
Introduction

Flexible bronchoscopy was introduced by Ikeda in
1968.1 Its use in pediatric medicine, popularized by
Wood and Fink,2 has increased steadily since the

introduction in 1978 of the pediatric flexible
bronchoscope with suction channel. The efficacy of
flexible bronchoscopy as a diagnostic and therapeutic
tool in pediatric practice has been demonstrated.3-5 It
can, however, give rise to complications which the
bronchoscopist should consider before carrying out the
procedure, in order to draw up a risk-benefit analysis
and determine whether bronchoscopy is justified.

Complications arising from bronchoscopy can be
related to a number of factors: the bronchoscopic
examination itself; factors relating to the patient, such as
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BACKGROUND: Although the role of flexible bronchoscopy
as an important diagnostic and therapeutic tool in pediatric
medicine has been demonstrated, the procedure can cause
complications which should be foreseen by the bronchosco-
pist. However, no precise information is available about the
factors associated with the presence of such complications.

OBJECTIVE: To determine the incidence of complications
caused by bronchoscopy in pediatric patients and the fac-
tors associated with their presence.

MATERIAL AND METHOD: This was a retrospective cohort
study which reviewed the records of patients aged between 
1 month and 18 years who had undergone bronchoscopy 
between January 1 and December 31, 2002. The presence or
absence of several variables considered predictive of post-
bronchoscopy complications was recorded in each patient.

RESULTS: After adjustment for the method used to access
the airway, age less than or equal to 3 months was the only
independent factor associated with the presence of complica-
tions (odds ratio = 8.19; 95% confidence interval, 1.61-41.55;
P=.01).

CONCLUSIONS: We conclude that patients 3 months old or
younger are at greater risk of presenting complications after
bronchoscopies performed under general anesthesia.
Consequently a risk-benefit analysis should be carried out
for patients in this age group, and the possibility of perfor-
ming the procedure under sedation should be considered.
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Factores asociados a complicaciones debidas 
a la realización de broncoscopia en pacientes
pediátricos

INTRODUCCIÓN: A pesar de que se ha demostrado el papel
de la broncoscopia flexible en pediatría como una importan-
te herramienta diagnóstica y terapéutica, el procedimiento
puede ocasionar complicaciones que el broncoscopista debe
prever antes de su realización; sin embargo, no se conocen
con precisión los factores que se asocian a la presencia de es-
tas complicaciones.

OBJETIVO: Determinar la incidencia y los factores que se
asocian a la presencia de complicaciones debidas a la reali-
zación de broncoscopias en pacientes pediátricos.

MATERIAL Y MÉTODO: Se realizó un estudio de cohorte re-
trospectivo, en el que se revisaron los registros de los pacien-
tes de entre 1 mes y 18 años de edad a los que se les realizó
broncoscopia entre el 1 de enero y el 31 de diciembre de 2002.
Se registró para cada paciente la presencia o no de varias va-
riables predictoras y de complicaciones posbroncoscopia.

RESULTADOS: Después de ajustar por el tipo de acceso a la
vía aérea, la edad menor o igual a 3 meses fue el único factor
independiente que se asoció a la presencia de alguna compli-
cación (odds ratio = 8,19; intervalo de confianza del 95%,
1,61-41,55; p = 0,01).

