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Bronchoscopy in children with diffuse alveolar 
hemorrhage under general anesthesia with 
spontaneous respiration by face mask ventilation
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Abstract 
To improve the management level of general anesthesia during bronchoscopy in the children with diffuse alveolar hemorrhage 
(DAH). A retrospective study was conducted in the children with DAH who had performed bronchoscopy under general anesthesia 
with spontaneous respiration by face mask ventilation initially from June 2021 to June 2022 in our hospital. (1) Thirty-four children 
who had underwent 38 bronchoscopy procedures were included. (2) General anesthesia induction was performed by bolus of 
propofol intravenous in all the procedures. For maintaining anesthesia, combination use of propofol and remifentanil intravenously 
infusion were given in 31 procedures (81.6%) and propofol intravenously infusion alone was given in the rest 7 procedures 
(18.4%). An intravenous bolus of ketamine or propofol was given as an anesthetic adjuvant in 21 procedures (55.3%). Thirty-five 
procedures (92.1%) were successfully completed under non-tracheal intubation ventilation, whereas the rest 3 procedures (7.9%) 
needed change to tracheal intubation ventilation. (3) Respiratory depression was found in 7 procedures (18.4%), laryngospasm 
was found in 2 procedure (2.6%), and bronchospasm was found in 17 procedures (44.7%). Intraoperative hypoxemia occurred 
in 16 procedures (42.1%). The incidence of intraoperative hypoxemia in the procedures at the active phage of disease was 
significantly higher compared to those at the remission phage of the disease (P < .05). Intraoperative hypercapnia also occurred 
in 16 procedures (42.1%). Two procedures (5.3%) were complicated by severe pulmonary hemorrhage. General anesthesia with 
spontaneous respiration by face mask ventilation is feasible and relatively safe for the children with DAH undergoing bronchoscopy, 
whereas the anesthetic protocol still needs to be improved.

Abbreviations: BAL = bronchoalveolar lavage, DAH = diffuse alveolar hemorrhage, ETCO2 = end tidal CO2, SpO2 = oxygen 
saturation, TBCB = transbronchial cryobiopsy.
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1. Introduction
Diffuse alveolar hemorrhage (DAH) is a severe life-threatening 
clinical syndrome in children and can be caused by a wide variety 
of disorders.[1] Bronchoscopy, especially bronchoalveolar lavage 
(BAL), transbronchial lung biopsy, and cryobiopsy are crucial 
for the diagnosis and differential diagnosis of DAH. However, 
it is a challenge for anesthesiologists to perform general anes-
thesia for bronchoscopy in the children with DAH, as the chil-
dren with DAH usually have impaired lung function including 
the decreasing diffusion capacity and/or restrictive ventilation 
dysfunction.[2] Also, some cases may have hypoxemia preoper-
atively.[2] What’s more, the procedure of bronchoscopy may be 
complicated by exacerbation of pulmonary hemorrhage.[3,4] To 
date, a consensus is still missing over the anesthetic management 
of DAH in children during bronchoscopy, which can be partly 

explained by the relative rareness of this disease. In our hospital, 
total 34 children with DAH had underwent 38 bronchoscopy 
procedures under general anesthesia with spontaneous respira-
tion by face mask ventilation initially from June 2021 to June 
2022. Aiming to improve the management level of general anes-
thesia during bronchoscopy in the children with DAH, we con-
ducted the retrospective study.

2. Patients and methods

2.1. Patients

The children aged <16-year-old with DAH, who were admit-
ted in our hospital and performed bronchoscopy under gen-
eral anesthesia with spontaneous respiration by face mask 
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ventilation initially from June 2021 to June 2022 were included. 
The cases with incomplete data were excluded.

2.2. Diagnostic criteria for DAH and definition of the 
disease phase

DAH was diagnosed based on respiratory symptoms (includ-
ing dyspnea, hemoptysis, and cough), iron deficiency anemia, 
diffuse pulmonary infiltrates (ground-glass opacities and/or 
consolidations) on the chest CT and the presence of hemosid-
erin laden macrophages in the BALF or lung tissue specimens.[2] 
Active phase was defined as presence of anemia and/or diffuse 
pulmonary infiltrates on the chest CT and remission phase was 
defined as absence of hemoptysis, anemia, and pulmonary infil-
trates on the chest CT.[5–7]

2.3. Study design

We retrospectively reviewed the medical records including the 
basic information, general anesthesia protocol, ventilation 
mode, the incidence of respiratory depression hypoxemia and 
hypercapnia intraoperatively, and so on of the cases included 
in this study. The study was approved by the institutional ethics 
review board of the First Affiliated Hospital of Guangxi Medical 
University (2023-E577-01).

