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SUMMARY 

Bronchoscopy is part of the armamentarium against COVID-19. It allows diagnosis, facilitates 

mechanical ventilation and provides prognostic information. This information could be used to 

refine health care pathways in order to improve outcomes. 

 

ABSTRACT 

Background: The role of bronchoscopy in coronavirus disease 2019 (COVID-19) is a matter of 

debate.  

Patients and methods: This observational multicenter study aimed to analyze the prognostic 

impact of bronchoscopic findings in a consecutive cohort of patients with suspected or confirmed 

COVID-19. Patients were enrolled at 17 hospitals from February to June, 2020. Predictors of in-

hospital mortality were assessed by multivariate logistic regression.  

Results: A total of 1,027 bronchoscopies were performed in 515 patients (age 61.5±11.2; 73% 

men), stratified into a clinical suspicion cohort (n=30) and a COVID-19 confirmed cohort 

(n=485). In the clinical suspicion cohort, the diagnostic yield was 36.7%. In the COVID-19 

confirmed cohort, bronchoscopies were predominantly performed in the intensive care unit 

(n=961; 96.4%) and major indications were: difficult mechanical ventilation (43.7%), mucus 

plugs (39%) and persistence of radiological infiltrates (23.4%). One hundred forty-seven 

bronchoscopies were performed to rule out superinfection, and diagnostic yield was 42.9%. 

There were abnormalities in 91.6% of bronchoscopies, the most frequent being mucus secretions 

(82.4%), haematic secretions (17.7%), mucus plugs (17.6%), and diffuse mucosal hyperemia 



(11.4%). The independent predictors of in-hospital mortality were: older age (Odds ratio 

[OR]=1.06; p<0.001), mucus plugs as indication for bronchoscopy (OR=1.60; p=0.041), absence 

of mucosal hyperemia (OR=0.49; p=0.041) and the presence of haematic secretions (OR=1.79; 

p=0.032). 

Conclusions: Bronchoscopy may be indicated in carefully selected patients with COVID-19 to 

rule out superinfection and solve complications related to mechanical ventilation. The presence 

of haematic secretions in the distal bronchial tract may be considered a poor prognostic feature in 

COVID-19.   

ABBREVIATIONS (alphabetic order) 

- BAL: bronchoalveolar lavage 

- BAS: bronchial aspiration 

- CT: computed tomography 

- CI: confidence interval 

- COVID-19: Coronavirus disease 2019 

- ICU: Intensive care unit 

- IQR: interquartile range 

- OR: odds ratio 

- RT-PCR: real-time reverse transcriptase polymerase chain reaction assay 

- SARS-CoV-2: severe acute respiratory syndrome coronavirus 2 



INTRODUCTION 

The novel coronavirus disease 2019 (COVID-19), which is caused by the severe acute 

respiratory syndrome coronavirus 2 (SARS-CoV-2), originated in Wuhan in the province of 

Hubei, China, in December 2019[1]. COVID-19 rapidly spread to other countries driven by an 

increased prevalence of asymptomatic carriers and by the airborne transmission of SARS-CoV-

2[2]. In March 2020, COVID-19 was declared a pandemic by the World Health Organization, 

and since then has challenged health care systems worldwide, making the need to optimize 

clinical pathways and resource utilization mandatory.    

The role of bronchoscopy in COVID-19 is a matter of debate. Among patients with clinical 

suspicion of COVID-19 with negative nasopharyngeal swab specimen results by real-time 

reverse transcriptase polymerase chain reaction assay (RT-PCR), bronchoscopy could provide 

increased sensitivity by obtaining samples from the lower respiratory tract[3]. In patients with 

severe COVID-19, mainly admitted to the intensive care unit (ICU), bronchoscopy may be 

required to manage complications such as atelectasis or hemoptysis, to solve issues with 

mechanical ventilation, and to rule out superinfection. However, bronchoscopy in COVID-19 is 

not without risks, including disease transmission to the health care staff. Although some 

scientific societies have issued guidelines in order to reduce heterogeneity in clinical practice[4], 

the supporting scientific background is scarce and is mainly composed by short series[5-7].  

The main endpoint of the present nationwide study was to evaluate the impact of endoscopic 

findings on outcomes among patients with COVID-19. Secondary outcomes were: a) to describe 

the indications for bronchoscopy and procedures; b) to analyze the diagnostic yield of 

bronchoscopy in patients with suspected SARS-CoV-2 pneumonia. 



MATERIALS AND METHODS 

The “COronavirus & BRonchoscopy in Spain (COBRE)” project is an ambispective multicenter 

study, which was launched during the first epidemic wave of COVID-19 in Spain. The study was 

performed according to the principles of the Declaration of Helsinki and aligning with the 

European Union regulation 2016/679. The study was approved by the Research Ethics 

Committee of the Hospital Universitario Reina Sofía, Córdoba, Spain (PI 2020/4680).  

