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ABSTRACT

Objective To assess the diagnostic accuracy of thermal
imaging (Tl) in the setting of focal consolidative pneumonia
with chest X-ray (CXR) as the gold standard.

Setting A large, 973-bed teaching hospital in Boston,
Massachusetts.

Participants 47 patients enrolled, 15 in a training set, 32
in a test set. Age range 10 months to 82 years (median=50
years).

Materials and methods Subjects received CXR with
subsequent Tl within 4 hours of each other. CXR and Tl
were assessed in blinded random order. Presence of focal
opacity (pneumonia) on CXR, the outcome parameter, was
recorded. For Tl, presence of area(s) of increased heat
(pneumonia) was recorded. Fisher’s exact test was used

to assess the significance of the correlations of positive
findings in the same anatomical region.

Results With TI compared with the CXR (the outcome
parameter), sensitivity was 80.0% (95% Cls 29.9% to
98.9%), specificity was 57.7% (95% Cl 37.2% to 76.0%).
Positive predictive value of Tl was 26.7% (95% Cl 8.9%
1055.2%) and its negative predictive value was 93.8%
(95% Cl 67.7% t0 99.7%).

Conclusions This feasibility study confirms proof of
concept that chest Tl is consistent with CXR in suggesting
similarly localised focal pneumonia with high sensitivity
and negative predictive value. Further investigation of Tl as
a point-of-care imaging modality is warranted.

INTRODUCTION

This study investigates the degree to which
thermal imaging (TI) and chest X-ray (CXR)
are concordant in detecting similarly local-
ised focal pneumonia. Often a clinically
challenging diagnosis, bacterial pneumonia
remains a major cause of morbidity and
mortality worldwide, particularly in under-re-
sourced environments."” Expert panels,
including the WHO, have formulated algo-
rithms to enhance clinical accuracy,” typically
focusing on aspects of the medical history
and physical examination to determine the

Strengths and limitations of this study
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» Proof of concept suggesting that thermal imaging
(Tl) is a valid, innovative and inexpensive technology
useful for diagnosing bacterial pneumonia.

» Proof of concept suggesting that Tl is a rapid means
of diagnosing focal pneumonia in high-throughput
settings.

» Proof of concept suggesting that Tl is a valid
and innovative technology useful in diagnosing
pneumonia in resource limited regions of the world.

» As this is a proof of concept study, it does not have
adequate power to be definitive and cannot replace
chest X-ray for detecting focal pneumonia.

» As this is a proof of concept study, limitations of
the technology have not been fully discerned, and
at present include adipose tissue and interpretation,
but may include other concerns which will require
higher numbers of patients enrolled.

likelihood of bacterial pneumonia. Despite
having these algorithms, CXR is generally
performed to confirm the diagnosis in severe
infections.” ™ If TI results are similar to CXR,
it might substitute for CXR when CXR is not
available. In resource-limited environments,
where 2/3 of the world’s population has no
access to diagnostic imaging,'’'® the potential
use of TI in point-of-care screening could aid
decision-making to treat for pneumonia.

Point-of-care imaging using ultrasonog-
raphy to diagnose pneumonia is attracting
interest.'” ** However, ultrasonography
requires costly equipment and specific exper-
tise for image acquisition and interpretation.

Anecdotal reports suggest that TT has poten-
tial for detecting pneumonia.”' ** These case
reports and methodologies have not been
subjected to systematic blinded assessment.
In this initial proof of concept investigation,
we compared TI to CXR in patients suspected
of having acute pneumonia.
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Figure 1 Chest X-ray shows an opacity in the right lung
base consistent with pneumonia.