2.4. Anesthesia protocol

Routinely, the children underwent a preoperative fasting period of 
2 hours for liquids as well as 6 hours for solids and lidocaine (2%) 
4 mL inhalation as well as atropine 0.01 to 0.02 mg/kg subcuta-
neously were administered 30 minutes before the bronchoscopy. 
Bronchoscopy was performed in the operating room. The children 

were placed in the supine position and the heart rate, oxygen sat-
uration (SpO2), end tidal CO2 (ETCO2) as well as blood pressure 
were monitored. Dexamethasone 0.1 to 0.3 mg/kg was injected 
intravenously before anesthesia induction in the cases who were 
in the high risk of airway spasm or postoperative nausea as well 
as vomiting. Bronchoscopy was performed under general anesthe-
sia with spontaneous respiration by face mask ventilation initially, 
whereas tracheal intubation ventilation was well-prepared in 
order to ensure the safety. Firstly, general anesthesia induction was 
performed by bolus of propofol 2 to 3 mg/kg intravenous. Then, 
propofol 4 to 12 mg/kg/h was intravenously infusion for maintain-
ing anesthesia. When needed and appropriate, remifentanil 0.1 to 
0.2 µg/kg/min was intravenously infusion. If the children presented 
with choke, cough or agitation during bronchoscopy, deepening 
of anesthesia with an intravenous bolus of propofol 0.5 mg/kg or 
ketamine 0.5 mg/kg was administrated. Local anesthesia was per-
formed by spraying of 2% lidocaine hydrochloride solution over 
the larynx, trachea, and the main bronchi. When SpO2 was <85%, 
the bronchoscopy terminated. If SpO2 did not improve, pressur-
ized ventilation by face mask or tracheal intubated ventilation if 
needed was performed. Also, reducing the dose of anesthetic drug 
was performed when respiratory depression occurred, deepening 
of anesthesia and dexamethasone 0.1 to 0.3 mg/kg or methylpred-
nisolone 1 to 2 mg/kg as an intravenous bolus were performed 
when laryngospasm or bronchospasm occurred. Intramuscular or 
intravenous adrenaline was administrated in the cases with severe 
bronchospasm if needed (Fig. 1).

2.5. Definition of intraoperative respiratory depression, 
laryngospasm, bronchospasm, hypoxemia, and 
hypercapnia

Intraoperative respiratory depression was defined as less than or 
equal to 8 breaths/min.[8] Laryngospasm was defined as glottal 

Figure 1.  The algorithm of anesthesia management during the bronchoscopy.
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closure accompanied by inspiratory stridor, diminished breath 
sounds, and desaturation with SpO2 < 92%.[9] Intraoperative 
bronchospasm was defined as a prolonged expiratory phase 
accompanied by wheezing, desaturation with SpO2 < 92% or 
with increasing ETCO2 ≥ 50 mm Hg.[9] Intraoperative hypox-
emia was defined as SpO2 < 92%.[9] Intraoperative hypercapnia 
was defined as ETCO2 ≥ 50 mm Hg.[10]

2.6. Statistical analysis

Statistical analysis was performed using SPSS 20.0 soft. 
Measurement data were expressed as medians (upper and 
lower range limits). Counting data were expressed as count 
(percentage). For the categorical variables, comparisons 
between groups were performed by the χ2 test or the Fisher 
exact test. A two-sided P < .05 was considered to be statisti-
cally significant.

3. Results

3.1. General information

Thirty-four children (male n = 7, female n = 27) who had under-
went 38 bronchoscopy procedures were included in this study. 
The median age at the time of performing bronchoscope were 
85.5 months (11.0, 180.0). Thirty-one procedures (81.6%) were 
performed at the active phage of the disease and 7 procedures 
(18.4%) were performed at the remission phage of the disease. 
Preoperative hypoxemia was found in 11 procedures (28.9%) 
and preoperative anemia was found in 28 procedures (73.7%).

3.2. Anesthesia protocol and ventilation mode

General anesthesia induction was performed by bolus of propo-
fol intravenous in all the procedures. For maintaining anesthe-
sia, combination use of propofol and remifentanil intravenously 
infusion were given in 31 procedures (81.6%) and propofol 
intravenously infusion alone was given in the rest 7 proce-
dures (18.4%). An intravenous bolus of ketamine or propofol 
was administrated as an anesthetic adjuvant in 21 procedures 
(55.3%).

Of these 38 procedures, 35 procedures (92.1%) were suc-
cessfully completed under the non-tracheal intubation ven-
tilation mode, whereas the rest 3 procedures (7.9%) needed 
change to tracheal intubation ventilation during bronchos-
copy, in which one presented with type I respiratory failure 
preoperatively and failed to maintain oxygenation after induc-
tion of anesthesia and the other 2 were complicated by severe 
pulmonary hemorrhage.

