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Abstract

Objective The yield of pulmonary imaging in patients with suspected infection but no respiratory symptoms or signs is

probably limited, ultra-low-dose CT (ULDCT) is known to have a higher sensitivity than Chest X-ray (CXR). Our objective

was to describe the yield of ULDCT and CXR in patients clinically suspected of infection, but without respiratory symptoms

or signs, and to compare the diagnostic accuracy of ULDCT and CXR.

Methods In the OPTIMACT trial, patients suspected of non-traumatic pulmonary disease at the emergency department

(ED) were randomly allocated to undergo CXR (1210 patients) or ULDCT (1208 patients). We identified 227 patients in

the study group with fever, hypothermia, and/or elevated C-reactive protein (CRP) but no respiratory symptoms or signs,

and estimated ULDCT and CXR sensitivity and specificity in detecting pneumonia. The final day-28 diagnosis served as

the clinical reference standard.

Results In the ULDCT group, 14/116 (12%) received a final diagnosis of pneumonia, versus 8/111 (7%) in the CXR group.

ULDCT sensitivity was significantly higher than that of CXR: 13/14 (93%) versus 4/8 (50%), a difference of 43% (95% CI:

6 to 80%). ULDCT specificity was 91/102 (89%) versus 97/103 (94%) for CXR, a difference of — 5% (95% CI: — 12 to 3%).

PPV was 54% (13/24) for ULDCT versus 40% (4/10) for CXR, NPV 99% (91/92) versus 96% (97/101).

Conclusion Pneumonia can be present in ED patients without respiratory symptoms or signs who have a fever, hypothermia,

and/or elevated CRP. ULDCT’s sensitivity is a significant advantage over CXR when pneumonia has to be excluded.

Clinical relevance statement Pulmonary imaging in patients with suspected infection but no respiratory symptoms or signs

can result in the detection of clinically significant pneumonia. The increased sensitivity of ultra-low-dose chest CT compared

to CXR is of added value in vulnerable and immunocompromised patients.

Key Points

o Clinical significant pneumonia does occur in patients who have a fever, low core body temperature, or elevated CRPwithout
respiratory symptoms or Signs.

o Pulmonary imaging should be considered in patients with unexplained symptoms or signs of infections.

o To exclude pneumonia in this patient group, ULDCT'’s improved sensitivity is a significant advantage over CXR.
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Abbreviations

AMC Amsterdam Medical Center
Amsterdam UMC  Amsterdam University Medical Center
CAP Community-acquired pneumonia

CRP C-reactive protein

CT Computed tomography

CXR Chest X-ray

DMARDS Disease-modifying anti-rheumatic drugs
eCRF Electronic case record forms

ED Emergency department

HCAP Healthcare-associated pneumonia

HIV Human immunodeficiency virus

NTR Netherlands trial register

OPTIMACT OPTimal IMAging strategy in patients
suspected of non-traumatic pulmonary
disease at the ED: chest X-ray or CT

ULDCT Ultra-low-dose computed tomography

Background

The classic clinical presentation of community-acquired pneu-
monia (CAP) is a febrile patient with respiratory signs and
symptoms. In practice, however, the presentation of pneu-
monia varies. The symptoms and signs that can accompany
pneumonia are non-specific, and no single symptom, sign, or
combination thereof is a reliable predictor of the illness [1-3].
Some patients with pneumonia may not exhibit respiratory
symptoms, others may not develop fever [3-5]. In particular
elderly individuals and those with immunocompromising ill-
nesses are less likely to develop fever [4, 6]. Therefore, radio-
graphic criteria are often used for defining CAP [1, 3].

