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Background. Clinical end points that constitute successful treatment in severe pneumonia are difficult to ascertain and
vulnerable to bias. The utility of a protocolized adjudication procedure to determine meaningful end points in severe
pneumonia has not been well described.

Methods. This was a single-center prospective cohort study of patients with severe pneumonia admitted to the medical
intensive care unit. The objective was to develop an adjudication protocol for severe bacterial and/or viral pneumonia. Each
episode of pneumonia was independently reviewed by 2 pulmonary and critical care physicians. If a discrepancy occurred
between the 2 adjudicators, a third adjudicator reviewed the case. If a discrepancy remained after all 3 adjudications, consensus
was achieved through committee review.

Results. Evaluation of 784 pneumonia episodes during 593 hospitalizations achieved only 48.1% interobserver agreement
between the first 2 adjudicators and 78.8% when agreement was defined as concordance between 2 of 3 adjudicators. Multiple
episodes of pneumonia and presence of bacterial/viral coinfection in the initial pneumonia episode were associated with lower
interobserver agreement. For an initial episode of bacterial pneumonia, patients with an adjudicated day 7-8 clinical impression

of cure (compared with alternative impressions) were more likely to be discharged alive (odds ratio, 6.3; 95% CI, 3.5-11.6).

Conclusions.

A comprehensive adjudication protocol to identify clinical end points in severe pneumonia resulted in only

moderate interobserver agreement. An adjudicated end point of clinical cure by day 7-8 was associated with more favorable
hospital discharge dispositions, suggesting that clinical cure by day 7-8 may be a valid end point to use in adjudication protocols.
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Assessing response to therapy for severe pneumonia is critical for
both clinical care and research studies but is complicated in the
critically ill. For most antibiotic registration trials, the Food and
Drug Administration (FDA) assesses efficacy using the standard
of clinical cure and bacterial clearance from the site of infection
as the primary end point [1]. However, clinical criteria for severe
pneumonia are subjective and prone to errors, particularly in crit-
ically ill patients. Multiple alternative causes for radiographic in-
filtrates and systemic inflammation lead to misdiagnosis of
pneumonia in up to 50% of cases [2-4]. A considerable propor-
tion of these pneumonia mimics are noninfectious. These
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alternative diagnoses can also confuse the assessment of clinical
response to antibiotics [5], leading to antibiotic overuse and mis-
use. This diagnostic confusion led the FDA to exclude clinical re-
sponse as a noninferiority end point for registration trials of new
antibiotics for hospital-acquired pneumonia (HAP) and
ventilator-associated pneumonia (VAP) [6, 7].

When conditions with a heterogenous clinical course are the
subject of a clinical trial, study protocols use adjudication com-
mittees to provide consistent, unbiased determination of the pres-
ence or absence of a diagnosis, event, or end point [8-10].
Adjudication committees are established components of large co-
hort studies and randomized clinical trials in cardiovascular dis-
ease, oncology, interstitial lung disease, and sepsis [11-15]. The
process of adjudicating clinical end points in a large cohort of
patients with severe pneumonia has not been well described
[16-19], although such processes have been incorporated into
critical care trials. In severe pneumonia, end points such as death
or extubation failure are easily ascertained, while other end points
like clinical cure, microbiologic resolution, and safety are not stan-
dardized and subject to bias in interpretation [20]. Existing studies
that leverage an adjudication committee for pneumonia do not
describe the process or the reliability of the method in detail.

Assessment of response to therapy is an integral aspect of ob-
servational and interventional studies of pneumonia. We
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therefore developed and validated a protocol for adjudication
of clinical end points in a prospective cohort of critically ill,
mechanically ventilated patients with suspected pneumonia
as part of the Successful Clinical Response in Pneumonia
Therapy (SCRIPT) study.

