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ROLE OF BRONCHOALVEOLAR LAVAGE IN HOSPITALIZED
PEDIATRIC PATIENTS

MICHELLE B, YAGODA, M1
MNew Yok, New Yore

JOSEPH STAVOLA, MD
NEW YORK, NeEw Yonk
CHARLOTTE STEINBERG, MD
HALTIMORE, MARYLAND

Bronchoslveolar lavage (DALY has been shown to be a 12

HOBERT WaRn, MD
Muw Yonk, Nuw Yopk
JACQUELINE JOMES, MDD
New Yoew, Muw Yomk

pid, relatively safe, and relatively noninvasive disgnastic procedure,

Theoretieally, HAL can be performed on all ehildien hospitalized For poeumonin resistant o oral nntibiotics, though practically and
ecatitinically, this is not feasible, A 1 -¥eas relrospective review was conducted todeline o eostee fTective role for TAL i the management
of hadpitalized children with resistnnt pricusnonia. The dats reveabod identification of ai least spe pathagen in B7% of spulum samples
ned in 95'% of DAL spectmens, Sputuim samples provided the same informintion as the more invasive B AL technigue in 8057 of patients
who hnd both sputum and DAL obitalned for cultuse. Recommendntions are maike forthe use ol HAL as s diapnosthe twal in the heaphtadized

ehild with resistant preunioni.

KEY WORDS — tranchoalvealar lnvnge, broachescapy, imnunocompromised ahill, preemonia,

INTRODCTION

Pulmonary processes are a major civze of morbid-
ity and mortalily in the chrenieally i1l and immu-
nocompromised pediateic patient.'! Diffuse pulmao-
nary infilirutes scen on radiographic evaluation are u
pacticular diagnostic challenge, 1y enuses may in-
clude infections, neoplasms, drug- or radintion-in-
duced toxicily, pulmenury edema, or nonspecific
ety 22

Routinely, children with pneumonia resistunt to
orul anlimicrobials are admitted o the hospital, and
empirically, broad-spectrom intravenous aptibiolics
are instituted. Coverage is provided 1o include pre-
sumplive organisms much the same as in empiric
treatment for sinusitis or pharynpotonsillitis, Al-
though intravenous thesapy with broad-spectrum
untimicrobials is pot without potentiolly seriows risk,
the mujority of children improve without untoward
events.? In those who do nol improve, & disgnosis
must be conflirmed, Hence, o useful diagnostic teat
must be idenlified,

Noninvasive sputum sampling, be it random or
induced, requires the participation of a milure, coop-
erative child. Bronchoelveolar luvape (BAL) has
been shown to be a rapid, relatively safe, and rela-
lively noninvasive diagnostic procedure for the evaly-

ation of diffuse pulmonary infiltentes. 3 More invisive
lechniques, such s open lung biopsy, ace olso useful
inestablishing a definitive dingnosis, bul are associ-
ated with significant morbidity, und as such, ore
reserved for those patients in whom dinpnoses eannot
he obtalned by less invesive methods. 27 Theoreli-
cally, BAL may be used for dll pediatric patients
admitted with the dingnosis of preumania resistont 1o
wral antinderobiuls, thowgh practically and economi-
cally, this iz not feasible. The purpose of this stady 1s
to delermine a cost-effective role for BAL in the
management of hospitalized ehildien with resistant
JHiEmmonia,
METHODS

A relrospective review was performed on the charts
of those children who underwent BAL during the
period from April 1, 1992, to March 31, 1993, at The
Mew York Hospital-Comnell Medical Center, a ter-
liary referral center, Twenty-one patients underwent
BAL, Several patients underwent multiple proce-
dures, but for the purposes of this study, only cumu-
lalive results are discussed, The patient population
consisted of @ boys and 12 pirls. Ages ranged from 3
months o 17 years, Al 21 palients were evalusted for
dilfuse pulmonary infiltrates or Inlerstitial disease
that feiled to improve or worsensd despite antibiotic

Fraum tha: Dwpartnaents of Otolaryngalogy (Yagoda, Ward, Joees) and Pedistrics (Sazvals, Stcinkerg), The Mew York HospiesComell Universioy
Mudical Center, Now Yok, Mew York.
Fresentvd al the mesting of the Anerdean Erancha-Bsephigological Association, Palm Desert, Califarnia, May 24, 1905,

CORRESPONDENCY — Jasqueling Junes, MO, Brept ol Diolarymgalegy, The Mow York Hespiod—omel Uriversicy Muifical Center, 525 E SEih
3L Stare 541, Kaw Yark, MY 10021,
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therapy.

