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Pediatric flexible bronchoscopy: A single-center report
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Introduction: Pediatric flexible laryngotracheal bronchoscopy (FB) is an integral
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spiratory Medicine Unit of the Department of Women's and Children's Health at
Padua University were examined in terms of the indications, findings, and adverse
events.

Materials and Methods: The electronic medical records of pediatric patients who
underwent FB at least once between 1 January 2013 and 31 December 2018 were
considered. Patients' clinical data, indications for FB, anatomical findings, informa-
tion derived from bronchoalveolar lavage (BAL) and bronchial brushing, and possible
adverse events were analyzed.

Results: There were 447 pediatric FBs performed in 428 patients (aged from
1 month to 18 years) for diagnostic purposes (92.4%), to clear secretions (3.6%), or
to monitor a known condition (4.0%). The main indications were recurrent lower
respiratory tract infections (LRTI, 32.2%) and chronic wet cough (9.4%). Lower
airway malacia was the most common abnormal finding in these two groups (36.1%
and 28.6%, respectively). BAL bacterial culture was positive in 55 children (39.6%)
with recurrent LRTI and in 25 (59.5%) with chronic wet cough, being Haemophilus
influenzae, Streptococcus pneumoniae, and Moraxella catarrhalis the microorganisms
most commonly isolated. FB proved a safe procedure and was well tolerated.
Conclusions: Pediatric FB is an essential tool at our tertiary pediatric respiratory
center. It helps establish the anatomical conditions underlying several chronic re-
spiratory conditions and any correlated microbiological findings, with a significant

impact on further patient management.
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1 | INTRODUCTION

Pediatric flexible laryngotracheal bronchoscopy (FB) is a highly
versatile and effective diagnostic and therapeutic tool with an
important role in pediatric respiratory medicine.® It was first
described in 19682 and applied in the pediatric population
10 years later.®* Nowadays, FB is an integral part of the man-
agement of neonates, infants, and children with various lung and
airway diseases.’ International recommendations on pediatric FB
have been published by the European Respiratory Society (ERS)®
and the American Thoracic Society” and describe the indications,
the facilities, and equipment needed for the procedure, care of
the instruments involved, techniques, and suggestions for seda-
tion and patient management.

FB can be performed for diagnostic and/or therapeutic pur-
poses. It enables an assessment of the airway's anatomical fea-
tures and the collection of samples from the distal airways
(bronchoalveolar lavage [BAL], bronchial brushing, bronchial
biopsy) for pathological and microbiological examination. In-
dications for diagnostic FB®’ include stridor, persistent/re-
current wheezing, chronic cough (productive or otherwise),
recurrent pneumonia, suspected foreign body aspiration, he-
moptysis and pulmonary hemorrhage, suspected structural
anomalies or endobronchial lesions, radiographic abnormalities
(atelectasis, recurrent/persistent consolidations, atypical and
unknown infiltrates, localized hyperinflation), monitoring of lung
allograft or artificial airway, and obstructive sleep apnea. In-
dications for therapeutic FB®’ include restoring airway patency
in cases of mucus plugs or blood clots, treating alveolar filling
disorders (alveolar proteinosis and lipid pneumonia), controlling
hemorrhage, dilating a stenotic airway, and bronchoscopic
intubation.

Despite the publication of international recommendations,®’
the facilities and equipment available in different regions and the
clinical uses made of FB still vary. The first survey on pediatric
bronchoscopy in Europe® was published in 1997. Twenty years
later, the ERS Pediatric Bronchology Group conducted a survey
on the availability of pediatric bronchoscopy services and the
methods used in European pediatric pulmonology centers.” In
response, 198 centers reported performing a total of 56,145
bronchoscopies over a period of 3 years (2012-2014), averaging
74 FBs and 20 rigid bronchoscopies per center per year. Most
procedures were prompted by radiographic abnormalities
(48.5%), infections (48.5%), airway obstructions (39.4%), and
cough (29.3%). General anesthesia was used for most patients,
and complications were apparently rather infrequent.

The main aim of the present retrospective study was to examine
all FBs performed between 2013 and 2018 at our Pediatric Allergy
and Respiratory Medicine Unit, focusing on the indications, findings,
and adverse events. FBs were grouped according to indications so
that a general overview of the clinical reasons to perform a
bronchoscopy in children together with the possible indication-
related findings is provided.