METHODS

SCRIPT is a single-center, prospective, observational cohort study
of mechanically ventilated patients with suspected pneumonia
(Northwestern University IRB #STU00204868). In the medical in-
tensive care unit (ICU) at our institution, bronchoscopic bron-
choalveolar lavage (BAL) or nonbronchoscopic BAL (NBBAL) is
routinely performed to identify the presence and define the etiology
of pneumonia in intubated patients [21-23]. Our adjudication pro-
tocol was developed before the start of SCRIPT patient enrollment
in 2018 and subsequently modified during the COVID-19 pan-
demic in 2020 to include adjudication of viral pneumonia.

Clinical End Points

Our protocol was designed to ascertain interim clinical end
points as well as a final clinical end point at the time of a pa-
tient’s death or hospital discharge. Interim clinical end points
were defined as cure, indeterminate, persistence, or superinfec-
tion. See the Supplementary Data for detailed definitions of
each term. Of note, BAL fluid data incorporated into the assess-
ment of clinical end points included culture results, multiplex
polymerase chain reaction (PCR) results from the BioFire
Pneumonia Panel, cell count, and differential and amylase lev-
els. All other microbiology results, including blood cultures and
urinary antigen testing for Streptococcus pneumoniae and
Legionella pneumophila, were available to the adjudicators.
For bacterial pneumonia or bacterial/viral coinfection pneu-
monia, interim clinical end points were assessed at day 7-8,
day 10, and day 14, corresponding to common antibiotic dis-
continuation time points in clinical trials and clinical practice.
These time points were not used to assess cases of viral-only
pneumonia because standard durations of empirical antibacte-
rial therapy in viral pneumonia are unknown. End points were
defined based on literature review and expert consensus [24-
26]. Because part of our objective was to evaluate patients at
various time points during an episode of pneumonia, we did
not use traditional measures like mortality, ventilator-free
days, or microbiological cure as standalone end points.

Pneumonia Episode Definition

Pneumonia was defined as a positive BAL culture, positive BAL
fluid multiplex PCR, or negative BAL fluid culture with a white
blood cell differential containing >50% neutrophils and no al-
ternative explanation in a patient with clinical signs and symp-
toms of pneumonia as identified by the treating physician. Note
that culture-negative pneumonia includes cases that were

negative by PCR-based testing. We defined day 0 of the initial
episode of pneumonia by the date of the clinical BAL procedure
that prompted enrollment into SCRIPT. An episode of pneu-
monia ended when systemic antibiotics for pneumonia were
discontinued without recurrent signs of pneumonia for at least
48 hours (defined in detail in the Supplementary Data). The
onset of subsequent episodes of pneumonia within the same
hospitalization was likewise defined by the timing of a diagnos-
tic BAL procedure occurring after at least 48 hours off antibiot-
ics directed at pneumonia and without persistent or recurrent
signs of pneumonia during the interval. We applied standard
definitions for pneumonia at the time of each BAL procedure
[27, 28]. See the Supplementary Data for descriptions of clinical
community-acquired pneumonia (CAP), HAP, and VAP and
additional definitions used to standardize the adjudication pro-
cess. Importantly, the definitions of CAP, HAP, and VAP were
applied based on the duration of admission or ventilation pre-
ceding the time of BAL sampling irrespective of the timing or
locale of symptom onset, as these durations typically dictate
the spectrum of empirical antibiotics administered to patients
with suspected pneumonia. We defined episodes on and subse-
quent to the date of the SCRIPT study enrollment BAL proce-
dure up to day 99, censoring any episodes preceding SCRIPT
enrollment or beginning after day 99. Patients who underwent
lung transplantation during the enrollment hospitalization
were adjudicated as having died.

Adjudication Committee
The adjudication committee was composed of 6 pulmonary
and critical care physicians at Northwestern Medicine. Two ad-
judicators independently reviewed each patient’s complete
electronic health record and entered written responses to
each question on the evaluation form (included in the
Supplementary Data). Review was conducted after the patient’s
hospital discharge. If both adjudicators provided the same re-
sponses to all questions on the evaluation form, consensus
was achieved. If discrepancy in at least 1 critical response oc-
curred, the discrepant question was highlighted on a new, blank
evaluation form and given to a third adjudicator, who answered
the specific question based on chart review, blinded to the pre-
vious adjudicators’ responses. Agreement between the third ad-
judicator and 1 of the original adjudicators was considered the
final response. If a discrepancy remained between all 3 adjudi-
cators, a committee review was performed with a minimum of
3 adjudicators present, and a consensus answer was provided
by the committee. If a case was identified by the first adjudica-
tor as a nonpneumonia episode, this classification was con-
firmed by a second adjudicator if requested by the first
adjudicator. The first adjudicator could request direct commit-
tee review for unusual, complex cases.