To date, chest X-ray (CXR) is the initial imaging modal-
ity of choice for detecting chest pathology. Although readily
available, the diagnostic accuracy of CXR is limited [7-9].
Chest computed tomography (CT) is a three-dimensional
projection technique without the disadvantage of over-pro-
jection, visualizing anatomy, and pathology better than CXR
[10, 11]. With the advent of ultra-low-dose CT (ULDCT)
the disadvantage of the higher radiation dose is largely over-
come while diagnostic quality is preserved. In a systematic
review and in a prospective study in the ED setting the sen-
sitivity and specificity for diagnosing consolidations with
ULDCT were 87-100% and 92—-100%, respectively [12, 13].
Three prospective studies, one investigating patients in an
outpatient clinic with ULDCT and the other two investigat-
ing patients in an emergency department (ED) setting with
early chest CT, showed that (ULD)CT leads to an earlier
diagnosis of pneumonia, which significantly affected clinical
management and resulted in a significantly higher perceived
confidence of the radiologist [8, 14, 15].

Pneumonia’s heterogeneous clinical presentation and, to
some extent, the limited value of clinical diagnostic signs
raise the question of whether pulmonary imaging should be
considered in undifferentiated febrile patients who do not
exhibit obvious respiratory symptoms. In four studies inves-
tigating either patients with neutropenic fever, with a fever
of unknown origin, or febrile patients at the ED without
respiratory symptoms, the yield of CXR varied between 2
and 5% [16-19]. The yield of pulmonary imaging in patients
with a suspected infection but no respiratory symptoms or
signs is therefore probably limited. It is currently unknown
whether ULDCT also outperforms CXR in this group.

We recently reported the results of the OPTIMACT trial,
a multicentre, non-inferiority, randomized clinical trial
evaluating the health outcomes effect of replacing CXR by
ULDCT in the diagnostic work-up of patients suspected
of non-traumatic pulmonary disease at the ED [20]. The
purpose of the sub-study reported here was to evaluate the
yield of ULDCT and CXR in patients with a suspected infec-
tion who did not exhibit respiratory symptoms or signs, but
in whom pulmonary infection needed to be ruled out. We
hypothesized that ULDCT would result in a greater number
of pneumonia diagnoses than CXR.

Methods
Study design

This study is an additional analysis of data collected in the
OPTIMACT trial [20, 21]. In this trial, during randomly
assigned periods of one calendar month between January
31, 2017, and May 31, 2018, either ULDCT or conven-
tional CXR was used as the radiological imaging modality
in patients who required pulmonary imaging at the ED of
two participating Dutch hospitals: one university hospital
(Amsterdam UMC) and one large teaching hospital (Spaarne
Gasthuis (SG)) [21]. The Medical Ethics Committee of the
Amsterdam UMC location AMC approved the study pro-
tocol. All participants provided written informed consent.
The study was registered in the Netherlands Trial Register
(number NTR6163).

Study participants

The OPTIMACT study included patients 18 years and older,
presenting at the ED suspected of non-traumatic pulmonary
disease, and requiring chest imaging according to the attend-
ing physician. Patients could be self-referred or referred to
the ED by their primary care physician or a hospital-based
treating physician. Excluded were patients unable to undergo
ULDCT or CXR, pregnant women, incapacitated patients, and
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patients with a life expectancy of less than one month or with
other anticipated barriers to 28 days of follow-up data collec-
tion. Patients could only participate once [21]. Included in the
present analysis were trial participants clinically suspected of
infection but not presenting with respiratory signs or symp-
toms. Patients were suspected of infection when they had a
fever (a core body temperature > 38.0 °C) or a low core body
temperature (i.e., <36.0 °C), or when they had an elevated
(>20 mg/L) C-reactive protein (CRP) level. Patients were not
included in the analysis if they displayed at least one sign
or symptom consistent with infectious respiratory disease,
including coughing, sputum production, dyspnoea, hemopty-
sis, chest pain, or abnormal breathing sounds at auscultation.

Study procedures

History taking, physical examination, and laboratory tests
were initiated by the attending physician. After setting the
indication for chest imaging and acquiring informed con-
sent, the attending physician provided a clinical question
on the structured and standardized radiology request form.
This was followed by either ULDCT or CXR, according
to the imaging method allocated to the month of presenta-
tion. If the clinical question was not adequately answered
after obtaining the CXR or ULDCT, standard additional
imaging (e.g., chest CT with intravenous contrast medium,
CT pulmonary angiography) was performed. The median
ULDCT dose was 0.2 mSv (IQR 0.2 to 0.3 mSv). The
median CXR dose for portable anterior—posterior (AP) CXR
was 0.02 mSv (IQR 0.02 to 0.03 mSv) and for bucky CXR
posterior-anterior (PA) and lateral 0.05 mSv (IQR 0.03 to
0.07 mSv). Additional technical information on the imag-
ing techniques used (ULDCT and CXR) is available in the
Supplementary appendix.