Study population 

Patients were enrolled at 17 secondary and tertiary hospitals in Spain. The recruitment period 

ranged from February 20
th

, 2020, when the national authorities informed about community 

transmission of SARS-CoV-2, until June 30
th

, 2020, when there was an official declaration of 

controlled community transmission. Patients admitted to the hospital because of suspected or 

confirmed COVID-19 who required a bronchoscopy were consecutively included and stratified 

into two study cohorts: 

a) Clinical suspicion cohort: patients with clinical and radiological features of COVID-19 or 

positive IgM antibody testing, but without confirmation by RT-PCR in two consecutive 

nasopharyngeal swab specimens, who underwent bronchoscopy for diagnostic purposes. 

b) RT-PCR confirmed cohort: patients with SARS-CoV-2 pneumonia confirmed by RT-PCR of 

nasopharyngeal swab specimens who required a bronchoscopy.  

The exclusion criteria for both cohorts were as follows: patients younger than 18 years old; 

bronchoscopy performed after virological resolution (confirmed by two consecutive RT-PCR 



negative tests); interval between COVID-19 confirmation and endoscopic examination longer 

than 30 days. 

Identification of study candidates, data extraction and outcomes 

Potential study candidates were screened among patients admitted to the hospital with suspected 

or confirmed COVID-19. Those patients with compatible clinical symptoms and typical 

radiological findings[8] with two negative RT-PCR of nasopharyngeal swab specimens could 

undergo bronchoscopy to obtain a lower respiratory tract specimen and they formed the clinical 

suspicion cohort. Patients with previous positive RT-PCR of SARS-CoV-2 in nasopharyngeal 

swab specimens who underwent bronchoscopy to rule out superinfection or for therapeutic 

purposes formed the RT-PCR-confirmed cohort. 

Data was recorded in an anonymized electronic datasheet using the REDCap (Research 

Electronic Data Capture) platform[9]. Study investigators received online training at baseline to 

homogenize the data collection, and they were granted access with a unique username/password. 

All clinical information was extracted from reliable electronic medical data sources. 

Demographic characteristics and comorbidities (graded with the Charlson comorbidity index as 

absent if 0-1, mild if 2 or severe if ≥3[10]), clinical symptoms, and diagnostic tests of COVID-19 

were recorded. Blood tests and radiological features were considered within the 48 hours prior to 

bronchoscopy. Imaging findings obtained in chest computed tomography (CT) were reported 

according to the COVID-RADS classification as typical, fairly typical, atypical or normal[11]. 

Bronchoscopic findings and procedures were also registered. Patients were followed until 

hospital discharge or death. The main outcome evaluated was in-hospital mortality at 90 days 

after bronchoscopy.  



 

 

Sample size calculation 

The sample size was calculated using EPIDAT version 4.2 (Xunta de Galicia, Spain). The 

following assumptions were made to study a theoretical relationship between endoscopic 

findings and outcomes: 

- The prevalence of an endoscopic feature indicating poor prognosis: 20%. 

- In-hospital mortality in patients showing an endoscopic feature indicating poor prognosis: 40% 

(obtained from the upper range of mortality reported in previous series of critically ill 

patients[12, 13]). 

- In-hospital mortality in patients without an endoscopic feature indicating poor prognosis: 25% 

(obtained from the lower range of mortality reported in previous series of critically ill 

patients[12, 13]). 

- Statistical power: 80% 

- Alpha error: 5% 

- Incomplete or unavailable data: 5% 

Under these premises, the minimum sample size required was 483 patients with RT-PCR-

confirmed COVID-19. The study finally comprised 515 patients, including 488 RT-PCR 

confirmed cases.   



Statistical analysis 

Categorical variables were described as frequency tables and percentages. Continuous variables 

were described using mean and standard deviation, except for those with an asymmetric 

distribution, in which median and interquartile range (IQR) were used. To identify clinical, 

radiological and endoscopic features associated with in-hospital mortality at 90 days, the first 

bronchoscopy performed in each patient with RT-PCR-confirmed COVID-19 was considered. 

Univariate and multivariate logistic regression was used. Variables with a p<0.30 in the 

univariate analysis were entered the initial multivariate model. Endoscopic features with a 

prevalence ≥5% were also included in the initial multivariate model irrespective of their 

univariate p value. Non-significant co-variates were removed in a backward stepwise process. 

All possible interactions were tested. Clinically meaningful variables were also kept in the final 

model even if they did not reach statistical significance. Kaplan-Meier curves were used for 

survival analysis, being patients censored at hospital discharge or on October 30
th

, 2020. The 

statistical analysis was performed using SPSS version 22.0 (IBM Corp, Armonk, NY). Every 

hypothesis tested was two-tailed and considered significant if p <0.05. 

RESULTS 

Description of the study population. 