With recent advances in infrared technology and
increasing use assessing home heat loss, low-cost thermal
cameras have become available, currently costing aslittle as
US$200-US$300 (www.flir.com). Installation of shielded
radiographic rooms can cost hundreds of thousands of
dollars. Portable X-ray units capable of performing CXR
can cost as little as US$600-US$800 (www.dotmed.com).
If uninsured, patient cost of a CXR in the US is US$200-
US$400 or, if insured, a copay of US$10-US$50.%

For TI there are no additional costs beyond cost of
the camera. TI cameras are portable and operate with
rechargeable batteries. TI is essentially identical to
taking a ‘snap and shoot’ photograph and can be done

Figure 2 Thermal imaging obtained shortly after the chest
X-ray (CXR) (figure 1). The image is taken from the patient’s
back so that the patient’s right is on the viewer’s right. There
is an area of increased heat (white area) in the right lung base
concordant with the CXR.
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in seconds during the primary patient encounter without
the camera physically contacting the patient. Digital
storage and transfer of TI is simple, using a memory card
in the TI device that can be uploaded to a computer.

This study presents a prospective comparison of TI to
CXR using a commercially available thermal camera to
determine the similarity of TT and CXR in the setting of
possible focal pneumonia and thus proof of concept and
feasibility of TT to detect focal pneumonia.

MATERIALS AND METHODS

Subjects

Participants came from the Emergency Department of
Massachusetts General Hospital (Boston, Massachusetts,
USA). On admission to the Emergency Department, adult
patients and families of children who had CXR included
for evaluation of pneumonia were approached to discuss
study participation. Written informed consent and,
when applicable, participant assent was obtained from
all participants. Enrolment occurred Monday-Friday,
07:00-23:00 when research staff was available. Partners
Human Research Committee approved the Health Insur-
ance Portability and Accountability Act compliant study
protocol (#2013P001247).

In an initial training set, subjects were excluded if they
had chronic lung disease, congestive heart failure, prior
chest surgery or immunosuppression. In a subsequent
test set, these exclusions were not used. Patients had TI
within 4hours of CXR. Patients were male older than 28
days or female older than 28 days and younger than 8
years. After age 8, only males were included because of
concerns for modesty.

Forty-seven patients were enrolled. The first 15,
comprising the training set, were not included as a part of
the study’s statistical assessment. These 15 cases provided
a spectrum of results with 10 concordant for focal pneu-
monia, two concordant for no focal pneumonia and
three discordant for pneumonia. The remaining 32
subjects comprised the test set. Analysis of the test set
included 31 patients (28 men, three women), one patient
had no usable thermal images. Patient age ranged from
10 months to 82 years (median=50.0 years, (25th, 75th)
quartiles=(11.5, 60.5 years), with eight subjects <18 years
and 23 subjects >18 years.

Imaging and interpretation

The radiologist interpreting CXR and TI (RHC) is an
American Board of Radiology certified diagnostic radiol-
ogist and subcertified paediatric radiologist with 40 years
experience.

CXRs were assessed in random order blinded to TI. If
focal opacities were found, the lobe(s) were recorded.
The lobes involved were precisely determined with
posterior—anterior (PA) and lateral examinations. When
only a portable anterior—posterior (AP) image could
be obtained, the lobe(s) involved was determined by
lung zone and presence/absence of silhouetting of
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Figure 3 Same image as figure 2 with the area of
pneumonia (white area) encircled by an oval ring.

the mediastinum. CXRs were taken in PA and lateral
projections (n=19). If PA and lateral imaging could not
be performed, because of clinical care requirements, a
portable AP image was acquired (n=12).

TI of the chest were taken from the neck down, similar
to CXR, with both posterior and anterior views whenever
possible (n=29). If a patient was too ill to be positioned
for two views, only one view was obtained. Depending
on the patients’ condition and preferred position, one
patient had a posterior view and one an anterior view.
Oblique images were not obtained since TI interpreta-
tion depends on assessment of asymmetric heat distribu-
tion. TT were acquired with the commercially available
FLIR i7 infrared thermal camera (www.flir.com). The
subject was encompassed in the field of view; a ‘snapshot’
was obtained so the patient’s chest filled the field of view
with the entire chest from side to side included from the
level of the shoulders to bottom of the chest (or below).
Patient to camera distance varied based on patient size.
Subjects could be sitting or recumbent with the chest
exposed. Clothing was removed from the chest prior to
TT acquisition.