2 | MATERIALS AND METHODS

This was a retrospective observational study. The sample included all
children 0-18 years old attending the Pediatric Allergy and Re-
spiratory Medicine Unit at the Department of Women's and Chil-
dren's Health, University of Padua (Italy), who had at least one FB
between January 1, 2013 and December 31, 2018. Patients' elec-
tronic medical records were examined in terms of demographic and
clinical data, indications for FB, anatomical features, findings of BAL
and bronchial brushing analysis (if any), adverse events possibly re-
lated to the procedure. The data were anonymized and recorded in a
database.

FB was performed in a dedicated bronchoscopy suite, using
Olympus bronchoscopes with outside diameters of 4.1 or 2.8 mm.
Patients were placed under deep sedation/analgesia with in-
travenous midazolam, propofol, and/or ketamine. All treatments
were administered with intravenous bolus (not with continuous in-
fusion) and children could maintain ventilatory function, without
external ventilatory support. Lidocaine was used as a topical anes-
thetic. All FBs were recorded. During the procedure, intrapharyngeal
oxygen supplementation was provided for all patients. All FBs were
performed by two of the present authors (E. B., who has 25 years of
experience, and S. C. with 5 years of experience).

Airway malacia was diagnosed on visual inspection of the air-
way's shape and dynamics during spontaneous breathing. Malacia
was defined as a collapse of at least 50% of the airway lumen.'%*!
Routine BAL fluid studies included differential cell counts and mi-
crobiological analyses. No endobronchial or transbronchial biopsies
were performed, no foreign body was extracted, and none of the FBs
were emergency procedures (which are managed by ear nose and
throat specialists in operating rooms).

For the present study, FB-related adverse events were
classified as mild or severe, the latter including desaturation
<80% or <90% if associated with laryngospasm/bronchospasm,
severe hypotension, pulmonary and/or endobronchial bleeding,
need for mechanical ventilation, need for admission to the in-
tensive care unit, need for cardiopulmonary resuscitation and/or
death.’?

Indications and findings were expressed in absolute and relative
terms. The study was approved by the Ethics Committee of Padua
General Hospital (Protocol No. 0048862).

2.1 | Definitions used for indications to FB
Recurrent lower respiratory tract infections (LRTIs): 23 episodes of
LRTIs per year.*?

Chronic wet cough: daily wet cough lasting more than 4 weeks.*

Tracheal and laryngeal cough: brassy and barking cough,
respectively.*®

Very frequent wheezing: wheezing in preschool-age children
typically associated with upper respiratory tract infections, occurring
at least 6-8 times per year.'®
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TABLE 1 Indications for bronchoscopy
n %
Diagnosis
Recurrent respiratory infections 144  32.2
Tracheal and/or laryngeal cough 101 226
Persistent or highly frequent wheezing 43 9.6
Chronic wet cough 42 9.4
Severe asthma 39 8.7
Stridor 39 8.7
Upper and lower airway hemorrhage 5 1.1
Therapy
Secretion management in PCD 8 1.8
Persistent atelectasis 5 11
Secretion management in bronchiectasis (non-CF 3 0.7
and non-PCD)
Follow-up
Airway malacia or stenosis 8 1.8
Subglottic hemangioma 6 1.3
After foreign body removal 2 0.4
Vocal cord paresis 1 0.2
Upper airway hemorrhage 1 0.2
Total 447 100

Abbreviations: CF, cystic fibrosis; PCD, primary ciliary dyskinesia.

Persistent wheezing: wheezing in preschool-age children that
persists in spite of the anti-asthma therapies administered.*®

Severe asthma is asthma that requires Step 4 or 5 treatment (e.g.,
high-dose ICS/LABA), to prevent it from becoming “uncontrolled,” or
asthma that remains “uncontrolled” despite this treatment.'”

Stridor is a variably high-pitched respiratory sound, usually
heard on inspiration, that indicates the narrowing of the larynx and/

or (extrathoracic) trachea.*®

3 | RESULTS
The retrospective analysis concerns 447 pediatric FBs performed in
428 patients aged from 1 month to 18 years. The indications for FB
are listed in Table 1.

Results are grouped according to the indication for the exam.

