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We assessedthe negativepredictivevalueof bronchoalveolar
lavage(BAL)for Pneumocystis
cariniipneumonia(PCP)duringprophylaxiswithaerosolizedpentamidine.On the basisof the
assumptionthat undiagnosedand untreatedPCP wouldprogressandbecomeclinicallyapparent, for 3 monthswe prospectivelyfollowed34 consecutivecasesin whichBALhadnot detected
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No transbronchial
biopsieswere performed.In 32 of 34 cases, a diagnosisof PCP could be
excludedbecauseof other definitediagnosesor improvementduringthe follow-up.Despite
negativeresultsof an examinationof theirBALfluid,two patientsreceivedempiricaltreatment
thatwas activeagainstPCP;thesepatientswereregardedas possiblyhavingundiagnosedPCP.
Thus,the negativepredictivevalueof BALalonewasat least94%(32 of 34 cases)in excludinga
diagnosisof PCP duringprophylaxiswith aerosolizedpentamidine.

Although aerosolizedpentamidinehas been shown to be
effective for primaryand secondaryprevention of Pneumocystis carinii pneumonia (PCP) in patientsinfected with human immunodeficiency virus (HIV) [1-3], breakthrough
PCP occurs despite prophylaxisin 8%-22%of these patients
per year [2, 3]. A delay in diagnosisin these cases worsens
the prognosis,as mortalitydue to PCP is associatedwith advanced diseaseand respiratoryfailure[4]. When no P. carinii
is detected in spontaneous or induced sputum, fiberoptic
bronchoscopy with bronchoalveolar lavage (BAL) is the
diagnosticprocedureof choice; it is well toleratedand has a
sensitivityof between 86%and 100%[5-7]. Transbronchial
biopsy is associatedwith a higherrisk of complicationsand
does not substantiallyimprovethe overallyield in detection
of P. cariniiin patientswho have receivedno prophylaxis[5,
7]. Therefore,it has not been used in our institution as an
initial procedure.However,a decreasein the diagnosticyield
of BAL was recently reportedin regardto patientsreceiving
pentamidineprophylaxis,a findingthat suggeststhe need for
performanceof transbronchialbiopsy duringbronchoscopy
as well [7, 8]. We examinedwhethera diagnosisof PCPwas
missed duringevaluation of high-riskpatients who were re-
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ceiving pentamidineprophylaxisand in whom no P. carinii
had been detectedby BALand no transbronchialbiopsyhad
been performed.The clinical outcome was prospectivelyanalyzed on the basis of the assumptionthat undiagnosedand
untreatedPCPwould progressand become clinically apparent duringa 3-month follow-up.
Methods
Between September1989 and March 1991 at our facility,
we studiedall patientswith HIV infection who were undergoing BAL for clinically suspectedPCPwhile receivingprophylaxis with aerosolized pentamidine.All 34 consecutive
cases in which BAL fluid was negative for P. carinii were
prospectivelyfollowed for 3 months, and their clinical outcome was assessed.
The clinical suspicionof PCPwas basedon certainfactors:
immunodeficiency,respiratorysymptoms (cough and dyspnea), fever, and/or evidence of infiltrateson a chest roentgenogram.Dyspnea was defined as shortnessof breathwith
or without exertion, as reportedby the patient. Fever was
defined as a temperatureof >37.8?C. All patients had received pentamidine(300 mg every 4 weeks, with use of the
Respirgard II [Marquest Medical Products, Englewood,
CO]) for at least 2 months before BAL was performed.
Fiberopticbronchoscopywas performedin a standardized
