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Abstract 
 
Background: Bronchoscopy is a common procedure performed in adult intensive 
care units (ICU). However, very few studies report the safety and complications of the 
bronchoscopy and related procedures performed on critically ill patients. The primary 
aim of this study was to determine the incidence of complications following ICU 
bronchoscopy. 
Methods: We conducted a retrospective chart review of patients admitted to an adult 
ICU and underwent bronchoscopy with or without bronchoalveolar lavage (BAL) and 
other bronchoscopic procedures. Data included patient demographics, APACHE II 
score, hemodynamics, comorbidities, type of ventilation and procedure performed. Data 
from BAL, including cellular differential and microbiology, were also collected. 
Results: We identified 120 patient charts between November 2011 to March 2012. 
The most common procedure was bronchoscopy with BAL (62%) to evaluate for 
pneumonia (58%). Other procedures included transbronchial biopsy, APC and 
cryotherapy, balloon and stent placement, endobronchial biopsy and EBUS. 
Complications occurred in 18% of the patients, with hypoxia being the most common 
(7.5%). No deaths occurred related to the procedures. Nine percent of patients who had 
BAL or inspection had complications compared to 29% who underwent other 
procedures. Subgroup analysis conducted on patients undergoing BAL revealed 
significantly higher neutrophil counts (p=0.001) and higher APACHE II score (p=0.02) 
among those with BAL positive for bacteria and co-infection. 
Conclusion: Bronchoscopy with BAL and inspection is relatively safe procedure 
even in critically ill patients. However, other interventional bronchoscopic procedures 
should be performed with caution in the ICU. 
 
Abbreviations: 

ICU: Intensive care unit 
BAL: Bronchoalveolar lavage 
EBUS: Endobronchial Ultrasound 
APC: Argon Plasma Coagulation 
SBP: Systolic Blood Pressure 
CI: Confidence Interval 
IP: Interventional pulmonary 
MAP: Mean arterial pressure 
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SD: Standard deviation 
CHF: Congestive heart Failure 
COPD: Chronic Obstructive Pulmonary Disease 
ILD: Interstitial Lung Disease 
ET: Endotracheal 

 
Introduction 

 
Fiberoptic bronchoscopy is a commonly performed procedure in the medical intensive 
care unit (ICU). Prior studies have indicated that bronchoscopy is generally safe, 
making it a relatively low-risk procedure in appropriately selected ICU patients (1-3). 
Most prior studies reporting the safety of bronchoscopy were performed in early 1990s. 
The rates of complications or adverse events in these earlier studies ranged from 2% to 
40% (2,4-6). The primary aim of this study was to assess the incidence of complications 
in ICU patients undergoing bronchoscopy in the contemporary era. 
 

Methods 
 
The study was approved by the Institutional Review Board at the University of Arizona. 
We conducted a retrospective chart review of patients, 18 years or older, admitted to 
the adult medical intensive care unit, who underwent bronchoscopy with or without 
bronchoalveolar lavage (BAL) and other bronchoscopic procedures from November 1, 
2011 to March 31, 2012. The other bronchoscopic procedures included transbronchial 
biopsies, endobronchial ultrasound (EBUS) guided biopsy, argon plasma coagulation 
(APC) and cryotherapy, balloon dilatation with stenting, and endobronchial biopsy. We 
excluded patients with incomplete charts, and patients who had bronchoscopy as a part 
of percutaneous tracheostomy procedure. Data included patient demographics, 
APACHE II scores, hemodynamics, co-morbidities, type of ventilation, type of procedure 
performed and the complications. Sedation used in the procedures included propofol or 
midazolam with fentanyl for analgesia. BAL results, including cellular differential and 
microbiology studies, were also collected. We used pre-specified definitions to assess 
for complications. We defined hypotension as reduction in systolic blood pressure (SBP) 
by >20 mm Hg or when a patient required vasopressors to maintain a mean arterial 
pressure (MAP) > 60 mm Hg during or after the procedure. Hypoxia was defined by 
drop in saturation to < 90% or when the FiO2 requirement increased by > 20% for more 
than 2 hours after the procedure. Hemorrhage was indicated as per the procedure note 
by the bronchoscopist or when the note indicated use of epinephrine or when additional 
procedures needed to be performed to control the bleeding. During the procedure all the 
patients FiO2 was increased but was turned down to their previous ventilatory settings 
unless there was significant hypoxia. 
 
Statistical analysis was performed using STATA/IC 13.1 (StataCorp LP, Texas). 
Numerical variables are expressed as mean ± standard deviation (SD). Ninety-five 
percent confidence intervals (CIs) were calculated where appropriate. Univariate 
comparisons between patients who did and did not develop complications were 
calculated using a χ2 test or Fischer's exact test for categorical variables and a 2-

Southwest Journal of Pulmonary and Critical Care/2015/Volume 11  157



sample t test for continuous variables applying central limit theorem. All statistical 
testing was two-tailed with significance level set at the alpha level of ≤0.05. 
 