The camera used in this study has a resolution of 19 600
pixels detecting a temperature range —-4°F to 482°F
(=20°C to 250°C) with sensitivity to 0.1°C. Images filled

Open Access

the 2.8 inch LCD TI screen. TI were interpreted while
displayed on a desk top computer at a size comparable to
the size of the CXR, filling roughly 50% of the computer
monitor screen. TI image size varies depending on the
imaging device. TI stored in the camera’s memory can be
uploaded to a computer and displayed at whatever size
preferred.

TI were evaluated in random order blinded to CXR.
Any area(s) of increased heat were recorded as upper,
mid or lower lung zone, and identified as in the right
or left lung (figures 1-3). Following initial assessment
of blinded TI and CXR, to shed light on possible causes
for TI/CXR discrepancies, cases with disagreement were
reviewed in non-blinded fashion, using prior CXR when
available.

TI is similar to nuclear medicine imaging in that it is
not the precise size, configuration or margins that are
of importance, but rather the temperature pattern with
presence or absence of focal areas of increased heat,
‘hot spots’, that is informative for focal pneumonia. Heat
emanating from the patient’s skin determines the TI
image. Generalised skin temperature does not affect TI
recognition of a hot spot. Since clothing recently removed
from the chest might affect skin temperature globally but
not focally, it is unlikely that previously removed clothing
would affect recognition of a hot spot. Areas of symmetric
increased heat were considered to represent normal
variation in heat pattern and areas of increased heat
over the neck, sternum, supraclavicular space, spine and
axillae were determined to be normal on the initial 15
training cases. Abdominal heat pattern is similar to that
of the chest without focal temperature changes relating
to abdominal viscera. Unlike CXR, TI does not require
that patients hold their breath. Therefore, minor patient
motion will have minor, if any, effect on TI quality.

Statistical methods

Paired data were constructed for each patient with
CXR the standard for disease and TI the test variable.
Each image was dichotomised as normal or showing
focal pneumonia. TI sensitivity, specificity, positive
predictive value and negative predictive value and their
respective 95% CIs were estimated. Agreement between
CXR and TI (modelled as a binary outcome with agree-
ment=land disagreement=0) and as a function of
patient age and sex was assessed using simple logistic

Table 1 Sensitivity analysis of thermal imaging (Tl) assuming the chest X-ray (CXR) as the outcome parameter
Positive Negative
True True False False Sensitivity Specificity predictive predictive
positive negative positive negative (95% CI) (95% CI) value value
Tl versus 4 15 11 1 80.0% 57.7% 26.7% 93.8%
blinded CXR
(Five (29.9% t0 98.9%) (37.2% to 76.0%) (8.9% to 55.2%) (67.7% to 99.7%)
positive, 26
negative)
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Figure 4 Portable chest X-ray taken in the Emergency
Department during assessment for acute pneumonia reveals
low lung volumes and what was assumed to be resultant
crowding of pulmonary parenchyma in both lung bases

medially. The interpretation at that time was that there was no
acute pneumonia.

regression models, as well as 2x2 contingency tables with
age dichotomised as >18 years for adults and <18 years
for children. Fisher’s exact test was used to assess signifi-
cance of correlation between age (or sex) and similarity
between CXR and TI. Finally, despite the small sample,
Cohen’s kappa was also used as an imperfect measure
of agreement between the two modalities.”* *> A signifi-
cance level of 0.05 was assumed.

RESULTS

This study assessed the diagnostic sensitivity and speci-
ficity of TI using the chest x-ray (CXR) as the gold stan-
dard. For the overall cohort, five patients were identified
as having focal pneumonia by CXR and 26 did not have
focal pneumonia. For the paediatric cohort, there were
two with focal pneumonia and six without, by CXR.