CONCLUSIONES: Concluimos que los pacientes con una
edad menor o igual a 3 meses tienen mayor riesgo de presen-
tar complicaciones tras la realización de broncoscopias con
anestesia general, por lo que debe establecerse un balance
riesgo-beneficio en pacientes de esta edad y considerar la rea-
lización del procedimiento bajo sedación.
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age or the severity of the illness; the sedation technique
used to facilitate the procedure; and the skill, diligence,
and experience of the bronchoscopist.6-10 In general,
complications can be classified as mechanical,
physiological, or infectious. Mechanical complications
include airway trauma and obstruction, epistaxis,
bronchial hemorrhage and perforation, and/or hemorrhage
of the tracheal and bronchial mucosae.11,12 Physiological
complications, which are caused by alterations in gas
exchange or vagal tone, include hypoxemia, hypercapnia,
bradycardia, cardiac arrhythmias, laryngospasm,
bronchospasm, intense cough, hypotension, seizures, and
even an increase in intracranial pressure.8,9,13 Infectious
complications may affect both the patient and the medical
personnel, so that all equipment should be sterilized
between procedures, and appropriate techniques should
be used to protect patients and staff.14 However, the
incidence of serious complications attributable to
bronchoscopy in pediatric patients is small.5,10,15 Most of
the complications that occur are slight and transitory, and
their frequency has been reported to be 2.9% to 3.1% of
the procedures carried out.16,17 Depending on the way
complications are defined and the pathology of the
patients undergoing the procedure, however, some centers
report a higher complication rate; incidences of over
10%,3 28%,18 and as high as 48%19 have been published.
The few studies carried out to determine the factors
associated with the presence of these complications
concluded that patients with positive cultures in
bronchoalveolar lavage (BAL), abnormal bronchoscopic
findings, pathology of the upper airway, persistent
radiographic abnormalities, dependence on supplemental
oxygen, age under 2 years, and weight of under 10 kg are
at higher risk of developing complications as a result of
bronchoscopy.18,19

The object of this study was to determine the
incidence of postbronchoscopy complications in
pediatric patients and to identify the factors associated
with such complications.

Material and Method

A retrospective cohort study was carried out in the Fundación
Neumológica Colombiana-Fundación Cardioinfantil, a tertiary
level clinic in Colombia specialized in pediatric respiratory
diseases.

Pediatric patients between 1 month and 16 years old who
had undergone bronchoscopy between January 1 and
December 31, 2002 were identified from the foundation’s
records. In our institution, all bronchoscopic procedures in
pediatric patients are performed under general anesthesia in
the operating room because of the better control of the airway
this affords and the ease of monitoring and caring for the
patient in this environment.

The medical team in charge of performing bronchoscopies
always includes a duly certified pediatric pulmonologist with
5 years of experience in performing pediatric bronchoscopies.
In addition, all bronchoscopic procedures are attended by a
doctor specialized in anesthesiology with experience in the
airway management of pediatric patients and by a nurse in

charge of monitoring the patient and administering the
necessary medication.

Written informed consent is obtained prior to all
bronchoscopies. The procedures are carried out in accordance
with the guidelines drawn up by the American Academy of
Pediatrics and the American Thoracic Society for the
monitoring and performance of bronchoscopies in pediatric
patients.20 Patients receive no food or fluids by mouth for at
least 6 hours before the procedure, and intravenous access is
established in a peripheral vein.

The choice of anesthetic and the dose used is determined
by the anesthesiologist in accordance with his or her
experience and the patient’s age, underlying disease, and
physiological state. When considered necessary, a dose of
atropine is administered to reduce bronchial secretions.

The procedure is performed using an Olympus pediatric
bronchoscope (Olympus America; Melville, NY, USA) with
an outer diameter of 3.6 mm, and/or a rigid bronchoscope with
an outer diameter between 3.7 mm and 8.2 mm (depending on
the age of the patient) when foreign bodies are being extracted.
BALs are performed with aliquots of 0.9% NaCl once the
bronchoscope is properly positioned. The total amount of
0.9% NaCl for lavage does not exceed 3 mL/kg. The
procedure is terminated early if, in the opinion of the pediatric
pulmonologist and the anesthesiologist, there are severe
desaturations that do not readily respond to removing the
bronchoscope, manipulating the airway, or increasing inspired
oxygen concentration. Similarly, in the event of deterioration
in the patient’s clinical status, if a complication develops, or if
they consider that the patient requires closer monitoring, the
pediatric pulmonologist and the anesthesiologist decide
whether the patient should be transferred to the intensive care
unit (ICU). If this is not necessary, after the procedure has
been performed, the patient is transferred to the recovery
room, where he or she remains until completely awake and
capable of ingesting liquids without risk of aspiration.

In order to determine whether or not complications had
developed, 2 pediatric residents reviewed the clinical records,
anesthesia reports and postbronchoscopy nursing notes for all
the cases studied. All complications identified were then
recorded on a database designed for this purpose.