way:the fiberopticbronchoscopewas advancedto the wedge
position in the middle lobe or the lingula pulmonis sinistri,
and four 50-mL boluses of 0.9%NaCl were sequentiallyinstilled and withdrawn;the recoveryof fluidrangedfrom 50%
to 80%.In cases with localized pulmonaryinvolvement, la-
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vage was performedon multiple lung segments, including
those with infiltratesdetected by roentgenography.
Transbronchialbiopsy was not performedfor any patient.
The BAL fluid was examined for P. carinii with use of
Giemsa and toluidine blue O stains as well as fluoresceinconjugated monoclonal antibodies. Gram stains, stains for
acid-fastbacteria,and culturesfor bacteria,fungi, mycobacteria, and cytomegaloviruswere also routinelydone.
For all subjects, a chest roentgenogramwas obtained
within 1 week prior to BAL; the roentgenogramwas evaluated by staff radiologistsand later verifiedby a pulmonologist. The serum lactate dehydrogenase(LDH) level (normal
values, 230-460 U/L) and arterialblood gas were assessed
within 1 week of BAL, and the CD4 lymphocyte count,
within 2 months. The alveolar-arterialoxygen tension gradient P(A-a)o2was calculated by the simplifiedalveolargas
equation;the normalvalue (mm Hg) was derivedas follows:
(age[years]/2)+ 5.
Bronchitisor pneumonia was diagnosedby means of (1)
bronchoscopicfindingssuch as erythemaor purulencein the
airways,(2) exclusion of the presenceof P. carinii,mycobacteria, or other specific pathogens, and (3) radiologicalevidence of newly developed infiltrates (in cases of pneumonia).
A treatmentactiveagainstPCPwas definedas the administrationfor at least 1 week of any dose of trimethoprim-sulfamethoxazole, dapsone, aerosolized or iv pentamidine
(daily), or antitoxoplasmicagents. The patients continued
the prophylaxiswith aerosolizedpentamidine(300 mg every
4 weeks) after BAL was performed.
To assess how many cases would have qualifiedfor a presumptive diagnosis of PCP if no BAL had been done, we
determinedwhich cases fulfilled the following four criteria
[9]: (1) a historyofdyspnea with exertionor a nonproductive
cough of recent onset (within the past 3 months); (2) evidence on a chest roentgenogramof diffusebilateralinterstitial infiltrates;(3) demonstrationby arterialblood gas analysis of an arterialPo2 of <70 mm Hg or an increase in the
P(A-a)o2;and (4) no evidence of bacterialpneumonia.
Results
During the study period of 19 months, 122 cases of PCP
were diagnosedat our institutionon the basisof examination
of sputum or induced sputum(65 cases), BAL fluid (56), or
pleuralaspirate(1). In an additional65 instances,BAL was
done for suspectedPCP but did not revealP. carinii.Within
this group, 33 patients(34 episodes) were receivingprophylaxis with aerosolized pentamidine; the study population
comprised these 33 patients who had 34 cases of clinically
suspectedPCP.
The mean age of these patients (22 men and 11 women)
was 35.7 years (range, 23-57 years). Seventeen were homosexuals, 10 were parenteraldrug abusers, and six had no
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Table 1. Clinical presentation,findings on a roentgenogramof
the chest, and laboratory values before performance of BAL
(n = 34).
Characteristic
Fever
Cough
Dyspnea
Fever, cough, and dyspnea
Findingson chest roentgenogram(n = 33):
Diffuse infiltrates
Lobarinfiltrates
No abnormalities
Elevated LDH level (>460 U/L) (n = 33)
PO2of <70 mm Hg or elevated P(A-a)02(n = 12)