A total of 1,027 bronchoscopies were performed in 515 patients (average age 61.5±11.2; 73% 

men). The clinical suspicion cohort comprised 30 patients (5.8%) while the remaining 485 

patients (94.2%) were RT-PCR-confirmed COVID-19, including 86 patients who underwent 147 

bronchoscopies to rule out superinfection and 399 patients who required 850 therapeutic 

bronchoscopies. The clinical characteristics of both cohorts are summarized in table 1. Severe 



comorbidity defined as a Charlson score ≥3 was more frequent in the clinical suspicion cohort 

(33.3%) as compared with the RT-PCR-confirmed cohort (10.1%) (p<0.001). The clinical 

presentation was almost indistinguishable in both cohorts, except for an increased prevalence of 

cough and myalgias in the RT-PCR-confirmed cohort (74.2% vs 50%, p=0.004; and 32.2% vs 

13.3%, p=0.031, respectively). In the X-ray, bilateral infiltrates predominated in the RT-PCR-

confirmed cohort (83.5% vs 60%; p<0.001). Admission to the ICU was required in 95.2% of 

patients in the RT-PCR-confirmed cohort as compared with 26.7% of patients in the clinical 

suspicion cohort (p<0.001).  

Clinical suspicion cohort 

Bronchoscopies were performed in the bronchoscopy room (50%), ICU (26.7%), respiratory 

ward (20%) or in the operating room (3.3%).  Disposable bronchoscopes were used in 18 

procedures (60%) and the preferred access was via nasal (63.3%). Lower respiratory tract 

specimens obtained were: bronchial aspiration (BAS) (31.6%), bronchoalveolar lavage (BAL) 

(10.5%), bronchial washing (10.5%) and a combination of BAS and BAL (47.4%).  RT-PCR 

was positive for SARS-CoV-2 in 11 patients (36.7%). Of note, none of the patients undergoing 

BAS alone had a positive RT-PCR while the diagnostic yield of the remaining specimens ranged 

from 40% to 60%. Among 19 patients without confirmation of SARS-CoV-2, 5 patients (26.3%) 

had an alternative diagnosis (Cytomegalovirus, Pneumocystis, Aspergillus and/or 

Staphylococcus), and 14 patients had no proven microbiological agent in the lower respiratory 

tract specimens. None of these patients had a subsequent positive test for COVID-19.  Patients 

with and without SARS-CoV-2 confirmation did not show statistical differences regarding age 

(p=0.90), sex distribution (p=0.70), smoking history (p=0.18) and Charlson comorbidity index 

(p=0.47). Fever, cough, dyspnea and myalgias were distributed homogeneously in both groups 



(p=0.61, p=0.70, p=0.13, and p=0.61 respectively). Patients with a SARS-CoV-2 positive RT-

PCR were characterized by an increased prevalence of gastrointestinal symptoms (36.4% vs 

5.3%; p=0.047). Laboratory parameters including lymphocyte count, D dimer, lactate 

dehydrogenase, ferritin, C-reactive protein and interleukin-6 were similar in the RT-PCR 

positive and negative groups (data not shown). The chest X-ray showed interstitial bilateral 

infiltrates in 63.6% of patients from the SARS-CoV-2 positive group as compared with 31.6% of 

patients without COVID-19 confirmation (p=0.09). A chest CT was performed in 14 patients 

within 48 hours prior to bronchoscopy (6 patients with subsequent positive RT-PCR and 8 

patients with subsequent negative RT-PCR). There was a typical or fairly typical radiological 

pattern of COVID-19 in the vast majority of patients (78.6%), without statistical differences 

between patients with subsequent positive and negative RT-PCR results. There were endoscopic 

abnormalities in 63.6% of patients with positive COVID-19 RT-PCR vs 36.8% of patients with 

negative COVID-19 RT-PCR results (p=0.16). The most frequent bronchoscopic findings were: 

thick mucus secretion (n=9), fluid mucus secretion (n=4) and diffuse mucosal hyperemia (n=3). 

Admission to the ICU was required in 18.2% of patients with a positive RT-PCR and in 31.6% 

of patients with a negative RT-PCR (p=0.67). The in-hospital mortality was 18.2% in patients 

with a SARS-CoV-2 positive RT-PCR and 21.1% in patients with negative RT-PCR (Log rank 

p=0.47).  

RT-PCR-confirmed cohort 

The RT-PCR confirmed cohort included 485 hospitalized patients who underwent 997 

bronchoscopies (range 1-16 procedures per patient). The number of health care professionals 

involved in each procedure ranged from 1 to 5. Bronchoscopies were performed predominantly 

in the ICU (n=961; 96.4%), followed by the COVID-19 ward (n=18; 1.8%), endoscopy room 



(n=15; 1.5%) and operating room (n=3; 0.3%). The vast majority of procedures were performed 

in rooms without negative pressure (90.7%) and using disposable bronchoscopes (94.5%). 

Regarding ventilatory support, most bronchoscopies were performed with patients under 

invasive mechanical ventilation (93.2%) and in 66 cases (6.6%) under extra-corporeal membrane 

oxygenation. The predominant accesses were orotracheal tube (61%) and tracheostomy (35.2%). 