Radiologists used a structured standardized report to opti-
mize and standardize reading. Reading and reporting were
performed or supervised by the radiologist on call at the
time of clinical management, also outside office hours. The
ULDCT and CXR were read with prior imaging if avail-
able. To increase inter-reader consistency, the residents and
radiologists less experienced in the field of chest imaging
were supervised by a group of seven radiologists with a sub-
specialty in chest imaging. When a radiologic diagnosis of
pneumonia was made, a pneumonia pattern was reported:
lobar, interstitial, or bronchopneumonia. Further details
regarding the design of the OPTIMACT trial and the main
outcomes are reported elsewhere [20, 21].

The data collected at baseline consisted of medical his-
tory, physical examination results, laboratory values, micro-
biological and radiological evaluation, and clinical diagnosis
at ED discharge. Participants were followed for 28 days. All
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clinical, radiological, and microbiological data from partici-
pants available after 28 days of follow-up were reviewed post
hoc. Based on these findings, a final day-28 diagnosis was
assigned. A diagnostic handbook was developed to establish
32 possible day-28 diagnoses, including CAP, healthcare-
associated pneumonia (HCAP), and aspiration pneumo-
nia. Details of this handbook and its validation have been
reported elsewhere [22]. All data were collected and stored
in electronic case record forms (eCRF) (Castor EDC) [21].

Patients were categorized as immunocompromised if they
had a history of human immunodeficiency virus (HIV) infec-
tion, organ or bone marrow transplantation, or hematological
malignancy, had received recent chemotherapy (i.e., within
the previous six months), were neutropenic, or if they used
immunosuppressive medication (e.g., steroids or disease-
modifying anti-rheumatic drugs (DMARDS).

Statistical analysis

Between-group variations in categorical variables were com-
pared with chi-squared tests or through Fisher’s exact test,
as appropriate, continuous variables with unpaired #-tests or
through Mann—Whitney U tests. We calculated the percentage
of patients diagnosed with pneumonia by ULDCT or CXR.
The day-28 diagnosis served as the clinical reference stand-
ard. In addition, we calculated and compared estimates of
sensitivity and specificity for CXR and ULDCT in detecting
pneumonia in this subgroup. All analyses were performed in
IBM SPSS Statistics for Windows, version 26 (IBM Corp.).

Results
Study group

Between January 31, 2017, and May 31, 2018, 2418
patients were included in the OPTIMACT study. Of these,
227 presented with fever, low core body temperature, or
elevated CRP and no respiratory signs or symptoms; 116
were assigned to the ULDCT group and 111 to the CXR
group (Fig. 1). The baseline characteristics of the ULDCT
and CXR groups were broadly comparable (Table 1). In the
ULDCT group, more patients had a hematologic malig-
nancy, 21/116 (18%), versus 8/111 (7%) in the CXR group.
In addition, more ULDCT patients had recently received
chemotherapy, 28/116 (24%), versus 12/111 in the CXR
group (11%), although the overall proportion of immu-
nocompromised patients was comparable in both groups:
51/116 (44%) versus 39/111 (35%). There were no other
significant differences in comorbidities, clinical parameters,
or laboratory results. The clinical question on the radiology



European Radiology (2023) 33:7294-7302

7297

l'

Randomised (n=2418) 1
| |
\ 4 \ 4
"“iate:i\t? uLbCt A AHL’)LS'LE’;‘ L CXR
(n=1208) (n=1210)
‘ [ ¥
i T < | :
4 v
Underwent CXR
= e i 1derwen R

(n=118)

Yes

(n=116)

T>38'CorT<36°C
or CRP > 20
No respiratory
symptoms or signs

Documentation of
medical history and

physical examination in
medical record

(n=1203)
i
4

Available for follow-up

(n=1187)

1p

Fig. 1 Flow chart. T, temperature; °C, Celsius; CRP, C-reactive protein; ULDCT, ultra-low-dose chest-CT; CXR, chest X-ray

request form was most often (exclusion of) pneumonia:
ULDCT 107/116 (92%), CXR 98/111 (88%).

