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sound; PDT! percutaneous  dilatational  tracheostomy;
RN! registered nurse; TBNA! transbronchial needle aspira-
tion; TPNA! thoracic percutaneous needle aspiration;
TTOT! transtracheal oxygen therapy; WLB ! white light bron-
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T he ability to perform procedures is one of the
defining characteristics that attracted so many of
us to fellowships in pulmonary medicine, critical care
medicine, and thoracic surgery. In fact, nearly
500,000 bronchoscopies are done each year in the
United States. Additionally, approximately 15,000
airway stents are placed yearly worldwide. The num-
ber and complexity of procedures that can be per-
formed in the bronchoscopy unit is increasing. For
example, endobronchial electrocautery for tumor
ablation and the treatment of hemoptysis can be
performed under local anesthesia during a “routine”
outpatient bronchoscopy.

Unfortunately, our training and expertise is not
uniform. An American College of Chest Physicians
(ACCP) survey revealed that " 50% of respondents
believed that their training in advanced diagnostic
techniques such as transbronchial needle aspiration
(TBNA) was inadequate. In another query of senior
pulmonary fellows, Haponik et al found that while
most fellows reported “adequate” training in bron-
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choscopy, only 72% had any instruction in TBNA
and 27% in stent placement.

Despite the proliferation in the number and type
of chest procedures currently performed, there are
presently no guidelines that ensure that the basic
skills and competency needed to provide these ser-
vices have been acquired by the pulmonologist,
critical care physician, or thoracic surgeon (dedicat-
ed operators). To address this void, the development
of guidelines for chest procedures was initiated
through the Interventional Chest/Diagnostic Proce-
dures Network of the ACCP (the “Network”). There
were several compelling reasons to do so. First, these
procedures carry inherent risks, and patient safety is
of paramount concern. Second, defining the equip-
ment and personnel required, indications, contrain-
dications, risks, and training requirements of each of
the procedures may facilitate uniform practice
within fellowship training programs. In addition,
these guidelines could be used as a guide to hospital
nursing, respiratory therapy and administrative de-
partments who wish to develop these services. Fi-
nally, dedicated operators who display competency
in these individual procedures should have less
difficulty overcoming the barriers that sometimes
exist within local hospital credentialing committees.

The guidelines themselves were developed by a
group of physicians representing a wide range of
interests within the college. The group was com-
prised of pulmonologists and thoracic surgeons, ac-
ademics, and private practitioners who reside in the
United States and abroad. Despite the diversity of
practice views, consensus was reached on all of the
parameters put forth in this document.

For physicians wishing to learn how to perform
one of these advanced procedures, there are several
different educational approaches. There are intense
short training programs (1 to 3 days). These are
available throughout the United States and abroad.
More formal mini-sabbaticals (1 to 6 months) are
available as well. Several fellowship training pro-
grams have developed an additional year of fellow-
ship training in advanced interventional techniques
similar to other procedure-intensive internal medi-
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cine subspecialtiesuch as cardiologyand gastroen-
terology. Both of these groups have adopted mini-

mum requirements for their trainees to achieve
competence in advanced procedures. Still others
have used novel approachessuch as virtual reality-

simulated bronchoscopyas a teachingtool for the

novicededicatedoperator.Innovative approachego

learning these techniques will no doubt become
widely availablein the future.

These guidelines clearly have limitations. Al-
though we do not havethe necessarydataon all of
the proceduresoutlined in this documentto make
definitive statementson patient outcome and the
necessarnumber of proceduresto achievecompe-
tency, that doesnot meanwe should shy awayfrom
competency guidelines altogether. Therefore, we
havedevelopedsomecompetencyparametershased
on the expertiseof our panelmembers.The ACCP
Network hopes that fellowship program directors
will use this documentto assesghe strengthsand
weaknessesf the proceduraltraining they provide
and adopt this working document to develop the
highest level of procedural training. We hope that
this documentwill focusinterest on the diversity of
techniques now available to our patients. These ACCP
guidelines can aso be built on as new procedures are
brought out of the laboratory and into practice.

When learningnewtechniques the old adage‘see
one,do one,teachong’ is no longeracceptableThe
ACCP Network offers these guidelinesas an alter-
native. We hope our membershipwill embraceit.
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Flexible Bronchoscopy
Definition

Flexible bronchoscopyis an invasive procedure
that is utilized to visualizethe nasalpassagesyhar-
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ynx, larynx,vocalcords,and trachealbronchial tree.
It is utilized for both the diagnosisand treatment of
lung disorders.The proceduremay be performedin
an endoscopysuite, the operatingroom, the emer-
gencydepartment, a radiology suite, or at the bed-
sidein the ICU.

Equipment

At minimum, the equipmentneededis a broncho-
scope light source,cytologybrushes biopsyforceps,
needle aspirationcatheters,suction apparatus,sup-
plemental oxygen,fluoroscopy(C-arm), pulse oxim-
etry, sphygmomanometerand equipmentfor resus-
citation including an endotrachealtube. A video
monitor is a useful accessory,but not required.
Fluoroscopy may be needed to facilitate certain
transbronchialbiopsy procedures.

Personnel

A dedicated operator performs the procedure.
Personnel required for this procedure include a
registerednurse (RN) or a respiratory therapist to
administerandmonitor consciousedationaswell as
a separateRN or arespiratorytherapistto assisthe
dedicatedoperatorwith the procedure.All support-
ing personnelshouldbe familiar with the procedure
beingperformed,aswell asthe appropriatehandling
of the specimens.This will maximize patient com-
fort, safety,and yield.

Anesthesia and Monitoring

Flexible bronchoscopymay be performed under
local anesthesiawith or without conscioussedation
or under generalanesthesiaSpecificmonitoring and
documentationguidelinesvary from hospitalto hos-
pital andfrom stateto state.We recommendthat the
dedicatedoperatorinquire aboutthe applicablean-
esthesiaand monitoring guidelinesin their particular
practice environment.

Technique

The patient should be placed in either a semi-
recumbent or supine pogtion after |V access has been
obtained. The patient should fast for at least 4 h prior to
the procedure. If the dedicated operator choosesto use
the nose asthe arifice of entry, the patient should have
a topica aneshetic applied to the pharynx and nasal
passages. After the topica anesthetic has taken effect,
the bronchoscope isintroduced either through the nose
or mouth with a bite block in place. The oropharynxis
examined. After a thorough examination is performed
and on reaching the vocal cords, the patient is usualy
again anesthetized topicaly. The vocal cords are exam-
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ined for aduction and adduction. The bronchoscope is
passed through the vocal cords, and a complete airway
ingoection is performed.

Both therapeutic and diagnostic procedurescan
be performed during flexible bronchoscopy.De-
pending on the indication, the following diagnostic
procedurescan be performed: BAL, endobronchial
or transbronchialbiopsies,cytologicwashor brush,
and TBNA, endobronchialultrasound (EBUS), and
autofluorescencebronchoscopy.Therapeutic proce-
duressuchasballoondilatation, endobronchiallaser
ablation, electrocautery, photodynamic therapy,
brachytherapy.and selectedstent placementcanall
be accomplishedthrough flexible bronchoscopy.

Indications

Indications include, but are not limited to, undi-
agnosedpulmonaryinfiltrates, lung massesmedias-
tinal lymphadenopathy,hemoptysis, airway disor-
ders, endobronchiallesions,therapeutic suctioning,
and pediatric bronchoscopy.

Contraindications

Most contraindicationsto flexible bronchoscopy
are relative rather than absolute. Special attention
must be paid to respiratory and bleeding status.In
unstable patients or prolonged procedures, rigid
bronchoscopymay be preferred.

Risks

Diagnostic flexible bronchoscopyis usually an
extraordinarilysafe procedure. Major complications
suchasbleeding,respiratorydepressiongcardiorespi-
ratory arrest, arrhythmia, and pneumothoraxoccur
in # 1% of casesMortality is rare, with a reported
deathrate of 0 to 0.04%in " 68,000procedures.

Tmim’ng Requirements

Expertisein flexible bronchoscopyfor the diagno-
sis of lung diseasess absolutelynecessaryfor the
pulmonary physiciantrained in pulmonaryand crit-
ical care medicine. Traineesshould perform at least
100 proceduresin a supervisedsetting to establish
basic competency.To maintain competency,dedi-
cated operators should perform at least 25 proce-
duresper year.In addition to the number of proce-
dures, the competencyof each trainee should be
certified by the program director or the director of
the bronchoscopyunit. Finally, it is important that
training include competencyin assistinga dedicated
operatorin the performanceof the procedure.
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Rigid Bronchoscopy
Definition

Rigid bronchoscopy is an invasive procedure
that is utilized to visualize the oropharynx, larynx,
vocal cords, and tracheal bronchia tree. It is
performed for both the diagnosis and treatment
of lung disorders. The procedure may be per-
formed in an endoscopy suite with available anes-
thesia, but more appropriately in the operating
room, and rarely in the ICU. It is frequently
combined with flexible bronchoscopy to acquire
and maintain better distal airway visualization and
suctioning.

Equipment

A set of ventilating bronchoscopesshould be
availablein different sizes.A halogenatedight pro-
videsillumination; 0°, 30°, and 90 telescopesanbe
placed down the rigid barrel to improve visualiza-
tion. An arrayof instrumentssuchasgraspersbiopsy
forceps, and suction devicesshould also be readily
available.Video capability is desirablebut not nec-
essaryOther miscellaneousnaterialsthat shouldbe
availableinclude normal saline solution, lubricant
jelly, syringes,and suctiontubing.

Personnel

A dedicated operator performs the procedure.
Personnel required for this procedure include a
nurse or a respiratory therapist to administer and
monitor conscioussedation,aswell asa separateRN
or a respiratory therapist to assistthe dedicated
operatorwith the procedure.All supportingperson-
nel should be familiar with the procedure being
performed,aswell asthe appropriatehandlingof the
specimens. This will maximize patient comfort,
safety,and yield.
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Additional personnelmay be utilized, depending
on where the procedure is performed (operating
room vs bronchoscopysuite). An anesthesiologist,
circulating nurse,and operatingroom technicianare
frequently utilized during this procedure.

Anesthesia and Monitoring

This procedure is usually performed under gen-
eral anesthesiawith adequatesedationand muscle
relaxants. Specific monitoring and documentation
guidelinesvary from hospital to hospital and from
state to state. We recommend that the dedicated
operatorinquire aboutthe applicableanesthesiand
monitoring guidelines in their particular practice
environment.

Technique

The patient is placedin the supine position. The
head should be on a small pillow or foam rest, and
positioned on the portion of the table that can be
flexed or extendedasneeded.After introducing the
instrument, the epiglottisis gentlylifted with the end
of the bronchoscopeafter whichthe larynxandvocal
cords can be seen.Once the vocalcordshavebeen
visualizedthe bronchoscopds turned 90° vertically
in order to passthrough the vocalcords. This offers
the leastresistanceand avoidsdamageto the vocal
cords. After entering the upper trachea,the bron-
choscopeis turned backto its original neutral posi-
tion.

