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Abstract: Abstract

Objective

We investigated the incidence, risk factors, clinical characteristics and outcome of
spontaneous pneumothorax (SP) in COVID-19 patients attended in emergency
departments (ED) before hospitalization.

Methods
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We retrospectively reviewed all COVID patients diagnosed with SP (case group) in 61
Spanish EDs (20% of Spanish EDs), during the first two months of the COVID outbreak
and compared them with two control groups: COVID patients without SP (control group
A) and non-COVID patients with SP (control group B). Relative frequencies of SP were
estimated in cases and control group B. Unadjusted comparisons between cases and
controls included 52 clinical, analytical and radiological characteristics and 4 outcomes.

Results

We identified 40 SP in 71,904 patients with COVID-19 attending EDs (0.56‰,
95%CI=0.40-0.76‰). This incidence was higher than that observed in non-COVID
patients (387/1,358,134, 0.28‰, 95%CI=0.26-0.32; OR=1.93, 95%CI=1.41-2.71). In
COVID patients the characteristics associated with a higher risk of SP were: male sex,
shorter symptom length, less fever, greater dyspnea, tachycardia, tachypnea and
hypoxia, higher hemoglobin, leukocyte count, D-dimer and LDH, and lower lymphocyte
count. Compared to control group B, case group patients were older, more frequently
had obesity, asthma, dyspnea, tachycardia, tachypnea, hypoxia and analytical
disturbances, and less frequently diabetes mellitus, hypertension, smoker habit, and
chest pain. All the outcomes measured, including in-hospital death, were worse in
cases than in control groups A and B.

Conclusions

SP as a form of COVID presentation is unusual (<1‰ cases) but is associated with
worse outcomes than SP developed in non-COVID patients and in COVID patients
without SP.

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation
This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=3619814



UMC-19-S7 

1 
 

Frequency, risk factors, clinical characteristics and outcomes of 

spontaneous pneumothorax in patients with Covid-19: 

Results of the UMC-19-S7 

 

Òscar Miró1, Pere Llorens2, Sònia Jiménez1, Pascual Piñera3, Guillermo Burillo4, Alfonso Martín5, 
Francisco Javier Martín-Sánchez6, Jorge Lambereche6, Javier Jacob7, Aitor Alquézar-Arbé8, 
Josep Maria Mòdol9, María Pilar López-Díez10, Josep Maria Guardiola8, Carlos Cardozo1,11, 

Francisco Javier Lucas Imbernón12, Alfons Aguirre Tejedo13, Ángel García García14, Martín Ruiz 
Grinspan15, FerranLlopis Roca7, Juan González del Castillo6, onbehalf of the Spanish 

Investigators on Emergency Situations TeAm (SIESTA) network 

1Emergency Department, Hospital Clínic, IDIBAPS, University of Barcelona, Barcelona, Catalonia, Spain 

2 Emergency Department, Hospital General de Alicante, University Miguel Hernández, Elche, Alicante, 
Spain 

3Emergency Department, Hospital Reina Sofía, Murcia, Spain 

4Emergency Department, Hospital Universitario de Canarias, Tenerife, Spain 

5Emergency Department, Hospital Severo Ochoa, Leganés, Madrid, Spain 

6Emergency Department, Hospital Clínico San Carlos, IDISSC, Univesdad Complutense, Madrid, Spain 

7Emergency Department, Hospital Universitari de Bellvitge, Barcelona, Catalonia, Spain 

8Emergency Department, Hospital de la Santa Creu i Sant Pau, Barcelona, Catalonia, Spain 

9Emergency Department, Hospital Universitari Germans Trias i Pujol, Badalona, Barcelona, Catalonia, 
Spain 

10Emergency Department, Hospital Universitariode Burgos, Madrid, Spain 

11Emergency Department, Hospital Austral, Buenos Aires, Argentina 

12Emergency Department, Hospital General de Albacete, Spain 

13Emergency Department, Hospital del Mar, Barcelona, Catalonia, Spain 

14Hospital Clínico Universitario de Salamanca, Spain 

15Emergency Department, Hospital de Henares, Madrid, Spain 

 

Address for correspondence:Òscar Miró, Emergency Department, Hospital Clínic, Villarroel 170, 08036 
Barcelona, Catalonia, Spain 

FAX number:34.93.227.56.93 

Phone number:34.93.227.98.33 

Email address:omiro@clinic.cat 

Contribution of authors: All the authors discussed the idea and design of study and provided patients. 
Data analysis and first draft writing was done by OM. All the authors have read this draft and provided 

Manuscript

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=3619814

mailto:omiro@clinic.cat


UMC-19-S7 

2 
 

insight for the final version. OM is the guarantor of the paper, taking responsibility for the integrity of 
the work as a whole, from inception to publication of the article. 

Conflict of interest: No author reports any conflict of interest directly or indirectly connected with this 
manuscript. 

Funding source: The present work was performed without any direct or indirect financial support. 

 

*The SIESTA network is formed by the following researchers and centers (all from Spain):  

Steering Committee:  

Òscar Miró, Sònia Jiménez (Hospital Clínic, Barcelona), Juan González del Castillo, Francisco Javier 
Martín-Sánchez (Hospital Clínico San Carlos, Madrid), Pere Llorens (Hospital General de Alicante), 
Guillermo Burillo-Putze (Hospital Universitario de Canarias, Tenerife), Alfonso Martín (Hospital 
Universitario Severo Ochoa de Leganés, Madrid), Pascual Piñera Salmerón (Hospital General 
Universitario Reina Sofía, Murcia), E. Jorge García Lamberechts (Hospital Clínico San Carlos, Madrid), 
Javier Jacob (Hospital Universitario de Bellvitge, L’Hospitalet de Llobregat, Barcelona), Aitor Alquézar-
Arbé (Hospital de la Santa Creu i Sant Pau, Barcelona).  