Pneumonia was categorized as CAP in 14 patients, as
HCAP in 7 patients, and as aspiration pneumonia in one
patient. More patients in the ULDCT group had a day-28 diag-
nosis of pneumonia: ULDCT 14/116 (12%) versus CXR 8/111
(7%), a difference of 5% (95% CI: 3% to 13%). The radiologist
reported a lobar pneumonia pattern four times on ULDCT and
two times on CXR, a bronchopneumonia pattern eight times on
ULDCT and two times on CXR, and an interstitial pneumonia
pattern was reported only once on ULDCT. The pneumonia
pattern could not be specified in one respectively four cases.

The cases of pneumonia we found were clinically signifi-
cant. At admission, the median CURB-65 score in patients
diagnosed with pneumonia was 1 (IQR 0 to 2), and their
median gSOFA-score (quick sequential organ failure assess-
ment score) was 0 (IQR O to 1) [24, 25]. There were no
patients that met all three qSOFA criteria. However, two
patients presented with septic shock, and four patients
required intravenous volume resuscitation because of hemo-
dynamic instability. Most patients required admission and
were prescribed antibiotics. Moreover, two patients that went
undiagnosed by CXR at the ED later developed pneumonia
visible on additional CXR and required admission.

When comparing patients with and without a final day-28
diagnosis of pneumonia (Table 2), we found no significant

differences in demographics and comorbidities. More
patients had a fever in the group diagnosed with pneumo-
nia: 12/22 (55%), compared to 64/205 (31%) in patients with
other diagnoses, a difference of 23% (95% CI: 2 to 45%).
Median CRP was higher in patients with pneumonia: 69 (IQR
32 to 129) mg/L versus 35 (IQR 10 to 96) mg/L (p=0.03).
There was no significant difference in the number of patients
with an elevated CRP (>20 mg/L). No significant differences
were found in the other clinical and vital parameters, the
number of leukocytes, or the proportion of patients with neu-
tropenia. There was no difference in admission rate between
patients with pneumonia and those without: 15/22 (68%)
versus 138/205 (67%). Patients diagnosed with pneumonia
were more often treated with antibiotics: 19/22 (86%) versus
108/205 (53%), a difference of 33.7% (95% CI: 18 to 50%).

Accuracy

When evaluating the diagnostic accuracy of ULDCT and CXR
against the day-28 diagnosis, our clinical reference standard, we
observed that 13/14 (93%) cases of pneumonia were correctly
identified on ULDCT. Furthermore, 11/102 (11%) patients had
aradiological diagnosis of pneumonia and no day-28 diagnosis
of pneumonia (Table 3). In contrast, 4/8 (50%) cases of pneu-
monia were correctly identified by CXR but four others were
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Table 1 Baseline characteristics

Characteristics ULDCT (n=116) CXR (n=111) p
Demographics
Age in years, median [IQR] 59.0 [42-71] 57.0 [45-73] 0.3
Sex, male 56 (48) 49 (44) 0.5
Comorbidity
Charlson Comorbidity Index (IQR)* 4 [2-5] 4[1-6] 0.9
Immunocompromised 51 (44) 39 (35) 0.2
Recent chemotherapy 28 (24) 12 (11) 0.02
Solid tumor 23 (20) 24 (22) 0.7
Hematologic malignancy 21 (18) 8 (7 0.02
Pulmonary disease
COPD 4(3) 505 0.7
Asthma 8(7) 7(6) 0.9
Cardiac disease
Chronic heart failure 6(5) 6(5) 0.8
Myocardial infarction 12 (10) 11 (10) 0.9
Cerebrovascular disease 10 (9) 15 (14) 0.2
Diabetes 23 (20) 25 (23) 0.6
Renal disease 13 (11) 13 (12) 0.9
Liver disease 6(5) 6(5) 0.9
Symptoms
Confusion 10 (9) 7 (6) 0.5
Clinical parameters and laboratory values
Temperature, °C, mean [SD] 38 [1] 38 [1] 1.0
>38 °C 81 (70) 69 (62) 0.3
<36 °C 7(6) 50 0.6
Heart rate, mean [SD] 96 [18] 95 [19] 04
Systolic blood pressure, mean [SD] 126 [21] 124 [23] 1.0
Respiratory rate, mean [SD] 18 [5] 18 [5] 0.7
Leucocytes, 10%L, mean [SD] 9, 8 [6] 11, 1 [10] 0.4
Neutropenia, < 1.5 10°/L 2(2) 1(1) 1.0
CRP, mg/L, median [IQR] 40 [8-107] 41 [16-97] 0.7
CRP>20 mg/L 75 (65) 78 (70) 0.4