Ventilation is initiated via the side port. The
bronchoscopés gently advancedioward the carina,
andsystematicallynsertedinto eachmainstembron-
chus. Anatomic, airway, and mucosalabnormalities
are noted. Telescopesnay be insertedinto the rigid
bronchoscopeto visualizethe distal segments,re-
quiring the angled30° and 90° scopeso seepartic-
ularly the right upper lobe orifice. The head is
usually turned to the left to enter into the right
mainstembronchus,andturned to the right to enter
into the left mainstreambronchus.

Once the preliminary examinationis completed,
the purposefor which the procedurewasperformed
should be addressed(eg, dilation, stent insertion,
laserablation,extractionof foreign bodies).Cautery,
forceps,and suctionshouldbe readily available.If a
more detailed examination washings)aser/photody-
namic ablation, or stent insertion is required, a
flexible bronchoscopecan be inserted through the
rigid bronchoscope.

Indications

There are many indications for rigid bronchos-
copy, including bleeding or hemorrhage, foreign
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bodyextraction,deeperbiopsyspecimenwhenfiber-
optic specimenis inadequate dilation of trachealor
bronchial strictures, relief of airway obstruction,
insertion of stents,and pediatric bronchoscopylt is
alsousedfor tracheobronchialasertherapyor other
mechanicaltumor ablation.

Contraindications

Relative contraindications include uncontrolled
coagulopathy,extreme ventilatory and oxygenation
demands, and tracheal obstruction to the novice
operator.

Risks

Most potential complications of rigid bronchos-
copy can be avoided. These include injury to the
teeth or gums,trachealor bronchialtears,or severe
bleeding. Complication rates should be # 0.1%.
Procedure-relatedmortality is rare.

Training Requirements

Traineesshould perform at least20 proceduresin
asupervisedsettingto establishbasiccompetencyin
patients with normal airways,and to becomecom-
fortable with the set-upand intricaciesof the proce-
dure. Dedicated operatorsshould perform at least
10 procedures per year to maintain competency.
Individual institutional program directors in bron-
choscopyand surgery should ultimately decide on
the competencyof eachcandidate,and they should
alsodetermine where best these proceduresshould
be performed, either in the bronchoscopyor oper-
ating suite.
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Pediatric Section

Overview

Bronchoscopyhasbeenperformedin infants, chil-
dren, and adolescentsby pediatric surgeonsand
specialistsfor " 50 years. Until the 1980s, the
approachwasalmostexclusivelyvia the rigid bron-
choscopeand the operators,at leastin the United
States, were almost exclusively surgeons. Today,
however, pediatric pulmonologistsperform flexible
bronchoscopymore often on children than rigid
bronchoscopy.Due to this preference, this section
focuseson flexible bronchoscopy.The equipment,
techniques,and indicationsare quite different than
those applied in adult populations. Proficiency in
flexible bronchoscopyis arecommendedelementin
pediatric pulmonology fellowship training, but no
specific number or type of procedures has been
required of trainees.

Equipment

The standardpediatric bronchoscopehasan outer
diameter of 3.4 to 3.6 mm (depending on the
manufacturer) with a suction channel of 1.2 mm.
Specificinformation about the bronchoscopesised
in pediatric patientsis providedin Appendix2. The
standard pediatric bronchoscope can usually be
safelyusedin healthy infants with mild respiratory
difficulties receiving oxygensupplementation.The
2.2-mm, ultrathin, flexible bronchoscopehas no
suctionchannel.lt hasits greatestusein premature
and newborn infants who may or may not be intu-
bated. The recently introduced 2.8-mm broncho-
scopewith a 1.2-suctionchannelis very fragile and
canbe usedin older infants or newborninfantswho
are not intubated. In older children, this broncho-
scopecan be passedthrough severalgenerationsof
bronchi and thereby identify abnormalities previ-
ously beyond the reach of the bronchoscope.The
smallestadult bronchoscopesan be safelyusedin
older children and adolescentsand are particularly
usefulwhenpurulent secretionsare presentor trans-
bronchial biopsy specimensare to be obtained.

Standardbiopsyforcepscannotbe passedhrough
the 1.2-mmsuctionchannelof the 3.4-to 3.6-mmor
2.8-mm bronchoscopes. Olympus Headthcare (Olym-
pus America; Melville, NY) introduced a mini-
forcepsin the mid-1990s.As expectedthe mouth of
the forcepsis quite small, as are the samplesob-
tained. In order to obtain adequatespecimensmul-
tiple passage®f the forceps are usually required.
Cytology brushesare availablethat can be passed
throughthe 1.2-suctionchannel.Recently the useof
urologic basketsand forceps passedthrough the
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suction channelhasbeen describedto retrieve for-
eign bodies with the standard pediatric broncho-
scope.

Personnel

A dedicatedoperatormust alwaysbe present,and
is the overseerand supervisorover all aspectf the
procedure. A second physician is often present,
especiallyin training contexts, but is not usually
required. Two other trained persons are usually
presentand, in the absenceof a secondphysician,
should be present. A nurse providescare and mon-
itoring of the patientand keepsa chronologicrecord
of medicationsadministeredandthe condition of the
patient. A secondperson,often a respiratorythera-
pist, overseesthe bronchoscope light source,and
suction equipment, and managesmedications ad-
ministered through the bronchoscopeand collects
any specimensobtained during the procedure. All
personnelshouldbe trained and skilledin cardiopul-
monary resuscitation.

Anesthesia and Monitoring

As a rule, pediatric flexible bronchoscopyis per-
formed with IV sedation due to the lower pre-
dictability of cooperation from children during
bronchoscopywhen comparedto adults. Most prac-
titioners use a short-actingbenzodiazepineand ei-
ther a short-actingopiate or ketamine. Continuous
monitoring of heart rate, arterial oxyhemoglobin
saturation by pulse oximetry, and BP is standard
care. The 3.4- to 3.6-mm bronchoscopeoccupiesa
greater proportion of the cross-sectionahreaof the
tracheaand glottis than do standardadult broncho-
scopeswithin the mature airway, leading to the
potential for greaterinterferencewith gasexchange
in infants and young children. Thus, efficiency dur-
ing the procedure, minimizing the duration of in-
spection and instrumentation and an acute and
dynamic awarenessof the patients condition and
vital signs,arecritical to successfuand safepediatric
flexible bronchoscopyln addition, the potential for
hypoventilationdue to the useof IV sedatingagents
adds to the potential for respiratory compromise
during pediatricflexible bronchoscopySimilarly, the
useof smalleradult scopesn the 4.8-to 5.2-mmsize
for school-agedchildren and younger adolescents
will predisposeto more gasexchangeabnormalities
than in mostadult procedures.

The pioneersof pediatric flexible fiberoptic bron-
choscopy stressedthe importance of carefully ti-
trated IV sedationproviding conscioudo deeplevels
of sedationdependingon the needsof eachindivid-
ual patient and procedure. In recent years, many
pediatric dedicated operators have opted for the
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operating room setting with or without generalan-
esthesiamore routinely. This changeappearsto be
relatedto at leastfour different developmentsFirst,
pediatric anesthesiologistdave establishedthem-
selvesasthe expertsin pediatric sedation.Sincethe
level of sedationoften neededfor successfupediat-
ric bronchoscopygoes beyond conscioussedation,
many institutions have questionedthe safetyof the
procedure without the presenceof the anesthesiol-
ogist. Second,more pediatric anesthesiologisthave
cometo understandthe need and ability for flexible
bronchoscopyto be performed safelyand effectively
in spontaneouslybreathing patients, and have be-
comeinterestedin participatingin theseprocedures.
In the United States,IV propofol, an ideal sedative
for flexible bronchoscopywhen spontaneoudreath-
ing is necessaryis restricted in most institutions in
North America for use by anesthesiologistsThird,
the development and utilization of the laryngeal
maskwith appropriate pediatric sizeshaspermitted
the safeuse of the standardpediatric bronchoscope
in infants with more significant degreesof respira-
tory insufficiency,or who require temporaryelective
extubationto facilitate the bronchoscopigrocedure.
In older patients,the laryngealmaskpermitsthe safe
use of the smaller adult bronchoscopeswith the
ability to assisventilationasneededif transbronchial
biopsiesarerequired. Fourth, the involvementof the
anesthesiologisand operatingroom providesaccess
to a staffedrecoveryroom with continuousmonitor-
ing after the bronchoscopywhich maynot be readily
availableto the pulmonologist who performs the
procedure outside the operating room under IV
sedation. The excellent safety record documented
over manyyearswith 1V sedationshouldensurethat
this option remainsavailableto thosepractitionersin
thoseinstitutions who prefer that approach.

Technique

The patient is usuallybrought into the procedure
room in the companyof a parentto provide reassur-
ance. Infants are laid in supine position. Children
may sit while being hooked up to the monitor. 1V
accesss obtained,and the patientis attachedto the
appropriate monitors. An aerosolof nebulized lido-
caineor the applicationof lidocaineto the posterior
oropharynx via atomizer is often used. Initial IV
sedationis often administeredbefore topical anes-
thetic is applied by cotton tip applicatorto the naris.
Someendoscopistprefer to addtopical nasaldecon-
gestantsroutinely.

The patient is then placedin the supine position,
and IV sedationis titrated to desiredeffect. Oxygen
supplementationdeliveredvia nasalcannulais virtu-
ally alwaysused. The transnasabpproachis usedin
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the majority of circumstances.The patency of the
narisis noted, andthe sizeand positionof adenoidal
and tonsillar tissue is noted. The bronchoscopeis
advancedto a position just abovethe larynx, and
further topical lidocaine is sprayedonto the vocal
cordsand adjacentstructuresto effect. Supraglottic
anatomyin static and dynamic conditionsis noted.
The bronchoscopes then passedhrough the vocal
cords,and further topical anesthesias administered
via the suction channel into the tracheobronchial
tree. The bronchoscopisthen carriesout athorough
lower airwayinspection.

Indications

There aremanyanddiverseclinical indicationsfor
flexible bronchoscopyin the pediatric age group.
Most common, perhaps,are thoserelated to either
upper or lower airway obstruction: stridor, noisy
breathing, snoring of uncertain anatomicorigin, or
atypicalwheeze Evaluationof the artificial airwayor
as an aid to the intubation of the difficult upper
airway is another reasonablycommon indication.
Vocal cord dysfunction can often be diagnosedon
clinical grounds or via spirometry, but in some
individuals, the visual identification of vocal cord
adductionwith the patientconsciousandviewingthe
video screencan be helpful, both from diagnostic
and therapeuticpoints of view. Suspectedaspiration
of gastric contents or feedings due to swallowing
dysfunctionappeardo be reasonablycommonin the
population seen by most pediatric pulmonologists.
Flexible bronchoscopyis commonly performed as
part of the evaluationto inspect the airway and
perform BAL to evaluate for lipid-laden macro-
phages.Complicated,severe,or persistentpneumo-
nias and pneumoniasin immunocompromisedpa-
tients are other common indications for pediatric
flexible bronchoscopyHemoptysis,undifferentiated
lesionsin the lung on chestradiograph,and nonin-
fectiousparenchymallung diseasesre all lesscom-
mon in children but still lead to elective fiberoptic
bronchoscopyat times.