Participating centres: 
1.-Hospital Universitario Doctor Peset Aleixandre de Valencia: María Luisa López Grima, Mª Ángeles Juan 
Gómez. 
2.-Hospital Universitario y Politécnico La Fe de Valencia: Javier Millán, Leticia Serrano Lázaro. 
3.-Hospital Universitario General de Alicante: Bárbara Peña, Francisco Román. 
4.-Hospital Clínico Universitario de Valencia: José Noceda. 
5.-Hospital Arnau de Vilanova de Valencia: María José Cano Cano, Rosa Sorando Serra. 
6.-Hospital Francesc de Borja de Gandía, Valencia: María José Fortuny Bayarri, Francisco José Salvador 
Suárez. 
7.-Hospital General Universitario de Elche, Alicante: Matilde González Tejera. 
8.-Hospital Marina Baixa de Villajoyosa de Alicante: Liced Aguilar Herrera, Ana María Caballero Mateos. 
9.-Hospital Virgen de los Lirios, Alcoy Alicante: Napoleón Meléndez, Patricia Borrás Albero. 
10.-Hospital Universitario Vinalopó de Elche (Alicante): Blas Jiménez. 
11.-Hospital Universitario de Torrevieja de Alicante: Rigoberto del Río, Blas Jiménez. 
12.-Hospital Lluis Alcanys de Xativa: Carles Pérez García, Pilar Sánchez Amador. 
13.-Hospital Universitario de La Ribera de Valencia: José Vicente Brasó Aznar, José Luis Ruiz López. 
14.-Hospital de la Vega Baja Orihuela de Alicante: María Carmen Ponce, Elena Díaz Fernández. 
15.-Hospital Universitario Sant Joan Alicante: Elena Díaz Fernández 
16.-Hospital General de Requena de Valencia: Laura Ejarque Martínez, Marisa de Reynoso Rodríguez. 
17.-Hospital de Lliria de Valencia: Ana Peiró Gómez, Elena Gonzalo Bellver. 
18.-Hospital de la Santa Creu i Sant Pau (Barcelona): Miguel Rizzi, Carla Cabrera Suarez, Laura Balcells 
Argilag 
19.-Hospital Clinic (Barcelona): Carlos Cardozo. 
20.-Hospital Universitari de Bellvitge de Hospitalet de Llobregat (Barcelona): Alejandro Roset-Rigat, 
Antonio Haro-Bosch. 
21.-Hospital Universitari Germans Trias i Pujol de Badalona (Barcelona): Marta Alujas Rovira, Pepe Ferrer 
Arbaizar. 
22.-Hospital de Terrassa (Barcelona): Josep Tost. 
23.-Hospital del Mar (Barcelona): Isabel Cirera Lorenzo, Silvia Mínguez Masó. 
24.-Hospital Universitari Joan XXIII (Tarragona): Anna Palau, Ruth Gaya Tur. 
25.-Hospital Universitari de Girona Dr. Josep Trueta (Girona): Maria Adroher Muñoz, Ester Soy Ferrer. 
26.-Hospital Universitari de Vic (Barcelona): Lluís LLauger García. 
27.-Hospital de Sant Pau i Santa Tecla (Tarragona): Brigitte Silvana Alarcón Jiménez, Silvia Flores 
Quesada. 
28.-Clinica Sagrada Familia (Barcelona): Arturo Huerta. 
29.-Hospital Clínico San Carlos (Madrid): Marcos Fragiel. 

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=3619814



UMC-19-S7 

3 
 

30.-Hospital Universitario La Paz (Madrid): Susana Martínez Álvarez, Ana María Martinez Virto. 
31.-Hospital Universitario de la Princesa (Madrid): Carmen del Arco Galán, Guillermo Fernández Jiménez  
32.-Hospital Universitario Severo Ochoa de Leganés (Madrid): Esther Álvarez Rodríguez, Teresa Agudo 
Villa. 
33.-Hospital Universitario Rey Juan Carlos (Madrid): Mª José Venegas De L´Hotellerie, Verónica Prieto 
Cabezas. 
34.-Hospital Universitario del Henares (Madrid): Catalina Mocanu, Patricia Gantes Nieto. 
35.-Hospital Universitario de Fuenlabrada (Madrid): Marta Álvarez Alonso, Cristina Latorre Marco. 
36.-Hospital Universitario Infanta Cristina de Parla (Madrid): Alicia Fuente Gaforio, Beatriz Honrado 
Galán. 
37.-Hospital Comarcal El Escorial (Madrid): Sara Gayoso Martín, Frida Vallejo Somohano. 
38.-Clínica Universidad Navarra de Madrid: Nieves López Laguna, Raquel Piñero Panadero. 
39.-Hospital Universitario de Salamanca: Marta Fuentes de Frutos, Cristina Gil Castillo. 
40.-Complejo Asistencial Universitario de León: Ana Barrientos Castañeda, Susana Garcia Escudero. 
41.-Hospital Universitario de Burgos: María Pilar López Díez. 
42.-Hospital Universitario Rio Hortega (Valladolid): Jose Ramón Oliva Ramos, Daniel Serrano Herrero, 
Rosa Castellanos Flórez. 
43.-Complejo Asistencial de Soria: Fadh Beddar Chaib, Ikram Samira Mohamedi Abdelkader. 
44.-Hospital Universitario Regional de Málaga: Ana Pérez Tornero, Alberto Núñez Chia. 
45.-Hospital Universitario Juan Ramón Jiménez: Esther Maldonado Pérez, Verónica Rodríguez Martín. 
46.-Hospital Costa del Sol de Marbella: Ana Belen Garcia Soto, Elisa Delgado Padial. 
47.-Hospital Valle de los Pedroches de Pozoblanco (Córdoba): Jorge Pedraza García. 
48.-Hospital Virgen del Rocío de Sevilla: Amparo Fernández de Simón Almela. 
49.-Complejo Hospitalario Universitario de A Coruña: Ricardo Calvo López. 
50.-Hospital Universitario Lucus Augusti Lugo: Juan José López Díaz. 
51.-Complejo Hospitalario Universitario de Vigo. Hospital Álvaro Cunqueiro: María Teresa Maza Vera, 
Raquel Rodríguez Calveiro. 
52.-Hospital Universitario General de Albacete: Francisco Javier Lucas-Galan, María Ruiperez Moreno. 
53.-Hospital Virgen de la Luz (Cuenca): Félix González Martínez, Diana Moya Olmeda. 
54.-Hospital Nuestra Señora del Prado de Talavera de la Reina (Toledo): Ricardo Juárez. 
55.-Hospital Universitario de Canarias (Tenerife): Marcos Exposito Rodriguez, José Francisco Fernández 
Rodríguez. 
56.-Hospital Universitario de Gran Canaria Dr. Negrín: José Pavón Monzo, Nayra Cabrera González. 
57.-Hospital Universitario Central Asturias: Desire María Velarde Herrera, Beatriz María Martínez 
Bautista. 
58.-Hospital  Universitario de Cabueñes (Gijón): Ana Patricia Niembro Valdés, Lorena Arboleya Álvarez. 
59.-Hospital Clínico Universitario Virgen de la Arrixaca: Eva Quero Motto, Nuria Tomas García. 
60.-Hospital General Universitario Reina Sofía de Murcia: José Andrés Sánchez Nicolás, Paula Lázaro 
Aragües. 
61.-Hospital San Pedro de Logroño: Noemí Ruiz de Lobera. 
62.-Hospital Clínico Universitario Lozano Blesa: José María Ferreras Amez, José María Ferreras Amez. 
  