3.1 | Recurrent LRTIs and chronic wet cough

FB was performed to investigate recurrent LRTIs in 144 cases, in-

cluding 74 males and 70 females with a median age of 5 years and
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FIGURE 1 Airway anatomy in cases with recurrent lower
respiratory tract infections [Color figure can be viewed at

wileyonlinelibrary.com]

TABLE 2
tract infections

Viral nucleic acid sequences in BAL
Negative

Rhinovirus

Rhinovirus + other virus

CMV
CMV + other virus
Adenovirus
Adenovirus + other virus
Coronavirus
Respiratory syncytial virus
Metapneumovirus
Influenza virus type B
Ebstein-Barr virus
Bacterial culture of BAL
Negative
Haemophilus infleunzae
Streptococcus pneumoniae
S. pneumoniae + H. infleunzae
Moraxella catarrhalis
Mycoplasma pneumoniae
Pseudomonas aeruginosa
Streptococcus pyogenes

Staphylococcus aureus

43

27
32

12

84
18

N N W BN N

Findings in cases with recurrent lower respiratory

%

30.9

19.4
23.0

8.6
14
8.6
2.2
14
14
14
0.7
0.7

60.4
13
8.6
5.0
5.0
2.9
22
14
1.4

Abbreviations: BAL, bronchoalveolar lavage; CMV, cytomegalovirus.
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9 months (interquartile range [IQR], 3 years and 6 months to 8 years
and 6 months). In total, 81 (56.3%) of these patients had a normal
airway anatomy, while the most common anatomical abnormalities in
the remainder were bronchomalacia and tracheomalacia (Figure 1).
One patient showed airway compression, prompting chest computed
tomography with angiography (CTA), which enabled the diagnosis of
a double aortic arch. Three patients had an endobronchial mass and
were further investigated with biopsies, which revealed an in-
flammatory myofibroblastic tumor, a pulmonary carcinoid, and a
nonspecific inflammatory lesion.

BAL was performed in 139 patients. The differential cell count in
BAL fluid, performed in 126 cases, was normal in 79 children (62.7%) and
showed an increased percentage of neutrophils (>5%) in 47 (37.3%). The
results of BAL microbiological analyses are shown in Table 2.

Prompted by a clinical suspicion of primary ciliary dyskinesia
(PCD), 75 patients underwent bronchial or nasal brushing to analyze
ciliary ultrastructure using transmission electron microscopy (TEM).
The ciliary ultrastructure was suggestive of PCD in 3 cases, normal in
71 cases, and not evaluable in 1.

In 42 children (22 males, median age of 6 years [IQR, 4-9]), FB
was performed to investigate chronic cough.

Twenty-nine children (69%) had a normal airway anatomy
and 13 (30.1%) had airways malacia or stenosis (two tracheo-
malacia, eight bronchomalacia, two tracheo-bronchomalacia, one
bronchial stenosis). BAL was collected in all 42 cases and re-
vealed a normal differential cell count in 17 children (40.5%) and
an increased percentage of neutrophils (>5%) in 25 children
(59.5%). The search for respiratory viruses by PCR was positive
in 26 cases (61.9%): Rhinovirus was found alone in seven, and
together with other virus in four (cytomegalovirus, metapneu-
movirus, adenovirus, respiratory syncytial virus, and cor-
onavirus). BAL bacterial culture was positive in 25 children
(59.5%), the most common microorganisms isolated being Hae-
mophilus influenzae (15 children) and Streptococcus pneumoniae
(8 children), followed by Moraxella catarrhalis (two patients).

Ultrastructure analysis of the nasal/bronchial respiratory mu-
cosa with TEM was performed in 28 patients with chronic wet cough,
and anomalies suggestive of PCD were found in 3, the sample was

not evaluable in 5, and a normal ultrastructure was found in 20.