When transbronchialbiopsy is added to flexible
bronchoscopy,the most common indications are
those conditions in which histopathologyis impor-
tant in therapeutic decision making, such as lung
transplantation and rare or unusual parenchymal
lung diseasesEndobronchialmassesreveryrarein
children exceptfor foreign bodies. Foreign bodies
are virtually alwaysindications for rigid bronchos-
copyin mostinstitutions, althougha recent publica-
tion showedan excellentsafetyand efficacy record
utilizing flexible bronchoscopywith urologic baskets
and forceps.
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Contraindications

The contraindicationto flexible bronchoscopyoc-
curs when the risk of the procedure outweighsthe
potential benefits, or when respiratory failure in a
smallinfant will not permit the passagef a flexible
bronchoscopevhile gasexchanges maintained.The
actualdeterminationof the strengthof contraindica-
tion will vary dependingon the skill and experience
of the dedicated operator and clinical practice and
guidelines of the specific institution in which the
patient is hospitalized. With the introduction of
laryngealmaskanesthesiagnore young patientsmay
safelyundergobronchoscopywith ventilationthanin
the past. Coagulopathyis a relatively strong contra-
indication to transbronchialbiopsy.

Risks

The mostcommoncomplicationsof flexible bron-
choscopyare patientdiscomfortandtransienthypox-
emia.With the addition of BAL, fever4to 12 h after
the procedure is also common. More serious
complications—pneumonia,respiratory failure, life-
threateninghemoptysispneumothoraxand death—
arerare.

Training Requirements

There is no formal quantitative training require-
ment for bronchoscopicproceduresestablishedby
the American Board of Pediatrics Sub-board for
Pulmonology.Two formal coursesin pediatric flexi-
ble bronchoscopyare held annually, one in the
United Statesand the other in Europe. Pulmonary
fellowsshouldperform atleast50 pediatric broncho-
scopiesin a supervisedsetting to establish basic
competency. To maintain competency, dedicated
operatorsshould perform at least25 proceduresper
year. When fellows do not achievethis volume of
bronchoscopigorocedures,they should be overseen
by more senior membersof the faculty or practice
where they work until such time that they show
proficiencyin pediatric bronchoscopy.

Ancillary Procedures Applicable to Pediatric
Patients

Ancillary procedures applicable to pediatric pa-
tients include the following: BAL (common);trans-
bronchial biopsy and cytology brushing (uncom-
mon); lasertherapy (rare); airwaydilation viaballoon
insufflation (rare); airway stenting (rare); bronchog-
raphy (rare); segmentalinstillation of medication
(rare);and assessmertf lower airwaysinflammation
(researchonly).
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TBNA
Definition

TBNA is a minimally invasive procedure that
providesa nonsurgicalmeansto diagnoseand stage
bronchogeniccarcinomaby samplingthe mediasti-
nal lymph nodes.Applicationsof bronchoscopimee-
dle aspiration have expandedto include not only
sampling of paratracheal or mediastinal lymph
nodes, but peripheral, submucosal,and endobron-
chial lesions. The procedure allows for sampling
tissue through the tracheaor bronchial wall, and
samplingof tissuebeyondthe visionof the dedicated
operator.

Equipment

In addition to the equipment needed for bron-
choscopy, the equipment needed specifically for
TBNA include TBNA needleswhich aredesignedo
passthrough a bronchoscopewithout causingdam-
age and to be flexible enough to facilitate the
positioningof the bronchoscopeyet rigid enoughto
penetrate the airway wall. Two types of TBNA
needles, cytology needles and histology needles,
should be availablefor the procedure.
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Personnel

A dedicated operator performs the procedure.
Personnefrequiredfor this procedureincludeanRN
or a respiratorytherapistto administerand monitor
conscioussedation,as well as a separateRN or a
respiratorytherapistto assisthe dedicatedoperator.
All supportingpersonnelshouldbe familiar with the
procedurebeing performed, aswell asthe appropri-
ate handling of specimens.This will maximize pa-
tient comfort, safety,and yield.

Anesthesia and Monitoring

This procedure may be performed under local
anesthesiawith or without conscioussedation, or
under general anesthesia.Specific monitoring and
documentationguidelinesvary from hospitalto hos-
pital andfrom stateto state.We recommendthat the
dedicatedoperatorinquire aboutthe applicablean-
esthesiaand monitoring guidelinesin their particular
practice environment.

Technique

TBNA usually begins with review of the chest
radiographand, in most instances,is greatly facili-
tated by a CT scan.Knowledge of the anatomyis
critical for selectingthe proper anatomiclocationfor
the needle aspiration or biopsy. This is true for
selectingthe location of the paratracheabr subcari-
nal lymph nodes,or for proper location of a periph-
eral lesionthat is to be sampled.

Generally, when performing mediastinal lymph
node aspirationfor stagingbronchogeniccarcinoma
(either known or suspected)ijt is critical to perform
the needle aspiration prior to general inspection.
This will reduce the likelihood of entraining airway
secretionsin the sampleand avoid a false-positive
result. A TBNA needleshouldbe selectedaccording
to the sizeand location of the lesion.

Different techniquescan be usedsingularlyor in
combinationto ensurecomplete penetration of the
needle through the tracheobronchialwall. While
suction is applied, the catheter (and consequently
the needletip) is agitatedbackand forth to shearoff
cellsfrom the node or masswith care not to disen-
gagethe tip of the needlefrom the tracheobronchial
wall. This agitationis performed for a few seconds.
Once the catheter is removed from the broncho-
scope,the smearsare prepared.

For submucosallesions, a similar technique is
applied; however, since the goal is to obtain a
specimenfrom the mucosajthe needleand catheter
are keptin apositionof slightangulationrather than
the 90° angle usedto obtain lymph node aspirate.
For endobronchiallesionsthat are either necroticin
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appearancer highly vascularTBNA maybe usedto
obtaina sampleby altering the techniquein order to
directly place the needle into the endobronchial leson.

For peripheral lesions, fluoroscopy is used to
localizethe lesion. Once the lesionis localized,the
needleis lockedinto position,andthe needleis used
to shearoff cells from the peripheral lesion while
suctionis applied.

Specimenpreparationis the samefor the submu-
cosal,endobronchial,or peripherallesionsasit is for
the nodal aspirations Multiple nodal aspirationscan
be obtainedto increaseyield.

Indications

Diagnostic and staginginformation in the pres-
ence of malignancyin mediastinal lymph nodes,
submucosal, endobronchial, and parenchymal
massesre indicationsfor TBNA. Diagnosticinfor-
mation may alsobe obtainedin the samelocations
for many benign conditions, including sarcoidosis
and fungal disease.

Contraindications

Most contraindications to TBNA are relative
rather than absolute.Specialattention must be paid
to respiratoryand bleeding status.

Risks

TBNA is extremely safe and has a very low
incidence of complications.The most common po-
tential complicationsare bleeding,pneumothoraxpr
pneumomediastinumSignificantbleedingrarely oc-
curs even after a major vesselpuncture. Fever and
bacteremia have been reported following TBNA,
although this may be related to the bronchoscopic
procedureitself rather than this specifictechnique.

Training Requirements

In order to protect the bronchoscopythe needle
must be properly and carefully used. In addition,
improper technique will result in an inadequate
needleaspirate.Traineesshould perform at least25
needle aspiratesin a supervisedsettingto establish
basiccompetency.Traineesshould alsogain experi-
ence in the acquistion of needle aspirates from lymph
nodes in mogly paratrachea as well as subcarina
regions. To maintain competency, dedicated operators
should perform at least 10 procedures per year.
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Autofluorescence
Definition

Bronchoscopy

Autofluorescence bronchoscopy is a broncho-
scopicprocedurein which a blue light rather than a
white light is employedfor illumination, and prema-
lignant and malignant tissue is distinguishedby a
changein color from normal tissuewithout the need
for fluorescence-enhancingdrugs. Fluorescence
techniques used with bronchoscopyhave demon-
strateddetection of dysplasiacarcinomain situ, and
early invasivecancersnot visible by standardwhite
light bronchoscopy(WLB) through a specialized
bronchoscope.

Equipment

In addition to the equipment needed for bron-
choscopy,a dedicated endoscopicsystemallowing
for blue light imagingis required. Severaldifferent
systems for autofluorescencebronchoscopy have
been developed. Two images of different wave-
lengths (red and green) are captured. Images are
processedsuchthat the imageon the video monitor
allowsfor normaltissueto be visualizedasgreenand
abnormaltissueto be visualizedasreddish-brownin
color. Inspectionis then performed usinga standard
bronchoscopidechnique.

Personnel

A dedicated operator performs the procedure.
Personnefrequiredfor this procedureincludeanRN
or a respiratorytherapistto administerand monitor
conscioussedation,as well as a separateRN or a
respiratorytherapistto assisthe dedicatedoperator.
All supportingpersonnelshouldbe familiar with the
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procedurebeing performed, aswell asthe appropri-
ate handling of specimens.This will maximize pa-
tient comfort, safety,and yield.

Anesthesia and Monitoring

This procedure may be performed under local
anesthesiawith or without conscioussedation or
under general anesthesia.Specific monitoring and
documentationguidelinesvary from hospitalto hos-
pital andfrom stateto state.We recommendthat the
dedicatedoperatorinquire aboutthe applicablean-
esthesiaand monitoring guidelinesin their particular
practice environment.

Technique

Initial bronchoscopicexaminationis performed
using conventional WLB. Trauma to the mucosa,
either by the bronchoscopetip or by suctioning,
needsto be avoided,asthis canobscurethe imaging
under the autofluorescencesystem.For this reason,
biopsy specimensare not obtainedfrom abnormali-
ties until after (or during) autofluorescencenspec-
tion. Following white light inspection, a detailed
autofluorescenceexaminationis performed and all
abnormalities are graded. Biopsies are then per-
formed either under white light settingsof the areas
determined to be abnormal, or after (or during)
autofluorescencebronchoscopicinspection of the
areasdeterminedto be abnormal.

Indications

Indicationsinclude known or suspectedung can-
cer by abnormal sputum cytology findings, inspec-
tion for synchronoustumors, surveillancefollowing
cancerresection,andprimary screeningamonghigh-
risk patients.

Contraindications

Most contraindicationsto autofluorescencebron-
choscopyarerelativeratherthan absoluteanddo not
differ from routine bronchoscopy.