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=3619814



UMC-19-S7 

4 
 

Abstract (251 words)  

Objective: We investigated the incidence, risk factors, clinical characteristics and outcome of 

spontaneous pneumothorax (SP) in COVID-19 patients attended in emergency departments (ED) before 

hospitalization. 

Methods: We retrospectively reviewed all COVID patients diagnosed with SP (case group) in 61 Spanish 

EDs (20% of Spanish EDs), during the first two months of the COVID outbreak and compared them with 

two control groups: COVID patients without SP (control group A) and non-COVID patients with SP 

(control group B). Relative frequencies of SP were estimated in cases and control group B. Unadjusted 

comparisons between cases and controls included 52 clinical, analytical and radiological characteristics 

and 4 outcomes.  

Results: We identified 40 SP in 71,904 patients with COVID-19 attending EDs (0.56‰, 95%CI=0.40-

0.76‰). This incidence was higher than that observed in non-COVID patients (387/1,358,134, 0.28‰, 

95%CI=0.26-0.32; OR=1.93, 95%CI=1.41-2.71). In COVID patients the characteristics associated with a 

higher risk of SP were: male sex, shorter symptom length, less fever, greater dyspnea, tachycardia, 

tachypnea and hypoxia, higher hemoglobin, leukocyte count, D-dimer and LDH, and lower lymphocyte 

count. Compared to control group B, case group patients were older, more frequently had obesity, 

asthma, dyspnea, tachycardia, tachypnea, hypoxia and analytical disturbances, and less frequently 

diabetes mellitus, hypertension, smoker habit, and chest pain. All the outcomes measured, including in-

hospital death, were worse in cases than in control groups A and B. 

Conclusions: SP as a form of COVID presentation is unusual (<1‰ cases) but is associated with worse 

outcomes than SP developed in non-COVID patients and in COVID patients without SP. 

 

Key words: spontaneous pneumothorax, COVID-19, SARS-Cov-2, incidence, clinical characteristics, risk 

factors, outcome 
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Introduction 

Infection by SARS-Cov-2 is mainly characterized by fever and respiratory symptoms, with dyspnea and 

lung infiltrates being present in more than 50% of hospitalized cases1. A significant number of other 

signs and symptoms can be present, involving the gastrointestinal tract, hepatic inflammation, myalgia 

and rhabdomyolysis, neurological symptoms such as dysgeusia and anosmia, or a pro-coagulant state, 

biochemically detected by increased D-dimers and is related to complications and worse prognosis1-4. In 

some patients, some of these entities appear after the patient has been admitted and, to some extent, 

represent the increased number of complications that may be presented by patients who are bedridden, 

multidrug treated and/or in very poor condition. In this scenario, it is difficult to quantify the real 

association of a certain manifestation with the pathogenesis of the disease caused by SARS-Cov-2 

infection. 

Spontaneous pneumothorax (SP) is a potential complication in some pulmonary infections, and it is 

especially frequent in Pneumocystis jirovnci pneumonia (PCP)5. The real incidence of SP in patients with 

COVID-19 is currently unknown. Some sporadic cases of patients with COVID-19 developing 

pneumothorax have been reported8-13. In some of these cases, invasive or non-invasive mechanical 

ventilation was applied prior to the development of pneumothorax8,11, while in other cases it appeared 

after several weeks of pulmonary involvement, with large inflammatory infiltration and cyst formation in 

pulmonary parenchyma8,11,12. Indeed, only a few case-series have described the frequency of 

pneumothorax in COVID-19: being reported as being present in 1% of 99 hospitalized patients2, in 6% of 