3.3. Adverse events during bronchoscopy

During general anesthesia intraoperatively, respiratory depres-
sion occurred in 7 procedures (18.4%). Of these, respiratory 
depression occurred at the time of administration of an anes-
thetic adjuvant by intravenous bolus of ketamine or propofol 
during the maintenance phase of anesthesia in 6 procedures. 

Bronchospasm occurred in 17 procedures (44.7%). Of these, 
bronchospasm occurred at the time of performing BAL in 14 
procedures and at the time of performing routine bronchoscopic 
observation in 3 procedures. Laryngospasm occurred in 2 pro-
cedures (2.6%). And, both of them occurred when the bron-
choscope entered the glottis immediately following induction of 
anesthesia.

Intraoperative hypoxemia occurred in 16 procedures 
(42.1%) and all of them were performed at the active phage of 
disease. The incidence of intraoperative hypoxemia in the pro-
cedures at the active phage of disease was significantly higher 
when compared to those at the remission phage of the disease 
(51.6% vs 0%, P < .05). The most common trigger for hypox-
emia was bronchospasm, which was found in 11 procedures 
(Table 1).

Intraoperative hypercapnia also occurred in 16 procedures 
(42.1%), in which 10 procedures were performed at the active 
phage of disease and 6 procedures were performed at the remis-
sion phage of disease. The common triggers for hypercapnia 
were respiratory depression in 7 procedures and bronchospasm 
in 7 procedures (Table 1).

In addition, 2 procedures (5.3%) were complicated by 
severe pulmonary hemorrhage, in which 1 occurred after 
BAL and another 1 occurred after transbronchial cryobiopsy 
(TBCB).

4. Discussion
DAH is a clinical-pathological syndrome with accumulation 
of red blood cells in the alveolar spaces due to injury of the 
pulmonary microcirculation.[1] The patients with DAH char-
acteristically present with hemoptysis or bloody sputum, iron 
deficiency anemia, dyspnea, and diffuse pulmonary infiltration 
on the chest imaging.[2] Although a wide variety of disorders 
can result in DAH, the incidence of DAH is relatively rare in 
children.[11] Therefore, the experience of the anesthetic manage-
ment of DAH during bronchoscopy is still limited in children. In 
view of this, we conducted the retrospective study with the aim 
to improve the management level of general anesthesia during 
bronchoscopy in the children with DAH.

Bronchoscopy is crucial for the diagnosis and differential 
diagnosis of DAH. Previously, bronchoscopy under local anes-
thesia was widely accepted, whereas agitation was common 
during bronchoscopy, which not only disturbed the intraoper-
ative manipulation, but also increased the fear of the children 
to the bronchoscopy. What’s more, intraoperative agitation may 
increase the risk of the complications, such as pneumothorax, 
mediastinal emphysema, aspiration, and so on.[12] Bronchoscopy 
under general anesthesia can overcome the shortcomings of 
the local anesthesia and have been accepted gradually by the 
physicians, patients, and their families in recent. Whereas, the 
patients with DAH usually have impaired lung function and 
may present with hypoxemia preoperatively. Also, the proce-
dure of bronchoscopy such as BAL, transbronchial lung biopsy, 
and cryobiopsy may be complicated by exacerbation of pulmo-
nary hemorrhage.[3,4] So, it is a challenge for anesthesiologists 
to perform general anesthesia for bronchoscopy in the patients 
with DAH.

Ventilation is the safety guarantee for the bronchoscope 
under general anesthesia. At present, the choice of the ven-
tilation mode during bronchoscopy is not yet uniform and is 
usually decided by severity of the disease, requirements of the 
intraoperative manipulation, and the personal experience of the 
anesthesiologists.[13,14] In this study, all the procedures chosen 
non-tracheal intubation ventilation as the initial ventilation 
strategy and the majority were successfully completed under the 
non-tracheal intubation ventilation, only 3 procedures needed 
tracheal intubation due to the poor preoperative condition or 
severe pulmonary hemorrhage. This result demonstrated that 

Table 1

Triggers for intraoperative hypoxemia and hypercapnia.

Intraoperative 
hypoxemia (n = 16)

Intraoperative 
hypercapnia (n = 16)

Respiratory depression 1 7
Laryngospasm 2 1
Bronchospasm 11 7
Bleeding 2 1
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non-tracheal intubation ventilation mode could be a choice 
for the children with DAH for the bronchoscopy under gen-
eral anesthesia, whereas intubated ventilation is required if the 
procedure is at the active phase of the disease with poor oxy-
genation preoperatively or with high risk for severe pulmonary 
hemorrhage.