Committee adjudication took place in person or by video
conference on a weekly basis. The total committee group
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membership at any time point was 5 physicians. The committee
held several meetings for quality control to ensure that the
manual data entered into the adjudication worksheet aligned
with the data entered into the electronic database and the des-
ignated etiologies for pneumonia (ie, viral, bacterial, coinfec-
tion, culture-negative, nonpneumonia, and indeterminate)
were accurate per written guidelines available to all committee
members (included in the Supplementary Data).

Adjudication Worksheet

The full adjudication worksheet consisted of 20 questions and
is included in the Supplementary Data. Depending on the com-
plexity of the case and the branching logic of the form, not all
questions required a response. Additionally, some questions
had objective, numerical answers that did not require multi-
adjudicator concordance to resolve discrepancies. Because the
answers to these questions could be identified by chart review,
a research coordinator reviewed the case to resolve discrepant
responses to these objectively verifiable questions rather than
involving a third adjudicator: (1) number of days antibiotics
were given for viral-only pneumonia; (2) if initial sample, has
the patient been actively treated for pneumonia for >24 hours
before sample collection?; (3) are serial procalcitonin values
available?; and (4) level of evidence for extrapulmonary
infection.

Statistical Analysis

Statistical analysis was performed using R Studio (RStudio,
PBC, Boston, MA, USA). The Sankey diagram in Figure 1
was created using Python 3.9. Comorbidities were mapped us-
ing ICD codes with Charlson comorbidity index definitions,
with only comorbidities present before admission contributing
to totals. Crude rates of interobserver agreement were calculat-
ed. To estimate a probability of chance agreement for Cohen’s
kappa statistic (observed agreement—chance agreement/1 —
chance agreement), we calculated the probability of chance
Appropriate
Antibiotics (3 response options), Clinical Impression (5 re-

agreement on 3 mandatory questions:

sponse options), and End of Hospitalization Clinical
Outcome (2 response options). This resulted in a 0.04 probabil-
ity of chance agreement. In a highly cited review, McHugh et al.
advise researchers to rely on the kappa statistic if frequent
guessing among observers is likely, but if raters are well trained
and likelihood of guessing is low, reliance on percent agree-
ment as a reflection of interrater reliability is safe [29].
Reliability was assessed by using a test of proportions between
the rates of interobserver agreement by year. The Pearson
chi-square or Fisher exact test with Bonferroni correction for
multiple comparisons was performed to associate adjudicated
clinical end points with final discharge dispositions.

RESULTS

From June 2018 to June 2022, 784 pneumonia episodes from 593
patients were adjudicated. Some patients had >1 episode of pneu-
monia during hospitalization, and thus the total number of pneu-
monia episodes exceeded the number of patients in the study.
Patient demographics and clinical characteristics are listed in
Table 1. A small number (6.2%) of hospitalizations were excluded
from the analysis of interobserver agreement because (1) the case
was not reviewed by multiple adjudicators because the first adju-
dicator identified the episode(s) as nonpneumonia or requested
an expedited committee review for unusual, complex, or previous-
ly undefined conditions (n = 37) or (2) the case was reviewed using
different versions of the protocol (n = 18); thus, the total number
of hospitalizations reviewed by multiple adjudicators was 538
(Figure 1). Interobserver concordance between the first 2 adjudi-
cators occurred in 259/538 (48.1%) of hospitalization-level exam-
inations; hence, 279/538 (51.9%) cases went to a third adjudicator
to evaluate atleast 1 point of disagreement. Discrepancies between
all 3 adjudicators remained in 114 of these 279 cases, requiring
committee review to arrive at a final agreement on the appropriate
end point(s) for the patient. Consensus (either agreement of 2/2 or
2/3 adjudicators) without the need for committee review was
achieved in 424/538 (78.8%) cases.