In this study, we defined complications as events or
conditions we considered could have compromised the
patient’s condition or put his or her life in danger21 during the
procedure and/or during the first 24 hours postprocedure.
Complications analyzed were desaturation (defined as a fall
of 10% or more from baseline), presence of or increase in
coughing, bronchial obstruction, stridor, retractions, fever,
laryngospasm, upper airway obstruction, apnea, bradycardia,
epistaxis, arterial hypotension, vomiting, and death. Transfer
to the ICU was also considered a complication. In spite of the
fact that the relationship between oxygen pressure and the
percentage of hemoglobin saturation is not linear,22 we
defined desaturation to be a complication when there was a
fall of 10% or more from baseline. We did this to facilitate
the definition and analysis of the event and to enable
comparison with other studies, given that other authors have
used this definition.18

The predictive variables were as follows: age; sex;
medication used for sedation or anesthesia (halothane,
midazolam, or ketamine); type of airway access used (laryngeal
mask, endotracheal tube, or facial mask); use of atropine prior
to the procedure (yes or no); need for supplemental oxygen
before the bronchoscopy or oxygen saturation of less than 90%
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breathing room air as monitored by pulse oximetry before the
procedure (yes or no); performance of BAL (yes or no);
duration of the procedure determined using anesthesia records
(<30 min or >30 min); bacterial growth in BAL (yes or no);
and the use of a rigid bronchoscope in addition to a flexible
bronchoscope (yes or no).

Statistical analysis was carried out using the SPSS
statistical software package version 10.0 (Chicago, Illinois,

USA). Continuous variables are shown as means (SD).
Differences between categorical variables with respect to the
presence or absence of complications were analyzed using the
χ2 test or Fisher exact test, whichever was appropriate. A
logistic regression model was devised to estimate the crude
and adjusted odds ratios (OR) identifying independent risk
factors associated with the presence of complications.
Predictive variables significantly associated with outcome
variables in the bivariate analysis were included in the
multivariate analysis. The magnitude of the effect of each of
the risk factors was measured using the OR and their 95%
confidence interval (CI). All statistical tests were 2-tailed, and
the significance level used was .05.

Results

During the period studied, 66 bronchoscopies were
performed; in 61 (92%) only a flexible bronchoscope
was used, and in 5 (8%) both flexible and rigid
bronchoscopes were used. A rigid bronchoscope was
used when a foreign body was detected in the airway.
Of the 66 patients, 7 (10.6%) were on conventional
mechanical ventilation at the time the procedure was
performed. Of the total number of patients, 47 (71%)
were males and the remaining 19 (29%) females. The
median (interquartile range) age was 9.5 (4.75-27.75)
months. Of the 66 procedures, 56.1% were performed
in patients less than 1 year old, 21.2% in patients
between 1 and 3 years old, and 22.7% in children more
than 3 years old. The mean duration of the
bronchoscopies was 43.1 (22.2) minutes. Table 1 shows
the frequencies of the other predictive variables among
the patients included in the study. The indications for
performing bronchoscopy are shown in Table 2. The
evaluation of the airway was abnormal in 68.1% of the
procedures, and the performance of bronchoscopy
contributed significantly to treatment in 65.1% of
patients, especially in those in whom the procedure was

RODRÍGUEZ MARTÍNEZ C, ET AL. FACTORS ASSOCIATED WITH COMPLICATIONS CAUSED BY BRONCHOSCOPY 
IN PEDIATRIC PATIENTS

Arch Bronconeumol 2003;39(11):501-6 503

TABLE 1
Frequency of Predictive Variables

Variables Number (%)

Medication used for anesthesia
Halothane 64 (97)
Midazolam 1 (1.5)
Ketamine 1 (1.5)

Type of airway access
Laryngeal mask 58 (87.9)
Endotracheal tube 7 (10.6)
Face mask 1 (1.5)

Use of atropine prior to bronchoscopy 32 (48.5)
Oxygen required prior to bronchoscopy 38 (57.6)

