17 e Ref
erunnown ' 7o Yes 115 1.06-124
Region
2CAD, coronary artery disease; CKD, chronic kidney disease;
WeSt Ref COPD, chronic obstructive pulmonary disease; DM, diabetes
Midwest 087 069-1.09 mellitus; HTN, hypertension; IMV, invasive mechanical venti-
Northeast 092 072-1.17 lation: Ref, reference.
South 101 0.80-1.27 PPersons self-identifying as non-Hispanic ethnicity were cate-
Unknown 1.0l 0.80-1.29 gorized based on race (White, Black, Asian, other/unknown).
Comorbidity Patients self-identifying as Hispanic ethnicity were included in
the “Hispanic” group, regardless of race.
DM F . . .
or body mass index, when multiple observations were
No Ref available, we recorded the value at the date closest to the
Yes 1.00 0.96-1.05 diagnosis of coronavirus disease 2019.
Stroke
No Ref
Yes 0.89 0.85-093 pneumothorax increases mortality, which is
HTN further increased while receiving IMV. Unex-
No Ref pectedly, our analysis in those who received
Yes 1.02 097-1.08 IMV found that the effect of pneumothorax af-
Asthima ter adjusting for demographic characteristics
NS Nl and comorbidities was marginally significant
Yes 0.87 0.81-094 . - :
in predicting death. However, for patients
CKD . .
NS S who did not receive IMV, the effect of pneu-
Yes 120 132197 mothorgx on mortality was A51gn1ﬁcant. This
CAD result differs from those of prior reports; how-
No Ref ever, those studies included patients who first
Yes 1.07 1.02-1.13 received IMV and subsequently developed
Liver disease pneumothorax, or the studies did not mention
No Ref the timing of pneumothorax relative to the
Yes .21 [13-1.31 initiation of IMV.*'® Rajdev et al'” observed,
COPD among patients with COVID-19 hospitalized
No Rei for pneumothorax or pneumomediastinum,
. ;es e 13 LO7-1.19 increased mortality in those who received
O<y38qass naex S NIV vs in those who received IMV (80% vs
o .
>30 054 090098 20%, respectively). We are unaware of any

study that has evaluated the risk of pneumo-
thorax or mortality specifically when

Continued on next column
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pneumothorax develops before IMV. The rea-
sons for the increased mortality in patients
with pneumothorax who did not receive
IMV may be a high mortality rate before the
initiation of IMV; the underrecognition of
pneumothorax, needing decompression; or
the fact that IMV after the development of
pneumothorax truly does not confer further
increased risk of death in this population.

Comparison With Other Studies—Strengths
The largest prior US reports included less
than 90 pneumothorax cases from New
York.”"*” A case series of patients with
ARDS COVID-19, described by Wong et al’
reported outcomes only in those with pneu-
mothorax. McGuinness et al”’ included pa-
tients with barotrauma who received IMV
but did not distinguish pneumothorax from
pneumomediastinum. A third of their cohort
was still hospitalized and did not have an
outcome at the time of publication. A study
by Chopra et al® included only critically ill
patients. Over two third of the cohort
received IMV, and the timing of pneumo-
thorax (before or after IMV) was not reported.
None of these studies conducted multivariable
analyses.

A multicenter research letter, recently pub-
lished from the United Kingdom, on 1283
pneumothorax cases in patients hospitalized
for COVID-19 during a similar time period
used descriptive statistics to report the rates
of pneumothorax and the use of oxygen,
IMV, and steroids."” The incidence of pneu-
mothorax was less than half of that reported
in our study, and the researchers found a
higher—mnearly 3 times—risk of death with
pneumothorax,'” which did not change over
the first half of the study period. The contribu-
tion of IMV or the timing of pneumothorax to
death was not reported. A comparison of our
results with that of this study is difficult
because it failed to report the overall mortality,
comorbidity, or trends over time. Addition-
ally, the United States had disproportionate
and early access to prevention, such as vac-
cinations and remdesivir, which were not
readily available in the United Kingdom un-
til recently, and these discrepancies may
have affected the severity and outcomes of

the disease, especially during the first 2
waves.