Results 
 
We identified 140 patients who underwent ICU bronchoscopy during the study period. 
Eighteen patients were excluded due to incomplete information. Two charts were 
excluded as the bronchoscopy was performed for percutaneous tracheostomy. Table 1 
shows the baseline characteristics of patients undergoing ICU bronchoscopy.  
 

Table 1. Baseline Characteristics of Patients Prior to Bronchoscopy 
 

 
 
Key:  CAD: Coronary Artery Disease  

  CHF: Congestive Heart Failure 
 COPD: Chronic obstructive pulmonary disease  
 FiO2: Oxygen required 
 ILD: Interstitial Lung Disease  
 MAP: Mean arterial pressure 
 NM Disease: Neuromuscular disease 
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Sixty-nine percent of the patients were male and average age was 52 ± 16 years. The 
average APACHE II score was 18 ± 6 with a median of 18 and 88% of the patients were 
intubated and mechanically ventilated. The mean percentage oxygen (FiO2) 
requirement in the patients prior to the procedure was 63% ± 26. Sixty-three percent of 
the patients were immunocompromised, likely related to the large proportion of lung 
transplant recipients in our study population. Fifty-four percent also had chronic lung 
disease including chronic obstructive pulmonary disease (COPD) and interstitial lung 
disease (ILD). Other common co-morbidities included cardiovascular disease including 
congestive heart failure (CHF) and arrhythmias, malignancy and neuromuscular 
diseases. Table II shows the indications for ICU bronchoscopy. The most common 
indication for the procedure was to evaluate for pneumonia or infiltrate in 87 cases 
(72%), followed by atelectasis/ collapse/ secretions in 19 cases (15.8%) (Table 2).  
 

Table 2. Indications For Procedures 
 

 
 
Other indications included tracheal or airway diseases, which included tracheal 
stenosis, upper airway obstruction, tracheal mass and bronchopleural fistula in 11 (8%) 
and hemoptysis (2%). The most common procedures performed were bronchoscopy 
with BAL in 75 (62%) and inspection in 31 (26%) (Table 3).  
 

Table 3. Procedures 
 

 
 
Key: APC: Argon plasma coagulation  
 BAL: Bronchoalveolar lavage  
 Cryo: Cryotherapy 
 EBUS: Endobronchial ultrasound  
 ET: Endotracheal tube 
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Other procedures included transbronchial biopsy, APC and cryotherapy, balloon and 
stent placement, endobronchial biopsy and EBUS. 
 
Table 4 shows the complications resulting from ICU bronchoscopy in this study 
population.  
 

Table 4. Complications 
 

 
 
Twenty two complications occurred during or within 2 hours after the procedure (18%), 
with hypoxia being the most common (7.5%). Hypoxia in two patients occurred 
secondary to hemorrhage. Pneumothorax was seen in one patient who underwent 
transbronchial biopsy with no fluoroscopic guidance. Hypotension which needed 
treatment with fluids or vasopressors occurred in 5.8% and hemorrhage in 3.3%. 
Hemorrhage was unrelated to coagulopathy in the patients. Significant bradycardia 
requiring treatment with atropine occurred in one patient. No deaths were reported 
related to the procedures. None of the procedures had to be terminated secondary to 
the complications. More adverse events were seen among the patients who underwent 
other bronchoscopic procedures (29%) than those undergoing BAL or inspection only 
(9%), though this was not statistically significant (p = 0.07).  
 
As depicted in Table 5, none of the complications were significantly affected by the 
underlying comorbidities or the APACHE scores.  

 
Table 5. Patient Characteristics Stratified by Complications 

 

 
 
Key:  BAL: Bronchoalveolar lavage  
 MAP: Mean Arterial Pressure 
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Complications were not significantly associated with the amount of oxygen required 
(FiO2) and the mode of ventilation which the patients were on prior to the procedure. 
Similarly, neither the mean arterial pressure before the procedure or coagulopathy 
influenced the rate of complications. Hospital mortality was not different in the group 
with or without complications. 
 
Figure 1 and Table 6 show the BAL cell differential.  
 

 
 

Figure 1. BAL differential in culture with normal respiratory flora (0), bacteria (1), Viral 
(2), Fungal (3) and Co-infection (4). Each bar represents the differential in percentage. 
 
Key: BAL: Bronchoalveolar lavage 
 BAL N: Neutrophil count in BAL (in percentage)  
 BAL L: Lymphocyte count in BAL (in percentage)  
 BAL M: Macrophages count in BAL (in percentage)  
 BAL E: Eosinophils count in BAL (in percentage) 
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Table 6. Bronchoalveolar Lavage Differential 
 

 
 
Patients found to have bacterial pneumonia or mixed viral and bacterial infection had 
significantly higher neutrophil counts (mean BAL neutrophil count 82% for bacterial 
infection, and 80% for co-infections) than other patients (p=0.001) (Figure 2).  
 
 

 
 

Figure 2. Neutrophil predominance in bacterial pneumonia. KEY: BAL-N: 
Bronchoalveolar lavage, neutrophil differential (in percentage). 