202 mechanically ventilated patients6 and in 1% of 91 deceased patients7. For most of these patients, 

non-invasive or invasive mechanical ventilation probably contributed to this relatively high incidence. In 

the present study, we aimed to investigate the frequency of SP in patients attended in the emergency 

department (ED), before hospitalization and treatment with specific drugs for SARS-Cov-2 infection and 

before the initiation of ventilatory support. The specific objectives were: 1) to determine the frequency 

of SP in patients with COVID-19; 2) to uncover the risk factors associated with the development of SP in 

patients with COVID-19; 3) to describe whether these patients have any distinctive clinical characteristic 

compared with SP observed in non-COVID patients; and 4) to investigate the outcomes of COVID 

patients presenting SP.  
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Methods 

Study design and setting 

The present study forms part of the Unusual Manifestations of Covid-19 (UMC-19) project, which was 

designed to investigate the potential relationship between COVID-19 and 10 different entities that could 

be influenced by SARS-Cov-2 infection itself: SP, acute pancreatitis, meningoencephalitis, Guillain-Barre 

syndrome, (myo)pericarditis, acute coronary syndrome, deep venous thrombosis, pulmonary embolism, 

ictus and gastrointestinal bleeding. The main objectives of the UMC-19 project were common for all 

entities, and consisted in the description of the incidence, risk factors, clinical characteristics, and 

outcomes for each particular entity, using COVID patients who did not develop these entities as well as 

non-COVID patients that presented these entities as comparators.  

In Spain, the first case of SARS-Cov-2 infection was detected on January 31st, 2020 and, accordingly, the 

definition of the COVID period for the inclusion of cases in the present UMC-19 project study was set 

from March 1st to April 30th, 2020. During this 61-day period, 213,435 cases of COVID-19 were confirmed 

in Spain by the Ministry of Health14. For the recruitment of controls, the UMC-19 project selected 

patients from two different periods: one corresponding to the same dates as the cases (from March 1st 

to April 30th, 2020) and one corresponding to same period of the previous year (from March 1st to April 

30th, 2019). 

The investigators of the UMC-19 project initially contacted 152 Spanish EDs, which roughly constitute 

half of the 312 hospital EDs of the Spanish public health network. Of these, 81 considered participation 

and analyzed the protocol, and finally 61 (20% of Spanish EDs) consented to participate and duly sent all 

the data required (Figure 1). Altogether these 61 hospitals provide health coverage to 15.2 million 

citizens (32% of the population of 46.9 million of Spain) and make up a balanced representation of the 

Spanish territory (representing 12 of the 17 Spanish autonomous communities), type of hospital 

(community, reference and high-technology university hospitals were included) and involvement in 

pandemic (with EDs attending from 1% to 47% of the ED census during the COVID outbreak period 

corresponding to COVID patients)13. 

The investigation of SP in COVID patients, one of the entities included in the UMC-19 project, was 

labeled as the UMC-19 Study 7 (UMC-19-S7) and consisted of a retrospective, case-control, multicenter 

study that reviewed the medical reports of COVID patients attended who were diagnosed with SP during 

ED assessment and management in Spanish EDs before hospitalization.  

Cases of the UMC-19-S7 

The case group was formed by COVID patients with the diagnosis of SP being made on the basis of chest 

X-ray or thoracic computerized tomography (CT). All SPs were confirmed by radiologists and/or thoracic 

surgeons. Patients in whom pneumothorax developed as consequence of trauma, manipulations or 
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other secondary causes were excluded. On the other hand, a diagnosis of COVID-19 was accepted  based 

on SARS-Cov-2 antigen detection in nasopharyngeal swab by reverse transcriptase polymerase chain 

reaction (PCR), a clinically compatible clinical picture (including at least malaise, fever and cough) or the 

presence of typical lung parenchymal infiltrates in chest X-ray (bilateral interstitial lung infiltrates and 

ground-glass infiltrates) in patients with some clinical symptoms attributable to COVID-19. Diagnostic 

adjudication was made by the principal investigator of each center without external review. 

Controls of the UMC-19-S7 

We defined two different control groups. One group was formed by COVID patients (without SP) 

attending the ED during the same COVID outbreak period used for case inclusion (March 1st to April 30th, 

2020). This group was constituted by selecting 10 COVID patients for every case detected by each 

center. Selection was randomly performed by the inclusion of the 5+5 COVID patients seen immediately 

before and after each case included by the center. This group, named control group A, was specifically 

designed to uncover the risk factors associated with SP development in COVID patients.   

The second control group was made up of all non-COVID patients with a diagnosis of SP attending the 

ED during the same period as the cases (March 1st to April 30th, 2020), which was defined in the same 

terms as the cases. In order to avoid the possibility that some of these control cases could eventually 

have an inadvertent infection by SARS-Cov-2, we also included all patients with SP diagnosed in ED from 

March 1st to April 30th, 2019, just one year before COVID pandemic in this group. This group, named 

control group B, was specifically designed to uncover the particular distinctive clinical characteristics of 

SP developed in COVID patients with respect to SP developed in the general population. 

Independent variables  

We collected 52 independent variables, which included 2 demographic data (age, sex), 12 comorbidities 

(chronic obstructive pulmonary disease, asthma, active smoker, hypertension, dyslipidemia, diabetes 

mellitus, coronary artery disease, obesity -clinically estimated-, cerebrovascular disease, chronic kidney 

disease – creatinine > 2 mg/dL-, dementia, active cancer), 16 related to symptomatology (time elapsed 

from symptom onset to ED attendance, fever, rhinorrhea, cough, expectoration, dyspnea, chest pain, 

syncope, hemoptysis, abdominal pain, vomiting, diarrhea, confusion, headache, anosmia, dysgeusia), 5 

vitals at ED arrival (temperature, systolic blood pressure, heart rate, respiratory rate, room air 

pulsioxymetry), 9 laboratory parameters (C-reactive protein –CRP-, creatinine, aspartate 

aminotransferase –AST-, lactate dehydrogenase –LDH-, procalcitonin, hemoglobin, leucocytes, 

lymphocytes, D-dimer) and 8 radiological findings in chest X-ray (cardiomegaly, pleural effusion, 

interstitial lung infiltrates and ground-glass opacities, and location, extension and accompanying 

pneumomediastinum and subcutaneous emphysema in patients with pneumothorax). 