Numbers are n (%), unless otherwise indicated. ULDCT ultra-low-dose chest computed tomography, CXR
chest X-ray, CRP C-reactive protein, COPD chronic obstructive pulmonary disease, °C Celsius

# Charlson Comorbidity Index, excluding AIDS. Predicts 10-year survival in patients with multiple comor-

bidities [23]

missed; 6/103 (6%) patients had a radiological diagnosis of
pneumonia and no day-28 diagnosis of pneumonia (Table 3).

Therefore, ULDCT’s sensitivity for the detection of pneu-
monia was significantly higher (13/14, 93%) than that of
CXR (4/8, 50%), a difference of 43% (95% CI: 6 to 80%).
Specificity was 91/102 (89%) for ULDCT and 97/103 (94%)
for CXR; the difference of —5% (95% CI: — 12 to 3%) was
not statistically significant. The positive predictive value of
ULDCT was 13/24 (54%) and of CXR 4/10 (40%), a differ-
ence of 14% (95% CI: —22 to 50%), the negative predictive
value of ULDCT 91/92 (99%) and of CXR 97/101 (96%), a
difference of 3% (95% CI: —1 to 7%).
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Discussion

In this analysis of the OPTIMACT trial, we observed that
pneumonia can occur in patients with fever or elevated CRP
even if they do not show respiratory signs or symptoms. In
total, 22 patients (10%) were diagnosed with pneumonia.
ULDCT had a significantly higher sensitivity in the detec-
tion of pneumonia than CXR: 93% versus 50%. The cases
of pneumonia we found were clinically significant, most
patients required admission and were prescribed antibiot-
ics. According to our findings, clinical characteristics or
comorbidities alone cannot be used to identify patients with
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Tab]e 2 Cgmparispn between Characteristics Pneumonia (n=22) No pneumonia p
patients w1.th or without a day- (n=205)
28 diagnosis of pneumonia
Demographics
Age, mean [SD] 59.2 [17] 56.8 [19] 0.6
Male 10 (46) 95 (46) 1.0
Comorbidity
Charlson Comorbidity Index (IQR)? 4 [2-6] 411-6] 0.5
Immunocompromised 10 (46) 80 (39) 0.6
Recent chemotherapy 5(23) 35(17) 0.5
Solid tumor 6 (27) 41 (20) 04
Hematological malignancy 4 (18) 27 (13) 0.5
Pulmonary disease
COPD 0(0) 94) 0.6
Asthma 209 13 (6) 0.6
Cardiac disease
Chronic heart failure 0(0) 11 (5) 0.6
Myocardial infarction 3(14) 20 (10) 0.5
Cerebrovascular disease 4 (18) 21 (10) 0.3
Diabetes 5(23) 43 (21) 0.8
Renal disease 3(14) 23 (11) 0.7
Liver disease 0(0) 12 (6) 0.6
Symptoms
Confusion 29 15 (7) 0.7
Clinical parameters and laboratory values
Temperature, ° C, mean [SD] 38.0[1] 38.3[1] 0.3
>38°C 12 (55) 64 (31) 0.03
<36 °C 1(5) 11(5) 1
Heart rate, mean [SD] 100 [21] 95 [18] 0.3
Systolic blood pressure, mean [SD] 123 [22] 126 [22] 0.6
Respiratory rate, mean [SD] 20 [5] 18 [5] 0.05
Leukocytes, 10%L, mean [SD] 13 [10] 10 [8] 0.2
Neutropenia, < 1.5 10%/L 0 (0) 32 1
CRP, mg/L, median [IQR] 69 [32-129] 35 [10-96] 0.03
CRP > 20 mg/L 19 (86) 134 (65) 0.06
Outcome
Hospital admission 15 (68) 138 (67) 1
Mortality within 30 days 1(5) 4(2) 0.4
Antibiotic treatment 19 (86) 108 (53) 0.002
Final day-28 diagnosis®
Community-acquired pneumonia 14 0
Healthcare-associated pneumonia 7 0
Aspiration pneumonia 1 0
Upper airway infection 0 7
Fever of unknown origin 0 45
Other thoracic pathology 0 9
Pathology outside the chest 5 139