No. (%)of patients
28 (82)
29 (85)
17(50)
12 (35)
19 (58)
8 (24)
6 (18)
17 (52)
7 (58)

NOTE. LDH = lactate dehydrogenasein serum.

identified risk factor for HIV infection. In all 34 cases AIDS
was diagnosed before BAL was performed. Thirty patients
had previously had PCP and were receiving secondary pentamidine prophylaxis, while four were given primary prophylaxis. All were severely immunodeficient (the CD4 lymphocyte count was <100/mm3 in 30 cases and <200/mm3 in all
cases). Treatment was given with zidovudine in 26 cases and
with didanosine in three, while no antiretroviral treatment
was given in five cases. Symptoms, laboratory data, and
roentgenographic findings were compatible with the clinical
suspicion of PCP (table 1). The median duration of symptoms before BAL was 3.4 weeks (range, 0-8 weeks).
Based on the results of BAL, a diagnosis was made in 28
cases (table 2). No diagnosis could initially be established in
the remaining six cases; two of these patients were empirically treated for PCP despite the fact that P. carinii was not
identified in the BAL fluid. One of these patients received
dapsone (100 mg/d), trimethoprim (900 mg/d), and antibiotics because of concurrent Staphylococcus aureus pneumonia and was cured. The other received trimethoprimsulfamethoxazole (75/15 mg/[kg d]), and his condition
improved temporarily. Subsequently, however, he became
febrile again and died after 2/2 months; the autopsy revealed
generalized toxoplasmosis but no PCP. In the other 32 cases,
no treatment active against P. carinii was given, and none of
the patients developed PCP during the 3-month follow-up
period. Therefore, the negative predictive value of BAL was
at least 94% (32 of 34 cases) if the two patients who were
treated for PCP were considered as possibly (although not
evidently) having undiagnosed PCP.
The final diagnoses in the 32 cases in which no treatment
active against P. carinii was given included bronchitis (3
cases), pneumonia (18), nontuberculous mycobacteriosis
(7), Kaposi's sarcoma (4, of which 3 were concurrent with
pneumonia), and cerebral toxoplasmosis, cytomegalovirus
pneumonitis, and nonspecific interstitial pneumonitis (1

each). Nontuberculousmycobacteriosiswas detectedby cul-
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Table 2. Diagnoses made at the time of BAL and at the end of the
3-month follow-up period.
New diagnosisor clinical
aspects noted after follow-up
(no. of patients)

Diagnosis at the time of BAL
(no. of patients)
Bronchitisor pneumonia(21 )*
Kaposi'ssarcoma(4)*
Nontuberculousmycobacteriosis(4)t
Cytomegaloviruspneumonitis(1)
Nonspecific interstitialpneumonitis(1)
Unclear (6)

None
None
None
None
None
Therapyfor PCPgiven; clinical
improvement(1 )"
Therapy for PCP given; death
after2 /2 months;autopsy
revealed generalized
toxoplasmosis(1 )
Cerebraltoxoplasmosis(1)
Nontuberculous
mycobacteriosis(3)t

* In three cases both pneumonia and Kaposi'ssarcomawere diagnosed.
t These cases of mycobacterialinfection were due to M. avium complex
(4), M. kansasii(1), M. malmoense(1), and both M. aviumcomplex and M.
kansasii(1); all cases were confirmedby culturaldetection of the pathogens
in specimensof the blood or from other organs.
* Initial
findingswere reportedas "possiblyfew cysts of P. carinii,"but no
cysts were seen in a laterreview;concurrentpneumoniadue to Staphylococcus aureuswas treatedwith additionalantibiotics.
*These two
patients were empiricallytreated for PCP and regardedas
possibly having undiagnosedPCP.

ture in 3 of 6 cases in which no acid-fast bacilli were detected
in BAL fluid and the etiology was initially unclear. The slow
cultural growth of nontuberculous mycobacteria was thus an
important factor contributing to the delayed diagnosis for
these patients.
Elevation of serum LDH occurred in all disease categories:
9 (43%) of 21 cases of bronchitis or pneumonia; 3 (43%) of 7
cases of nontuberculous mycobacteriosis; and 2 (50%) of 4
cases of Kaposi's sarcoma.
Four patients died during follow-up. An autopsy was performed on three (including the patient with generalized toxoplasmosis) and revealed no evidence of PCP. The fourth
patient had been treated for bacterial pneumonia following
BAL and recovered clinically but died 2 months later of an
unknown cause.
Discussion
In this prospective study of patients evaluated for suspected PCP while receiving pentamidine prophylaxis, the
negative predictive value of BAL was at least 94%. Although
all patients in this series were at high risk for PCP [10-12]
because of previously diagnosed AIDS and severe immunodeficiency, as well as their symptoms and the clinical and
laboratory findings (table 1), no cases of undiagnosed PCP