3.2 | Tracheal and/or laryngeal cough

FB was performed in 101 children (59 males, median age: 6 years
[IQR, 4 years 9 months to 10 years 3 months) to investigate tracheal
and/or laryngeal cough, and 57 (56.4%) revealed an abnormal airway
anatomy (Table 3). In four cases, a pulsatile or fixed airway com-
pression was further investigated through chest CTA or chest mag-
netic resonance imaging (MRI). Two of these children showed a
normal anatomy, one had a right aortic arch, and one a Kommerell
diverticulum. One child had an endotracheal mass lesion, which was

not biopsied because the patient was lost to follow-up.
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TABLE 3 Airway anatomy in patients with tracheal cough

n %

Airway anatomy

Normal 44 43.6
Lower airways

Tracheomalacia 18 17.8

Trachea-bronchomalacia 16 15.8

Bronchomalacia 13 12.9

Airway compression 4 4.0

Bronchial stenosis 2 2.0

Mass lesion 1 10

Tracheal diaphragm 1 1.0
Upper and lower airways

Laryngo- or pharyngo-tracheomalacia 2 2.0

3.3 | Persistent or very frequent wheezing

FB was performed in 43 patients (29 males, median age:
13 months [IQR, 9 months to 5 years]) to investigate persistent
or very frequent wheezing. Fifteen children (34.9%) had a normal
airway anatomy, 26 (60.5%) had malacia or airway stenosis of the
airways (22 tracheo- and/or broncho-malacia, three pharyngo-
and/or laryngo-malacia, 1 tracheal stenosis) and two (4.6%) had a
foreign body in the airways.

34 | Severe asthma

FB was performed in 39 patients with severe asthma (28 males,
median age: 10 years [IQR, 9 years to 13 years 3 months]). Most
patients (33, 84.6%) had a normal airway anatomy, three had
bronchomalacia, one tracheomalacia, one bronchial stenosis, and one
a suspected airway compression (further investigated using chest
CTA, which showed no vascular anomalies). BAL collected in 38 cases
showed a normal differential cell count in 32 (84.2%) and an in-
creased percentage of eosinophils in one.

3.5 | Stridor

FB was performed to investigate stridor in 39 cases (24 males,
median age: 9 months [IQR, 3-18 months]). Thirty-three (84.6%)
showed an abnormal airway anatomy, with laryngomalacia the most
frequent finding (21 patients, 53.8%), and the lower airways also
showed trachea- and/or broncho-malacia in seven of them. Three
patients had a laryngeal cleft, one had vocal cord paresis, and one

had a subglottic hemangioma.
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3.6 | Upper and lower airway hemorrhage
Five patients underwent FB for recurrent episodes of hemoptysis.
Airway anatomy was normal in all cases, and no blood was found in
the upper respiratory or lower respiratory tracts in four, while one
with idiopathic hemosiderosis had visible active bleeding.

3.6.1 | Adverse events
The mild adverse events encountered were one case of urticaria
after propofol administration (an 11-year-old male with severe
asthma), treated with chlorphenamine and systemic steroids; nine
cases of transient cough and/or stridor during the FB, which had
been indicated for wheezing (in three children), laryngotracheal
cough (in three), severe asthma (in two) and stridor (in one).

The following four severe adverse events during or immediately
after the FB were recorded.

- A 14-year-old female who underwent FB for stridor experienced
laryngospasm with desaturation (SatO, < 90%), and was treated
with nebulized epinephrine, systemic steroids, and increased
oxygen supplementation.

- An 8-year-old female who underwent FB for recurrent re-
spiratory infections had bronchospasm with several episodes of
desaturation (SatO, < 90%) during the procedure, and was trea-
ted with albuterol, bag-mask ventilation, and increased oxygen
supplementation.

- A 4-year-old male who underwent FB for tracheal cough devel-
oped respiratory distress with bronchospasm and desaturation
(SatO, < 90%), and was treated with albuterol, systemic steroids,
bag-mask ventilation, and increased oxygen supplementation.

- A 6-year-old male who underwent FB for tracheal cough devel-
oped severe respiratory distress with desaturation (SatO, < 90%),
that proved unresponsive to bag-mask ventilation, requiring en-
dotracheal intubation and admission to the intensive care unit. He
was extubated a few hours later. The child was diagnosed with

adenoid hypertrophy and laryngo-tracheomalacia.

Four patients were not included in the present report be-
cause FB had to be interrupted due to severe respiratory dis-
tress, laryngospasm, or bronchospasm with desaturation
(SatO, < 90%) immediately after sedation. All four children were
bag-mask ventilated, and treated with systemic steroids, neb-
ulized adrenalin, salbutamol, and increased oxygen supple-
mentation. In one case, severe respiratory distress appeared
right after propofol injection and an allergic reaction to propofol
was suspected. In the other three cases, laryngospasm/bronch-
ospasm appeared right after bronchoscope introduction and it
was interpreted as an exaggerated airway reactivity to the me-
chanical stimulation caused by the bronchoscope. Only in one of
these cases, the bronchoscopy was rescheduled after a course of

systemic steroid, and no anatomical anomalies were detected.

