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Patients  clinically suspected of community-acquired
pneumonia (CAP) were randomized between ultralow-dose
chest computed tomography ([ULDCT] 261 patients) and
chest radiograph ([CXR] 231 patients). We did not find
evidence that performing ULDCT instead of CXR affects
antibiotic treatment policy or patient outcomes. However, in
a subgroup of afebrile patients, there were more patients
diagnosed with CAP in the ULDCT group (ULDCT, 106 of
608 patients; CXR, 71 of 654 patients; P=.001).
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The presence of a parenchymal consolidation on chest x-ray
(CXR), combined with systemic signs of infection and symp-
toms of acute lower respiratory infection, defines a diagnosis
of community-acquired pneumonia (CAP) [1]. Performing a
CXR is currently the standard diagnostic procedure in patients
suspected of CAP. However, chest computed tomography
(CT) scan has a higher diagnostic accuracy for CAP compared
with CXR [2, 3]. Ultralow-dose chest CT (ULDCT) scans have
recently become available, with a radiation dose comparable to
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the CXR radiation dose [4, 5]. The ULDCT might therefore re-
place CXR as the preferred diagnostic procedure in patients clin-
ically suspected of CAP, provided that ULDCT proves to be an
accurate diagnostic for CAP, improves antibiotic management,
and, most importantly, results in better patient outcomes.

We recently reported on the results of the OPTIMACT study,
alarge multicenter randomized controlled trial (RCT) designed
to evaluate ULDCT versus CXR in patients suspected of non-
traumatic pulmonary disease [6, 7]. Short-term functional
health was comparable between ULDCT and CXR, as were hos-
pital admissions, length of hospital stay, and mortality rates [7].

However, among the 2418 included patients in this RCT, a
higher number of patients was diagnosed with CAP in the
ULDCT group, which is in line with previous studies indicating
the higher sensitivity of ULDCT [8]. In this study, we investi-
gated whether the higher sensitivity of ULDCT affected clinical
management and patient outcomes in the patients clinically (ie,
before imaging) suspected of CAP.

METHODS

This is a preplanned subgroup analysis of data prospectively
collected in the OPTIMACT trial between January 31, 2017
and May 31, 2018 (The Netherlands Trial Register identifier
NTR6163) [6, 7, 9]. Patients in the emergency department
(ED) older than 18 years were eligible for inclusion in the
OPTIMACT trial if they presented with symptoms of nontrau-
matic pulmonary disease and required a CXR according to the
attending physician. During randomly assigned periods of 1
calendar month, either ULDCT or conventional CXR was
used in the 2 participating Dutch hospitals.

Patients were eligible for this preplanned subgroup analysis
if there was, before imaging, a clinical suspicion of CAP, de-
fined as at least 1 clinical sign or symptom of an acute lower re-
spiratory tract infection (cough, sputum production, dyspnoea,
chest pain, or abnormal breathing sounds at auscultation sug-
gestive of pneumonia), and new onset of systemic infection (fe-
ver [>38°C] or hypothermia [<36°C]). Patients were not
eligible in case of a concurrent active infection requiring anti-
biotic treatment, admission to a hospital in the 2 weeks before
ED presentation, or admission to the intensive care unit in the
28 days after ED presentation. Details of the study design and
data collection are reported elsewhere [7].

Patient Consent Statement

The Medical Ethics Committee for the Amsterdam University
Medical Centers approved the study protocol. The study con-
forms to ethical standards applied in the Netherlands. Written
informed consent was provided by all study participants.
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Table 1. Baseline Characteristics, Diagnosis, and Outcomes Table 1. Continued
ULDCT CXR P ULDCT CXR P
n=261 n=231 Value n=261 n=231 Value
General Total days of antibiotic therapy, median 71[5-9]  7[5-10] .68
Age, year, mean (SD) 57(19) 58(18) [1QRI°
—— 126 (48) 104 (45) Functional health®", mean (SD) 37(11) 36(11) .30
Antibiotic use for RTI or pneumonia 32(12) 30 (13) Abbreviations: CXR, chest radiograph; ED, emergency department; IQR, interquartile range;
before ED presentation RTI, respiratory tract infection; SD, standard deviation; ULDCT, ultralow-dose chest
- computed tomography. o
T a NOTE: Data are n(%) unless otherwise indicated.
Charlson comorbidity index, 3[1-5] 3[1-5] . o ) o - .
dian [IQR] Charlson comorbidity index, excluding acquired immune deficiency syndrome. Predicts
me 10-year survival in patients with multiple comorbidities.
Immunocompromised 64 (25) 67 (29) ®More than 5% missing data.
Malignancy 45 (17) 51(22) CAspiration pneumonia, radiation pneumonia, exacerbation asthma, exacerbation chronic
Diabetes 50 (19) 43 (19) obstructive pulmonary disease, exacerbation cystic fibrosis, pleural effusion or empyema,
. atelectasis, interstitial lung disease.
Pulmonary Diseases g ) . ) '
. . . Acute coronary syndrome with or without elevated troponins, stable angina pectoris,

Chronic obstructive pulmonary disease 36 (14) 36 (16) cardiac failure, pericarditis, cardiac arrythmias.