Eleven cases were TI positive and CXR negative (false
positives). One case was TI negative and CXR positive
(false negative).

Table 1 summarises the TI sensitivity, specificity, posi-
tive predictive value, negative predictive values and their
corresponding 95% Cls.

The relationship between TI and CXR agreement with
patient demographics was assessed using logistic regres-
sion models and simple contingency tables. There was
no significant association between modality agreement
and patient age (treated as a continuous variable or
dichotomised as adult vs paediatric) or sex (age: P=0.3
(95% CI for the regression coefficient —0.01 to 0.004),
OR=0.99 (95% CI0.99t0 1.00)); sex: P=0.16 (95% CI-0.16
to 1.05), OR=1.53, (95% CI 0.85 to 2.85). Similar results
were obtained when individual contingency tables for sex

L

#4 | UPRIGHT|

Figure 5 This chest X-ray (CXR) was performed 5days
before the CXR in figure 4. The lung volumes are comparably
low, but the small opacity in the right infrahilar region on
figure 4 is not present. This indicates that there was a
pneumonia in the right lung base on the CXR in figure 4
rather than normal crowding of lung tissue.

(P=0.54) or dichotomised age (>18vs <18years; P=0.53)
were used. Despite its limitations in small samples,* *
Cohen’s kappa was also estimated as an imperfect measure
of agreement between TI and CXR (kappa=0.21, 95% CI
—0.1421 to 0.5591). Even when CXRs were non-blinded,
kappa=0.48 (95% CI 0.16 to 0.79). The wide 95% Cls are

Figure 6 Same image as figure 4 with the right infrahilar
pneumonia indicated by arrows.
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Figure 7 Thermal imaging obtained shortly after the chest
X-ray shown in figure 4. The image is taken from the patient’s
back so that the patient’s right is on the viewer’s right. There
is an area of increased heat (white area) in the right lung base
concordant with that seen in figure 4.

a further indication of the limitations of kappa to quan-
tify agreement in small samples.

Since this is an exploratory proof of concept study, the
sample size is not based on statistical power. In order to
achieve a power of 0.80, with the conditions encountered
in this study, a power calculation showed 138 patients
would be required. Furthermore, the sample size required
to detect even modest agreement quantified by kappa is
n>40 patients.

To investigate causes for TI/CXR discrepancies, cases
with disagreement were reviewed in a non-blinded
fashion, using prior and subsequent CXR (compar-
ison images were not included in the blinded, original
CXR assessments). This review of discrepant cases is not
included in the study’s statistical analysis.

For the 11 false-positive TT cases, prior CXRs were avail-
able in only three cases. Each of these three cases had
diffuse findings confounding CXR interpretation. One
had diffuse changes of cystic fibrosis, one had changes of
chronic obstructive pulmonary disease and one had low
lung volumes. When CXR was reviewed with prior CXR,
the CXR interpretation was changed to focal pneumonia
(figures 4-6) concordant with TI (figures 7 and 8) in
each instance. Follow-up images provided no additional
information.

For two other cases, knowledge of TI findings resulted
in a change in the CXR interpretation. For one case, the
CXR interpretation was changed to a faint opacity, consis-
tent with focal pneumonia and in one case, there was the
question of a very subtle opacity, both concordant with
the TT images.

Open Access

Figure 8 Same image as figure 7 with the area of
pneumonia (white area) encircled by an oval ring.

Three other CXRs had what appeared to be atelec-
tasis in regions of TI hot spots. In light of the TT results,
these areas of presumed atelectasis may actually repre-
sent pneumonia. These opacities on CXR were, in one
case each, in the right upper lobe, left upper lobe and
left lower lobe. Three of the 11 false-positive TI cases had
no change in CXR interpretation. The one false-neg-
ative case had no change to TI or CXR interpreta-
tion. There were no tumours, pulmonary oedema or
other abnormalities identified on CXR that might affect
TI results. Non-blinded review produced no changes in
interpretation of TI images.