None of the patients died during the procedure. No FB-related

respiratory deterioration required cardiopulmonary resuscitation.

4 | DISCUSSION

This report describes the 447 FBs performed at our Pediatric Allergy
and Respiratory Medicine Unit over 6 years, mainly for a diagnostic
purpose (92.4%). In a minority of cases, FB was used to clear se-
cretions (3.6%) or monitor a previously identified condition (4.0%).
The diagnostic FBs were performed largely (41.6%) to investigate
recurrent LRTI or chronic wet cough. Deep sedation/analgesia was
administered and generally well tolerated, with severe adverse
events reported in eight children.

Recurrent LRTI and chronic wet cough can be presenting
symptoms of a chronic respiratory disease. Recent ERS guide-

lines?2°

suggest airway endoscopy to investigate chronic wet cough
persisting after 4 weeks of appropriate antibiotics. FB is re-
commended in children with LRTI not responding to antibiotic
treatment if it is impossible to sample the lower respiratory tract
noninvasively.?*?? Lower airway malacia was the most frequent
abnormality identified in our study sample, confirming previous re-
ports. Gokdemir et al.?® found airway malacia the most common
abnormality in children with recurrent pneumonia, and Boogaard
et al.*® reported recurrent LRTI in 60 (63%) out of 96 patients with
primary airway malacia. Likewise, Chang et al.>*?* also found airway
malacia the most frequent abnormality in children with chronic wet
cough. Malacia disorders are characterized by excessive collapsibility
of the trachea and/or bronchi, due to a disproportionate laxity of the
wall or impaired cartilage integrity.'* Endoscopy is the gold standard
for diagnosing airway malacia but has potential limitations due to the
subjective assessment of lumen changes or to bronchoscope possibly
occluding or distorting the airway.’’ The pathogenetic relationship
between airway malacia and LRTI or chronic wet cough remains
unclear. It has been suggested that juxtaposition of the airway walls
induce recurrent vibrations and mucosal irritation, and the narrower
airway prevents clearance of secretions, thus predisposing to distal
infections.?°2¢

From a microbiological standpoint, BAL bacterial cultures were
positive in 39.5% of patients with recurrent LRTI and 59.5% of those
with chronic wet cough. Interestingly, in the subgroup of children
with airway malacia in 40% of cases bacteria were isolated from BAL,
supporting the possible pathogenetic relationship between this
anatomic abnormality and the persistence of secretions in the lower
respiratory tract. The microorganisms most often isolated were
H. influenzae, S. pneumoniae, and M. catarrhalis. These findings are

1.2* on children

consistent with data published by De Schutter et a
with recurrent pneumonia and by Wong et al.?’ concerning children
with chronic wet cough. Our results are also in keeping with the
microbiological data reported by Chang et al.,?**° who listed S.
pneumoniae, H. influenzae, and M. catarrhalis as the most common
microorganisms isolated in children with chronic wet cough. The

detection of potentially pathogenetic bacteria might influence the
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therapeutic management of children with recurrent LRTI or chronic
wet cough. In all the included cases, bacterial isolations in BAL were
carefully considered and, when clinically appropriate, a targeted
course of antibiotic therapy was prescribed.

On the contrary, the detection of respiratory viruses in 69.1% of
children with recurrent LRTIs and 61.9% of children with chronic wet
cough, should be cautiously interpreted. Previous authors reported a
similar proportion of viruses in children with protracted bacterial
bronchitis (PBB),>* while others questioned the possible pathoge-
netic role of viruses, finding comparable rate of viral detection in
children with PBB and in healthy children.>? Therefore, no firm
conclusion can be drawn on the pathogenetic role of viruses in this
clinical context.