Risks

There havebeenno untowardrisksreportedin the
seriesutilizing autofluorescencdéronchoscopyCon-
sidering that fluorescenceinspection simply uses
light of a different wavelengthand that bronchial
biopsy attainment is the same as in conventional
bronchoscopy,there is no increasein risk to the
patient over a standardWLB flexible bronchoscopy
technique. Autofluorescence inspection following
WLB generally adds 5 to 10 min to the overall
bronchoscopigorocedure.
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Training Requirements

Traineesshould perform at least 20 autofluores-
cence bronchoscopiesin a supervised setting to
establish basic competency. To maintain compe-
tency, dedicated operatorsshould perform at least
10 proceduresper year.
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EBUS
Definition

EBUS is an invasiveprocedure in which physi-
ciansuse ultrasounddevicesinside the airwaysand
the lung for explorationof the structuresof airway
walls, the surroundingmediastinum,and the lungs.

Equipment

In addition to the equipment neededfor flexible
bronchoscopythe most widely applied device cur-
rently usedis a miniaturized catheterprobe bearing
a mechanicaltransducerat its tip that rotates360°.
For completecontactwith the tracheobronchialwvall,
the catheteris insertedwith a balloonat the tip that,
after being filled with water, provides complete
circular contact. Another device that is used when
performing EBUS is a dedicated ultrasonic endo-
scopewith anelectroniccurvilinearscanneratits tip,
which provides a sectorial view into the bronchial
wall and the mediastinal structures. Prototypes of
this systemare still under investigationand are not
yet commerciallyavailable.

Personnel

A dedicated operator performs the procedure.
Personnelrequired for this procedureinclude a RN
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or a respiratorytherapistto administerand monitor
conscioussedation,as well as a separateRN or a
respiratorytherapistto assisthe dedicatedoperator.
All supportingpersonnelshouldbe familiar with the
procedurebeing performed, aswell asthe appropri-
ate handling of specimens.This will maximize pa-
tient comfort, safety,and yield.

Anesthesia and Monitoring

This procedure may be performed under local
anesthesiawith or without conscioussedation or
under general anesthesia.Specific monitoring and
documentationguidelinesvary from hospitalto hos-
pital andfrom stateto state.We recommendthat the
dedicatedoperatorinquire aboutthe applicablean-
esthesiaand monitoring guidelinesin their particular
practice environment.

Technique

Techniques using both devices can be applied
during routine bronchoscopynder generalandlocal
anesthesia. The miniaturized probe is inserted
through a regular flexible bronchoscopewith a bi-
opsychannelof at least2.8 mm. Inside the airways,
the balloonis inflated until completecircular contact
is achievedand the structuresof the wall and the
surrounding mediastinumbecomevisible. In order
to add the longitudinal dimension to the cross-
sectionalimage,the probe hasto be movedalongthe
axisof the airways.

When using a dedicated ultrasonic endoscope;t
shouldbe placedwith its tip againsthe tracheobron-
chial wall. In order to add the circular and the
longitudinal dimension to the sectorial view, the
instrument has to be rotated and moved along
the axisof the airways.

Indications

Thesetwo techniquesare indicated for visualiza-
tion, tumor invasion,TBNA guidance,and differen-
tiating of vascular from nonvascular structures.
EBUS may be helpful in guiding therapeuticproce-
dures such as curative photodynamicand brachy-
therapy by assessingumor volume and other inter-
ventionssuchasairwayrecanalization.

Contraindications

Most contraindications to EBUS are relative
rather than absoluteand do not differ from standard
bronchoscopy.Special attention must be paid to
respiratoryand bleeding status.

Risks

EBUS is usuallyan extraordinarilysafeprocedure.
It adds5 to 10 min to a standardprocedure.

Special Reports

Downloaded from chestjournals.org on June 27, 2007
Copyright © 2003 by American College of Chest Physicians


http://www.chestjournal.org

Training Requirements

EBUS requires intensified training and practical
experiencein interpreting sonographidmages since
the anatomic structures of the mediastinum are
comparatively complex, and the planes of EBUS
imagesmay be oblique and very different from the
usualimagesby conventionalradiology.Accordingly,
traineesshould perform at least50 proceduresin a
supervisedsetting to establishbasiccompetencyin
analyzinganatomic structures and handling the in-
strument. To maintain competency dedicatedoper-
ators should perform at least 20 examinationsper
year.
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Laser Therapy
Definition

The word laser is an acronymfor light amplifica-
tion of stimulated emissionof radiation. The wave-
length of the laserdeterminesthe characteristicsof
each type. Tissuesabsorbthe intense light of the
laser,and energyis dissipatedmainly in the form of
heat. This tissue/lightinteraction is used for tissue
destructionand coagulation.

Equipment

Lasertherapy may be performed with either flex-
ible or rigid bronchoscopidnstruments.In addition
to the equipment needed for bronchoscopy there
are four major medical laserscurrently being used
for bronchoscopiaesection(lasertherapy).Eachhas
specific characteristicsthat provide advantagedor
certain situations. The Nd-YAG laser is the most
commonly used laser. The wavelengthis 1064 nm,
yielding invisible light in the infrared range. Other
lasersinclude the potassiumtitanyl phosphatelaser,
the carbon dioxide laser, and diode lasers. The
specificlaserfibers are usuallyaccompaniedvith the
appropriatepower generatorand specific protective
eyewear.

Personnel

A dedicated operator performs the procedure.
Personnefequiredfor this procedureincludeanRN
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or a respiratorytherapistto administerand monitor

conscioussedation,as well as a separateRN or a

respiratorytherapistto assisthe dedicatedoperator.

All supportingpersonnelshouldbe familiar with the

procedurebeing performed, aswell asthe appropri-

ate handling of the specimens.This will maximize
patient comfort, safety,andyield. If the procedureis

performed under generalanesthetic,an anesthesiol-
ogistshould alsobe present.

Anesthesia and Monitoring

Laser therapy may be performed under local
anesthesiawith or without conscioussedation or
under general anesthesia.Specific monitoring and
documentationguidelinesvary from hospitalto hos-
pital andfrom stateto state.We recommendthat the
dedicatedoperatorinquire aboutthe applicablean-
esthesiaand monitoring guidelinesin their particular
practice environment; however, it is recommended
to keep the percentage concentration of oxygen
within the airwaysas low as possible (I 40%) in
order to prevent airwayfires. The patient and per-
sonnel must be protected from the laser light by
standardlaserprecautions.

Technique

Lasertherapy can be usedaloneor in association
with other ablative techniques or stenting. Laser
firing canresultin the photocoagulationof superfi-
cial and deep blood vesselsthermal necrosis,and
scatterto adjacenttissues Excessivéaserapplication
can, however, result in substantialtissue damage,
necrosis,and airwaywall penetration.

Rigid bronchoscopyis usually preferred over the
flexible technique asa delivery mechanismfor laser
therapy. This provides easyaccessfor suction and
graspingof largedebris. The rigid scopecanbe used
to tamponade bleeding. Airway strictures can be
dilated using rigid bronchoscopesf increasingdi-
ameter. All personnelin the operatingroom should
wearprotectiveeyewear Flammablematerialshould
be kept awayfrom the operatingfield. After intuba-
tion, a suction catheter and the laser fiber are
inserted. While the laser is fired, the fraction of
inspired oxygenshould be kept at # 40% to avoid
combustion.Whether performed viarigid or flexible
bronchoscopycontinuoussuctionshouldbe applied.
This is more important if gaseousnesthesias being
delivered. Once a certain amount of charring has
occurred and tissuesbhecomesofter, direct mechan-
ical debulking should be done to expeditethe pro-
cedure.

Following completionof the operation,the patient
should be observedfor bronchospasmor laryngo-
spasm.The recovery room staff should be closely
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monitoring the patient and should be adeptin the
managemenibf acute airway obstruction.

Indications

The primary indication for bronchoscopiclaser
resectionis the relief of central airway obstruction
usuallyfrom benign or malignanttissue. There are
many potential dangersinvolvedwith the useof this
technique; therefore, the indications must be
weighed carefully, even in patients with terminal
cancer.Note that lasertherapycannotbe utilized for
treatment of extrabronchial disease.The specific
indicationsinclude relief of obstructionby tumor or
benign exophytic lesion, and intraluminal disease
involving the central airways.Central or segmental
airwaystricturesor scarringfrom tuberculosis,prior
lung resection,trauma, radiation therapy, tracheot-
omy, tracheostomy,inhalation injury, endotracheal
intubation, previous laser surgery, or foreign body
obstruction causingintractable cough, hemoptysis,
severedyspnea,or postobstructionpneumoniaare
also indications. Additionally, treatment of in situ
bronchogeniccarcinomaor in conjunctionwith pho-
todynamictherapyis an indication.

Contraindications

Potential contraindicationsinclude, but are not
limited to the following: tracheoesophagedistula,
uncorrected coagulopathy total airway obstruction
with little if any functional distal airway open, and
little or no exophyticlesionvisible. Laser firing can
result in the photocoagulationof superficial and
deep blood vesselsthermal necrosis,and scatterto
adjacent tissues. Excessivelaser application can,
however,resultin substantialtissuedamage,necro-
sis,and airwaywall penetration.

Risks

In experiencedhands, laser therapy is safe and
effective and rarely associatedwith morbidity and
mortality. Hypoxemia can occur both intraopera-
tively and postoperatively.Hemorrhage can occur
immediately after laser ablation. Other complica-
tions include perforation and fistulae formation, fire
in the airway,and pneumothorax.

Training Requirement

Safe laser resection requires training, thorough
knowledgeof laser/tissuenteractions,and an expe-
rienced team consisting of a dedicated operator,
nurses, respiratory therapistsand anesthesiologists.
Most institutions require that potential dedicated
operatorsfulfill both an outside and hospital-based
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lasertherapy coursebefore privilegesare permitted.
Dedicated operators performing laser therapy
should have extensiveexperiencein flexible bron-
choscopymanagemenbf centralairwaylesions,and
endotracheaintubation. Dedicatedoperatorsshould
alsohave a comfortable familiarity with rigid bron-
choscopy.Traineesshould perform at least15 pro-
ceduresin a supervisedsetting to establishcompe-
tency. To maintaincompetency dedicatedoperators
should perform at least10 proceduresannually.
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Electrocautery and Argon Plasma
Coagulation

Definition

Endobronchial electrocauteryand argon plasma
coagulation(APC) are modesof thermal tissue de-
struction that may be used via the flexible or rigid
bronchoscopeSimilarto lasertissuedestruction,the
effect of both endobronchialelectrocauteryand APC
is determined by heat and tissueinteraction, and is
fairly rapid. Heat is createdthrough the application
of high-frequencyelectric currents to coagulateor
vaporize tissue. The difference between the two
procedurescenterson the fact that APC is a non-
contactmode of tissuecoagulation.Dedicated oper-
atorsuseargonplasmaasthe mediumto conductthe
electric currentin APC rather than usingthe contact
probe asamediumto conductthe electric current as
electrocauterydoes.

Equipment

In addition to the equipment needed for the
flexible or rigid bronchoscopya dedicatedoperator
needsa high-frequencyelectrical generatorin com-
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bination with insulated probes. Different types of
probesin termsof shapeaswell aspolarity (monopo-
lar vs bipolar) are available.For patient and staff
protection, proper insulation precautionsneedto be
observed.Insulated flexible equipmentis alsoavail-
able.For APC, a dedicatedoperatorneedsa special
catheterallowingfor the argongasandthe electrical
current flow. This catheteris not usedin electrocau-
tery where there is direct tissuecontact.