The patient was in prone position in 55 bronchoscopies (5.5%). The ratio of partial pressure 

arterial oxygen and fraction of inspired oxygen was 171.9±80.6. Bronchoscopies were indicated 

to rule out superinfection (14.7%) or for therapeutic purposes (85.3%). Therapeutic indications 

and endoscopic findings are summarized in table 2. Major indications for bronchoscopy were: 

complications associated with mechanical ventilation (50%), mucus plugs/atelectasis (46%), 

persistence or progression of radiological infiltrates (33.4%) and hemoptysis (6%). There were 

endoscopic abnormalities in 91.6%, the most frequent being mucus secretions (82.4%), mucus 

plugs (17.6%), haematic secretions/clots (23.7%) and diffuse mucosal hyperemia (11.4%) (figure 

1). The most frequent therapy consisted in atelectasis resolution or mucus aspiration (82.3%). 

Among 147 bronchoscopies performed to rule out superinfection, the microbiological samples 

were obtained from: BAS (11.6%), BAL (10.9%), bronchial washing (52.5%), and BAS in 

combination with BAL (21.7%). The diagnostic yield was 42.9%, including 71 microbiological 

isolations which are detailed as supplementary material.  

Impact of endoscopic findings on outcomes  

All patients with RT-PCR-confirmed COVID-19, either in nasopharyngeal swab or in lower 

respiratory tract specimens, were included to evaluate clinical, radiological and endoscopic 

features associated with mortality (n=496). Univariate and multivariate logistic regression 

analyses to predict in-hospital mortality at 90 days are shown in Table 3. The independent 



predictors of in-hospital mortality were: older age (odds ratio [OR]=1.06; 95%CI 1.03-1.08; 

p<0.001), mucus plugs as indication for bronchoscopy (OR=1.60; 95%CI 1.02-2.53; p=0.041), 

absence of diffuse mucosal hyperemia (OR=0.49; 95%CI 0.25-0.97; p=0.041), and the presence 

of haematic secretions (OR=1.79; 95%CI 1.05-3.05; p=0.032) in the distal bronchial tract. A 

Charlson score ≥3 was kept in the final model as clinically relevant information. The interval 

from hospital admission to bronchoscopy behaved as a confounding factor and was controlled in 

the final model. In the survival analysis, the presence of haematic secretions in the distal 

bronchial tract was the only endoscopic finding associated with mortality: 53.2% vs 35.7% at 60 

days and 61% vs 39.5% at 90 days post-bronchoscopy (Log-rank p=0.038) (figure 2).  

DISCUSSION 

The present study was carried out in the largest cohort published to date and provides key 

evidence regarding potential indications for bronchoscopy in patients with suspected or 

confirmed COVID-19, both for diagnostic or therapeutic purposes. Interestingly, some 

bronchoscopic findings were independently associated with in-hospital mortality after 

controlling for potential confounders. This information could be used to refine health care 

pathways and to reduce heterogeneity in clinical practice, in order to improve outcomes in 

patients with severe COVID-19.  

The diagnosis of SARS-CoV-2 pneumonia is challenging when RT-PCR is negative in 

conventional nasopharyngeal swabs. Previous studies have suggested that lower respiratory tract 

specimens could increase sensitivity and allow diagnosis in patients with reduced viral load[3], 

while others recommend to avoid bronchoscopy for diagnostic purposes[14]. The selection of 

candidates for diagnostic bronchoscopy is paramount as this is an invasive procedure, not 



without risk of complications, and there is also a potential risk of spreading the infection to the 

medical staff due to the aerosols generated therein[15]. Only patients with high clinical suspicion 

of COVID-19 and typical radiological findings who test negative in two consecutive 

nasopharyngeal swabs may be considered for diagnostic bronchoscopy. The diagnostic yield of 

lower respiratory tract samples in the present study was 36.7% for SARS-CoV-2 (53% if 

alternative microbiological agents were considered), which was lower than in previous reports 

(55%-71%)[3, 5]. This may be due to different selection criteria including the number of prior 

negative swabs and CT findings. In our study, patients with positive and negative results had a 

similar clinical presentation and laboratory findings, suggestive of high clinical suspicion of 

COVID-19 in this cohort. Gastrointestinal symptoms could identify a subgroup of candidates for 

diagnostic bronchoscopy. Another way to optimize the selection of candidates would be to avoid 

patients with atypical radiological findings[16]. According to our results, bilateral involvement 

in the chest X-ray and typical or fairly typical findings in the CT as previously defined[11], may 

help to achieve better selection of patients, thus refining clinical pathways.  

International Scientific Societies and expert panels have issued recommendations to safely 

perform bronchoscopy in patients with suspected or confirmed COVID-19[17-20]. However, 

statements regarding the optimal approach to obtain microbiological samples are vague. This 

may explain the heterogeneity in clinical practice, as illustrated in the present study. According 

to our results, BAS alone should be avoided but other options including BAL, bronchial washing 

or BAL in combination with BAS, would be equally valid. In contrast, guidelines are broadly 

homogeneous regarding protocols to protect health care personnel[17, 20, 21]. In brief, 

bronchoscopies in patients with suspected or confirmed COVID-19 should be performed in 

negative-pressurized or in adequately ventilated rooms. The involved healthcare personnel may 



be experienced and reduced to the minimum (2 or 3 people depending on the procedure). 