To identify differences in the rates of consensus agreement
over time, we calculated crude rates of interobserver agreement
by year (Figure 2). At least 2 adjudicators reviewed 39 cases
from 2018, 95 cases from 2019, 257 cases from 2020, 124 cases
from 2021, and 23 cases from 2022 (538 total). In the years
spanning 2018 to 2022, interobserver agreement, defined as
agreement between 2 of 2 adjudicators, was 56%, 56%, 41%,
52%, and 57%, respectively. The Cohen’s kappa coefficient
per year for interobserver agreement based on agreement be-
tween 2 of 2 adjudicators was 0.52, 0.54, 0.39, 0.50, and 0.55, re-
spectively. When interobserver agreement was defined as
agreement between 2 of 3 adjudicators, the crude rate of agree-
ment increased to 87%, 85%, 70%, 86%, and 100% agreement. A
test for proportions demonstrated a significant difference in in-
terobserver agreement by year (x> = 27.3; df = 4; P <.01). A test
for proportions excluding the early pandemic year 2020 dem-
onstrated no significant difference in interobserver agreement
between 2018, 2019, 2021, and 2022 ()(2 =3.8;df=3; P=.29).

We sought to determine whether the etiology of the initial
pneumonia episode and the number of pneumonia episodes
in each hospitalization were associated with interobserver
agreement, defined as consensus between 2 of 3 adjudicators
without the need for committee review. The proportion of ini-
tial pneumonia episodes that were clinical CAP, HAP, or VAP
did not differ between cases that had consensus without com-
mittee review and cases that required committee review for
consensus. We examined the microbial etiology of the initial
episode of pneumonia as a predictor of agreement between
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Figure 1. Diagram illustrating the adjudication process. Out of 593 hospitalizations, 55 had only 1 adjudicator (A1), 259 cases had 2 adjudicators (A2), and 279 cases
required a third adjudicator (A3). A small subset went directly to committee review after A1 and A2.

adjudicators (Table 2). An initial episode of bacterial/viral co-
infection resulted in low agreement between adjudicators
(67.5%). This was significant when the proportion of bacterial
coinfection cases requiring committee review was compared
with the proportion of all other cases that required committee
review (P =.01). Similarly, cases with multiple pneumonia ep-
isodes also resulted in low agreement between adjudicators
(48.5%; P = .01). The specific bacteria identified by culture
and viruses identified by PCR are listed in Supplementary
Tables 2 and 3.

We identified the most common questions in the adjudica-
tion worksheet that led to discordant answers between the first
2 adjudicators. Cases of viral and bacterial/viral coinfection
were excluded from this analysis because the viral adjudication
worksheet underwent several iterations during the COVID-19
pandemic. The most common question discordant between ad-
judicators was “What was the overall global clinical outcome?”,
which asks the adjudicator to assess the status of the patient
with respect to pneumonia at the time of death or hospital dis-
charge, followed by the question on clinical impression at day
7-8. The percentage of discordance for each question is out-
lined in Supplementary Figure 1.

To determine the construct validity of our clinical end points
for bacterial pneumonia, we assessed the discharge disposition
based on the day 7-8 adjudicated clinical end point of the initial
pneumonia episode. A day 7-8 adjudicated clinical end point
was available for 285 of the 593 hospitalizations; 308 did not
have a day 7-8 clinical end point for the initial episode because
94 were nonpneumonia episodes, 153 had viral infection only,
and 61 were discharged, transferred to another hospital, or died