Study Strengths

This study is the largest cohort of pneumo-
thorax in hospitalized patients with COVID-
19 reported to date. We examined the trends
of patient characteristics and outcomes related
to the development of pneumothorax over
time. Further, we provided additional infor-
mation by reporting the timing of pneumo-
thorax  related to the course of
hospitalization, which has not been previously
reported. Reporting time trends is important
as our understanding of prevention, treatment,
and the disease itself evolves, which may alter
the outcomes over time. For example, the inci-
dence of vaccination, medications, treatment
in the form of medications, proning, and the
use of NIV and IMV significantly changed
over time, and these changes may account
for differences in outcomes.

Study Limitations

There are several limitations to our study.
First, certain limitations are related to the
retrospective, observational nature of the
study. Second, administrative data cannot
differentiate the types of barotrauma (pneu-
mothorax vs pneumomediastinum); unilateral
pneumothorax from bilateral pneumothorax;
primary, spontaneous pneumothorax from
secondary and iatrogenic pneumothorax; or
pre-existing lung disease from COVID-19-
related disease. Third, caution should be exer-
cised while evaluating the potential effects of
smoking status, which is found to be highly
specific but less than 10% sensitivity, which
has not changed over time with the use of
administrative  datasets.”™*’  Fourth, it is
possible that undiagnosed pneumothorax
cases and deaths attributed to these occurred,
which might have led to the underreporting of
the true rate of occurrence and attributable
mortality. Further, we could neither stratify
patients by the severity of respiratory parame-
ters, such as oxygenation or lung mechanics,
nor determine whether the best practices that
may affect outcome, such as lung-protective
ventilation strategies, were adhered to; howev-
er, prior reports examining this across the
United States have shown adherence to these
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Hazards ratio of inpatient mortality among hospitalized Covid-19 patients
with pneumothorax vs without

HR (95% Cl)
Unadjusted — 144 (1.32 - 1.56)
Adjusted on demographics _— [.57 (145 - 1.75)
Adjusted on demographics and comorbidities _ .61 (149 - 1.75)
Adjusted on demographics, comorbidities, IMV — [.13 (1.05-1.23)
Adjusted on all covariates — [.I5(1.06 - 1.24)

0.5 I

HR (95% CI)

FIGURE 1. Forrest plot for hazard ratios and 95% Cl for inpatient death among patients hospitalized for
coronavirus disease 2019 from February 2020 to June 2021 in the United States. *COVID- 19, coronavirus
disease 2019; HR, hazard ratio; IMV, invasive mechanical ventilation. *HR adjusted for age, sex, race, region,
comorbidities, and treatments received, as listed in Table |.

1.5 2

best practices.”” Additionally, 1 publication
found no difference in the tidal volume or
peak airway pressures in patients with
COVID-19 who received IMV between those
with barotrauma and those without baro-
trauma.””® We attempted to control for these
variables by comparing patients with

pneumothorax with those without pneumo-
thorax over the same time.

CONCLUSION

In summary, the incidence of pneumothorax
in patients hospitalized for COVID-19 is low.
Most cases of patients with pneumothorax

IMV HR (95% CI)

Hazards ratio of COVID-19 inpatient
mortality for pneumothorax vs no pneumothorax stratified by IMV

No 199 (156 -2.54)

Yes 109 (100 - 1.19) -

0.8

listed in Table |.

FIGURE 2. Forrest plot for hazard ratios and 95% Cl among patients hospitalized for coronavirus disease
2019 with pneumothorax evaluating the effect of invasive mechanical ventilation from February 2020 to
June 2021 in the United States. *COVID-19, coronavirus disease 2019; HR, hazard ratio; IMV, invasive
mechanical ventilation. “HR adjusted for age, sex, race, region, comorbidities, and treatments received, as

1.5 2 2.5
HR (95% CI)

No MV W MV
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Timing of
pneumothorax diagnosis HR (95% CI)

Hazards ratio of COVID-19 inpatient mortality

Before vs after IMV

listed in Table I.

137 (111 - 1.69)

Early vs late 1.60 (129 - 1.98)

0.80 1.0 1.5 20

FIGURE 3. Forrest plot for hazard ratios and 95% Cl among patients hospitalized for coronavirus disease
2019 with pneumothorax evaluating the effect of the timing of pneumothorax from February 2020 to
June 2021 in the United States. *COVID-19, coronavirus disease 2019; HR, hazard ratio; IMV, invasive
mechanical ventilation. *HR adjusted for age, sex, race, region, comorbidities, and treatments received, as

HR (95% CI)

occurred early and before the initiation of
IMV. The risk factors for the development of
pneumothorax were an age of 50-80 years
and male sex. Pneumothorax is an indepen-
dent risk factor for death.