Disposable bronchoscopes are advised. Individual enhanced third-degree protection elements are 

required (protective glasses or face shield, FFP3 face masks, protective clothing, gloves…). 

Unfortunately, some of these recommendations are difficult to implement in real clinical 

practice, particularly in secondary hospitals which were overwhelmed during the peak of the 

pandemic. Negative-pressurized rooms are anecdotal in ICUs where most therapeutic 

endoscopies need to be performed. These structural deficiencies should be urgently amended by 

the health care authorities to protect the medical staff from COVID-19 transmission. In any case, 

the decision to perform (or not) a bronchoscopy in a patient with COVID-19 should be taken 

after a careful weighting of potential benefits against the potential risk of disease transmission to 

healthcare personnel.   

Critically ill patients with COVID-19 usually require prolonged mechanical ventilation. 

Bronchoscopy may help to prevent, diagnose or resolve ventilator-related complications. This is 

the first multicenter study describing the indications and procedures in this setting. The presence 

of mucus plugs was the only indication independently associated with worse outcomes (60% 

increased mortality rates as compared with other indications), although it is tightly related to 

other indications such as atelectasis, superinfection and difficult mechanical ventilation. It is 

paramount to optimize ventilation to prevent excess secretions and to perform frequent 

aspirations through the endotracheal tube[20].  

There are well established clinical, analytical and radiological predictors of poor outcomes in 

patients with COVID-19 including (but not limited to) older age, men, increased comorbidities, 

lymphopenia, increased D dimer and serum ferritin, and extent of pneumonia in the chest CT[22, 

23]. This is the first study sufficiently powered to analyze the impact of bronchoscopic findings 



on outcomes among hospitalized patients with COVID-19. The presence of diffuse mucosal 

hyperemia was associated with reduced in-hospital mortality rates, as it is likely a typical feature 

of an earlier phase of COVID-19, indicating acute inflammation[24]. This situation may still be 

reversible with or without anti-inflammatory drugs such as corticosteroids[25]. However, the 

disappearance of this endoscopic sign under persistent respiratory insufficiency may indicate a 

poor prognosis. The presence of haematic secretions in the distal bronchial tract was an 

independent predictor of increased in-hospital mortality. In contrast to diffuse mucosal 

hyperemia, haematic secretions could translate into irreversible damage of the capillaries and the 

interstitial/alveolar space, which characterizes the most advanced and severe forms of COVID-

19[26-28]. Indeed, the presence of haematic secretions identified a subgroup of very sick patients 

(16%) with in-hospital mortality above 60%. Further studies focused on this subpopulation are 

needed to delineate more aggressive and life-saving therapies.     

The present study is limited by its ambispective design which precluded a protocolized clinical 

management of the study population. Although laboratory and radiological assessment of 

patients with COVID-19 varied among different institutions, making it difficult to extract solid 

conclusions regarding these parameters, the study adequately captured the heterogeneity in real 

clinical practice. On the other hand, the number of patients in the clinical suspicion cohort was 

limited as this indication is uncommon and not accepted by some experts[14]. Finally, a potential 

relationship between ventilator-derived trauma and some bronchoscopic findings in critically ill 

patients could not be ruled out.  

In conclusion, bronchoscopy is pivotal as part of the armamentarium against COVID-19. In 

carefully selected patients with clinical and radiological suspicion of SARS-CoV-2 pneumonia 

who test negative in nasopharyngeal swabs, a lower respiratory tract specimen may provide an 



acceptable diagnostic yield, also including the identification of alternative microbiological agents 

or superinfection. In critically ill patients with COVID-19, bronchoscopy allows removal of 

mucus plugs and intrabronchial clots, and the resolution of atelectasis, thereby improving 

mechanical ventilation. Finally, haematic secretions in the respiratory tract and absence of 

diffuse mucosal hyperemia are poor prognostic features.  

 

 

 

 

 

 

 

 

 

 

 

 



 

TABLES 

Table 1. Clinical characteristics of 515 patients admitted to the hospital with suspected or 

confirmed COVID-19 who required a bronchoscopy. 

VARIABLE Clinical suspicion 

cohort (n=30) 

RT-PCR-

confirmed cohort 

(n=485) 

p 

Age  59.2 ± 15.5  61.7 ± 10.9 0.390 

Sex (women); % (n) 36.7% (11) 26.4% (128) 0.219 

Previous medical history 

   Diabetes; % (n) 

   Hypertension; % (n) 

   Cardiovascular; % (n) 

   Bronchopulmonary; % (n) 

   Neoplasms; % (n) 

 

20% (6) 

36.7% (11) 

13.3% (4) 

23.3% (7) 

30% (9) 

 

22.5% (109) 

47.6% (231) 

10.9% (53) 

14% (68) 

9.3% (45) 

 