before a day 7-8 assessment. Discharge dispositions were
grouped into favorable outcomes (home, acute inpatient reha-
bilitation, skilled nursing facility, long-term acute care facility)
vs unfavorable outcomes (death or hospice). As demonstrated
in Figure 3, the day 7-8 adjudicated clinical end point of the ini-
tial episode of pneumonia was associated with distinct discharge
dispositions. Eighty-five percent (136/160) of patients with a day
7-8 clinical end point of cure had a favorable discharge disposi-
tion; 47% (59/125) patients with a day 7-8 clinical end point oth-
er than cure (indeterminate, persistence, superinfection, or both
persistence and superinfection) had a favorable discharge dispo-
sition. This difference in favorable discharge disposition based
onaday7-8 clinical end point of cure was significant (odds ratio,
6.3; 95% CI, 3.5-11.6). Significant differences remained when
comparing the proportion of patients with favorable discharge
dispositions between cure vs indeterminate (85% vs 40%;
P=.05), cure vs superinfection (85% vs 45%; P <.01), and
cure vs nonpneumonia (85% vs 55%; P < .01) but was not pre-
sent when comparing cure vs persistence (85% vs 63%;
P =.07). In patients with viral-only pneumonia, a higher pro-
portion of patients with a clinical impression of cure were dis-
charged to favorable dispositions compared with patients with
an adjudicated clinical end point of indeterminate, superinfec-
tion, or persistence (Supplementary Table 4).

DISCUSSION

Pneumonia is a complex clinical syndrome with poorly defined
end points for treatment success or failure. Because of this lim-
itation, the FDA requires all-cause mortality at 14-28 days as a
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Table 1. Demographics and Outcomes of Participants With Adjudicated
Episodes of Pneumonia

Demographics and Outcomes of Study Participants

Variable No. (%)
Age, median [IQR], y 62 [51-72]
Gender
Male 349 (59.0)
Female 244 (41.1)
Ethnicity
Hispanic 124 (20.9)
Not Hispanic or Latino 446 (75.2)
Not answered 23 (3.9)
Race (self-identified)
African American or Black 119 (20.1)
American Indian or Alaska Native or Asian Indian 6(1.0)
Asian 17 (2.9)
Native Hawaiian or other Pacific Islander 2(0.3)
White 351 (69.2)
None of the above or patient declined to answer 98 (16.5)
Pneumonia category for initial episode (n =593)
Clinical CAP 132 (22.3)
Clinical HAP 205 (34.6)
Clinical VAP 162 (27.3)
Nonpneumonia episode (37 single adjudicator, 57 94 (15.9)
adjudicated)?
Pneumonia etiology (n =593)
Viral only 153 (25.8)
Bacterial only 150 (25.3)
Viral/bacterial coinfection 87 (14.7)
Indeterminate 3(0.1)
Culture-negative 106 (17.9)
Nonpneumonia 94 (15.9)
No. of episodes (n =593)
Multiple episodes 120 (20.2)
Single episode 473 (79.8)
Comorbid conditions
Cerebrovascular disease 124 (20.9)
Congestive heart failure 173 (29.2)
Malignancy 200 (33.7)
Diabetes 213 (35.9)
Chronic pulmonary disease 212 (35.7)
Liver disease 155 (25.2)
Renal disease 159 (26.8)
Hospitalization
Hospital length of stay, median [IQR] 23 [13-37]
ICU length of stay, median [IQR] 14 [6-25]
Patients with day 7-8 adjudication® 257 (60.0)
Hospital mortality 189 (37.5)

Abbreviations: CAP, community-acquired pneumonia; HAP, hospital-acquired pneumonia;
ICU, intensive care unit; IQR, interquartile range; VAP, ventilator-associated pneumonia.
Patients with viral-only pneumonia, nonpneumonia, and those who were deceased,
discharged, or transferred to another facility before day 7-8 did not have a day 7-8
adjudication. The etiologies of pneumonia and of nonpneumonia respiratory failure are
listed in Supplementary Table 1.

primary end point for noninferiority registration clinical trials
of new therapy for bacterial HAP/VAP [30]. However, mortal-
ity fails to capture important patient-centered outcomes [31].
Using the Delphi method, a panel of international experts

attempted to establish a consensus composite end point for
clinical trials related to HAP/VAP [24]. The panel discussed a
wide range of possible end points, including clinical cure,
ventilator-free days, decrease in clinical pulmonary infection
score, microbiological cure, safety, change in procalcitonin,
and acquisition of antimicrobial resistance. Clinical cure was
ranked as the most important primary outcome, yet a univer-
sally accepted definition for clinical cure in pneumonia does
not exist. Weiss et al. used an iterative process to ultimately de-
fine clinical cure as resolution of signs and symptoms of infec-
tion, improvement in oxygenation, and no appearance of new
signs of sepsis [24].