DISCUSSION
This study suggests that TTis sensitive and modestly specific
compared with CXR in detecting focal pneumonia.
There currently is no experimental data assessing the
mechanism of increased focal heat, as detected by TI,
associated with focal pneumonia. The assumption is that
the focal hyperaemia associated with focal inflammation,
in this case pneumonia, produces focally increased heat.
It presumably is this increased heat radiating from the
site of pneumonia that is detected by TI. Consequently,
an area of atelectasis which is not associated with hyper-
aemia, will not produce an area of focally increased heat.
It is focal increased heat that is the indicator of focal
pneumonia on TI. Thus any bacterial organism (which
organism cannot be determined) may be the culprit.
Viral pneumonias are generally diffuse and do not typi-
cally generate a focal pneumonia. Some atypical pneumo-
nias, such as mycoplasma, may have a focal consolidative
component which might be detected as a hot spot. It
has been reported in a case report that acute consoli-
dative tuberculosis caused a TI hot spot but subacute
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tuberculosis did not.?' It is not the precise lobar distri-
bution but rather presence or absence of a focal hot spot
that is the informative aspect of TIL.

The purpose of this study was to assess the sensitivity and
specificity of TI, in detecting a focal consolidation, using
CXR as the gold standard given its wide use for diagnosis
of pneumonia,'? ** *** including studies assessing effec-
tiveness of WHO clinical diagnostic criteria.”' Ultrasound
is the only other point-of-care imaging procedure widely
studied for diagnosis of pneumonia and in virtually all of
its validation studies and it is compared with CXR.**
While clinical signs and symptoms have been used,
collecting accurate data and correlation with the ulti-
mate diagnosis of pneumonia is inconsistent.”® However,
it is not the purpose of this study to assess the accuracy
of imaging to detect pneumonia as compared with the
clinical diagnosis. Ultimately, other methodologies such
as inflammatory markers may play a role, but currently
these are in relatively early stages of development.

Accuracy of CXR in determining the presence of focal
pneumonia will vary depending on quality of imaging and
experience of the observer, as is true for TT. Although CT has
greater accuracy in detecting pneumonia than CXR,*** CT
cannot be used as routine imaging for pneumonia because
of concerns of radiation exposure and cost.”

There was only one false negative in the cohort of 31
patients with 11 false positives (sensitivity=0.80, spec-
ificity=0.58). Thus the ability of TI to accurately detect
focal pneumonia (as determined by CXR), in this cohort
was relatively high. For a screening test, this ability to not
miss focal pneumonia is the most critical criterion. The
higher rate of false positives would lead to either over-
treating or further testing in a limited number of patients,
which, although important, is a less critical issue.

The changes in CXR interpretation on non-blinded
review of discrepant TI/CXR revealed the following. (1)
TI had hot spots in cases where CXR findings were initially
not definitive for focal pneumonia (n=5). For two, CXR
diagnosis was confounded by pre-existing chronic lung
diseases and in one by shallow inflation. For two others,
the suggestion of focal pneumonia on CXR was too subtle
for definitive diagnosis. (2) TI revealed hot spots in cases
where the blinded CXR suggested atelectasis (n=3). This
suggests that TI may be able to detect focal pneumonia
in cases where pre-existing lung disease or imaging tech-
nique confound the diagnosis on CXR or when diagnosis
on CXR is too subtle to be convincing (as possibly with
early onset or resolving focal pneumonia). TT may be able
to differentiate between focal pneumonia and atelectasis.