POTENTIAL COMPETING INTERESTS

The authors report no competing interests.

ACKNOWLEDGMENTS

Dr Nishi contributed to the conception and
design; interpretation of data; draft of the
article or revising it critically for important in-
tellectual content; and final approval of the
version to be published; guarantor of the pa-
per. Drs Malik, Kaushik, and Heidelman
contributed to the acquisition of data, analysis
and interpretation of data, and final approval
of the version to be published. Drs Polychro-
nopoulou and Kuo contributed to the concep-
tion and design, analysis and interpretation of
data, and final approval of the published
version; Dr Sharma contributed to the concep-
tion and design, acquisition of data, or analysis
and interpretation of data, drafted the article
or revising it critically for important intellec-
tual content; and final approval of the pub-
lished version.

SUPPLEMENTAL ONLINE MATERIAL

Supplemental material can be found online at
http://www.mcpiqojournal.org. Supplemental
material attached to journal articles has not

been edited, and the authors take responsibil-
ity for the accuracy of all data.

aHR, adjusted hazard ratio;
COVID-19, coronavirus disease 2019; IMV, invasive me-
chanical ventilation initiation; NIV, noninvasive ventilation;
SARS-CoV-2, severe acute respiratory syndrome corona-
virus 2

Address to Shawn P.E. Nishi, MD, Divi-
sion of Pulmonary, Critical Care Medicine & Sleep Medicine,
University of Texas Medical Branch, 301 University Blvd,
Galveston, TX 77555-0561 (spnishi@utmb.edu).

REFERENCES

1. WHO health emergency dashboard COVID-19. United States
of America World Health Organization. Accessed August 19,
2021. https://covid | 9.who.int/region/amro/country/us

2. Woolf SH, Chapman DA, Lee JH. COVID-19 as the leading
cause of death in the United States. JAMA. 2021;325(2):123-
124. https://doi.org/10.1001/jama.2020.24865

3. Coronavirus resource center—mortality analyses. Updated
November 17, 2021. Accessed November 17, 2021. https://
coronavirusjhu.edu/data/mortality

4. Covid data tracker. Centers for Disease Control and Preven-
tion. Accessed October 7, 2021. https/covid.cdc.gov/covid-
data-tracker/#trends_dailycases

5. Aggarwal A, Tandon A, Bhatt S, Dagar S, Bansal H. COVID 19
pneumonia with cavitation and cystic lung changes: multi-
detector computed tomography spectrum of a gamut of etiol-
ogies. BIR Open. 2021;3(1):20210007. https://doi.org/10.1259/
bjro.20210007

6. Chopra A, Al-Tarbsheh AH, Shah NJ, et al. Pneumothorax in
critically ill patients with COVID-19 infection: incidence, clinical
characteristics and outcomes in a case control multicenter
study. Respir Med. 2021;184:106464. https//doi.org/10.1016/].
rmed.2021.106464

7. Wong K, Kim DH, lakovou A, et al. Pneumothorax in COVID-
19 acute respiratory distress syndrome: case series. Cureus.
2020;12(1 I:el 1749. https://doi.org/10.7759/cureus. | | 749

267


http://www.mcpiqojournal.org
mailto:spnishi@utmb.edu
https://covid19.who.int/region/amro/country/us
https://doi.org/10.1001/jama.2020.24865
https://coronavirus.jhu.edu/data/mortality
https://coronavirus.jhu.edu/data/mortality
https://covid.cdc.gov/covid-data-tracker/#trends_dailycases
https://covid.cdc.gov/covid-data-tracker/#trends_dailycases
https://doi.org/10.1259/bjro.20210007
https://doi.org/10.1259/bjro.20210007
https://doi.org/10.1016/j.rmed.2021.106464
https://doi.org/10.1016/j.rmed.2021.106464
https://doi.org/10.7759/cureus.11749
https://doi.org/10.1016/j.mayocpiqo.2022.04.003
http://www.mcpiqojournal.org