Personnel

A dedicated operator performs the procedure.
Personnefequiredfor this procedureinclude anRN
or arespiratorytherapistto administerand monitor
conscioussedation,as well as a separateRN or a
respiratorytherapistto assisthe dedicatedoperator.
All supportingpersonnelshouldbe familiar with the
procedurebeing performed, aswell asthe appropri-
ate handling of specimens.This will maximize pa-
tient comfort, safety,and yield.

Anesthesia and Monitoring

This procedure may be performed under local
anesthesiawith or without conscioussedation or
under general anesthesia.Specific monitoring and
documentationguidelinesvary from hospitalto hos-
pital andfrom stateto state.We recommendthat the
dedicatedoperatorinquire aboutthe applicablean-
esthesiaand monitoring guidelinesin their particular
practice environment.

Technique

Endobronchial electrocauteryand APC are ther-
mal tissue-destructivenodalitiesthat use electricity
to generateheat. They differ in the fact that APC
does not make contact with the tissuesit destroys
andhasapenetrationdepth of just afew millimeters.
For thesereasons|t is more suitablefor the treat-
ment of superficialand spreadingesions.Oncegasis
released through the catheter tip, it is ignited
through electrical current; an arc is formed if the
probe is closeenoughto the mucosalsurface,caus-
ing heat destruction and desiccationof the tissue.
The arc canbe movedbackandforth (painting) and
can even be aimed around bends, making it very
suitablefor hard to reachlesions.

Endobronchial electrocautery,however,relies on
direct tissue contact. The set power output deter-
minesthe type of tissuedestruction (coagulationvs
vaporization).Different probesand snaresare avail-
able for different indications. Energy delivery in
both modalitiesis terminated oncethe desiredeffect
hasbeenachieved.
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Indications

Endobronchialelectrocautenyis frequently seenas
a less expensivealternative to laser therapy with
similar effectsandassuchsimilarindications.Similar
to laser,electrocauterycannotbe usedfor extrabron-
chial disease APC and electrocauteryare indicated
for any benign or malignant tissue destruction re-
sponsiveto heat delivery. Theseindicationsinclude
endobronchialmalignancybenigntumors,andrelief
of postintubationstenosisand, in the caseof APC,
treatment of stent-inducedgranuloma.

Contraindications

In addition to the contraindicationsfor rigid or
flexible bronchoscopythe only absolutecontraindi-
cationis the presenceof a pacemakersusceptibleto
electrical interference.

Risks

In addition to the risksassociatedvith the rigid or
flexible bronchoscopy,potential complications are
similarto other thermaltherapiesandinclude airway
fires (needto keep oxygenlevelsaslow aspossible,
preferably# 40%), hemorrhage airwayperforation,
and stenosis.

Training Requirements

Dedicated operators performing endobronchial
electrocauteryand APC should haveextensiveexpe-
rience in flexible bronchoscopyand managemeniof
central airway lesions. Trainees should perform at
least15 proceduresin a supervisedsettingto estab-
lish basiccompetencyin endobronchialelectrocau-
tery and APC. To maintain competency,dedicated
operatorsshould perform at least10 proceduresper
year.
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Cryotherapy
Definition

Cryotherapyis a form of thermal tissue ablation.
In contrastto the useof heat, it is the applicationof
repetitive freeze/thawcyclesthat causetissue dam-
ageand destruction.Due to the particular action of
cryotherapy,results are not immediate and may be
delayedfor severaldays.

Equipment

In addition to the equipment neededfor flexible
or rigid bronchoscopy,dedicated operators need
different probesdependingon whetherthe cryother-
apy is delivered through the rigid or flexible bron-
choscope.Generally, the area of freezing is larger
and the thawing quicker with the rigid probes.The
gasmostcommonlyusedin cryotherapyandthe gas
most commerciallyavailableis nitrous oxide.

Personnel

A dedicated operator performs the procedure.
Personnefequiredfor this procedureinclude anRN
or arespiratorytherapistto administerand monitor
conscioussedation,as well as a separateRN or a
respiratorytherapistto assisthe dedicatedoperator.
All supportingpersonnelshouldbe familiar with the
procedurebeing performed, aswell asthe appropri-
ate handling of specimens.This will maximize pa-
tient comfort, safety,and yield.

Anesthesia and Monitoring

This procedure may be performed under local
anesthesiawith or without conscioussedation or
under general anesthesia.Specific monitoring and
documentationguidelinesvary from hospitalto hos-
pital andfrom stateto state.We recommendthat the
dedicatedoperatorinquire aboutthe applicablean-
esthesiaand monitoring guidelinesin their particular
practice environment.

Technique

Tissuedestruction is achievedthrough repetitive
freeze/thaw cycles. The cooling probe is directly
attached or inserted into the lesion to be treated.
The sameareahasto be frozen severaltimes before
treating the next part of the lesion. There shouldbe
overlapbetweenall regionsin order to not leaveany
areauntreated. As the effects are delayedand ne-
crotic tissuefrequently cannotbe expectoratedfol-
low-up therapeutic bronchoscopyshould be per-
formed.
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Indications

Cryotherapy is indicated for the treatment of
intrinsic airwaylesions.Due to the delayedeffects,it
is not the first choicein high-gradelesionsneeding
immediate intervention. Some tissuesare not re-
sponsiveto cryotherapy(eg, fibrotic scarring). The
useof cryotherapymay be helpful in the removalof
foreign bodies.

Contraindications

In addition to the contraindicationsfor rigid or
flexible bronchoscopy, cryotherapy is contraindi-
cated in patients with life-threatening airway ob-
struction.

Risks

Besides the risks associatedwith the rigid or
flexible bronchoscopygcomplicationsare rare, espe-
cially sincecartilageis resistantto cryotherapy.Most
side effectsare associatedvith the useof bronchos-
copy itself. There is no risk of airwayfire.

Training Requirements

Dedicated operators performing cryotherapy
should have extensiveexperiencein flexible bron-
choscopyand managemenbf central airwaylesions.
Traineesshould perform at least10 proceduresin a
supervisedsettingto establishcompetency.To main-
tain competency, dedicated operators should per-
form at leastfive proceduresper year.
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Brachytherapy
Definition
Brachytherapyis a minimally invasiveprocedure

that allows localized delivery of radiation therapy
within the body. Methods of brachytherapydelivery
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include direct implantation of radioactiveseedsinto
the tumor area;image-guidedmplantation of radio-
active sources;transbronchial source implantation
with a bronchoscopeand, mostcommonly,delivery
of aradioactivesourcethrough a transnasatatheter
placedviathe lumen of abronchoscopeThis section
applies only to the last, most commonly utilized
method of delivery.

Equipment

Placementof the delivery catheter requires per-
sonnel and equipment for flexible bronchoscopy,
including a flexible bronchoscopewith adequate
channelsizefor the delivery catheter. Afterloading
cathetersand radioactivesourcesare required. Flu-
oroscopy is needed to confirm correct catheter
placement.A treatmentroom must haveappropriate
shieldingand,for high-dose-ratdreatment,aremote
afterloading device. *°4r is the preferred radiation
sourceat this time.

Personnel

A dedicated operator performs the procedure.
Personnefequiredfor this procedureincludeanRN
or a respiratorytherapistto administerand monitor
conscioussedation,as well as a separateRN or a
respiratorytherapistto assisthe dedicatedoperator.
All supportingpersonnelshouldbe familiar with the
procedurebeing performed, aswell asthe appropri-
ate handling of specimens.This will maximize pa-
tient comfort, safety,and yield. A radiation oncolo-
gistandthe appropriatesupportstaffareresponsible
for the delivery of the therapeuticradiation.

Anesthesia and Monitoring

This procedure may be performed under local
anesthesiawith or without conscioussedation or
under general anesthesia.Specific monitoring and
documentationguidelinesvary from hospitalto hos-
pital andfrom stateto state.We recommendthat the
dedicatedoperatorinquire aboutthe applicablean-
esthesiaand monitoring guidelinesin their particular
practice environment.

Technique

After establishingsatisfactorytopicalanalgesiand
appropriate monitoring, flexible bronchoscopy is
performed. The involved portion of the airway
should have a visible lumen through which to pass
the catheter.If the bronchusis occluded,a passage
must be establishedwith a variety of means,includ-
ing mechanicadebridementor laserablation.Thisis
usuallydone in a separatesetting and may require
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rigid bronchoscopy.The afterloading catheter is
advanceddistal to the tumor area. If additional
catheters are needed, the procedure is repeated.
Catheter positionis confirmed radiographically.The
radioactivesourceis then afterloadedin a shielded
room usingaremote devicein the caseof high-dose-
rate treatment. Dwell stationsand times are deter-
mined by radiation oncologyand radiation physics
personnel.Severaltreatmentsat weeklyintervalsare
usuallyrequired for maximalresponsebut there is
no consensu®n optimal doseor frequency.

Indications

Brachytherapyis mainly used for palliation of
symptomaticmalignantairway obstruction, but may
also be a curative modality in some patients with
carcinomain situ or very limited early stagelung
cancerwithin the central airways.Improvement in
postobstructive symptoms and hemoptysis is
achievedin most patients.

Contraindications

In addition to the contraindicationsfor rigid or
flexible bronchoscopy brachytherapyis contraindi-
cated as primary treatment for malignant tracheo-
esophagealistula, and for patients who have had
prior brachytherapyin the samearea.

Risks

In addition to the risks associatedwith rigid or
flexible bronchoscopy,complicationsrelated to the
risks of the procedure itself are rare and are most
commonly related to the risks of the bronchoscopy
itself. The catheter may get displaced and even
penetratethe airwaywall and causepneumomedias-
tinum and pneumothorax.Complicationsdue to the
actual radiation effects include fatal hemoptysis,
bronchial necrosis, airway fistulas to neighboring
structures,fibrotic stenosisand radiation bronchitis.

Training Requirements

Dedicated operators performing brachytherapy
catheterinsertion should have extensiveexperience
in flexible bronchoscopyand managemenof central
airwaylesions.Traineesshould perform at leastfive
proceduresin a supervisedsettingto establishbasic
competencyin brachytherapy.To maintain compe-
tency, dedicated operatorsshould perform at least
five proceduresper year.
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Photodynamic Therapy
Definition

Photodynamicherapyis a minimally invasivepro-
cedurethat is doneusingabronchoscopendtargets
tissuedestructionusinga selectivelyretained photo-
sensitizer, which, when exposedto the proper
amount and wavelengthof light, producesan acti-
vated oxygenspeciesthat oxidizescritical parts of
neoplasticcells. The photosensitizetis administered
IV, andthe light source,in the caseof endobronchial
treatment, is delivered endoscopicallyvia a quartz
fiber. Direct interstitial delivery of light energy is
also possible. Repeated injections and treatments
can be performed.