Outcomes 
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We defined 4 different outcomes for cases and controls which consisted in: 1) the need for 

hospitalization; 2) the need for admission to intensive care; 3) prolonged hospitalization (defined as a 

length of stay > 7 days, which is the median length of stay of hospitalized patients in Spain); and 4) in-

hospital all-cause mortality. 

Statistical analysis 

Discrete variables were expressed as absolute values and percentages, and continuous variables as 

mean and standard deviation (SD) or median and interquartile range (IQR) if not normally distributed. 

Frequencies were expressed per thousand (‰) cases or controls, with 95% confidence interval (CI). 

Differences between the case and the control groups were assessed by the chi-square test (or Fisher 

exact test if needed) for qualitative variables, and the Student’s t test (or the Mann-Whitney non-

parametric test if non-normally distributed) for quantitative variables. The magnitude of associations 

was expressed as unadjusted odds ratio (OR) with 95% CI.  Continuous variables were dichotomized 

using clinically meaningful cut-offs or around the median of distribution. As the number of patients with 

SP we expected to identify was not large, we did not plan to go further in the investigation of the 

significant relationships identified in the unadjusted analysis using adjusted models. As an exception, 

outcomes were adjusted for age and sex. In all comparisons, statistical significance was accepted if the p 

value was < 0.05 or if the 95% CI of the risk estimations excluded the value 1. The analyses were 

performed with the SPSS (v.24) statistical software package (IBM, Armonk, New York, USA). 

Ethics 

The UMC-19 project was approved by the Ethics Committee of the Hospital Clínic of Barcelona (Spain), 

with the reference number HCB/2020/0534, and acted as the central ethical committee. Under the 

exceptional circumstances generated by the COVID-19 pandemic, the urgent need to obtain feasible 

data related to this new disease, and the non-interventional and retrospective nature of the project, the 

requirement of obtaining written patient consent to be included in the study was waived. All patients 

were codified by investigators of the participating centers before entering their data into the general 

database, thereby ensuring patient anonymity to investigators analyzing the database. The UMC-19-S7 

was carried out in strict compliance with the principles of the Declaration of Helsinki. The authors 

designed the study, gathered and analyzed the data, vouched for the data and analysis, wrote the 

paper, and decided to publish. 
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Results 

A total of 71,904 patients with COVID-19 were seen in the 61 Spanish EDs participating in the UMC-19-S7 

(Figure 1) during the 61-day study period. Forty of these patients presented SP (0.56‰, 95%CI=0.40-

0.76‰) and constituted the case group. Control group A was formed by 400 randomly selected patients 

without SP (COVID-non-SP) during the same period. Confirmation of COVID infection by PCR was 

performed in 75.0% and 74.8% of patients, respectively. On the other hand, 1,358,134 non-COVID 

patients were seen during the 122-day period (61 days in the 2020 COVID period and 61 in the same 

time period in 2019), and 387 SP diagnoses were made (frequency=0.28‰, 95%CI=0.26-0.32). These 

patients constituted control group B. The relative frequency of SP in COVID compared to non-COVID 

patients coming to the ED resulted in an OR of 1.93, (95%CI=1.41-2.71). A pleural tube for 

pneumothorax drainage was placed in 29 out of 40 patients of the case group (73%) and in 306 out of 

the 387 patients on control B group (79.1%, p=0.32). 

The mean age of COVID patients with SP (cases) was 66 years, 73% were males, 20% had asthma, 10% 

chronic obstructive pulmonary disease, and 10% were active smokers. The most frequent 

symptomatology was dyspnea (88%), cough (53%), chest pain (40%) and fever (38%), and the median 

time from symptoms onset to ED consultation was 5 days. The remaining clinical characteristics, as well 

as the vitals at ED arrival and laboratory findings are presented in Table 1. Cardiomegaly and pleural 

effusion were barely seen in these patients (in 11% and 3% X-rays, respectively), but interstitial lung 

infiltrates and ground-glass opacities were frequently observed (in about half of the patients). The 

location of SP was right in 77% of cases, with an extension ranging from minimal to massive, and was 

accompanied by pneumomediastinum and subcutaneous emphysema in 16% of cases (Table 2). In three 

cases, a chest X-ray was not performed in the ED, as SP diagnosis was made by thoracic CT. 

When cases were compared with controls, some statistically significant differences were found (Table 

1), and the magnitudes of these associations are shown in Table 3. Remarkably, the complaint of 

dyspnea at ED arrival was the clinical characteristic of COVID patients associated with the highest risk of 

presenting concomitant SP (OR=5.90; 95%CI=2.27-15.4). Additionally, SP was also found to be associated 

with male sex and asthma as comorbidity, and with less fever, more chest pain, tachypnea and hypoxia, 

higher leukocyte count, D-dimer and LDH, and lower lymphocyte count. Compared to non-COVID 

patients with SP, the most distinctive findings in COVID patients with SP were the presence disgeusia 

(OR=174, 95%CI=9.69-3106), headache (OR=72.3, 95%CI=3.66-1428) and fever at ED arrival (OR=42.4, 

95%CI=4.64-392). They were also older, symptoms had lasted longer before ED consultation, and more 

frequently had asthma, hypertension, diabetes mellitus, dyspnea, tachycardia, tachypnea, hypoxia and 

analytical disturbances, and less frequently had smoking habit, and chest pain.  

Nearly all the outcomes measured were worse in the cases than in the two control groups (Figure 2). 