MAYO CLINIC PROCEEDINGS: INNOVATIONS, QUALITY & OUTCOMES

268

de Lassence A, Timsit JF, Tafflet M, et al. Pneumothorax in the
intensive care unit: incidence, risk factors, and outcome. Anes-
thesiology. 2006;104(1):5-13. https://doi.org/10.1097/
00000542-20060 1 000-00003

Chong WH, Saha BK, Hu K, Chopra A. The incidence, clinical char-
acteristics, and outcomes of pneumothorax in hospitalized COVID-
|9 patients: a systematic review. Heart Lung. 2021;50(5):599-608.
https//doi.org/10.1016/jhrting 202 1.04.005

Zantah M, Dominguez Castillo E, Townsend R, Dikengil F,
Criner GJ. Pneumothorax in COVID-19 disease-incidence
and clinical characteristics. Respir Res. 202021 (1):236. https://
doi.org/10.1186/s12931-020-01504-y

. The RECOVERY Collaborative Group. Dexamethasone in hos-

pitalized patients with Covid-19. N Engl | Med. 2021;384(8):
693-704. https://doi.org/10.1056/NEJM0a202 1436

ACTT-I Study Group. Remdesivir for the treatment of Covid-
19: final report. N Engl | Med. 2020;383(19):1813-1826. https://
doi.org/10.1056/NEJM0a2007764

Raoof S, Nava S, Carpati C, Hill NS. High-flow, noninvasive venti-
lation and awake (nonintubation) proning in patients with coro-
navirus disease 2019 with respiratory failure. Chest. 2020;
158(5):1992-2002. https://doi.org/10.101 6/j.chest2020.07.013
Martinelli AW, Ingle T, Newman }, et al. COVID-19 and pneu-
mothorax: a multicentre retrospective case series. Eur Respir J.
2020;56(5):2002697. https//doi.org/10.1183/13993003.
02697-2020

Marciniak S), Farrell J, Rostron A, et al. COVID-19 pneumo-
thorax in the United Kingdom: a prospective observational
study using the ISARIC WHO clinical characterisation protocol.
Eur Respir J. 2021;58(3):2100929. https//doi.org/10.1 183/
13993003.00929-2021

Gazivoda VP, Ibrahim M, Kangas-Dick A, Sun A, Silver M,
Wiesel O. Outcomes of barotrauma in critically ill COVID- 19 pa-
tients with severe pneumonia. | Intensive Care Med. 2021;36(10):
I 176-1183. https://doi.org/10.1177/088506662 1 1023360
Bobbio A, Dechartres A, Bouam S, et al. Epidemiology of spon-
taneous pneumothorax: gender-related differences. Thorax. 2015;
70(7):653-658. https//doi.org/ 0.1 136/thoraxjnl-2014-206577
Lippert HL, Lund O, Blegvad S, Larsen HV. Independent risk
factors for cumulative recurrence rate after first spontaneous
pneumothorax. Eur Respir J. 1991;4(3):324-331.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Rajdev K, Spanel AJ, McMillan S, et al. Pulmonary barotrauma in
COVID-19 patients with ARDS on invasive and non-invasive
positive pressure ventilation. J Intensive Care Med. 2021;36(9):
1013-1017. https://doi.org/10.1 177/0885066621 1019719
Ekanem E, Podder S, Donthi N, et al. Spontaneous pneumo-
thorax: an emerging complication of COVID-19 pneumonia.
Heart Lung. 2021;50(3):437-440. https://doi.org/10.1016/).
hrting2021.01.020

Radovanovic D, Santus P, Coppola S, et al. Characteristics, out-
comes and global trends of respiratory support in patients hos-
pitalized with COVID-19 pneumonia: a scoping review. Minerva
Anestesiol. ~ 2021;87(8):915-926.  https//doi.org/10.23736/
S0375-9393.21.15486-0

Palumbo D, Campochiaro C, Belletti A, etal. Pneumothorax/pneu-
momediastinum in non-intubated COVID- 19 patients: differences
between first and second Italian pandemic wave. Eur | Intem Med.
202 1;88:144-146. https//doi.org/10.1016/j.€jim.2021.03.018
Macklin CC. Transport of air along sheaths of pulmonic blood
vessels from alveoli to mediastinum clinical implications. Arch
Intem  Med.  1939;64(5):913-926.  httpsi//doi.org/10.1001/
archinte.1939.00190050019003