Several factors contributed to chronie illness and
recurrent hospilalizations for pneumonia in 16 of the
21 paticnts studied. Ten paticnts were immunocom-
promised, Underlying dingnoses included chemo-
therapy for neoplastic dizcase (n = 5), sleroid therapy
(n = 2}, human immunodeficiency virus (n = 2), and
severe combined (B and T cell) immunodeficicncy (n
= 1}, Five children had anatomic predisposing [ac-
tors: 4 had gastroesophageal rellux that was docu-
monted by pH probe or milk study, and 1 hod aberrant
pulmonary architecture. One child was at increased
risk for luberculosis s a result of enavironmental
exposure. The remuining 5 pulienls were hospitalized
for pneumonia without documented undeclying im-
munologic or anatomic disorders,

Sputum samples were obloined in 15 of the 21
patients, Sputum samples wereusually oblained carly
in the course of hospilalization, The char review did
not reveal whether the samples were rundom expec-
toralions or induced spulum specimens, Tosubmit an
induced sputum sample, the ehild First gosgled wilh
normal saline to reduce the colonization of normal
mouth [lors, Next, an ullresonic DeVilliss sterile
water nehulizer trentment was administered. Finally,
thechild was instructed to cough and expectorate inlo
a slarile cup. Chest physiotherapy was employed ag
an adjunclive mensure,

Patients who were mechanically venlblated under-
went flexible fiberoptic hronchoscopy using the
Olympus BFIC20, Examinalion of the nirway o fule
out struciural shnormalities, os well sy b obloin the
culture material, wos nccomplished, Premedication
consisted of bolus doses of fentanyl citrate (1 w0 2 pyy
kg, midoxolam maleate or lorarepam (.05 o 0.10
mgfke, and vecuronivm bromide (0, 10 mafke), The
bronchoscope was passed directly into the endoru-
cheal tube via o Bodad adapler 5o 68 U0 permil concuc-
renl ventilution during the procedure, Electrocandio-
graphic and cxygen saluralion mMejsurements wers
monilored throughout the procedure, The broncho-
seope was passed into the trachea, and initially the
entire tracheobronchial tree was examined, Next, the
area of concern was localized pnd lovaged with o total
of 20 to 40 mL of sterile saline. The specimens were
aspiraled separately by vucoum suctioning in 3- Lo 6-
ml. aliquots and then pooled,

Patients whao were on supplementol oxygen by
nasal cannela or face mask underwen flexible or
rigid bronchoscopy and lavage under pencral anes-
thesin. Similarly, the entine tracheobronchial tres was
examined, Next, the bronchoscope was placed into
the areas of preatest clinical endfor radiogeaphic con-
cemn. Lavage was porformed in an identical fushion,

Specimen Siudies, The pooled lavage fluid waos
ppportionsd for the individual 1aharatorics within 3
hours of collection.

In the microhinlogy lobomatory, BAL [luid was
cenlrifuged for 5 minutes at 3,000 rpm. The super-
natant was discarded and the sediment was vsed for
Gram's stain in the customary manner. Culiures were
incubaled and read accordingly.

In the virology laboratory, the pooled lavage [uid
was immediately transferred fo viral Hoanks' bal-
anced salt solution with antibiotics, 1twas then ploced
in one of two lissue cell culture lincs: human embry-
onie lung, or primacy monkey kidney. It was placed
in incubation in cell cullure mainlenance medium
(2% fetal calf serum; Hiowhiltaker Co, Walkersville,
M) and evaluated aller 2 to 3 weeks for cytopathic
chanpes.