Asthma 33(13) 21 (9) °Acute chest syndrome in sickle cell disease, thoracic pain of unknown origin, dyspnea of

Interstitial lung disease 5 (2) 9 (4) unknown origin, fever of unknown origin, other thoracic pathology, extrathoracic

Cystic fibrosis 6(2) 402 pathology, r‘wobpatho\ogy, uhc\eard\agn05|s.

) . fy? test statistic for categorical data.
Cardiac Diseases o . ' '
o . 'Wilcoxon signed-rank sum test for continuous nonparametric data.

Mvoc§rdlal @farctfon 38(15)  30(13) hStudent ¢ test for continuous parametric data.

Chronic cardiac failure 20 (8) 21.(9) 'By use of the short form (SF)-12 questionnaire, which measures functional health with the
Neurological diseases 30(12) 21 (9) physical component summary scale (PCS) score (scale 0~100, higher score corresponds to
Kidney disease 23 (9) 23 (10) better functional health).

Presenting Symptoms
Dyspnea 151 (58) 154 (67) We report the proportion of patients who were discharged
Cough 191(73)  174(75) from the ED with a diagnosis of CAP after initial work up (in-
FovEr azlee) R cluding imaging) and the proportion of patients who had a def-
Thoracic pain 97 (37) 84 (36) .. . . .
P , inite diagnosis of CAP assigned after 28 days of follow up. We
Sputum production 99 (38) 96 (42) . . . . . . o
Hemoptysis 136 136 assigned this definite diagnosis based on a review of all clinical,
Comtusion 8 (3) 11 (5) radiological, and microbiological data available after 28 days of
Vital parameters follow up [10]. A definite diagnosis of CAP was defined as an
S oy on B0 SIN0NTETA7I(20) acute infection of the respiratory tract (criteria defined above)
: . b
ReSp'r_atory rate/minute, mean (SD} 2166 2000 and a parenchymal lung consolidation on ULDCT or CXR, and
Systolic blood pressure, mmHg, mean (SD) 134 (25) 130 (22) . based b diudicati . X
Diastolic blood pressure, mmHg, mean (SD) 79 (15) 77 (13) It was based on consensus by an adjudication committee using
Mt @i, s (G) 98(19) 100 (20) a diagnostic handbook we developed for standardized and re-
Temperature, degrees Celsius, mean (SD) 39 (1) 39 (1) producible categorization of diagnoses [10].
Severity of Disease In an exploratory analysis we used a broader definition of
Pneumonia severity index, median [IQR 729[85]2_ 7?([)‘2?_ suspected CAP, by also including patients with a temperature
O 0
Wit caiy waing oo, medan [0 9IRS 9 Rg between 36°C and 38°C. Outcome measures were number of
Definite diagnosis at day 28 patients admitted to the hospital, total antibiotic use over 28
Community-acquired pneumonia 88 (35)  75(34) days, length of hospital stay, mortality, and functional health
Branchitis, bronchialitis 35(14) 40 (18) at day 28 after ED presentation represented by the short form
.Slnu3|_t|s and other upper respiratory tract 17(7) 20 (9) (SF)—12 questionnaire score.
infections
Pulmonary embolism 1(0) 5(2)
Other pulmonary diseases® 67 (26) 66 (29) RESULTS
Heart diseases® 14 (5) 21 (9)
Lung cancer or pulmonary metastasis 1(0) 6(3) In the OPTIMACT trial, 2418 patients with nontraumatic pul-
Other diagnoses® 99 (38)  85(37) monary disease were included. Of those, 492 patients were clin-
Slicomes ically suspected of having CAP and were included in the current
Hospital admission’ 136 (52) 139 (60) .09 Ivsi ( 58 [ tandard deviati + 19] 53%
1 1 mean andar viation ears;
Length of hospital stay, days, median [IQR]® 1.6 [0-5] 1.8[0-5] .13 analysis an age .S a e. onx yea °
Mortality within 28 days' 208 8(35 07 male). Two hundred sixty-one patients were allocated to
Antibiotic treatment in 28 days after ED 165 (63) 155 (67) .34 ULDCT and 231 to CXR for radiological examination. Baseline

presentation

characteristics were comparable between groups (Table 1).
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After imaging, 78 of the 261 clinically suspected CAP pa-
tients in the ULDCT group were discharged from the ED
with the diagnosis CAP (31%), compared with 75 of 231
(34%) in the CXR group (P =.6; y? test). After evaluation of
all available data after 28 days of follow up, in the ULDCT
group 88 of the 261 clinically suspected CAP patients were di-
agnosed with definite CAP (35%), compared with 75 of 231
(34%) in the CXR group (P =.8; %* test). Differences between
groups in hospital admission, length of hospital stay, mortality,
proportion of patients treated with antibiotics, median number
of days of antibiotic treatment (days on therapy), and function-
al health at day 28 were not detected (P values not significant)
(Table 1).