Numbers are n (%), unless otherwise indicated. ULDCT ultra-low-dose chest computed tomography, CXR
chest X-ray, CRP C-reactive protein, COPD chronic obstructive pulmonary disease, °C Celsius

4Charlson Comorbidity Index, excluding AIDS. Predicts 10-year survival in patients with multiple comor-

bidities[23]

® Day-28 diagnosis that occurred more than five times; a patient could have more than one diagnostic label
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Table 3 Cross-tabulation of

: R > ° Day-28 diagnosis Pneumonia Day-28 diagnosis Total

radl(?loglca.l diagnosis and day- No pneumonia

28 diagnosis for ULDCT and

for CXR ULDCT
Pneumonia+on ULDCT 13 11 24
Pneumonia—on ULDCT 1 91 92
Total on ULDCT 14 102 116
Sensitivity 13/14 (93%) — Specificity 91/102 (89%) — PPV 13/24 (54%) — NPV 91/92 (99%)

CXR

Pneumonia+on CXR 4 6 10
Pneumonia —on CXR 4 97 101
Total on CXR 8 103 111

Sensitivity 4/8 (50%) — Specificity 97/103 (94%)— PPV 4/10 (40%) — NPV 97/101 (96%)

ULDCT ultra-low-dose chest computed tomography; CXR chest X-ray; PPV positive predictive value; NPV

negative predictive value

or without pneumonia, compatible with earlier observations
that no single symptom, sign, or comorbidity is predictive of
pneumonia [1-3], but on average more patients had a fever
and CRP was higher in those diagnosed with pneumonia.
To our knowledge, only one other study has been done to
investigate the yield of pulmonary imaging in ED patients
who have a fever or elevated CRP without respiratory signs
or symptoms [19]. This prospective cross-sectional study
identified one single factor, a reliable history, that could
discriminate between patients diagnosed with pneumonia
and those who were not. The medical history was scored as
reliable if the patient was not confused and had no language
barrier or cognitive or verbal impairment. We did not see an
association with pneumonia for any of the individual patient
characteristics or clinical parameters that would construct
a measure for reliable history. Most notably, no difference
existed in the proportions of pneumonia and non-pneumonia
in patients presenting with confusion. Interestingly, the pro-
portion with pneumonia in our study group (10%; ULDCT
12%, CXR 7%) was relatively high compared with the over-
all proportion of 5% in the aforementioned cross-sectional
study on this subject [19]. That trial relied on CXR to diag-
nose pneumonia. In our study, we relied on ULDCT or CXR.
Our results clearly showed the higher sensitivity of ULDCT
for the detection of pneumonia. The difference between both
studies might also partly be explained by a different selec-
tion of subjects. The cross-sectional trial included patients
from a regional hospital [19]. In our study, patients came
from a university hospital and a regional teaching hospital.
This can explain the notably high proportion of immuno-
compromised patients in our study group (40% versus 29%).
Compared to CXR, ULDCT had a significantly greater
sensitivity for detecting pneumonia. A retrospective study
in patients presenting with non-traumatic thoracic emer-
gencies at the ED described CXR’s similarly low sensitiv-
ity (37.7%) for pneumonic consolidations when compared
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to conventional chest CT [7]. Another retrospective study
reported 27% underdiagnoses of pneumonia in a series of
97 patients undergoing both CXR and conventional CT
[10]. A recent systematic review and prospective study in
an ED setting confirmed the high diagnostic accuracy of
ULDCT, with a sensitivity for consolidations between 87
and 100% [12, 13]. Although the negative predictive value of
both techniques is high (ULDCT 99%, CXR 96%), the very
high sensitivity and very high negative predictive value of
ULDCT is especially important when the prevalence of the
disease is low and when in vulnerable, immunocompromised
patients’ pneumonia has to be ruled out with certainty. This
finding is in line with two prospective studies that suggested
that the potential benefit of (ULD) chest CT lies in ruling
out pneumonia and reducing the overdiagnosis of pneumonia
[8, 15].