Resplralory syncylial viras was evaluated by nuso-
pharyngeal swab and BAL using direct [Nuorescent
monoclonal antibody staining with fluorescein iso-
thineyanate=laheled mouse monvclonal anlibody
against respiratory syncylial virus internal copsid
protein and envelops sueluce glycoprotein® Cylo-
megalovims (CMV) was deteeted by cylopathic
changes in cell culture, Additionally, a rapid fluores-
eenl evaluntion was performed on spocimens incu-
hated on eoverslips for 48 hours, Finully, some speci-
mens were evaluated by polymerase cheln renc-
Lion, 5

Ta evaluate for myeobucterin, u solulion of N-
noetyl-L-cyateing in sodium hydroxidae and sodim
citrate solution was ndded to the specimen and centri-
fuged Tor 15 minutes at 3,000 rpm. The supernatant
was discarded and the sediment was resuspended in
1 mL of bulfler to enhonce prowth. A Lowensteln,
Tensen, and Middlebrook 7TH1 1 plate was inoculuted
and incuhated for 2 weeks in 5. 1% carbon dioxide at
355C with the cap slightly ajar to facilitate evapore-
tioon, Afler 2 weeks, the cullure was translereed (o
standard incubator, where it remained for 6 weeks.
The cullures were surveyed weekly Tor contamina-
tion and growth, Once growlh was seen, o Einnion
acid-Tast smenr was made, A Gen-Probe (Gen-Probe,
Inc) waos used for rupid identification, and sensitivi-
ties were prepared, Additionally, auramine () {loo-
rescent sviluation was performed on the [luid on the
day of processing as a preliminary method of screen-
ing.

For mycology, the BAL fluid was inpculated on
three media: Sahoursud, Mycosel, end inhibitory
mold apars. They were incubated for 3 weeks at 30°C
and cvaluated weekly, A KOH-Calcalluor potassi-
um hydroxide and fluorescent brightener (28 Calea-

_—-ﬂ:
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TARDLE 1. SPUTUM ISOLATES (N = 15)

REV By PAN PCP

AFE CMV Fumgur  Yeawt  Pert Leg  Cand

Positive 2 a 4 [{]
Mepative I 5 i T
M 3 1 2 2

Peroeed vicdd was 13 of §5 ar 7%,

i} o o 1 o 4
1 3 4 i =
14 12 11 10 10 11

RiA —culluse not ebisined, RSY — rospiralery syneptiol vin, Beet— bacieria, FMN — palymaorphonuelesr cells, PCT — Prewmacpiis cnrinif,
AFE — acid-fast bacteria, CMY = cylomepoloviras, Fein — Fordereila perfussis, Leg == Legioaelin, Canl — Candida aiblrans.

[luor M2R fluorescent stain, Sigma Chemical Co, St
Louis, Ma) was alse used on the BAL fluid. Tt was
mixed on o coverslip and examined under the miceo-
scapc.

Ta evaluate for Prewmacysils carinti, BAL [luid
was centrifuged for 3 to 5 minutes al 1,200 rpm, The
sudiment was smeared and stained with Gram-Weigert
stain and read under the microscope on high power,

RESULTS

Characteristics af Pasient Population. The sample
consisled of 21 ehildren: 9 boys (43%) and 12 girls
(57%), They ranged in uge from 3 months to 17 years.
All had diffuse pulmonary infilleates or interstitinl
disease thut failed o improve or worsened despite
therupy, A CTO0%: ) were on broad-spectrum antimi-
erobials; 2 (10%) were on antivieal therapy at Lhe time
of BAL: most patients had completed 10 10 14 days
of therapy prior to BAL. Ten of 21 (489%) had docu-
mented couses of immunosuppression, An sdditional
S0l 21 (24%) had analomic nbnormalities identified
as eausative or contributing factors leading 1o recur-
rent preumonia requiring repeat hospltalizations, One
ol 21 (5%) had documented exposure to pulmonary
tubereulosis. The remaining 5 of 21 (249%) hud no
documented immunologic disorder,

frolates in Sputum, Fifteen of 21 (719%) children
hiad spulum samples sent for microhisl evaluation.
The identification of one or more organisms wis
determined lo be o “positive yield " No identification
ot idenlification of normal mouth flora only was
laheled a o vield" The overall yield lor isolation of
any pathogen in sputum was 13 of 15 (87%) children.
However, there were a tolal of 69 tests performed, ie,
cultures inoculated, Farty-two of 69 (61%) of cul-
turss revealed no growth, Tsolates were identified in