These findings suggest TI may be comparable to CXR
in recognising focal pneumonia. Relatively low cost
and portability of thermal cameras, some of which can
be used with mobile phones, potentially enable TI as a
point-of-care screening tool for focal pneumonia. Other
advantages include minimal training to perform images,
lack of ionising radiation exposure, off-site interpre-
tation of digitised images and possible software inter-
pretation algorithms. Lack of physical contact with the

patient enhances infection control. Possible additional
uses include following progression of disease in combi-
nation with other modalities such as respiratory rate and
oximetry.

Limitations of Tl include learning to interpret TI, pres-
ence of prior disease affecting TI and the possibility that
increased adiposity may interfere with its accuracy.

CONCLUSIONS

This feasibility study confirms proof of concept that TI
can demonstrate focal pneumonia. Therefore, these find-
ings support further investigation with larger trials of
patients that will be adequately powered to robustly assess
the similarity between TI and the outcome parameter.
This technology is potentially most useful in resource-lim-
ited environments where pneumonia is the second most
common cause of death in young children and where
CXR equipment and expert readers are unavailable.” It
also could be of benefit in high-throughput healthcare
settings, such as emergency departments or busy doctors’
offices and rural areas where access to CXR is limited.

Author affiliations

'Department of Emergency Medicine and Department of Pediatrics, Massachusetts
General Hospital, Boston, MA, USA

%Department of Radiology and Department of Medicine, Boston Childrens Hospital,
Boston, MA, USA

®Department of Emergency Medicine, Alpert School of Medicine, Brown University,
Providence, Rhode Island, USA

“Department of Pediatrics, University of Massachusetts Medical Center, Worcester,
Massachusetts, USA

*Department of Radiology and Nuclear Medicine, University of Maryland Medical
Center and The R. Adams Cowley Shock Trauma Center, Baltimore, MD, USA
®Department of Emergency Medicine and Department of Pediatrics, Massachusetts
General Hospital, Boston, MA, USA

"Department of Medicine, Boston Childrens Hospital, Boston, MA, USA
®Department of Radiology, Massachusetts General Hospital, Boston, MA, USA
9Department of Global Health, Boston University, Boston, MA, USA

Contributors LTW: conception and design of the study, acquisition of data and
analysis, interpretation of data, and drafting the work and revising it critically.
RHC: conception and design of the study, data analysis, interpretation of data, and
drafting the work and revising it critically. WB: design of the study, acquisition of
data and analysis, interpretation of data, drafting the work and revising it critically.
TP: data analysis, interpretation of data, and drafting the work and revising it
critically. CS: data analysis, interpretation of data, and drafting the work and
revising it critically. MS: conception of the study, acquisition of data, interpretation
of data, revising the work critically. KH: conception and design of the study, analysis
of the data, interpretation of data, and drafting the work and revising it critically.
PS: analysis of the data, interpretation of data, drafting the work and revising it
critically. RGZ: conception and design of the study, data analysis, interpretation of
data, and drafting the work and revising it critically. PH: conception and design of
the study, interpretation of data, and drafting the work and revising it critically.

Funding The Bacca Foundation and the Consortium for Affordable Medical
Technologies (CAMTech) (Fund # is 223707).

Competing interests None declared.
Provenance and peer review Not commissioned; externally peer reviewed.

Data sharing statement There are no additional unpublished data from the study.
Data are available to any researcher who is interested in the data, and will be able
to access it through Dyad and/or through correspondence with the contributing
authors.

Open Access This is an Open Access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which

6

Wang LT, et al. BMJ Open 2018;8:¢017964. doi:10.1136/bmjopen-2017-017964

"ybuAdoo Aq paroslold 1sanb Aq €202 ‘2T Jequiardas uo jwod fwg uadolway/:dny wouy papeojumoq "8T0Z Arenuer G Uo 96/ T0-2T02-uadolwag/9eTT 0T Se paysignd isii :uado NG


http://bmjopen.bmj.com/

8 Open Access

permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is

properly cited and the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

© Article author(s) (or their employer(s) unless otherwise stated in the text of the

article) 2018. All rights reserved. No commercial use is permitted unless otherwise

expressly granted.