0.752 

0.243 

0.684 

0.161 

0.002 

Charlson comorbidity index 

   0-1 

   2 

   ≥3 

 

53.3% (16) 

13.3% (4) 

33.3% (10) 

 

77.3% (375) 

12.6% (61) 

10.1% (49) 

<0.001 

Tobacco consumption; % (n) 

   Current smokers 

   Past smokers 

   Non-smokers 

 

17.9% (5) 

17.9% (5)  

64.2% (18) 

 

6.2% (29) 

28% (130) 

65.8% (306) 

0.046 

Lifetime tobacco consumption 

(Packs/year); median (IQR)* 

21.5 (11.5-46.2) 30 (15-40) 0.988 

Immunosuppression 

    HIV; % (n) 

    Chemotherapy; % (n) 

    Monoclonal antibodies; % (n) 

    Calcineurin inhibitors; % (n) 

    Antimetabolites; % (n) 

    Corticosteroids; % (n) 

 

3.3% (1) 

5 (16.7%) 

3.3% (1) 

10% (3) 

6.7% (2) 

0% (0) 

 

0.8% (4) 

1% (5) 

1% (5) 

2.1% (10) 

2.1% (10) 

2.9% (14) 

 

0.174 

<0.001 

0.304 

0.034 

0.151 

1 

Clinical presentation of COVID-19 

   Fever; % (n) 

   Dyspnea; % (n)  

   Cough; % (n) 

   Gastrointestinal symptoms; % (n) 

   Myalgias; % (n) 

   Anosmia/ageusia; % (n) 

 

76.7% (23) 

56.7% (17) 

50% (15) 

16.7% (5) 

13.3% (4) 

0 (0%) 

 

83.1% (403) 

67.4% (327) 

74.2% (360) 

23.1% (112) 

32.2% (156) 

6.6% (32) 

 

0.366 

0.225 

0.004 

0.415 

0.031 

0.245 



Laboratory parameters; median (IQR) 

   PaO2/FiO2 ratio** 

   SaO2/FiO2 ratio*** 

   Lymphocyte -count/µl 

   D dimer -ng/mL 

   Lactate dehydrogenase-U/L 

   Ferritin -ng/mL 

   C-reactive protein -mg/L 

   Interleukin-6 -pg/mL 

 

270 (196-288) 

329 (235-387) 

890 (490-1,540) 

1,113 (577-2,170) 

304 (239-507) 

589 (359-1,356) 

36 (12-166) 

46 (5-149) 

 

160 (118-216) 

184 (132-239) 

700 (540-1,000) 

843 (492-1,605) 

450 (340-625) 

1,275 (648-2,299) 

22 (11-81) 

65 (23-130) 

 

0.038 

<0.001 

0.115 

0.545 

0.049 

0.107 

0.438 

0.546 

Chest X-ray abnormalities; % (n) 

  Normal 

  Unilateral interstitial 

  Bilateral interstitial 

  Unilateral consolidation 

  Bilateral consolidation 

  Others 

 

0% (0) 

23.3% (7) 

43.3% (13) 

6.7% (2) 

16.7% (5) 

10% (3) 

 

0,4% (2) 

1.6% (8) 

36.7% (178) 

2.9% (14) 

46.8% (227) 

11.5% (56) 

<0.001 

 

COVID-19 specific therapy  

   Azithromycin; % (n)  

   Hydroxychloroquine; % (n) 

   Lopinavir/ritonavir; % (n) 

   Remdesivir; % (n) 

   Interferon beta; % (n) 

   Anakinra; % (n) 

   Tocilizumab; % (n) 

   Antibiotics; % (n) 

   Corticosteroids; % (n) 

 

0% (0) 

3.3% (1) 

3.3% (1) 

0% (0) 

3.3% (1) 

0% (0) 

3.3% (1) 

3.3% (1) 

3.3% (1) 

 

50.4% (242) 

75.4% (362) 

54% (259) 

5% (24) 

15.2% (73) 

3.8% (18) 

49.2% (236) 

31.7% (152) 

70.4% (338) 

 

<0.001 

<0.001 

<0.001 

0.386 

0.104 

0.616 

<0.001 

<0.001 

<0.001 

Length of hospital stay; median (IQR) 18 (8-28) 38 (22-61) 0.007 

Admission in intensive care unit 26.7% (8) 95.2% (456) <0.001 

In-hospital mortality 20% (6) 33.6% (163) 0.123 

* Only accounted for current/past smokers; ** PaO2/FiO2 was available in 298 patients; *** SaO2/FiO2 

was available in 140 patients who did not have PaO2/FiO2. 

IQR: interquartile rante; HIV: human immunodeficiency virus 

 

 

 

 

 

 



 

Table 2. Therapeutic indications and findings in 997 bronchoscopies performed in 485 

hospitalized patients with RT-PCR-confirmed SARS-CoV-2 pneumonia. 