Adjudication of clinical end points in patients with severe
pneumonia has been incorporated into trials, but existing stud-
ies that leverage an adjudication committee for pneumonia do
not describe the process or the reliability of the method in de-
tail. A large randomized controlled CAP trial used an adjudica-
tion committee to determine the primary outcome—clinically
indicated treatment with antibiotics—but did not detail the in-
ternal or external validity of the adjudication process [16].
Another used a clinical evaluation committee to define the sub-
population of enrolled subjects for an optimal assessment of the
mortality benefit of an intervention [32]. Other studies focus on
diagnostic adjudication of pneumonia presence and do not ad-
dress end point adjudication [17, 19]. Because no standardized
protocol for adjudication of pneumonia currently exists, clini-
cal trials of pneumonia may have different outcomes when ad-
judicated using different adjudication procedures.

In this study, we developed a protocol for adjudicating the
diagnosis and clinical end points of severe bacterial and viral
pneumonia in mechanically ventilated patients, including in-
corporation of the criteria of Weiss et al. into our definition
of cure at days 7-8, 10, and 14. Despite using consensus defini-
tions, our protocol for clinical classification and adjudication of
episodes of pneumonia resulted in 48.1% agreement between 2
adjudicators and a 78.8% overall crude rate of consensus agree-
ment when a third adjudicator attempted to resolve discrepan-
cies. For FDA registration trials, usually only a single
investigator assesses clinical response. Our study demonstrates
that these single-evaluator assessments of clinical response in
pneumonia are prone to error.

There are multiple potential reasons for discordance between
adjudicators. The adjudication guide was 4 pages long and may
be interpreted differently by different adjudicators. Future ver-
sions of the adjudication guide may need to include clarifying
language. The adjudication worksheet questions that resulted
in the most discordance between 2 reviewers were “What was
the overall global clinical outcome?” (Supplementary Figure 1)
and “What was the clinical impression at day 7-8 of the pneumo-
nia episode?” The discordance may be due to the fact that some
clinical interpretation was required when choosing the best re-
sponse to these questions. For example, a day 7-8 end point of
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Figure 2. Crude rates of interobserver agreement by year. When interobserver agreement was defined as consensus between 2 of 2 adjudicators, the crude rates of
interobserver agreement did not exceed 0.6. Interobserver agreement, defined as agreement between 2 of 3 adjudicators, increased the rate of agreement.

Table 2. Rates of Interobserver Agreement Based on Characteristics of the First Pneumonia Episod

or the Pr of Multiple Episodes of Pneumonia

Method to Achieve Consensus

No. of Cases With Agreement

No. of Cases With Agreement

Percentage of Cases That Achieved

Etiology of Between 2 of 2 Adjudicators Between 2 of 3 Adjudicators No. of Cases Needing Agreement Without Need for

Pneumonia Episode (%) (%) Committee Review (%) Committee Review

Bacterial etiology 83 (55.3) 43 (28.7) 24 (16.0) 84.0
defined
(n=150)

Bacterial and viral 32 (40.0) 22 (27.5) 26 (32.5) 67.5
coinfection
(n=80)

Culture-negative 57 (563.8) 36 (34.0) 13 (12.3) 87.8
(n=106)

Nonpneumonia 28 (49.1) 16 (28.1) 13 (22.8) 77.2
(n=57)

Viral etiology defined 57 (40.1) 47 (33.1) 38 (26.8) 73.2
(n=142)