There were remarkably few patients with cardiovascular
and pulmonary comorbidities in our group, which is likely
due to the inclusion and exclusion criteria used. It is rare for
patients afflicted with cardiovascular or pulmonary comor-
bidities to have no respiratory symptoms or signs [23]. Com-
pared to the overall OPTIMACT study group, the patients
in this analysis were more likely to have a history of malig-
nancies, to have recently undergone chemotherapy, or to be
immunocompromised. Even though these patients had no
obvious respiratory signs or symptoms, the decision was
made to perform pulmonary imaging. It is conceivable that,
even when there are no apparent signs of respiratory disease,
physicians are more likely to request pulmonary imaging in
such patients.

Due to the pragmatic nature of the OPTIMACT trial, con-
cealment of allocation was not possible. This may have influ-
enced the behavior of physicians in including patients in the
ULDCT or CXR months and may explain the higher propor-
tion of patients with hematologic malignancies and recent
chemotherapy in the ULDCT group. However, in our study
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group, we did not find a relationship between comorbidities
and the presence of pneumonia. Second, due to the nature of
this study, patients underwent either ULDCT or CXR, not
both. Estimation of sensitivity and specificity was performed
based on independent samples, while a more precise com-
parison would have been made in paired samples (i.e., CXR
and ULDCT performed on the same patient). However, that
would have prevented the evaluation of patient outcomes
per diagnostic arm. Nonetheless, given the sample size, our
results provide strong indications that ULDCT outperforms
CXR in the detection of pneumonia in patients without
respiratory signs or symptoms. The day-28 diagnosis was
used as a reference standard, but results of the diagnostic
strategy, ULDCT or CXR, were incorporated in the day-28
diagnosis, and this may have influenced the outcome. The
influence is probably limited because the follow-up period
of 28 days results in a post hoc day-28 diagnosis that uses all
clinical, radiological, and microbiological data obtained dur-
ing follow-up, including additional imaging and the natural
course of the disease.

Finally, due to the small number of patients who were
diagnosed with pneumonia, we had limited power to find
patient characteristics that were indicative or predic-
tive of pneumonia in patients without respiratory signs or
symptoms.

Despite these limitations, this study’s strengths should
also be highlighted. It was performed in the EDs of a tertiary
and a large regional teaching hospital, where it included the
complete spectrum of patients who present at the ED and
who, according to the physician, require pulmonary imaging.
This means that the results of this study are generalizable
to other settings. Furthermore, this study was longitudinal
in design, with a follow-up period of 28 days, and therefore
the diagnosis of pneumonia could be established consider-
ing all clinical, radiological, and microbiological data from
participants available after 28 days of follow-up. In this way,
the clinical diagnosis of pneumonia could be established
much more reliably than would have been possible when
only the data from the moment of imaging would have been
available.

In conclusion, our results imply that pulmonary imaging
can at least be considered in patients who have a fever, low
core body temperature, or elevated CRP without respiratory
symptoms or signs. When the objective is to exclude pneu-
monia from the differential diagnosis in this patient group,
for instance, because the patient is immunosuppressed,
ULDCT’s improved sensitivity compared to CXR is a sig-
nificant advantage.
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