TABLE 2
Indications for Bronchoscopy

Indication No. de PercentageBronchoscopies

Persistent atelectasis 13 20.7
Persistent bronchial obstruction 

with no clear etiology 11 16.7
Persistent laryngeal stridor 10 15.2
Suspected foreign body inhalation 9 13.6
Suspected malacia of the airway 7 10.6
Recurrent or persistent pneumonia 6 9.1
Suspected aspiration pneumopathy 3 4.6
Hemoptysis 3 4.1
Pneumonia due to an unknown pathogen 2 2.2
Interstitial lung disease 1 2.0
Failed extubation 1 0.9

TABLE 3
Predictors of Transfer to the Intensive Care Unit (ICU): Bivariate Analysis*

Patients Patients Not
Transferred to Transferred to OR Variables the UCI the UCI (95% CI) P

(n=9) (n=57)

Use of atropine 3 (9%) 29 (91%) 0.48 (0.1-2.1) .47
Oxygen required† 8 (21%) 30 (79%) 7.20 (0.8-6.13) .06
Male sex 6 (12%) 41 (88%) 0.78 (0.1-3.5) .70
Airway access

Laryngeal mask 6 (10%) 52 (90%) 0.19 (0.0-1.0) .07
Orotracheal tube 3 (43%) 4 (57%) 6.62 (1.1-36.9) .04
Face mask 0 (0%) 1 (100%) 1.00

Age ≤3 months 5 (38%) 8 (62%) 7.65 (1.6-34.7) .01
Anesthetic agent

Halothane 8 (12%) 56 (88%) 0.14 (0.0-2.5) .25
Midazolam 0 (0%) 1 (100%) 1.00
Ketamine 1 (100%) 0 (0%) .13

Bronchoalveolar lavage 5 (13%) 34 (87%) 0.84 (0.2-3.5) .81
Time >30 min 5 (14%) 31 (86%) 1.04 (0.2-4.3) .94
Bacterial growth‡ 2 (25%) 6 (75%) 2.42 (0.4-14.4) .29
Use of rigid bronchoscope 3 (33%) 6 (76%) 4.25 (0.8-21.5) .09

*Slight fluctuations in the denominator of percentages are due to missing values; OR indicates odds ratio; CI, confidence interval.
†Prior to bronchoscopy. ‡In the bronchoalveolar lavage culture.



performed because of suspected foreign body aspiration
(88.8%), persistent laryngeal stridor (80%) and
suspected malacia of the airway (71.4%). BAL was
abnormal in 76.9% of the 39 carried out, but these
results contributed little to subsequent treatment, except
in patients with suspected aspiration pneumopathy
(66.6%). Bacteria grew in 20.5% of the 39 lavage
cultures, but these findings only led to modification of
treatment in very few cases. Airway evaluation, BAL,
and the result of the BAL culture together contributed
to the patient’s treatment in 53 cases (80.3%).

Of the 66 patients, 22 (33.3%) developed some kind of
complication, and 10 (15.2%) presented important
complications (apnea, laryngospasm, and/or transfer to
ICU). The most frequently occurring complications were
desaturation of 10% or more with respect to the baseline
value in 18 patients (27.3%), the need for transfer to the
ICU in 9 patients (13.6%), and an increase in coughing
after the procedure in 4 patients (6.1%). In 4 (22.2%) of
the 18 patients who presented desaturation of 10% or
more, it was necessary to terminate the procedure
prematurely. No patient presented with epistaxis,
vomiting, or bradycardia; and none of the patients died as
a direct result of the bronchoscopy.

The only complication considered independently
associated with any of the predictive variables was the
need for transfer to the ICU, which was significantly
related to the use of an orotracheal tube to access the
airway (OR=6.62; 95% CI, 1.18-36.94; P=.04) and with
patient age of 3 months or less (OR=7.65; 95% CI, 1.68-
34.74; P=.01) (Table 3). However, in the multivariate
analysis, after adjusting for airway access with
orotracheal tube, patient age of 3 months or less was the
only independent factor associated with the need for
transfer to the ICU (model 2, Table 4). This result did
not change to any relevant degree when dependence on
supplementary oxygen before bronchoscopy—a variable
almost associated in the bivariate analysis (model 1,
Table 4)—was included in the multivariate analysis.