Equipment

In addition to the equipment neededfor flexible
andrigid bronchoscopya dedicatedoperatorshould
have available a photosensitizer, facilities for 1V
administration, a laser light source (630 nm with
current agents),and an optical fiber. Laser safety
equipmentand precautionsare alsonecessarysuch
asappropriateeye protection and signage.

Personnel

A dedicatedoperatorperformsthe procedureand
mustbe experiencedn the useof medicallasersand
photosensitizersPersonnelrequired for this proce-
dure include an RN or a respiratory therapist to
administerandmonitor consciousedationaswell as
a separateRN or arespiratorytherapistto assisthe
dedicatedoperatorwith the procedure.All support-
ing personnelshouldbe familiar with the procedure
beingperformed,aswell asthe appropriatehandling
of specimens.This will maximize patient comfort,
safety,and yield.
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Anesthesia and Monitoring

This procedure may be performed under local
anesthesiawith or without conscioussedation or
under general anesthesia.Specific monitoring and
documentationguidelinesvary from hospitalto hos-
pital andfrom stateto state.We recommendthat the
dedicatedoperatorinquire aboutthe applicablean-
esthesiaand monitoring guidelinesin their particular
practice environment.

Technique

The photosensitizeris administeredlV at a dose
recommendedior the specificagent.After anappro-
priate interval (usuallyl to 2 daysbut within 7 days),
a flexible or rigid bronchoscopyis performed, and
the areaof abnormalityis illuminated with light of
the proper wavelengthand dose.

The light is deliveredin a superficialor interstitial
mannerasrequired for uniform deliveryto the target
tissue.Penetrationis limited to 5 to 10 mm from the
tissuesurface.

Immediate effects are not seen,but within 48 h,
necrosisbecomesapparent.Necrotic tissuemust be
debrided with repeatbronchoscopyl to 2 daysafter
treatment. Any residual tumor can be immediately
retreated.

Indications

Photodynamictherapy has been approvedin the
United States Japanand Europe to treat superficial
cancersin patientsineligible for surgeryor external
beamradiation. It is alsoapprovedfor palliation of
malignantendobronchialobstruction.Photodynamic
therapyresponses not dependenton the tumor cell
type. It canbe appliedin patientswho havealready
undergone surgery, radiation, or chemotherapy.
Photodynamictherapy producescomplete response
ratesin 60to 80% of early stagemucosalcarcinomas,
and hasbeenshownto palliate airwayobstructionin
80% of patients.

Contraindications

In addition to the contraindicationsfor rigid or
flexible bronchoscopyphotodynamictherapyis con-
traindicated for patientswith critical central airway
obstruction (becauseof the delayin improvement),
for tumors invadingthe esophagu®r major vessels,
and for patients with porphyria or an allergy to
componentsof the photosensitizer.

Risks

In addition to the risks associatedwith rigid or
flexible bronchoscopythe most common complica-
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tion of photodynamictherapyis skin photosensitivity.
This maylastfor up to 8 weeksafter injection of the
photosensitizer.All patients receiving these agents
must take careful precautionsto avoid significant
light exposureduring the period of sensitivity.

Local complicationsfrom the treatment include
airway edema, necrosis,and stricture. Tumor lysis
can result in bronchovascularfistula or tracheo-
esophagealfistula. Fatal hemoptysishas been re-
ported, but its relationshipto photodynamictherapy,
as opposedto progressionof diseasealone, is not
known.

Training Requirements

Dedicated operators performing photodynamic
therapy should haveextensiveexperiencein flexible
bronchoscopy, management of central airway
lesions, and endotracheal intubation. Familiarity
with rigid bronchoscopyis recommended.Trainees
should perform at least 10 proceduresin a super-
visedsettingto establishbasiccompetency.To main-
tain competency,dedicated operators should per-
form at leastfive proceduresper year.
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Airway Stents
Definition

Airway stents, similar to vascularstents, are de-
vicesdesignedto keep tubular structuresopen and
stable. Airway stentsare intended for placementin
the centraltracheobronchiatree. Dependingon the
design, they may be placed with either flexible or
rigid bronchoscopes.

Equipment

Numerous different stent designshave been de-
veloped to allow for adaptationto the individual
anatomic requirements and operator preference.
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Depending on the manufacturingmaterial (silicone,
metal, or hybrid design),flexible or rigid endoscopic
equipmentis required. Delivery devicesspecificfor

the individual stent are necessaryand frequently
accompanythe actual device (suchasdelivery cath-
eters). Someoperatorsmay want fluoroscopiccapa-
bility to be available.

Personnel

A dedicated operator performs the procedure.
Personnefrequiredfor this procedureinclude anRN
or a respiratorytherapistto administerand monitor
conscioussedation,as well as a separateRN or a
respiratorytherapistto assisthe dedicatedoperator
with the procedure.All supportingpersonnelshould
be familiar with the procedure, as well as the
appropriate handling of the specimens.This will
maximizepatient comfort, safety,and yield.

Anesthesia and Monitoring

This procedure may be performed under local
anesthesiawith or without conscioussedation or
under general anesthesia.Specific monitoring and
documentationguidelinesvary from hospitalto hos-
pital andfrom stateto state.We recommendthat the
dedicatedoperatorinquire aboutthe applicablean-
esthesiaand monitoring guidelinesin their particular
practice environment.

Technique

In case of airway obstruction, an appropriate
lumen needsto be reestablishedbefore placing a
stent. This can be achievedby a variety of methods
dependingon the type of obstruction. The choiceof
stentdependson the underlyinglesionto be treated,
dedicated operator preference and resource avail-
ability. Proper stent sizing is critical and can be
achievedby reviewing CT images,balloon catheter
sizing and other methods, including relying on the
experience of the dedicated operator. The stent
length shouldexceedhe length of the lesionto some
degreeto ensurepatency.If stentsare chosentoo
small in diameter, they may migrate; if they are
chosentoo large, they may not open or may cause
stresson the airwaywall.

Indications

Indications for stentsin the central airwaysare
expanding.Conditions responsiveto stenting under
the appropriate circumstancesare intrinsic airway
obstruction from benign or malignant diseasesgex-
trinsic airway compressionsuch astumors or other
structureswithin the chest,sealingof airwayfistulas
and, in selectedcasestracheobronchomalacia.
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Contraindications

In addition to the contraindicationsfor flexible or
rigid bronchoscopy stent placement,like other en-
dobronchial therapeutic interventions, should be
avoided if nonviable lung is present beyond the
obstruction. As long-term experiencewith metallic
stents is limited compared to silicone prosthesis,
manyauthoritiesprefer the primary considerationof
removablestentsin benign disorders.

Risks

In addition to the risks associatedwith rigid or
flexible bronchoscopystentsmay migrate and cause
infection. Granulomaformation, breakageof metal
fibers, hemoptysis,and airway obstruction due to
impaction or granulomasand pain are potential
results.Mortality due to stent placementis rare.

Training Requirements

Dedicated operators performing arway denting
should have extensive experience in flexible and rigid
bronchoscopy and management of centra airway le-
gons Tranees should perform at least 20 supervised
procedures in a supervised setting to establish basc
competency. To maintain competency, dedicated op-
erators should perform at least 10 procedures per year.
In order to make the bes choice for the individual
patient, the dedicated operator should be proficient in
the placement of both flexible and slicone stents.
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Thoracic Percutaneous Needle Aspiration/
Core Biopsy

Definition
Thoracic percutaneousneedle aspiration (TPNA)
and core biopsy are both minimally invasiveproce-

1710

dures in which samplesare obtained through the
skinwith afine-bore hollow needleor coringneedle.
Lesionsof the lung parenchymapleura, chestwall,
or mediastinumare sampledin this manner,usually
usingimageguidancesuchasCT or ultrasound.

Equipment

Biopsy needlesare typically 15 cm in length and
18-to 25-gaugen diameter. They maybe aspirating
or core biopsy needles.In addition, “automatic fir-
ing” biopsy guns are available.Ultrasound, fluoros-
copy, or CT for localizing nonpalpablelesionsand
confirming accurateplacementof the biopsyneedle
are alsoneeded.Cytology slidesand fixativesalong
with specimen containers for core biopsies and
culture samplesare needed,asare small-bore(8F to
12F) catheters or chest tubes to treat large or
symptomaticpneumothoraces.

Personnel

A dedicated operator performs the procedure.
Personnefrequiredfor this procedureinclude anRN
or a respiratorytherapistto administerand monitor
conscioussedation,as well as a separateRN or a
respiratorytherapistto assisthe dedicatedoperator.
All supportingpersonnelshouldbe familiar with the
procedurebeing performed, aswell asthe appropri-
ate handling of specimens. This will maximize
patient comfort, safety,and yield. An on-site cyto-
pathologist and/or technician should confirm ade-
guate tissuesamples.

Anesthesia and Monitoring

This procedure may be performed under local
anesthesiawvith or without conscioussedation.Spe-
cific monitoring and documentationguidelinesvary
from hospitalto hospitaland from stateto state.We
recommend that the dedicated operator inquire
about the applicable anesthesiaand monitoring
guidelinesin their particular practice environment.

Technique

After positioning the patient to provide suitable
exposure and reviewing the imaging studies, the
appropriate site, angle, and approximate depth of
needlepenetrationare determined. Before inserting
the biopsyneedle, sufficient local anesthesiashould
be given.In caseof alesionthat cannotbe palpated,
the needle path is guided through the use of ultra-
sound, fluoroscopy, or CT. Cell aspirate or core
biopsy as previously determined is obtained and
transferred to slidesor appropriate media. Repeat
biopsy in a separatearea, if insufficient or inade-
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guate material was obtained, may be performed. A
chest radiograph should be obtained to check for
pneumothorax.

Indications

Indications are an undiagnosedchestwall lesion,
as well as undiagnosedpleural massesAn undiag-
nosedlung lesion may be an indication for TPNA,
however, most central lung lesions will be ap-
proachedwith a bronchoscopyasthe first attempt at
adiagnosisPatientseligible for surgicaltherapywith
significantrisk for lung cancerand peripheral lung
lesionsoften proceeddirectly to appropriatesurgical
therapy. Presumed metastatic mediastinal masses
are appropriatefor TPNA. The diagnosticaccuracy
of cytologyfor thymoma, lymphoma,and germ-cell
tumors is low. Someauthorsreport good diagnostic
successising16- to 20-gaugecore biopsyneedlesto
obtain adequatetissuefrom nonmetastationediasti-
nal masses.

Contraindications

Contraindicationsfor TPNA and core biopsy in-
clude uncontrolled bleeding disorders and coagu-
lopathies,aswell asthe inability to tolerate a pneu-
mothorax.

Risks

Most series report a 20 to 25% incidence of
pneumothoraxafter TPNA of the lung, with higher
rateswhenpatientshavemoderate-to-severemphy-
semaor with core biopsy.A minority of patients,2 to
5%, will require a chesttube or catheterfor drainage
of the pneumothoraxHemoptysisis reportedin 5 to
15% of cases,with most patients having minimal
hemoptysis.Fewer than 1% of patients experience
significant(30to 50 mL) hemoptysisPleuritic chest
pain without a pneumothoraxs alsoseen?2 to 5% of
patients.Fewerthan 1% of patientswill experiencea
vasovagaleaction.Tensionpneumothoraxanddeath
are rare complicationsof TPNA.