Specifically, COVID patients with SP had an adjusted (for age and sex) OR for in-hospital mortality of 2.03 
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(95%CI=1.32-3.12) compared to COVID patients without SP (control group A), and of 17.8 (95%CI=5.94-

53.1) compared to non-COVID patients with SP (control group B). 
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Discussion 

We found that around 0.75‰ of COVID patients coming to the ED had SP. This frequency, found during 

the 2-month period of COVID outbreak in Spain, should be considered as high. In the general population, 

the frequencies reported for primary SP in men/women have ranged from 0.07‰/0.01‰ in the United 

States to 0.37‰/0.15‰ in the United Kingdom15, and among ED comers, a previous Italian study 

reported a frequency of 0.42‰16, which is similar to that found in the non-COVID general population in 

the Spanish EDs participating in the present study (0.28‰). Remarkably, our study did not include cases 

of SP appearing after the initiation of invasive or non-invasive mechanical ventilation, a circumstance 

that increases the risk of pneumothorax in patients in general, and in patients with lung infections in 

particular17,18. Therefore, the increased OR of 2.71 found for COVID patients in the UMC-19-S7 

represents the first evidence that SP is probably a consequence related to SARS-CoV-2 infection and, in 

fact, COVID-19 should be added to the list of etiologies of secondary SP. The main facilitating entity of 

secondary SP is chronic obstructive pulmonary disease, present in more than 50% of cases19. Of note, 

with respect to the control groups, this entity was not overrepresented in our cases, reinforcing the role 

of COVID infection itself in SP development. In fact, SP can complicate the course of necrotizing 

pneumonia due to P. jirovecii, lung tuberculosis and, less often, fungi or other microorganisms19-21.  

The presumed common mechanism underlying pneumothorax in patients with lung infection is direct 

invasion and necrosis of lung tissue including the pleura by the microorganism itself. However, other 

factors could facilitate SP development. In patients with HIV-related PCP, in whom the frequency of SP is 

around 10‰5,20 (more than 10-fold higher than what we reported for COVID patients), it has been 

hypothesized that the administration of aerosolized pentamidine may increase the likelihood of PCP to 

grow and cause cavitation in the peripheral parts of the upper lobe, thereby increasing the risk of 

pneumothorax22. In addition, inflammatory reaction could also contribute to SP during lung infections. 

Some studies have reported that SARS might independently result in cyst formation, even in the 

absence of mechanical ventilation, and inflammatory exudate could play a relevant role in this23-25. 

Recent histological examinations reported diffuse bilateral alveolar damage with cellular fibromyxoid 

exudates in COVID-19, and pulmonary cystic lesions. Pulmonary cystic lesions may develop in response 

to cellular fibromyxoid exudates, which form a valve in the bronchus26. In this sense, the significantly 

higher leucocyte counts, D-dimer concentrations and LDH concentrations in COVID patients developing 

SP compared to COVID patients without SP would agree with this concept.  

COVID patients developing SP more frequently presented dyspnea, tachypnea and hypoxia, but all these 

features are very common in severe COVID patients. Interestingly, chest pain was remarkably more 

present in connection with SP development. On the other hand, the distinctive clinical characteristics of 

SP in COVID patients with respect to SP in the general non-COVID population are older age, and the 

higher frequency of diabetes mellitus and hypertension and diabetes mellitus (probably related to the 

more advanced age of the COVID population). Regarding the clinical picture, those symptoms derived 
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from the SARS-CoV-2 infection itself were by large the most distinctive features (including disgeusia, 

headache, fever, diarrhea and anosmia). On the other hand, symptoms lasted longer when patient 

consulted to ED (a median of 5 days in COVID patients in front of 1 day in non-COVID patients, again in 

connection with COVID-19 rather than with SP) and, while dyspnea, tachycardia, tachypnea and 

hypoxemia are more frequent in COVID patients, chest pain is a less frequent complaint in this 

population.  

All the outcomes assessed in the UMC-19-S7 were worse for COVID patients with SP compared to the 

two control groups. COVID-19 itself was responsible for the poorer prognosis of SP in COVID patients 

compared to the general population, especially in terms of the huge increase observed in in-hospital 

mortality (OR=20.0). Conversely, it is difficult to attribute to SP the increment of in-hospital mortality 

observed in COVID patients with SP compared to those without. COVID patients developing SP may have 

been the most severe patients, in terms of viral infection and, especially, in terms of inflammatory 

response. The relatively small sample size of our study precludes adjustment for variables linked to 

COVID-19 severity. As the adjustment for age and sex decreased the risk from an unadjusted OR of 2.59 

to an adjusted OR of 1.69, it is uncertain if a more complete adjustment by group differences, especially 

of COVID-19 severity, could eliminate this apparent increase of risk for COVID patients developing SP. 

Limitations 

This study has several limitations. First, SP was only detected if a chest X-ray or CT was performed in the 

ED. However, during the COVID-19 pandemic, emergency physicians had a very low threshold for 

ordering chest imaging, and an X-ray or CT was performed in the vast majority of COVID patients, 

especially if respiratory symptoms were manifested. Second, inadvertent SP might have occurred, 

although in many centers a senior radiologist reviewed the imaging studies. Third, we did not adjust the 

incidence of SP in COVID for all relevant patient-related or disease-related factors influencing the 

relative frequency of SP presentation and outcomes, and this could somewhat alter the estimations 

presented in the current study. Fourth, in many cases COVID-19 diagnosis was based on clinical and/or 

radiological findings, with no microbiological confirmation. Fifth, as a retrospective study, although the 

the case record form was standardized, there was no monitoring of data collection methods and 

diagnosis and outcome adjudication were done locally. 