In the OPTIMACT trial, we reported a higher number of pa-
tients with CAP in the ULDCT group, both at ED discharge and
after 28 days of follow up (definite CAP) [7]. To explain this
discrepancy with the current analysis, we hypothesized that
the higher diagnostic accuracy of ULDCT over CXR is mainly
relevant in a subset of patients with CAP, such as patients with
incipient CAP or an atypical clinical presentation of CAP.

Therefore, in an exploratory analysis, we selected patients
with signs or symptoms of an acute lower respiratory tract in-
fection (as defined above) but a temperature between 36°C and
38°C. This resulted in 1262 patients, of which 608 patients were
allocated to the ULDCT group and 654 patients to the CXR
group. Of the 1262 patients selected by these exploratory crite-
ria, 106 of 608 patients in the ULDCT group were discharged
from the ED with CAP (18%), compared with 71 of 654
(12%) in the CXR group (P =.001; x2 test). After evaluation
of all available data at day 28, in the ULDCT group 105 of
608 patients were diagnosed with definite CAP (18%), com-
pared with 70 of 654 (11%) in the CXR group (P =.001; ¥ test).

DISCUSSION

In this study of patients clinically suspected of CAP at ED pre-
sentation, we found no benefit in using ULDCT as a first-line
diagnostic procedure compared with using CXR regarding
the proportion of patients diagnosed with CAP. Both at dis-
charge from the ED, as well as after reviewing all available clin-
ical data at day 28, the number of patients with a CAP diagnosis
was not significantly different between groups. This refuted our
hypothesis that the higher diagnostic accuracy of ULDCT leads
to a higher number of patients diagnosed with CAP. In line
with this finding, we also did not observe differences in antibi-
otic consumption or clinical outcome measures, such as hospi-
tal admission, length of hospital stay, mortality, and functional
health after 28 days.

Claessens et al [3] assessed whether early multidetector chest
CT scan affects diagnosis of patients visiting the ED with sus-
pected CAP, and they found it alters antibiotic management.
However, Claessens et al [3] used slightly different criteria to

define clinically suspected CAP. Nevertheless, we report on a
more heterogenous population, as represented by proportion
definite CAP in both cohorts (51% vs 33%).

In a study on pneumonia in elderly patients, the probability
of pneumonia was assessed before and after a low-dose CT
(LDCT) scan and subsequently compared to the reference diag-
nosis made by an adjudication committee [11]. The LDCT
modified the estimated probability of pneumonia in 45% of pa-
tients. Correct reclassification was mainly observed in patients
not having pneumonia according to the adjudication commit-
tee, suggesting that the potential benefit of the LDCT would
mainly lie in reducing overdiagnosis of pneumonia [11].

In the OPTIMACT trial, we reported a higher number of pa-
tients with CAP in the ULDCT group. In an exploratory anal-
ysis, we only found a higher number of CAP patients in the
ULDCT group among those with signs and symptoms of an
acute respiratory infection but a temperature between 36°C
and 38°C. Apparently, the higher proportion of CAP patients
in the ULDCT group versus the CXR group in the
OPTIMACT trial was mainly driven by a higher number of
CAP patients in the afebrile subset of patients. This can be con-
sidered an interesting finding, because this is the group more
likely to receive unnecessary antibiotics, and the increased sen-
sitivity of ULDCT could help rule out disease more effectively.

Based on data from literature and results presented in the
present study, one could argue that the value of ULDCT seems
most pronounced among those patients whose clinical presen-
tation is not straightforward, such as patients who are elderly or
afebrile. It should be the subject of further studies to identify
which groups of patients would benefit most from standard
ULDCT imaging.

Our analysis has limitations. First, even when ULDCT would
not lead to more CAP diagnoses compared with CXR, it could
still lead to more accurate CAP diagnoses. Studies in which
both CT and CXR were performed in one patient showed
that the probability of pneumonia increased in some patients
and decreased in others [3, 11]. Second, the coronavirus disease
2019 pandemic may have changed the incidence, presentation,
and management of patients suspected of CAP, which is not ac-
counted for in our study. Third, despite the fact that this was a
representative cross-section sample of the ED population of 2
large Dutch hospitals, the results of this study cannot be trans-
lated directly to specific subgroups, such as the very old.

CONCLUSIONS

In summary, in this randomized trial, we found no indication
that performing ULDCT instead of CXR in febrile or hypother-
mic patients clinically suspected of CAP at the ED affects anti-
biotic treatment or patient outcomes. In afebrile patients,
however, ULDCT might have a higher sensitivity to diagnose
CAP compared with CXR.
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