FB is recommended for children with persistent, frequently re-
curring or atypical wheezing to examine the underlying anatomy.*%°*
Previous studies demonstrated that nearly one in two such children
have central airway malacia.?®**>*¢ In our sample, 63.4% of wheezing
patients had airway malacia, confirming that weakness of the trachea
and mainstem bronchi makes the airways more susceptible to col-
lapse during expiration, causing airflow limitation and wheeze.*" It is,
therefore, important to use FB to study children with recurrent/
persistent wheezing who fail to respond to conventional therapy, as
a diagnosis of airway malacia could provide the rationale for limiting
the use of drugs with potential side effects like inhaled steroids
treatment.*

Noteworthily, airway malacia emerged in a significant number of
cases as an anatomical aspect related to chronic respiratory symp-
toms. This finding underlies the importance of bronchoscopy given
that malacia can only be diagnosed through the direct inspection of
the airways.

In some patients presenting even with common symptoms, FB
can lead to unexpected diagnoses and have a significant impact
on their further treatment and prognosis.>’*® In our study sample,
FB revealed a foreign body in the airways of two children with
persistent wheezing unresponsive to salbutamol and systemic ster-
oids treatment, and one with recurrent LRTI, despite no history
suggestive of aspiration. FB identifies an endobronchial mass in an-
other three patients investigated due to recurrent LRTI involving the
same lung lobe. In further two patients with tracheal cough and one
with recurrent LRTI, a vascular ring was suspected on FB, and ima-
ging confirmed a right aortic arch, a Kommerell diverticulum and a
double aortic arch. It is common in such cases for FB to show ex-
trinsic pulsatile compression of the trachea, while a chest CTA or
MRI are required for a more precise diagnosis.>”

The role of bronchoscopy in cases of severe asthma is still
debated. On the one hand, sceptics focus on the risk of an in-
vasive procedure proving clinically pointless; on the other, sup-
porters emphasize the irreplaceable role of FB in the differential
diagnosis of severe asthma.’® When assessing children with
asthma symptoms that are difficult to control, pediatric pulmo-
nologists have to establish whether they really have asthma by
excluding all the other conditions that may mimic asthma.¢”4*
Several comorbidities of asthma or alternative diagnoses, such as

trachea- and broncho-malacia, central airway obstruction and/or
compression, foreign body, or congenital airway malformations,
can only be detected by FB.'” In our cohort of patients with
severe asthma who underwent FB, the majority (84.6%) had a
normal airway anatomy, while 5 (12.8%) had central airway ma-
lacia or stenosis.

BAL analysis can also provide useful information in children with
severe asthma, helping to elucidate the asthma endotype.*® Un-
fortunately, this analysis was unreliable in most of our severe asthma
patients because the BAL procedure was conducted while they were
treated with high doses of steroids.

From a safety standpoint, FB was well tolerated by most of our
patients with severe asthma: only 4 (10.3%) had mild adverse events
and none had any severe adverse events.

Although pediatric bronchoscopy is known to be a generally
safe procedure, serious and even fatal adverse events have been
described, related mostly to patients' diseases before the pro-
cedure.’?*?%% FB was well tolerated by our study sample as a
whole. Ten children (2.2%) had mild adverse events, four children
(0.9%) had severe adverse events after completing the FB, and in
four cases (0.9%), not included in this analysis, it was impossible
to perform FB due to adverse events occurring immediately after
sedation. The most common mild adverse event was transient
cough and/or stridor, mainly affecting patients with recurrent or
very frequent wheezing, laryngotracheal cough, or severe asth-
ma. The most frequent severe adverse event was respiratory
distress with severe desaturation, which in one case necessitated
intubation and monitoring for few hours in the intensive
care unit.

Today pediatric pulmonologists strive to understand their pa-
tients' potential risk factors for FB-related adverse events, to pre-
vent their occurrence.*>**

Adverse events can certainly be minimized if each patient's in-
dications and clinical status are carefully examined, and appropriate
anesthesia and monitoring during the procedure is assured.*® In our
setting, patients underwent a complete assessment the day before
undergoing FB, and the procedure was postponed if their clinical
status could not ensure a safe procedure (if they showed signs or
symptoms, for instance, of acute infection, acute bronchospasm, or
fever). FBs were performed in deep sedation with children breathing
spontaneously throughout the procedure. During and after sedation/
analgesia, patients were monitored in a dedicated room to promptly

manage any possible adverse events.

5 | CONCLUSIONS

In conclusion, flexible laryngeal and tracheal bronchoscopy is an
essential tool at our tertiary pediatric respiratory center. In most
cases, it helps establish the anatomical condition underlying a num-
ber of chronic respiratory disorders and possibly correlated micro-
biological findings, with a significant impact on patients' further
management.
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