Table 5 shows the predictors of important com-
plications in the bivariate analysis. No statistically
significant differences were found between patients with
or without important complications in the use of
atropine before bronchoscopy, the sex of the patient, the
type of airway access used, the anesthesia medication
used, or the indication for which the bronchoscopy was
performed. Patient age of 3 months or younger
(OR=10.50; 95% CI, 2.36-46.71; P=.003) and need for
supplemental oxygen before the procedure (OR=8.37;
95% CI, 1.05-70.61; P=.03) were significantly
associated with the presence of important complications.

Predictive variables significantly associated with
outcome variables in the bivariate analysis were
included in the multivariate analysis. After adjusting for
the effect of supplemental oxygen before bronchoscopy,
we found that patient age of 3 months or younger was
the only independent factor associated with the
presence of important complications (model 2, Table 6).
This result did not change to any relevant degree when
the model included airway access using an orotracheal
tube—a variable almost significantly associated in the
bivariate analysis (model 1, Table 6).
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TABLE 4
Factors Which Predicted Patients Requiring Transfer to the

Intensive Care Unit: Multivariate Regression Analysis*

Variable Model 1† Model 2‡

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

Age ≤3 months 6.49/1.21-34.70/.02 8.19/1.61-41.55/.01
Airway access using 

orotracheal tube 6.65/0.87-50.34/.06 7.35/1.10-50.74/.05
Oxygen required 4.91/0.52-45.66/.16

*OR indicates odds ratio; CI, confidence interval.
†Adjusted for airway access with orotracheal tube and need for oxygen prior to
bronchoscopy.
‡Adjusted for airway access with orotracheal tube.

TABLE 5
Predictors of the Development of Important Complications: Bivariate Analysis*

Patients With Patients Without 
Variables Complications Complications OR (95% CI) P

(n=10) (n=56)

Atropine Use 3 (9%) 29 (91%) 0.39 (0.0-7.1) .30
Oxygen required† 9 (23%) 29 (77%) 8.37 (1.0-70.6) .03
Male sex 7 (15%) 40 (85%) 0.93 (0.2-4.0) .92
Airway access

Laryngeal mask 7 (12%) 51 (88%) 0.22 (0.0-1.2) .09
Orotracheal tube 3 (43%) 4 (57%) 5.57 (1.0-30.2) .06
Face mask 0 (0%) 1 (100%) 1.00

Age ≤3 months 6 (46%) 7 (54%) 10.5 (2.3-46.7) .00
Anesthetic agent

Halothane 9 (14%) 55 (86%) 0.16 (0.0-2.8) .28
Midazolam 0 (0%) 1 (100%) 1.00
Ketamine 1 (100%) 0 (0%) .15

Bronchoalveolar lavage 6 (15%) 33 (85%) 1.04 (0.2-4.1) .94
Time >30 min 6 (17%) 30 (83%) 1.30 (0.3-5.1) .74
Bacterial growth‡ 2 (25%) 6 (75%) 2.08 (0.3-12.1) .59
Use of rigid bronchoscope 3 (33%) 6 (67%) 3.57 (0.7-17.6) .13

*Slight fluctuations in the denominator of percentages are due to missing values; OR indicates odds ratio; CI, confidence interval.
†Prior to bronchoscopy. ‡In the bronchoalveolar lavage culture.



Discussion

Although until recently the role of fiberoptic
bronchoscopy in the field of pediatric medicine was
considered uncertain, today this technique is seen as an
important and useful tool in the diagnosis and treatment
of a wide variety of pediatric respiratory pathologies.2,9

However, the procedure can give rise to complications,
most of which are slight and transitory.3 Of the 66
patients included in our study, 22 (33.3%) developed
some kind of complication, the 2 most common being
desaturation of 10% or more with respect to baseline
values and the need for transfer to the ICU. No patients
experienced epistaxis, vomiting, or bradycardia; and
none of them died as a direct consequence of the
bronchoscopy. The incidence of complications found in
this study is higher than that reported in some units,3,16

similar to that found in others,18 and lower than that
reported in others.19 This difference may be attributable
to various factors including the way complications are
defined, when they are evaluated, factors related to the
patients (such as age, underlying disease, and the
severity of the respiratory disease), and to the type of
sedation or anesthesia used. Of the 66 patients in this
study, 10 (15.2%) developed complications that were
considered important (apnea, laryngospasm, and/or need
for transfer to the ICU) during and/or after the
procedure; however, none of the patients died as a direct
consequence of a bronchoscopy. This result is consistent
with the safety and absence of mortality associated with
the procedure reported in the literature.11,17