were positivelyidentifiedduringthe follow-up.The decision
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to treat two patients for PCP despite the negativityof BAL
fluid for P. carinii was made by their physicians;these patients were consideredas possibly having undiagnosedPCP
despite the fact that pneumoniaof a differentetiology might
have responded to the treatment. Our study confirms the
finding that aerosolizedpentamidinedoes not substantially
decreasethe diagnosticyield of BALin detectionof P. carinii
[13]. Previousretrospectivestudies of small numbersof patients, in which yields of only 50%-62%were reported[7, 8],
directlycomparedresultsof examinationsof BAL and transbronchialbiopsy specimensbut did not use fluorescein-conjugated monoclonal antibodies(which may increasethe sensitivity of BAL [14]). Comparisons of the morphologic
detection of P. carinii and the subsequentdevelopment of
disease,as made in our study,arelimitedby the differencein
study designs. However, the negative predictive value of
BAL was validated by our patients' clinical course, which
supportsthe practiceof employing BAL without transbronchial biopsy in all cases in which spontaneous or induced
sputumcannot be obtainedor does not allow a definitediagnosis. Transbronchialbiopsy employed in addition to BAL
would implicate an unnecessaryrisk of pneumothoraxand
bleeding [15, 16] and should remaina second-stepdiagnostic tool in cases requiringfurtherevaluation.
The decision to assessthe clinical outcome 3 months after
BAL for developmentof PCP was based on the naturalhistory of PCP [ 17];we assumedthat untreatedPCPwould further progresswithin this time. For patientswho receivedno
prophylaxisfor PCP, even a shorterfollow-up(6 weeks) enabled us to differentiatebetween PCP and other respiratory
conditions [12].
When the resultsof screeningwith BAL were disregarded
and only the symptoms and signs noted before BAL were
considered,fourpatients(12%)met the criteriafor presumptive diagnosis of PCP [9]. Without performanceof BAL,
these cases would have been misdiagnosedas PCP and the
patientswould have been unnecessarilytreated.Among patients in everydiseasecategory,elevationof serumLDH was
found in 43%-50%,thus confirmingthat LDH is a sensitive
[12] but rathernonspecificpredictorof PCP. These findings
illustrate the limitations of algorithmsdesigned to predict
PCP [12] and emphasize the value of the detection of P.
carinii during the diagnostic process. Because of the high
toxicity of the agents presentlyused in treatmentregimens
for PCP [18, 19], the avoidance of unnecessarytherapyis
importantin maintainingthe patients'quality of life.
BeforeBALwas performed,we wereable to obtainspontaneous or induced sputum from 22 of the patients studied.
The performanceof BAL for these patientswas indicatedby
the finding that the sputum was contaminatedor nondiagnostic, thereby necessitatingfurtherdiagnostic efforts. Despiteits slightlylower sensitivityfordetectionof PCP,examination of induced sputumshould neverthelessrepresentthe
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firstdiagnosticstep for immunodeficientpatientswith respiratorysymptoms.
Our study shows that clinical findings characteristicof
PCP can originate from miscellaneous diseases, including
bacterialinfections of the lower respiratorytract(62%of all
cases). Haemophilusinfluenzae,S. aureus,and pneumococci
were among the bacterialpathogensisolatedin our studyand
should be consideredwith respectto not only the diagnostic
workup but also the choice of antibiotics for HIV-infected
patients with respiratoryinfections [20]. Nontuberculous
mycobacteriosisand Kaposi's sarcoma accounted for 21%
and 12%of cases, respectively.While the proportionof cases
of AIDS with tuberculosisor nontuberculousmycobacteriosis is increasing[2 1], the detectionof these mycobacteriastill
causes a diagnostic delay because of their slow cultural
growth; more-rapiddetection methods such as polymerase
chainreactionor chromatographyareneededto enableinitiation of adequatetreatmentas early as possible [22].
In summary, for HIV-infected patients with pulmonary
symptoms who are at risk for PCP, detection of P. carinii
should definitely be attempted;however, BAL fluid that is
shown to contain no P. cariniiduringa periodof prophylaxis
with pentamidineis sufficientlyreliableevidence for excluding a diagnosisof PCP.A vigoroussearchfor other causesof
pulmonarydisease is requiredfor such patients, as an exact
diagnosis is necessary for instituting adequate therapeutic
measuresfor the wide spectrumof possible diseases.
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