REFERENCES
1.

Gowraiah V, Awasthi S, Kapoor R, et al. Can we distinguish

pneumonia from wheezy diseases in tachypnoeic children under low-
resource conditions? a prospective observational study in four Indian

hospitals. Arch Dis Child 2014;99:899-906.

2. McCollum ED, Prcidis GA, Malliwichi M, et al. Performance of
the world health organization diagnostic criteria for pneumonia
In hospitalized malawian infants with exposure to human

immunodeficiency virus. Am J Respir Crit Care Med 2014;189:A1235.
3. World Health Organization. Revised WHO classification and treatment

of pneumonia in children at health facilities: evidence summaries:

World Health Organization. http://apps.who.int/iris/bitstream/10665/

137319/1/9789241507813_eng.pdf. (accessed 02 Dec 2015).

4. Ginsburg AS, Sadruddin S, Klugman KP. Innovations in pneumonia
diagnosis and treatment: a call to action on World Pneumonia Day,
2013. Lancet Glob Health 2013;1:e326-e327.

5. Jain S, Williams DJ, Arnold SR, et al. Community-acquired
pneumonia requiring hospitalization among U.S. children. N Engl J
Med 2015;372:835-45.

6. Bradley JS, Byington CL, Shah SS, et al. The management of

community-acquired pneumonia in infants and children older than 3
months of age: clinical practice guidelines by the pediatric infectious
diseases society and the infectious diseases society of america. Clin

Infect Dis 2011;53:e25-€76.

7. Bartlett JG, Dowell SF, Mandell LA, et al. Practice guidelines for the
management of community-acquired pneumonia in adults. infectious

diseases society of america. Clin Infect Dis 2000;31:347-82.

8. Niederman MS, Mandell LA, Anzueto A, et al. Guidelines for the
management of adults with community-acquired pneumonia. Am J
Respir Crit Care Med 2001;163:1730-54.

9. Wipf JE, Lipsky BA, Hirschmann JV, et al. Diagnosing pneumonia
by physical examination: relevant or relic? Arch Intern Med
1999;159:1082-7.

10. Speets AM, Hoes AW, van der Graaf Y, et al. Chest radiography and

pneumonia in primary care: diagnostic yield and consequences for
patient management. Eur Respir J 2006;28:933-8.

11. van Vugt SF, Verheij TJ, de Jong PA, et al. Diagnosing pneumonia
in patients with acute cough: clinical judgment compared to chest
radiography. Eur Respir J 2013;42:1076-82.

12. Diehr P, Wood RW, Bushyhead J, et al. Prediction of pneumonia in
outpatients with acute cough--a statistical approach. J Chronic Dis
1984;37:215-25.

13. Emerman CL, Dawson N, Speroff T, et al. Comparison of physician
judgment and decision aids for ordering chest radiographs for
pneumonia in outpatients. Ann Emerg Med 1991;20:1215-9.

14. Claudius I, Keens T. Do all infants with apparent life-threatening
events need to be admitted? Pediatrics 2007;119:679-83.

15. Self WH, Courtney DM, McNaughton CD, et al. High discordance of

chest x-ray and computed tomography for detection of pulmonary

opacities in ED patients: implications for diagnosing pneumonia. Am

J Emerg Med 2013;31:401-5.

16.

17.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Elemraid MA, Muller M, Spencer DA, et al. Accuracy of the
interpretation of chest radiographs for the diagnosis of paediatric
pneumonia. PLoS One 2014;9:e106051.

World Radiology Day: Two-Thirds of the World’s Population has no
Access to Diagnostic Imaging: Pan American Health Organization.
http://www.paho.org/hg/index.php?option=com_content&view=
article&id=7410%3A2012-dia-radiografia-dos-tercios-poblacion-
mundial-no-tiene-acceso-diagnostico-imagen&catid=740%3Apress-
releases&ltemid=1926&lang=en (accessed 28 Mar 2016).