27 of 69 (39%: Talle 1.

fsolates in BAL. Similarly, the isolates obtained
from HAL can be examined, All 21 {100%:) children
underwent BAL, The identification of one or more
arganisms was detérmined to be a “positive yicld,"”
Mo identification or identification of normal mouth
Flora only was labeled o “no yield," The averall yicld
for isolation of any pathogen in BAL was 20 of 21
(25%:) children, 1owever, there were a total of 165
Lests performed, fe, cultures inoculpted. One hundred
twenty-five of 165 (76% ) cullures showed no growih.
Isolates were identified in 40 of 165 (24%; Table 2).

Comparizon of BAL to Sputun, In comparing BAL
to sputum isolales, results were concordant in 6 of 15
(A0%). In Dol 15 (60%:) there were discordant yields,
O the 605 in which discrepancy was noted, in 205
(= 3) the spulum yield was greater, In 20% (n = 1)
the BAL yield was grenter, and in 20% (n = 3) a
difference was noted; ie, additdonsl information was
obtained from HAL, but organisms fsoluted from
sputum culteres were nol confirmed, Therelare, in 9
of 15 (60%:) children, noninvasive spulum sempling
provvided all the same deta us the more Invasive BAL
technigue,

DHAECUSSI0MN

Owverall, for any given petient, identification of at
least one pathogen occurred in 87% (n= 13 of 15) of
spulum samples and 85% (n = 20 of 21) of HAL
specimens. These dalo conform to the range of valoes
noted in the literoture of 71% 1o 95916

Of those palients wha had sputum sent for culture
(n = 15), 6Y cultwres were inoculated and only 27
(39%) demonstrated prowth, Similarly, in those pa-
tients who underwent BAL {n = 213, 163 culturcs
were incouleted and only 40 (24%) revealed growil.

TABLE 2. BRONCHOALVEOLAR ILAVAGE ]S_ﬂ]__q.TE,S HN=21

KSV  Bact PMN PCP AFE  CMV  Fungur KOH  Pet  Leg  Cand

Fusitive ' 4 10 10 o 1 P 1 1 0 0 g
Megntive 13 11 ] 15 18 10 11 12 14 11 n
MIA 4 0 3 6 7 7 9 3 5 10 11

Prreent yielf wes 20000 21 or 95%.

HA v culture pot obtainel, REY — nespiralory syzeytial vinzs, Bost — bacteria, FMM —palymosdaniclear culls, FOP e Proumseysls coeliid,
AFH — geid-Fasd bacteria, CWMV — eytoneegalovicus, KOH — yeast, Porl — Sovdletelin peeiussiz, Leg — Legianaila, Card — Camfich aflicans.
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This sugpests that the majority of cultures inoculated
show no growth. In % of 15 (60%) patients who had
bolh sputum and BAL obtained for culture, sputum
sampling provided the same information as BAL, or
Mo,

Im cvaluating our resulls, one may nole severul
findings. Cylomegalovirus was only isolated from
BAL specimens, Candida albicans had a greater
yicld in our cultures from BAL than sputum. No P
caripil of Legionella was identified from BAL or
spulum samples, The remainder of cur data demon-
strate that varous organisms were not remarkably
better isolated from either spulum or BAL.

One possible variable affecting culture results is
thot of oral contamination in the samples. Generally,
random spulum specimens ore belicved to have a
higher incidence of oral contaminants than induced
samples. In health, the lower respiratory tracl is
sterile, Contaminants may be introduced on intubation
for mechanical ventilation sndfor disgnostic inter-
vention,

The differentiation of pathugen lrom conteminant
is nearly impoessible. One eannot rely on an elevated
neutrophil count to disgnase acule infection, becanse
counts may be elevaled in such cundilions ay aetive
pulmonury lbrosis or adult respiratory disteess syn-
drome, snd they may be depressed in immunocom-
promised patients, " Attempts to distinguish patho-
gens [rom conleminants may be alded by the use of
quantitulive hacteriologic studies (ie, sumples with
=107 eolonies and <1% squameous epithelinl cells are
less likely to be contaminated), '™ In addition, pro-
lected brushings can be used during BAL in aduls,
bt are nol oflen [easible in children, secondary Lo
lechnicel limitations in a significantly smaller wie-
way,