On determining the factors associated with the
presence of complications, we found that, after
adjusting for airway access using an orotracheal tube,
patient age of 3 months or less was the only
independent factor associated with the need for transfer
to the ICU. Moreover, after adjusting for the effect of
requiring supplemental oxygen before bronchoscopy,
we found that age of 3 months or less was the only
independent factor associated with the presence of
important complications. This greater probability
among younger patients of developing complications
has been reported by other authors, who have found that

patients under 2 years old19 and those weighing less
than 10 kg18 have a higher risk of developing
complications postbronchoscopy. Younger patients may
be at higher risk of developing complications for
various reasons. In the first place, because the
bronchoscope at least partially obstructs the airway, it
can generate abnormally high pressure gradients and
considerable change in airway dynamics, which may
lead to collapse of the peripheral airways. This effect is
much more marked in younger patients because of the
smaller diameter of their airways. This means that the
bronchoscope occupies a larger proportion of the
lumen, making it more likely that its passage will
provoke collapse of the peripheral airways, whose
structure does not yet provide sufficient support.
Moreover, the greater distensibility of the thoracic cage
in younger patients makes it impossible to create
sufficient intrapleural negative pressure to sufficiently
expand the lungs, in turn preventing the infant’s thorax
from achieving its ideal volume, thereby facilitating
airway collapse. Moreover, in young infants this greater
distensibility of the thoracic cage means that continuous
tone of the inspiratory muscles of the thorax is
particularly important in the maintenance of functional
residual capacity, which tends to decrease owing to the
lack of rigidity of the thoracic cage needed to oppose
the elastic recoil of the lung.20 General anesthesia,
which was used in the majority of our patients,
attenuates or suppresses this inspiratory muscle activity,
thereby further reducing the expansive force of the
thorax and the functional residual capacity.23 This
decrease in functional residual capacity, the consequent
collapse of the airway, and the decrease in hypoxic
pulmonary vasoconstriction produced by general
anesthetics are the factors responsible for the alteration
in the distribution of ventilation and perfusion, which
causes an increase in the venous admixture.24

An additional fact that may explain why a higher
incidence of complications has been observed in very
young children is their greater susceptibility to airway
obstruction after the administration of a general
anesthetic because the muscles of the upper airway in
infants are more sensitive to the depressant effects of
the general anesthetic than those of older children and
adults.25

One source of bias in this study is that the person
who decided whether or not the patients had developed
complications knew whether or not they had been
exposed to a specific predictive variable. This person
was not, however, aware of the study hypothesis, and
the data was collected in the most standarized and
objective way possible.

On the basis of our findings, we recommend that
when a decision is being taken on whether or not to use
bronchoscopy in a patient aged under 3 months, a
rigorous analysis of the benefits of the procedure and
the possible complications it might cause should be
carried out. Although these complications are not
usually serious, in some cases they require monitoring
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TABLE 6
Factors Which Predicted Patients Requiring Transfer to the

Intensive Care Unit: Multivariate Regression Analysis*

Variable Model 1† Model 2‡

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

Age ≤3 months 9.32/1.78-48.69/.008 8.72/1.84-41.29/.006
Oxygen 

required 5.80/0.62-53.81/.12 6.58/0.72-60.24/.09
Airway access 

using orotracheal 
tube 5.87/0.72-47.63/.09

*OR indicates odds ratio; CI, confidence interval.
†Adjusted for need for oxygen prior to bronchoscopy and airway access with oro-
tracheal tube.
‡Adjusted for need for oxygen prior to bronchoscopy.



and management in the ICU. Furthermore, our opinion
is that the use of sedation rather than a general
anesthetic for this procedure should be considered in
order to avoid the effects of general anesthesia on
respiratory mechanics and thereby reduce the
complication rate. This is already common practice in
many centers.
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