Brochard L, Slutsky A, Pesenti A. Mechanical ventilation to mini-
mize progression of lung injury in acute respiratory failure. Am |
Respir Crit Care Med. 2017;195(4):438-442. https//doi.org/|0.
|'164/rccm.201605-108 1 CP

McGuinness G, Zhan C, Rosenberg N, et al. Increased inci-
dence of barotrauma in patients with COVID-19 on invasive
mechanical  ventilation. Radiology. 2020,297(2):E252-E262.
https://doi.org/10.1 1 48/radiol. 2020202352

Nishi SP, Zhou J, Kuo YF, Sharma G, Goodwin . Trends in to-
bacco use and tobacco cessation counselling codes among
Medicare beneficiaries, 2001-2014. BMC Health Serv Res.
2019;19(1):1-9. https://doi.org/10.1186/s12913-019-4368-7
Kokotailo RA, Hill MD. Coding of stroke and stroke risk factors
using interational classification of diseases, revisions 9 and 10.
Stroke. 2005;36(8):1776-1781. https//doi.org/10.1 161/01.STR.
0000174293.17959.al

Kahn MR, Watson RL, Thetford JT, Wong JI, Kamangar N. High
incidence of barotrauma in patients with severe coronavirus
disease 2019. | Intensive Care Med. 2021;36(6):646-654.
https://doi.org/10.1177/088506662 1989959


https://doi.org/10.1097/00000542-200601000-00003
https://doi.org/10.1097/00000542-200601000-00003
https://doi.org/10.1016/j.hrtlng.2021.04.005
https://doi.org/10.1016/j.hrtlng.2021.04.005
https://doi.org/10.1186/s12931-020-<?thyc=10?>01504-y<?thyc?>
https://doi.org/10.1186/s12931-020-<?thyc=10?>01504-y<?thyc?>
https://doi.org/10.1056/NEJMoa2021436
https://doi.org/10.1056/NEJMoa2007764
https://doi.org/10.1056/NEJMoa2007764
https://doi.org/10.1016/j.chest.2020.07.013
https://doi.org/10.1183/13993003.02697-2020
https://doi.org/10.1183/13993003.02697-2020
https://doi.org/10.1183/13993003.00929-2021
https://doi.org/10.1183/13993003.00929-2021
https://doi.org/10.1177/08850666211023360
https://doi.org/10.1136/thoraxjnl-2014-206577
https://doi.org/10.1177/08850666211019719
https://doi.org/10.1016/j.hrtlng.2021.01.020
https://doi.org/10.1016/j.hrtlng.2021.01.020
https://doi.org/10.23736/S0375-9393.21.15486-0
https://doi.org/10.23736/S0375-9393.21.15486-0
https://doi.org/10.1016/j.ejim.2021.03.018
https://doi.org/10.1001/archinte.1939.00190050019003
https://doi.org/10.1001/archinte.1939.00190050019003
https://doi.org/10.1164/rccm.201605-1081CP
https://doi.org/10.1164/rccm.201605-1081CP
https://doi.org/10.1148/radiol.2020202352
https://doi.org/10.1148/radiol.2020202352
https://doi.org/10.1186/s12913-019-4368-7
https://doi.org/10.1161/01.STR.0000174293.17959.a1
https://doi.org/10.1161/01.STR.0000174293.17959.a1
https://doi.org/10.1177/0885066621989959
https://doi.org/10.1177/0885066621989959
https://doi.org/10.1016/j.mayocpiqo.2022.04.003
http://www.mcpiqojournal.org

	Characteristics and Factors Associated With Mortality in Patients With Coronavirus Disease 2019 and Pneumothorax
	Methods
	Data Source
	Cohort
	Outcomes
	Statistical Analyses

	Results
	Characteristics and Outcomes of Patients Hospitalized for COVID-19
	Risk Factors for the Development of Pneumothorax
	Risk of Death in Patients Hospitalized for COVID-19
	Effect of Pneumothorax and Mortality

	DISCUSSION
	Pneumothorax and Sex
	Pneumothorax in Spontaneously Breathing Patients
	Pneumothorax Plus IMV and Mortality
	Comparison With Other Studies—Strengths
	Study Strengths
	Study Limitations

	Conclusion
	Potential Competing Interests
	Acknowledgments
	Supplemental Online Material
	References