There 1s an 83% isolalion rote of funpus through
BAL reported in the litecature.® There s, however, a
low rate of isolation of acid-fast hacilli with BAL in
children, as was nated In our palient population. This
low izolation rate ulilizing BAL has been attributed to
e observalion that children with primary pulmo-
nory tuberculnsis hive clossd, cassous lesions with
smaller numbers of mycobocteria in comparison to
adults, and that the use of lidocaine in awike pulients
miay reduce the yield for recovering mycohacte-
rin.!* Abadeo and Steiner, ' in 2 1992 study, com-
pared BAL o gastric lavage for the diagnosis of
Mycobacterium wberculosis inchildren, They found
gastric lavege performed on three conseculive mom-
ings to be superior Lo BAL in diagnosing acid-fast
bacilli, Our results, as well as a review of the lit-
erature, would support the indtial use of gastric lavage

in those patients with suspected M tuberculosis.

A review of the litcrature confirms P carinii pneu-
monia to be the most common isolote from BAL in
immunosuppressed hosts, regardless of the cause of
the immunocompromise, W3310116 Yet in this ret-
rospective review, no P carindi was isolated, Mone of
the patients with human immunodeficicncy virus (n
= 3) were found to be infected with P carinfi. A
possibility for the low yield in the izolation of P
carinii in this study may be that BAL was seleclively
not performed in patients wilh P carinii pneumonia.
Preewmocystis carinii is readily isolatable with rou-
tine suclioning: therefore, the diagnosizs may have
been made without the need for BAL.

Identilication of acube CMY infection has been
teseribed as technically difficult, because the mean
culture time is 27 days and n wide spectrum of penelic
and structural varobility makes monoclonal anti-
body detection challenging., Cyvlomegalovires has
the ability to create mullifocal infection with uneven
distribution among cells. Hence, the number af CM Y
isolales does nol reliahly predict the severity of
discase or ditferentiate acule infection from coloni-
cation or shedding, 1415

CONCLUSION

The data in this sludy support the utility of HAL in
Lthe irmumentarium of tools available for the dingno-
sig of dilfuse pulmonaery inlilirates. Yel, the operative
and laboratory expenses of hoth sputum sampling
und BAL seem excessive. In light of the present-day
palitieal agenda o limil medical expenditures, what
i% lhe role of BAL in hospitalized pedinteic patients?
It may be an acceplable ond economicully plausible
allermative Lo bepin broad-spectrum intravenows an-
Umicrabials for pneumonta {(without sample for cul-
turz}, as we mighl for sinusitis or pharyngotongillits,
und reserve diagnostie imervention Jor those who
fail.

Hased on this 1-yedar retrospective review at The
New York Hospilal-Comnell Medical Center, the
following recommendations are sugpested,

1. Broad-spectrum inteavencus sntimicrobiols
should be instituted in palienls not responding to oral
aApemis,

2. Moninvasive sputom samples should be ob-
tained on all patients who do not improve or worsen
wilh institulion of broad-spectrom intravenons anti-
microhials, In those patients who are mechanically
ventiluted, deep suction lavage may be oblained.

3. Bronchoalveolar lavage should be reserved for
those paticnts inwhom Candida, CMY, or Bordetella
pertussiz is suspected, Bronchoglveolar lavage is

.ﬂ
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ulso indicated for those palients in whom sputum
cannot be obtained, or when the presence of structural
abnormalities must be evalualed,

4. Gaslric lavage should be wiilized in children

suspected of having tubsrculosis,

3. Cultures ordered should be limited by such
variables as immune status and the time of ¥ear in
which the infection occurs.
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Thie Fourth Annual Golil Seminnr — Advances in Diolnryngology=-Head ond Meck Surpgery will be held March §1-16, 1997, at the
Finehurat Resan & Country Clab in Mot Caraling, Pog lnformation, contnet Leslie Sullivan, Ceardinator, University of Washinglon
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wwaskinglon,edu; telephone (206) GE5-2962; fax (206) H16-1525.
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