VARIABLES % (n) 

Indications 

    Atelectasis 

    Mucus plugs 

    Hemoptysis 

    Radiological progression 

    Persistence of radiological infiltrates 

    Difficult mechanical ventilation 

    Impossible weaning from mechanical 

ventilation 

 

7% (70) 

39% (389) 

6% (60) 

10% (100) 

23.4% (233) 

43.7% (436) 

6.3% (63) 

Findings 

    Normal 

    Diffuse mucosal hyperemia 

    Thick mucus secretion 

    Fluid mucus secretion 

    Mucus plugs  

    Haematic secretions 

    Intrabronchial clots 

 

8.4% (84) 

11.4% (114) 

59.9% (597) 

22.5% (224) 

17.6% (175) 

17.7% (176) 

6% (60) 

Location of mucus plugs (n=175) 

    Trachea 

    Main right bronchus 

    Main left bronchus 

    Right superior bronchus 

    Right middle bronchus 

    Right inferior bronchus 

    Left superior bronchus 

    Left inferior bronchus 

 

24% (42) 

31.4% (55) 

33.5% (59) 

18.3% (32) 

24% (42) 

45.1% (79) 

16% (28) 

36.6% (64) 

Location of intrabronchial clots (n=60) 

    Trachea 

    Main right bronchus 

    Main left bronchus 

    Right superior bronchus 

    Right middle bronchus 

    Right inferior bronchus 

    Left superior bronchus 

    Left inferior bronchus 

 

31.7% (19) 

55% (33) 

41.7% (25) 

15% (9) 

21.7% (13) 

40% (24) 

10% (6) 

20% (12) 

Therapy 

    Aspiration 

    Removal with grasp forceps 

    Cannula placement  

    Bronchial occlusion 

 

82.3% (821) 

1.4% (14) 

0.3% (3) 

0.2% (2) 



    Cryotherapy 

    Endobronchial selective intubation     

0.1% (1) 

0.1% (1) 

Intrabronchial drugs 

    Saline solution 

    Mesna 

    Hypertonic solution 

    N-acetylcysteine 

    Hyaluronic acid (+ hypertonic solution) 

    Others 

 

60.2% (600) 

5.1% (51) 

14.5% (145) 

6% (60) 

6.5% (65) 

0.9% (9) 

Samples 

    Bronchial aspiration 

    Combined bronchial aspiration and 

bronchoalveolar lavage 

    Bronchoalveolar lavage 

    Bronchial washing 

 

43% (429) 

24.3% (242) 

 

5.8% (58) 

11% (110) 

Microbiological agents 

    Bacteria 

    Fungi 

    Virus 

 

27.2% (271) 

12.8% (128) 

3.6% (36) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Table 3. Clinical, radiological and endoscopic predictors of in-hospital mortality at 90 days 

among patients with RT-PCR-confirmed COVID-19 admitted to the hospital who required a first 

bronchoscopy (n=496). Univariate and multivariate logistic regression analyses were used. 

VARIABLES UNIVARIATE ANALYSIS MULTIVARIATE 

ANALYSIS  

(INITIAL MODEL) 

MULTIVARIATE 

ANALYSIS  

(FINAL MODEL) 

OR (95% CI) 

 

P OR (95% CI) P OR (95% CI) P 

Age 1.05 (1.03-1.08) <0.001 1.05 (1.03-1.08) <0.001 1.06 (1.03-1.08) <0.001 

Sex (women) 1.14 (0.74-1.74) 0.551 --- --- --- --- 

Medical History 

   Diabetes 

   Hypertension  

   Cardiovascular 

   Bronchopulmonary 

   Neoplasms 

 

0.96 (0.62-1.50) 

1.22 (0.84-1.77) 

0.73 (0.39-1.37) 

1.08 (0.64-1.83) 

0.77 (0.40-1.47) 

 

0.872 

0.292 

0.333 

0.767 

0.427 

 

--- 

0.93 (0.59-1.47) 

--- 

--- 

--- 

 

--- 

0.768 

--- 

--- 

--- 

 

--- 

--- 

--- 

--- 

--- 

 

--- 

--- 

--- 

--- 

--- 

Charlson≥3 1.15 (0.63-2.09) 0.644 1.25 (0.62-2.53) 0.526 1.07 (0.56-2.04) 0.834 

Current/past smoking 1.18 (0.79-1.76) 0.403 --- --- --- --- 

Interval hospital 

admission to FBC  

0.99 (0.98-1.00) 0.053 0.99 (0.98-1.00) 0.163 0.99 (0.98-1.00) 0.076 

Clinical presentation 

   Fever 

   Dyspnea 

   Cough 

   Gastrointestinal 

   Myalgias 

 

0.84 (0.51-1.37) 

1.26 (0.84-1.88) 

0.82 (0.54-1.25) 

1.05 (0.67-1.62) 

1.08 (0.72-1.60) 

 

0.491 

0.263 

0.361 

0.832 

0.713 

 

--- 

1.44 (0.88-2.33) 

--- 

--- 

--- 

 

--- 

0.144 

--- 

--- 

--- 

 

--- 

--- 

--- 

--- 

--- 

 