 
These patients also had a higher APACHE II score (p=0.02). Hospital mortality was 
higher among those with BAL positive for bacteria (p= 0.012). Mortality was also 
significantly higher among patients with underlying malignancy (p= 0.002). 
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Discussion 
 
In our study of 120 ICU bronchoscopies, we found a complication rate of 18%. No 
deaths were observed in this study. Hypoxia was the most common adverse event in 
our study, occurring in 9 procedures (7.5%) as has been noticed in the previous studies. 
Introduction of a bronchoscope through an endotracheal (ET) tube is known to cause 
airway obstruction resulting in increasing intra-tracheal pressures and variation in 
respiratory physiology (6). Almost all the patients who were mechanically ventilated had 
a size 7.5 - 8.5 ET tube or had tracheostomy in place. As in prior studies, BAL 
performed for evaluation of pneumonia and atelectasis were the two most common 
indications of the procedure (72% and 15.8% respectively) in our study (1-7). Even 
though bronchoscopy has not shown to be routinely superior to chest physiotherapy, 
certain subset of patient population may benefit from it (3,8,9). Improvement in 
oxygenation has been shown to occur in certain earlier studies (10,11). 
 
Hypotension is also a known complication occurring during bronchoscopy. Our study 
had 7 events (5.8%) of hypotension needing vasopressor or fluid infusion. This was 
likely related to the sedation. Hypertension was observed in one case and bradycardia 
requiring treatment was seen in one. Cardiovascular abnormalities associated with 
bronchoscopy is generally related to the sympathetic surge happening during the 
procedure and the hypoxia (12-14). Per earlier studies, the complication rate of 
transbronchial biopsies in mechanically ventilated patients range between 0-15% 
(15,16,17). But it is relatively safe in comparison to open lung biopsy. 
 
With the advent of newer technology, there has been an increase in the number of other 
bronchoscopic interventional pulmonary (IP) procedures, including endobronchial 
ablative therapies such as APC and cryotherapy. Endobronchial lesions occupying 
more than 50% of the airway lumen can alter the airway physiology and result in 
hypoxia, ventilation perfusion mismatch and hence respiratory failure. Use of ablative 
therapies can potentially reverse this (18). APC has been an useful tool to remove 
endobronchial lesions and relieve obstruction. It has been shown to be efficient and 
relatively safe in outpatient setting, but APC on mechanically ventilated patients has not 
been very well studied (19). APC in mechanically ventilated patient requires decrease in 
the FiO2 to less than or equal to 40%. Complications related to IP procedures 
performed specifically in patients requiring mechanical ventilation are difficult to assess  
from the available literature (20). However, given the complexity of these cases and 
underlying illness, usually the complications are minor. In our study, interventional 
bronchoscopy procedures like APC, cryotherapy was to relieve airway obstruction which 
was the cause of mechanical ventilation. In our study, APC case was associated with 
hemorrhage. The balloon dilatation and stenting which was performed for a case of 
tracheal stenosis arising from malignancy. This was not associated with any 
complications related to the procedure in our study. Further study is needed to refine 
our understanding of the risks of advanced bronchoscopic techniques in ICU patients. 
 
Procedures like EBUS are usually not done in critically ill patients. There are no studies 
which have looked into the use of and complications of performing EBUS in critically ill 

Southwest Journal of Pulmonary and Critical Care/2015/Volume 11  163



patients. Bhaskar et al. (21) report the use of esophageal access for mediastinal 
sampling through EBUS in ICU patients for the reason of causing hypoxia and changes 
in airway physiology with the EBUS scope in airway. Our study had one patient who had 
an EBUS for lung mass and this was not associated with any complications. 
 
Subgroup analysis in our study showed the presence of neutrophilic predominance with 
neutrophil count of >80% in the BAL differential in patients diagnosed with bacterial 
infections and co-infections compared to those with viral/ fungal or mixed flora 
(p=0.001). This was similar to results from earlier studies (22,23). Neutrophilic 
pleocytosis in BAL fluid is frequently found in patients with pneumonia. As the neutrophil 
count is higher in bacterial pneumonia, it can indicate towards a differential of bacterial 
pneumonia even prior to the final microbiology results. Hence BAL differential may be 
complimentary to final culture results and maybe helpful to initiate or discontinue 
antibiotics in critically ill patients. Mortality among critically ill patients with bacterial 
pneumonia was higher compared to others (p=0.012). These patients tend to be sicker 
with higher APACHE II scores. 
 
The weaknesses of the study includes the fact that it was retrospective chart review. 
The total number is small, and the number of the IP procedures performed is even 
smaller. Hence it is important that more studies should be conducted looking into the 
safety and complications of IP procedures in critically ill patients. 
 

Conclusion 
 
Our study looked into the fiberoptic bronchoscopy with BAL and inspection as well as 
other therapeutic procedures done in the critically ill patients. It indicates that even in 
critically ill patients, bronchoscopy with inspection and BAL is safe. Other interventional 
pulmonary procedures may have more complications. Even though the number of IP 
procedures performed in the study is low, the evidence of slightly more number of 
complications with these procedures indicates the need for caution before attempting 
them in the critically ill patients. 
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