It is well known that reserved spontaneous breathing under 
general anesthesia could reduce the adverse reactions of 
mechanical ventilation and the length of hospital stay.[15] Also, 
appropriate spontaneous breathing might improve gas exchange 
and lung aeration.[16] In view of this, we attempted to perform 
bronchoscopy under general anesthesia with spontaneous res-
piration in the children with DAH in this study. Whereas, it is 
a challenge to control the depth of anesthesia under general 
anesthesia. Excessive depth of anesthesia may result in respi-
ratory depression and inadequate anesthesia is thought to be 
closely related to the airway spasm including laryngospasm 
as well as bronchospasm.[17,18] In this study, a propofol-based 
intravenous anesthesia region was administrated during bron-
choscopy and the majority of the procedures were finished 
without severe anesthesia-related complications. However, the 
process was not easy, as either respiratory depress or airway 
spasm, especially the latter was not uncommon in this present 
study. Usually, pressurized ventilation by face mask or laryngeal 
mask was enough to cope with transient respiratory depression. 
In fact, some procedure bronchoscopy needed to be performed 
under controlled ventilation with deep anesthesia. Also, com-
pared to respiratory depression, airway spasm seems to be trick-
ier and not conducive to the bronchoscopy. Therefore, a deep 
anesthesia protocol under positive pressure ventilation seems to 
be preferred to bronchoscopy. As laryngeal mask is easier to be 
fixed and can perform control ventilation with deep anesthesia 
effectively, laryngeal mask seems to be superior to face mask 
during the bronchoscopy under general anesthesia in the chil-
dren with DAH. A further study should be conducted to confirm 
the conclusion.

Intraoperative hypoxemia is relatively common during 
bronchoscopy under general anesthesia.[19,20] It can be caused 
by laryngospasm, bronchospasm, respiratory depression, 
hypoventilation due to the airway obstruction, exacerbation 
of air-exchanging due to the introduction of saline for lavage 
or hemorrhage, pneumothorax, and so on.[14,19] In this present 
study, nearly half of the procedures were complicated by intra-
operative hypoxemia. Further analysis revealed that all of the 
procedures with intraoperative hypoxemia were performed at 
the active phage of disease. These results demonstrated that 
the poor preoperative conditions having resulted in impaired 
oxygenation were related to the occurrence of intraoperative 
hypoxemia during bronchoscopy under general anesthesia. 
Besides the disease itself, both bronchoscopy and anesthesia can 
influence the occurrence of intraoperative hypoxemia. It was 
worth noticing that the most common trigger for intraoperative 
hypoxemia during bronchoscopy under general anesthesia was 
bronchospasm, the occurrence of which is closely related to the 
proficiency of bronchoscopy practices, depth of the anesthesia 
and so on. Also, near half of the procedures were found to devel-
oped intraoperative hypercapnia in this study, which had been 
ignored by clinician in before. Unlike intraoperative hypoxemia, 
intraoperative hypercapnia occurred not only in the procedures 
at the active phage but also in those at the remission phage. 
Besides the bronchospasm, intraoperative hypercapnia was also 
related to the respiratory depression, which was mainly due to 
excessive anesthesia. So, it is necessary to improve the profi-
ciency of bronchoscopy practices and the anesthesia protocol in 
order to prevent or reduce the occurrence of the intraoperative 
hypoxemia and hypercapnia during bronchoscopy under gen-
eral anesthesia.

Compared to many other illnesses, the children with DAH 
seem to be complicated by pulmonary hemorrhage more eas-
ily during bronchoscopy. Sequential BAL is usually performed 

in DAH and the increasing red blood cell count in subsequent 
aliquots from the same location help to confirm the diagnosis 
of DAH, which is a characteristic feature for DAH.[2] Negative 
pressure suction and/or saline mechanical irritation during the 
BAL may contribute to the exacerbation of the pulmonary hem-
orrhage.[21,22] Besides that, vascular injury due to the transbron-
chial biopsy or cryobiopsy is relatively common and can cause 
severe pulmonary hemorrhage occasionally.[4,12,23] As reported in 
Koslow M et al, the incidence of severe bleeding during TBCB 
was 7.1% in the patients with diffuse lung diseases.[23] In this 
study, 2 procedures were complicated by severe pulmonary hem-
orrhage, in which 1 occurred after BAL and another 1 occurred 
after TBCB. And, both of the procedures needed intubation. 
Besides transbronchial biopsy or cryobiopsy, even the routine 
process like BAL may be complicated with pulmonary hemor-
rhage.[21,22,24] So, it is necessary to make up the coping strategies 
to prevent and/or treat the massive hemorrhage during bron-
choscopy in the children with DAH and prompt tracheal intu-
bation is needed in some cases.

This study had some limitations. Firstly, the clinical sample 
size was too small to apply a multivariate analysis to screen 
the risk factors for the complications during the bronchoscopy. 
Secondly, there might be misclassification or recall bias in this 
retrospective study. In future, a further accumulation of cases 
with a prospective cohort study should be conducted.
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