Conclusions 

Despite these limitations, we conclude that the incidence of SP in COVID patients attending the ED is low 

but increased with respect to non-COVID patients. Therefore, SARS-CoV-2 infection may have a direct 

role in this increased incidence. COVID patients complaining of dyspnea and chest pain, and exhibiting 

tachycardia, tachypnea and hypoxemia should be assessed to rule out SP. 
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Table 1: Baseline characteristics of patients with COVID-19 with spontaneous pneumothorax and 
comparison with patients with COVID-19 without spontaneous pneumothorax (control group A) 
and with non-COVID patients with spontaneous pneumothorax (control group B). 

 

 Cases 
(COVID-SP) 

N=40 

Control group A 
(COVID-non-SP) 

N=400 

Control group B 
(non-COVID-SP) 

N=387 

P value1 P value2 

Demographics      

Age (years) [median (IQR)] 66 (47-74) 61 (46-77) 36 (22-57) 0.93 <0.001 

Sex (male) 29 (72.5) 205 (51.3) 303 (78.3) 0.012 0.43 

Pulmonary comorbidities      

Chronic obstructive pulmonary disease 4 (10.0) 33 (8.3) 58 (15.0) 0.76 0.49 

Asthma 8 (20.0) 27 (6.8) 22 (5.7) 0.009 0.004 

Active smoker 4 (10.0) 26 (6.5) 146 (37.7) 0.34 <0.001 

Other comorbidities      

Hypertension 15 (37.5) 168 (42.0) 48 (12.4) 0.62 <0.001 

Diabetes mellitus 7 (17.5) 74 (18.5) 23 (5.9) 1.00 0.02 

Active cancer 5 (12.5) 38 (9.5) 41 (10.6) 0.57 0.79 

Coronary artery disease 4 (10.0) 30 (7.5) 8 (2.1) 0.54 0.02 

Obesity (clinically estimated) 3 (7.5) 57 (14.3) 8 (2.1) 0.33 0.07 

Chronic kidney disease 1 (2.5) 34 (8.5) 14 (3.6) 0.35 1.00 

Cerebrovascular disease 1 (2.5) 29 (7.3) 13 (3.4) 0.50 1.00 

Dementia 1 (2.5) 35 (8.8) 7 (1.8) 0.23 0.55 

Peripheral arterial disease 1 (2.5) 17 (4.3) 9 (2.3) 1.00 1.00 

Symptoms related to COVID-19      

Lasting symptoms (days) [median (IQR)] 5 (2-11) 7 (4-10) 1 (1-2) 0.16 <0.001 

Fever (>38º C) 15 (37.5) 247 (61.8) 9 (2.3) 0.004 <0.001 

Rhinorrhea 2 (5.0) 33 (8.3) 6 (1.6) 0.76 0.17 

Cough 21 (52.5) 242 (60.5) 47 (12.1) 0.40 <0.001 

Expectoration 6 (15.0) 59 (14.8) 24 (6.2) 1.00 0.05 

Dyspnea 35 (87.5) 217 (54.3) 227 (58.7) <0.001 <0.001 

Abdominal pain 0 (0) 22 (5.5) 8 (2.1) 0.25 1.00 

Vomiting 0 (0) 25 (6.3) 3 (0.8) 0.15 1.00 

Diarrhea 9 (22.5) 74 (18.5) 3 (0.8) 0.53 <0.001 

Confusion 2 (5.0) 27 (6.8) 4 (1.0) 1.00 0.10 

Headache 3 (7.5) 47 (11.8) 0 (0) 0.60 <0.001 

Anosmia 5 (12.5) 31 (7.8) 2 (0.5) 0.36 <0.001 

Dysgeusia 7 (17.5) 36 (9.0) 0 (0) 0.09 <0.001 

Symptoms related to pneumothorax      

Lasting symptoms (days) [median (IQR)] 5 (2-11) 7 (4-10) 1 (1-2) 0.16 <0.001 

Dyspnea 35 (87.5) 217 (54.3) 227 (58.7) <0.001 <0.001 

Chest pain 16 (40.0) 57 (14.3) 329 (85.0) <0.001 <0.001 

Syncope 1 (2.5) 13 (3.3) 7 (1.8) 1.00 0.55 

Hemoptysis 0 (0) 3 (0.8) 3 (0.8) 1.00 1.00 

Vitals at ED arrival      

Temperature (ºC) [median (IQR)]  36.8 (36.0-37.1) 36.6 (36.0-37.3) 36.0 (36.0-36.5) 0.67 <0.001 

SBP (mmHg) [median (IQR)]  132 (116-143) 123 (115-138) 125 (115-138) 0.41 0.48 

Heart rate (bpm) [median (IQR)]  90 (80-107) 89 (79-100) 86 (73-99) 0.30 0.04 

Respiratory rate (bpm) [median (IQR)]  24 (20-30) 18 (16-22) 18 (15-20) <0.001 <0.001 

Room air pulsioxymetry (%) [median (IQR)] 92 (87-97) 96 (93-98) 97 (95-99) <0.001 <0.001 

Laboratory findings [median (IQR)]      

Hemoglobin (g/L)  143 (134-152) 138 (127-148) 148 (136-157) 0.07 0.10 

Leucocyte count (cells/μL)  9.81 (7.80-12.2) 6.65 (5.02-9.00) 9.54 (7.24-11.90) <0.001 0.74 

Lymphocyte count (cells/μL) 0.79 (0.54-1.20) 1.16 (0.80-1.60) 1.97 (1.30-2.54) 0.002 <0.001 

D-dimer (ng/mL)  1483 (606-4201) 620 (354-1220) 420 (200-996) 0.001 0.001 

Creatinine (mg/dL) 0.85 (0.73-1.05) 0.86 (0.71-1.12) 0.85 (0.71-0.98) 0.95 0.48 

Aspartate animo transferase (IU/L) 34 (25-67) 30 (22-44) 20 (17-30) 0.14 0.001 

Lactate dehydrogenase (IU/L) 384 (252-586) 269 (207-354) 215 (166-306) 0.002 <0.001 

C-reactive protein (mg/dL)  4.68 (1.65-21.3) 5.40 (1.69-11.3) 0.40 (0.19-1.51) 0.45 <0.001 

Procalcitonin (ng/mL) 0.15 (0.03-0.54) 0.09 (0.05-0.21) 0.06 (0.04-0.20) 0.88 0.42 
1P values refer to comparison between cases and control A group 
2P values refer to comparison between cases and control B group  
Bold p values denote statistical significance 

IQR: interquartile range 
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Table 2: Radiological characteristics found in chest X-rays of patients with COVID-19 with spontaneous 
pneumothorax and comparison with non-COVID patients with spontaneous pneumothorax 
(control group A) and with patients with COVID-19 without spontaneous pneumothorax (control 
group B).  