Training Requirements

Traineesshouldperform at least10 TPNA proce-
duresand 10 core biopsiesin a supervisedsettingto
establish basic competency. To maintain compe-
tency,dedicatedoperatorsshouldperform atleast10
proceduresper year.
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Tube Thoracostomy
Definition

Tube thoracostomyis a minimally invasiveproce-
dure in which a drainagecatheteris placedpercuta-
neouslyinto the pleural space.

Equipment

Equipment consistsf a sterile setof instruments,
local anesthetic,suture material to fix the tube, a
chest tube or catheter, a collection device, which
includesa water seal(or dry equivalent),and dress-
ings. No monitoring, oxygen,specializedpersonnel,
or dedicatedspaceis necessaryunlessrequired for
other aspectsof the patients condition.

Personnel

The only required personnel is the dedicated
operator placingthe tube. An RN or nurseassistant
may be usefulto setup the sterile field, positionthe
patient, and preparethe collection device.

Anesthesia and Monitoring

This procedure may be performed under local
anesthesiawith or without conscioussedation or
under general anesthesia.Specific monitoring and
documentationguidelinesvary from hospitalto hos-
pital andfrom stateto state.We recommendthat the
dedicatedoperatorinquire aboutthe applicablean-
esthesiaand monitoring guidelinesin their particular
practice environment.

Technique

The desired entry position of the tube is deter-
mined from radiologystudiesand physicalexamina-
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tion. The patient is positioned to provide suitable
exposureAfter sterile preparation,localanesthetias
administeredfrom the skin to the pleura. The ded-
icatedoperatorthen aspirateshe pleural contentsto
verify the presenceof fluid or air. A small skin
incisionis made.Blunt dissectionis carried through
the inferior portion of the selectedinterspace (to
avoid injury to intercostal vessels)into the pleural
spaceThe chesttube is passednto the pleural space
and secured with all drainage holes within the
pleural space.A collection devicewith water sealis
connected. Wall suction may be applied to the
collection device if desired. A chestradiographis
obtainedto verify correct tube position and resolu-
tion of the intrapleural process.

Indications

Tube thoracostomyisindicatedfor pneumothorax,
hemothorax,pleural effusion, empyema,and chylo-
thorax.Timing, position,and relative indicationswill
vary with eachpatient and must be individualized.

Contraindications

Tube thoracostomyis contraindicatedin the ab-
senceof a pleural space(pleural symphysis)Coagu-
lopathy is a relative contraindication in elective
settings.

Risks

Complicationsof tube thoracostomyinclude hem-
orrhage, pulmonary laceration, air leak, and pain.
Tube thoracostomyis usuallya safe,relatively pain-
less,andreliable bedsideprocedure.Complications,
as outlined above, should be uncommon (approxi-
mately# 10%).

Training Requirements

Dedicated operators performing this procedure
should have ample experience excellentknowledge
of pleuralandthoracicanatomymaturejudgmentin
interpreting radiographicimagesrelated to pleural
diseaseand sufficient surgicalskill. In this setting,
complications should be minor and uncommon.
Traineesshould perform at least10 proceduresin a
supervisedsettingto establishbasiccompetency.To
maintain competency, dedicated operators should
perform at leastfive proceduresper year.
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Medical
Definition

Thoracoscopy/Pleuroscopy

Medical thoracoscopy/pleuroscopis a minimally
invasiveprocedurethat allowsaccesdo the pleural
spaceusing a combination of viewing and working
instruments. It alsoallowsfor basicdiagnostic(un-
diagnosedpleural fluid or pleural thickening) and
therapeutic procedures (pleurodesis) to be per-
formed safely.This procedureis distinct from video-
assistedhoracoscopisurgery,aninvasiveprocedure
that usessophisticatedacceslatform and multiple
ports for separateviewing and working instruments
to accespleural spacelt requiresone-lungventila-
tion for adequatecreation of a working spacein the
hemithorax. Complete visualization of the entire
hemithorax, multiple angles of attack to pleural,
pulmonary (parenchymal),and mediastinal pathol-
ogy with the ability to introduce multiple instru-
mentsinto the operativefield allowsfor both basic
and advancedproceduresto be performed safely.

Equipment

Sterile equipmentfor visualization,exposure ma-
nipulation, and biopsyis required. A high-resolution
video imaging system,which includes the pleuro-
scope,that allowsall membersof the team to view
and participate in the procedure is beneficial to
facilitate maximumassistancéo the dedicatedoper-
ator and safetyfor the patient. The procedurecanbe
either performed in the operating room or in a
dedicatedenvironmentfor invasiveprocedures.

Personnel

A dedicated operator performs the procedure.
Personnefequiredfor this procedureinclude anRN
or a respiratorytherapistto administerand monitor
conscioussedation,as well as a separateRN or a
respiratorytherapistto assisthe dedicatedoperator.
All supportingpersonnelshouldbe familiar with the
procedurebeing performed, aswell asthe appropri-
ate handling of specimens.This will maximize pa-
tient comfort, safety,and yield.

Anesthesia and Monitoring

This procedure may be performed under local
anesthesiawith or without conscioussedation or
under general anesthesia.Specific monitoring and
documentationguidelinesvary from hospitalto hos-
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pital andfrom stateto state.We recommendthat the
dedicatedoperatorinquire about the applicablean-
esthesiaand monitoring guidelinesin their particular
practice environment.

Technique

After adequatesedationis achievedthe patientis
positioned in the full lateral decubitus with the
hemithoraxup, paddedcomfortably,and securedto
the table. The site for pleuroscopeentry into the
pleural spaceis determined by surface anatomy
landmarks,preoperativeimaging studies,and physi-
cal examinationto maximize visualization of the
expected pathology. Standard sterile skin prepara-
tion and draping to create an adequatefield are
performed while the skin is anesthetizedwith local
infiltration anesthesiaAfter ensuringadequateseda-
tion, the hemithoraxis entered bluntly with a clamp
passedverthe rib andthroughthe pleura(seechest
tube insertion technique). With an adequateaccess
spacecreated, the pleural spaceimmediately subja-
centto the entry site is digitally inspectedto ensure
an adequate pleural space (freedom from pleural
adhesions)to safely insert the pleuroscope. The
pleuroscopeis inserted under direct vision into the
pleural space.Once the surveillancepanoramicex-
aminationis completed,the specific purposeof the
procedure (eg, evacuationof pleural fluid, pleural
biopsy,or pleurodesis)is addressedFluid is evacu-
ated using suction catheters passedthrough the
working channelunder direct vision.Parietalpleural
biopsy is performed with biopsy forceps passed
through the working channel under direct vision.
Oncethe examinationand procedureare completed,
the pleuroscopéds withdrawn,achestdrainis placed,
and the pneumothoraxis evacuated.

Indications

Indications for medical thoracoscopy/pleuroscopy
include indeterminate pleural fluid, abnormal
pleura, and needfor pleurodesis.

Contraindications

Lackof apleural spaceuncorrectedcoagulopathy,
and hemodynamidnstability are contraindicationgo
the procedure.

Risks

Complications of medical thoracoscopy/pleuros-
copy are uncommon. They include bleeding, infec-
tion of the pleural space,and injury to intrathoracic
organs,atelectasisand respiratoryfailure.

www.chestjournal.org

Training Requirements

Physiciangerforming this procedureshouldhave
ample experience, excellent knowledge of pleural
andthoracicanatomymature judgmentin interpret-
ing radiographicimagesrelated to pleural disease,
and sufficient surgicalskill. Traineesshouldperform
at least 20 proceduresin a supervisedsetting to
establish basic competency. To maintain compe-
tency,dedicatedoperatorsshouldperform atleast10
proceduresper year.
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Percutaneous Pleural
Definition

Biopsy

Percutaneouspleural biopsyis a minimally inva-
sive procedure performed to obtain pleural tissue
using a pleural biopsy needle. This may be per-
formed untargeted for pleural effusions, or using
image guidancefor pleural masses.

Equipment

The equipment neededfor percutaneouspleural
biopsyinclude pleural biopsyneedlesandafacility to
perform anasepticprocedureunder localanesthetic.

Personnel

The personnelrequired are the dedicatedopera-
tor performing the pleural biopsy,andusuallyan RN
or aphysicians assistanto monitor the patient, help
with positioning, provide sterile suppliesasneeded,
and processthe specimen(s).

Anesthesia and Monitoring

Local anestheticis sufficient for performing a
percutaneougpleural biopsyanddoesnot differ from
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that provided for a standard thoracentesis.Initial
vital signsare obtained,but continuousmonitoring is
not required.

Technique

In most patients, no focal pleural abnormality is
present; in those with a focal abnormality, that
location should be marked using CT or ultrasound
(preferablyin the sameposition aswill be usedfor
the biopsy).After selectingthe site for biopsy,using
aseptictechnique,localanesthetids administeredto
the pleural level. A smallincisionis madeto accom-
modate the biopsy needle, which is then inserted
into the pleural space at the lower side of the
selectedinterspace(to minimize risk of intercostal
neurovasculamjury). The cutting edgeof the needle
is seatedin the pleura and the biopsytaken.

Diagnosticyield is increasedwith multiple passes.

Pleural brushingscan alsobe obtained through the
pleural needle.

Indications

Indications for percutaneouspleural biopsy in-
clude undiagnosed pleural effusions and pleural
thickeningor pleural massesDiagnosticthoracente-
sis should precede pleural biopsy for pleural effu-
sions.The role and relative yield of diagnostictho-
racoscopyshould alsobe consideredwhen selecting
closedpleural biopsy.

Contraindications

An uncorrectablecoagulopathyis a contraindica-
tion. The risk of pneumothoraxmay be increasedif
no free-flowing pleural fluid is present.

Risks

Complicationsoccurin # 1% of pleural biopsies,
and include pneumothoraxhemothorax,andlacera-
tion of diaphragm,lung, liver, and spleen. Tumor
seeding along the needle tract has rarely been
reported.

Training Requirements

Physiciansperforming percutaneouspleural bi-
opsyshould be competentin thoracentesisfamiliar
with the mechanismand technique of the biopsy
needlebeing used,and competentto recognizeand
treat the common complications. Trainees should
perform at least five proceduresin a supervised
setting to establishbasic competency.To maintain
competency,dedicatedoperatorsshould perform at
leastfive proceduresper year.
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Percutaneous Dilatational
Definition

Tracheostomy

Percutaneouddilatational tracheostomy(PDT) is
an invasiveprocedure in which the placementof a
tracheostomytube is achievedafter establishinga
trachealstomathrough dilation, rather than surgical
creation of a stoma.

Equipment

The proceduremaybe performedin the operating
room or at the bedside. Dedicated procedure kits
including needles,guidewire, and dilators are avail-
able. Easyaccesdo bronchoscopyand airway man-
agementequipmentis necessary.