--- 

--- 

--- 

--- 

--- 

Laboratory parameters 

   Lymphocyte count 

   D dimer 

   LDH 

   Ferritin  

   Reactive C protein 

   Interleukin-6 

 

1.00 (0.99-1.00) 

1.00 (1.00-1.00) 

1.00 (1.00-1.00) 

1.00 (1.00-1.00) 

1.00 (0.99-1.00) 

1.00 (1.00-1.00) 

 

0.272 

0.068 

0.543 

0.318 

0.151 

0.498 

 

1.00 (1.00-1.00) 

1.00 (1.00-1.00) 

--- 

--- 

1.00 (0.99-1.00) 

--- 

 

0.901 

0.123 

--- 

--- 

0.206 

--- 

 

--- 

--- 

--- 

--- 

--- 

--- 

 

--- 

--- 

--- 

--- 

--- 

--- 

X-ray (bilateral 

involvement) 

1.11 (0.67-1.84) 0.681 --- --- --- --- 

Indications BC 

    Atelectasis 

    Mucus plugs 

    Hemoptysis 

    Radiological 

persistence/progression 

    Difficult mechanical 

ventilation*    

 

1.02 (0.53-1.96) 

1.42 (0.94-2.14) 

1.26 (0.60-2.67) 

1.41 (0.91-2.21) 

 

1.21 (0.83-1.75) 

 

0.951 

0.092 

0.540 

0.123 

 

0.319 

 

--- 

1.63 (0.97-2.73) 

--- 

--- 

 

--- 

 

--- 

0.063 

--- 

--- 

 

--- 

 

--- 

1.60 (1.02-2.53) 

--- 

--- 

--- 

--- 

 

--- 

0.041 

--- 

--- 

--- 

--- 

Findings BC 

    Mucosal hyperemia 

    Thick mucus  

    Fluid mucus  

 

0.81 (0.44-1.50) 

1.19 (0.82-1.73) 

0.96 (0.61-1.52) 

 

0.506 

0.365 

0.964 

 

0.45 (0.22-0.94) 

1.67 (0.99-2.80) 

1.42 (0.75-2.67) 

 

0.035 

0.051 

0.281 

 

0.49 (0.25-0.97) 

--- 

--- 

 

0.041 

--- 

--- 



    Mucus plugs  

    Haematic secretions 

    Clots 

1.41 (0.89-2.26) 

1.78 (1.09-2.89) 

1.59 (0.70-3.57) 

0.142 

0.020 

0.266 

1.13 (0.63-2.06) 

1.98 (0.63-2.06) 

1.87 (0.30-2.51) 

0.673 

0.028 

0.793 

--- 

1.79 (1.05-3.05) 

--- 

--- 

0.032 

--- 

BC: bronchoscopy; LDH: Lactate dehydrogenase; OR: odds ratio; CI: confidence interval. * 

Includes also impossible weaning from mechanical ventilation 

FIGURE LEGENDS 

Figure 1. Most representative bronchoscopic findings in patients with RT-PCR-confirmed 

COVID-19. Panel (A): haematic secretions (white arrows). Panel (B): mucus secretions. Pictures 

were obtained using disposable bronchoscopes.  

Figure 2. Kaplan-Meier curve showing the influence of haematic secretions in the distal 

bronchial tract on mortality in 496 patients with RT-PCR-confirmed COVID-19 admitted to the 

hospital. 
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SUPPLEMENTARY MATERIAL 

Supplementary table. Microbiological agents found in lower respiratory tract specimens 

in 78 patients with PCR-confirmed COVID-19 and superinfection.  

Microorganism Microbiological agent Number of isolations (%) 

Bacteria Pseudomonas aeruginosa 16 (22.6%) 

Klebsiella pneumoniae 7 (10%) 

Staphylococcus aureus 6 (8.5%) 

Enterococcus faecium 3 (4.2%) 

Klebsiella aerogenes 2 (2.8%) 

Enterobacter cloacae 2 (2.8%) 

Streptococcus angiosus 2 (2.8%) 

Escherichia coli 2 (2.8%) 

Actinomyces spp 1 (1.4%) 

Enterococcus faecalis 1 (1.4%) 

Citrobacter freundii 1 (1.4%) 

Prevotella melaninogenica 1 (1.4%) 

Veillonella parvula 1 (1.4%) 

Achromobacter xylosoxidans 1 (1.4%) 

Streptococcus viridans 1 (1.4%) 

Streptococcus constellaus 1 (1.4%) 

Serratia marcescens 1 (1.4%) 

Acinetobacter baumannii 1 (1.4%) 

Mycobacterium tuberculosis 1 (1.4%) 

Virus Herpes simplex I 8 (11.3%) 

Cytomegalovirus 2 (2.8%) 

Rhinovirus 1 (1.4%) 

Fungi Candida albicans 4 (5.6%) 

Aspergillus fumigatus 2 (2.8%) 

Candida auris 1 (1.4%) 

Candida krusei 1 (1.4%) 

Candida parapsilosis 1 (1.4%) 

 