Indeterminate 2 (66.7) 1(33.3) 0 (0) 100
(n=3)

Multiple pneumonia 19 (15.8) 39 (32.5) 62 (51.7) 48.3
episodes
(n=120)

The “multiple pneumonia episodes” category consists of patients with 2 or more pneumonia episodes during a single hospitalization. Note that the “pneumonia etiology” section in Table 1
lists all cases included in this study (n=593). Table 2 only lists the cases that were adjudicated by at least 2 adjudicators.

cure requires the signs and symptoms of pneumonia to be im-
proving. If a patient’s oxygen requirement changed from 60%
fraction of inspired oxygen (FiO2) to 50% FiO2, some clinicians
may consider this an improvement while others may not consid-
er this a meaningful improvement. Similarly, if an initial respi-
ratory culture grew >100000 cfu/mL of a bacterium, and a

repeat culture on day 7 grew 100 cfu/mL of the same bacterium,
some clinicians may call this persistent infection while others
may consider this to be a cure.

Other factors were associated with relatively lower rates of
consensus. The presence of multiple episodes of pneumonia
during a hospitalization and an initial episode of bacterial/viral
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Hospital Discharge Disposition Grouped By Day 7-8 Clinical End Point
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Figure 3. The association between day 7-8 clinical end points (cure, indeterminate, persistent, or superinfection) for the initial episode of bacterial or bacterial—viral
coinfection pneumonia and discharge disposition at the end of the hospitalization. Favorable discharge dispositions are home, AIR, LTACH, and SNF. Unfavorable discharge
dispositions are hospice or deceased. *Deceased includes patients who underwent lung transplantation for refractory respiratory failure during their hospitalization.
Abbreviations: AIR, acute inpatient rehabilitation; LTACH, long-term acute care hospital; P and S, persistence and superinfection; SNF, skilled nursing facility.

coinfection pneumonia decreased the rates of interobserver
agreement. The latter finding likely reflects the increased com-
plexity of assessing coinfection, particularly when microbiolog-
ic resolution for 1 pathogen and persistence of the other exists.
Conversely, interobserver agreement was high for culture-
negative cases. One explanation may be that a culture-negative
case may already be responding to antibiotics and more con-
sensus among adjudicators was found for cure. Alternatively,
the reason may simply be that fewer variables need adjudica-
tion in culture-negative cases, for example, appropriateness
of antibiotics or a decrease in colony-forming units of an or-
ganism on serial BALs.

There are multiple strengths to our adjudication protocol.
First, the extent of our protocol minimizes the probability
that 2 observers could provide the same responses to all of
the questions by chance. The adjudicators were all pulmonary
and critical care physicians, with extensive clinical experience
in pneumonia treatment. The defined end points correlated
with objective and clinically meaningful discharge dispositions
and were consistent with consensus guidelines. Our starting
point was pneumonia diagnosed by BAL criteria, minimizing
contamination of the assessment by cases that were not pneu-
monia. Despite this level of rigor, we found poor interobserver
agreement between 2 adjudicators and only moderate improve-
ment with an additional independent review.

Our study also has limitations. We adjudicated clinical out-
comes independent of the physicians treating the patient, al-
though we did review all clinical documentation from the

bedside teams during our case reviews. We did not have access
to additional pertinent clinical information not readily avail-
able from the electronic health record. Another limitation is
the external validity of our findings, which may depend on
the experience of the adjudicators comprising the panel. In
our study, key data incorporated into adjudications came
from BAL fluid results, which may limit the generalizability
of our protocol in centers where BAL sampling is used less of-
ten in pneumonia diagnosis and management. Despite these
limitations, for patients with both bacterial and viral-only
pneumonia, a day 7-8 adjudicated clinical impression of cure
was associated with discharge from the hospital alive. This im-
portant association between adjudicated end points and objec-
tive outcomes supports the construct validity of our procedures
for the initial bacterial episode of pneumonia. Use of an adju-
dication committee similar to ours could be considered to op-
timize use of clinical response as an end point for registration
trials and cohort studies of pneumonia.
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