 Cases1 

(COVID-SP) 
N=37 

Control  group A1 

(COVID-non-SP) 
N=387 

Control group B1 

(non-COVID-SP) 
N=372 

P value1 P value2 

General  findings      

Cardiomegaly 4 (10.8) 35 (9.0) 10 (2.7) 0.76 0.03 

Pleura effusion 1 (2.7) 10 (2.6) 28 (7.5) 1.00 0.50 

Lung parenchymal findings related to 
COVID-19 

     

Interstitial infiltrate 18 (48.6) 148 (38.2) -  - 

Ground-glass opacities 22 (59.5) 225 (58.1) -   

Distribution     - 

Peripheral 17 (77.3) 190 (84.4) -   

Central 5 (22.7) 35 (15.6) -   

Location     - 

Unilateral 4 (18.2) 78 (34.7) -   

Bilateral 18 (81.8) 147 (65.3) -   

Data related to pneumothorax      

Location    - <0.001 

Right 30 (81.1) - 196 (52.7)   

Left 7 (18.9) - 176 (47.3)   

Extension    - 0.434 

<10% 11 (29.7) - 72 (19.4)   

10% - 50% 13 (35.1) - 171 (46.0)   

>50% 13 (35.1) - 129 (34.7)   

With pneumomediastinum 6 (16.2) - 12 (3.2) - 0.003 

With subcutaneous emphysema 6 (16.2) - 31 (8.3) - 0.13 
1There were no chest X-ray in 3 cases and in 13 and 15 patients of control groups A and B, respectively 
2P values refer to comparison between cases and control A group 
3P values refer to comparison between cases and control B group 
4Calculated by chi-square for trend 
Bold p values denote statistical significance   
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Table 3: Magnitude of statistically significant associations for variables found to be unequally distributed 
in the univariable analysis (ordered by magnitude). 

 

 Odds Ratio (95% CI) 

Characteristics of COVID patients developing spontaneous pneumothorax  
(respect to COVID patients not developing spontaneous pneumothorax)  

 

Complaining with dyspnea 5.90 (2.27-15.4) 

Respiratory rate >20 bpm 5.37 (2.62-11.0) 

Room air pulsioxymetry <95% 4.28 (2.14-8.58) 

Leucocytes >10 cell/μL 4.21 (2.02-8.75) 

Lactate dehydrogenase >350 UI/L 4.19 (1.91-9.20) 

Complaining with chest pain 4.01 (2.00-8.01) 

D-dimers >1000 ng/mL 3.61 (1.69-7.69) 

Asthma 3.45 (1.45-8.22) 

Lymphocytes <1 cell/μL 3.22 (1.55-6.70) 

Not complaining of fever (<38ºC) 2.69 (1.38-5.26) 

Sex male 2.51 (1.22-5.16) 

Characteristics of spontaneous pneumothorax in COVID patients 
(respect to spontaneous pneumothorax in non-COVID patients) 

 

Disgeusia 174 (9.69-3106)* 

Headache 72.3 (3.66-1428)* 

Temperature at ED arrival >38ºC 42.4 (4.64-392) 

Diarrhea 37.2 (9.57-144) 

Anosmia 27.5 (5.15-147) 

Complaining with fever 25.2 (10.0-63.2) 

Lymphocytes <1 cell/μL 12.7 (5.9-27.6) 

Lactate dehydrogenase >350 UI/L 9.92 (3.20-30.7) 

Not complaining of chest pain 8.47 (4.26-16.9) 

Cough 8.00 (4.00-16.0) 

Respiratory rate at ED arrival >20 bpm 7.25 (3.51-15.0) 

C-reactive protein >5 mg/dL 7.06 (3.02-16.5) 

Room air pulsioxymetry at ED arrival <95% 6.45 (3.20-13.0) 

Not being active smoker 5.46 (1.90-15.6) 

Age >60 years 5.33 (2.71-10.5) 

Coronary artery disease 5.26 (1.51-18.3) 

D-dimers >1000 ng/mL 5.17 (1.88-14.2) 

Complaining with dyspnea 4.93 (1.89-12.9) 

Symptoms lasting ≥7 days 4.81 (2.31-10.0) 

Aspatate amino transferase >40 UI/L 4.43 (1.46-13.4) 

Hypertension 4.24 (2.09-8.60) 

Asthma 4.15 (1.71-10.1) 

Diabetes mellitus 3.36 (1.34-8.41) 

Heart rate at ED arrival >100 bpm 1.93 (0.97-3.86) 
*Calculated by Fisher exact test using the approximation of Woolf. 
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Figure 1: Study design and inclusion flow chart 

  

SP: spontaneous pneumothorax 
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Figure 2: Outcomes of patients with COVID-19 and spontaneous pneumothorax compared 

with patients with COVID-19 without spontaneous pneumothorax (control group A) and non-

COVID patients with spontaneous pneumothorax (control group B), unadjusted (in red) and 

adjusted for age and sex (in blue). 

 

 

*Calculated by Fisher exact test using the approximation of Woolf. 
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