Personnel

Two dedicated operatorsneed to be presentfor
this procedure;one dedicatedoperatorperformsthe
procedure, and the other managesthe airway and
endotrachealtube. This seconddedicated operator
should be prepared to perform bronchoscopyif
necessary.Additional personnel required for this
procedureinclude a nursewith the ability to admin-
ister and monitor conscioussedation.

Anesthesia and Monitoring

The procedure may be performed under local
anesthesiagonsciousedationor generalanesthesia.
Specific monitoring and documentation guidelines
varyfrom hospitalto hospitaland from stateto state.
We recommendthat the dedicatedoperatorinquire
about the applicable anesthesiaand monitoring
guidelinesin their particular practice environment.

Technique

Severaltechniqueswith slight variationsfrom one
anotherare describedherein. Generally,the patient
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is in supinepositionwith the neckslightly extended.
Ventilation should be controlled and the fraction of
inspired oxygenchangedto 1.0. Landmarkssuchas
the trachealcartilagesare identified, and the areais
then preparedand draped. A 1.0-to 1.5-cm super-
ficial incision is made over the intended entry site,
which usuallyis below the first and abovethe third
tracheal ring. Depending on the neck anatomy,
higher or lower entry points mayneedto be chosen.
The endotrachealtube may be pulled back at this
time, but the cuff shouldstaybelowthe vocalcords.
Alternatively, the endotrachealtube may stay in
place during the procedure.A needleis introduced
into the choseninterspacein the midline and a
guidewireinserted.Oncethe needleis removed,the
spaceis sequentiallydilated to a sizeappropriatefor
the desired tracheostomytube. The tracheostomy
tube is then placedover the guidewire on an obtu-
rator. Once placementis confirmed, the endotra-
chealtube is removed.Bronchoscopigyuidancemay
be beneficialfor the noviceandin complicatedcases,
and therefore should be readily available.lt is not
required for routine use.

Indications

Indications for PDT do not differ from accepted
indicationsfor placementof a surgicaltracheostomy.
The main indications are a need for a long-term
artificial airwayfor prolongedventilator dependence
or managemenbf secretions.

Contraindications

Absolute contraindications are uncontrollable
coagulopathy nfection over the site, extreme ven-
tilatory and oxygenation demands, and tracheal
obstruction. Relative contraindications pertain to
unfavorable neck anatomy and emergency airway
management.

Risks

The complicationrate is low. Airway injury, respi-
ratory depression,pneumothorax,bleeding, cardio-
respiratory arrest, arrhythmia, infection, and death
are potential complications. Several studies have
shown comparableoutcomesbetween conventional
anddilatationaltracheostomyAn advantageof PDT
seemsto be a lesser incidence of bleeding and
infection. If performed asa bedsideprocedure,the
risk of patient transportation and operating room
costsare foregone.

Training Requirements

Dedicated operatorsneed to be experiencedin
emergent airway managementbefore performing
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PDT. Trainees should perform at least 20 proce-
dures in a supervised setting to establish basic
competency. To maintain competency, dedicated
operatorsshould perform at least10 proceduresper
year. Surgeonscompetentin conventionaltracheos-
tomy still need to acquire the necessaryexper-
tise with this procedure, but the required number
of procedures could be less for such dedicated
operators.
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Transtracheal
Definition

Oxygen Therapy

Transtrachealoxygentherapy (TTOT) is a mini-
mally invasive procedure that is achievedthrough
percutaneouslyplaced devicesthat allow for long-
term oxygenuse. This procedure only deals with
methods not employing surgically created stomas,
and is usuallya multistep procedure.

Equipment

The procedureis usuallyperformed on an outpa-
tient basis.Dedicated procedurekits including nee-
dles, guidewire, dilators, stents,and oxygendelivery
cathetersare available.

Personnel

A dedicated operator performs the procedure.
Personnefrequiredfor this procedureinclude anRN
or a respiratorytherapistto administerand monitor
conscioussedationif required, aswell asa separate
RN or arespiratorytherapistto assistthe dedicated
operator.All supportingpersonnelshouldbe familiar
with the procedurebeing performed. This will max-
imize patient comfort and safety.As the long-term
successof a TTOT procedure dependson careful
teachingandfollow-up andinstructionson self-care,
it is highly recommendedto havea processin place
dedicatedto providing adequatepatient education
on the care of the device.
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Anesthesia and Monitoring

This procedure may be performed under local
anesthesiawith or without conscioussedation or
under general anesthesia.Specific monitoring and
documentationguidelinesvary from hospitalto hos-
pital andfrom stateto state.We recommendthat the
dedicatedoperatorinquire aboutthe applicablean-
esthesiaand monitoring guidelinesin their particular
practice environment.

Technique

Before establishing TTOT, patients and their
caregivers need to undergo appropriate teaching
and preparation and demonstrate motivation to
return for multiple postprocedure visits. The first
step for the procedure is placement of the percu-
taneous stent. A small, 1.0- to 1.5-cm vertical
incision is made over the insertion site and a
guidewire introduced via Seldinger technique.
The opening is then dilated and a stent is placed.
After 1 week of tract maturation, the stent is
removed and the oxygen delivery catheter placed.
Until the tract is completely mature, all exchanges
have to occur over the wire. Regular frequent
follow-up is needed for several weeks postproce-
dure to alow for patient teaching and early rec-
ognition of complications.

Indications

Long-term oxygenhasbeenshownto be beneficial
in a variety of disorders. TTOT provides an addi-
tional meansof delivering oxygen.Advantagesare
longer life of oxygensourcesand cosmeticissues.
Additionally, there is some evidence that patients
experienceimprovement of dyspneaand exercise
tolerance. TTOT can be consideredfor any patient
receivinglong-termoxygenlt isagoodoptionin the
patient intolerant of nasalcannulaoxygendelivery,
refractory hypoxemia,and limited mobility due to
high oxygendemands.

Contraindications

Contraindicationsare uncorrectablecoagulopathy,
terminal ilinesses,lack of motivation or support,
inability to return for follow-up, pleural herniation
over the trachea,and upper airway obstruction.

Risks

Complicationsof TTOT placementare very un-
common and include mucousball formation, pneu-
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mothorax,and subcutaneousmphysemaMortality
is exceedinglylow, and the most commonmorbidity
is catheter-inducedcoughing.

Training Requirements

Trainees should perform at least 10 procedures
in a supervised setting to establish basic compe-
tency. To maintain competency, dedicated opera-
tors should perform at least five procedures per
year.
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Disclaimer

All accesgo and useof the ACCP Guidelinesare
conditioned on compliancewith the following four
paragraphs.

Medical Disclaimer

The materialin this article is furnishedfor general
informational purposesand doesnot constitute the
practice of medicine, nor shouldit be relied on for
dealingwith a specific medical or health condition.
You should consult a qualified care professionalfor
advice about a specific condition. The ACCP dis-
claims any liability to any party for the accuracy,
completenessor availabilityof the Guidelines,or for
any damagesarisingout of the useor nonuseof the
material and any information containedtherein.

General Disclaimer

The materials and services provided in these
Guidelinesare provided on an “asis” basis,and the
ACCP expresslydisclaims any and all warranties
expresor implied, including without limitation war-
ranties of merchantability, fitness for a particular
purpose, or noninfringement intellectual property.
The ACCP further doesnot warrant the accuracy
and completenessf the materialsin these Guide-
lines. The materialsand proceduresin these Guide-
linesare current asof Novemberl, 2002.From time
to time, in its solediscretion,the ACCP mayupdate
the information in these Guidelineswithout notice.
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Limit of Liability

In no eventwill the ACCP or third parties men-
tioned be liable for anydamagesvhatsoevelinclud-
ing, without limitation, direct, indirect, incidental,
punitive, or consequentialdamages)arising out of
the use,inability to use,or the resultsof useof these
Guidelines,anyreferencesusedin theseGuidelines,
or the materialsor information or procedurescon-
tained in these Guidelines whether basedon war-
ranty, contract, tort, or any other legal theory, and
whether or not advised of the possibility of such
damageslf your useof the materialsor information
from theseGuidelinesresultsin the needfor servic-
ing, repair, or correction of equipment or data, you
assumeall coststhereof. Applicable law may not
allow the exclusionor limitation of incidental or
consequentialdamages,so the above limitation or
exclusionmay not apply to you.

The ACCP reservesthe right to modify this dis-
claimerin its solediscretion. Use of the Guidelines

following the postingof any suchmodificationsshall
be subjectto suchmodified disclaimer.

Appendix 1

Contributers include David Johnstone,MD, Thoracic Surgery,
Rochester, NY (Chair, ICDP Network); Armin Ernst, MD,
PulmonaryMedicine, Boston,MA (Vice-chair,IDCP Network);
George Mallory, MD, Pediatric Pulmonology, Houston, TX
(PediatricNetwork Representative)andthe SteeringCommittee
of the IDCP Network, including Atul Mehta, MD, Pulmonary
Medicine, Cleveland,OH; JohnHowington, MD, Thoracic Sur-
gery, Cincinnati, OH; Heinrich Becker, MD, PulmonaryMedi-
cine, Heidelberg, Germany; Gerard Silvestri, MD, Pulmonary
Medicine, Charleston,SC; StevenYang,MD, Thoracic Surgery,
Baltimore, MD; David Midthun, MD, Pulmonary Medicine,
Rochester, MI; Tim Herrick, MD, Pulmonary Medicine,
Hyannis, MA; and Neri Cohen, MD, Thoracic Surgery, Rich-
mond, VA. Invited reviewers were Paul Kvale, MD, Pulmo-
nary Medicine, Detroit, MI; Carolyn Reed, MD, Thoracic
Surgery, Charleston, SC; Kevin Kovitz, MD, Pulmonary Med-
icine, New Orleans, LA; and Richard Irwin, MD, Pulmonary
Medicine, Worcester, MA.

Appendix 2: Bronchoscopes Used in Pediatric Patients

Smallest
Quter Diameter, Working Length, Suction Channel, Endotracheal
ScopeDesignation mm cm mm Tube Size
Olympus pediatric fiberoptic and
video bronchoscopebs
BF-N20 2.2 55 None 3.0
BF-XP40 2.8 60 1.2 35
BF-3C40 3.6 60 1.2 45
BF-3C160 (video) 3.8 60 1.2 5.0
Pentaxpediatric fiberoptic bronchoscop¢
FB-7P 24 60 None 3.0-35
FB-10V 34 60 1.2 45

*Tube sizesarethe smallestpossiblewith eachinstrument. Utilizing thesebronchoscopesvith thesesizesoften leadsto limited ability to ventilate,
and the distinct possibility of the scopemeeting significant frictional resistanceasit is passedthrough the tube. It will alwaysbe saferand
preferableto use0.5sizelargerthan thoselisted or alaryngealmaskof larger caliber, especiallyin patientswith significantintrinsic lung disease.

'Olympus; Tokyo, Japan.
tPentax;AsahiOptical; Tokyo, Japan.
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