Baseline survey on Medical Devices, 2013 update: World Health
Organization. http://gamapserver.who.int/gho/interactive_charts/
health_technologies/medical_equipment/atlas.html (accessed 20 Mar
2016).

Reissig A, Copetti R, Mathis G, et al. Lung ultrasound in the
diagnosis and follow-up of community-acquired pneumonia: a
prospective, multicenter, diagnostic accuracy study. Chest
2012;142:965-72.

Shah VP, Tunik MG, Tsung JW. Prospective evaluation of point-of-
care ultrasonography for the diagnosis of pneumonia in children and
young adults. JAMA Pediatr 2013;167:119-25.

Potanin C. Thermographic patterns of pulmonary disease. Chest
1970;58:491-6.

Moiseenko MD, Dianova TV, Mus VF, et al. (Use of color contact
thermography for diagnosis of lung diseases). Vestn Khir Im | | Grek
1976;117:16-18.

How Much Does an Xray Cost? Costhelper Web site http://health.
costhelper.com/x-rays.html (accessed 28 Feb 2016).

Cantor AB. Sample-size calculations for Cohen's kappa. Psychol
Methods 1996;1:150-3.

McHugh ML. Interrater reliability: the kappa statistic. Biochem Med
2012;22:276-82.

Musher DM, Thorner AR. Community-acquired pneumonia. N Engl J
Med 2014;371:1619-28.

Lynch T, Bialy L, Kellner JD, et al. A systematic review on the
diagnosis of pediatric bacterial pneumonia: when gold is bronze.
PLoS One 2010;5:e11989.

Nazerian P, Volpicelli G, Vanni S, et al. Accuracy of lung

ultrasound for the diagnosis of consolidations when compared

to chest computed tomography. Am J Emerg Med

2015;33:620-5.

Chavez MA, Shams N, Ellington LE, et al. Lung ultrasound for the
diagnosis of pneumonia in adults: a systematic review and meta-
analysis. Respir Res 2014;15:50.

Hu QJ, Shen YC, Jia LQ, et al. Diagnostic performance of lung
ultrasound in the diagnosis of pneumonia: a bivariate meta-analysis.
Int J Clin Exp Med 2014;7:115-21.

Cardoso MR, Nascimento-Carvalho CM, Ferrero F, et al. Adding fever
to WHO criteria for diagnosing pneumonia enhances the ability to
identify pneumonia cases among wheezing children. Arch Dis Child
2011;96:58-61.

Rambaud-Althaus C, Althaus F, Genton B, et al. Clinical features

for diagnosis of pneumonia in children younger than 5 years:

a systematic review and meta-analysis. Lancet Infect Dis
2015;15:439-50.

Syrjéla H, Broas M, Suramo |, et al. High-resolution computed
tomography for the diagnosis of community-acquired pneumonia.
Clin Infect Dis 1998;27:358-63.

Tanaka N, Matsumoto T, Kuramitsu T, et al. High resolution CT
findings in community-acquired pneumonia. J Comput Assist Tomogr
1996;20:600-8.

WHO. Pneumonia: World Health Organization. http://www.who.int/
mediacentre/factsheets/fs331/en/ (accessed 07 Dec 2015).

Wang LT, et al. BMJ Open 2018;8:017964. doi:10.1136/bmjopen-2017-017964

"ybuAdoo Aq paroslold 1sanb Aq €202 ‘2T Jequiardas uo jwod fwg uadolway/:dny wouy papeojumoq "8T0Z Arenuer G Uo 96/ T0-2T02-uadolwag/9eTT 0T Se paysignd isii :uado NG


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1136/archdischild-2013-305740
http://apps.who.int/iris/bitstream/10665/137319/1/9789241507813_eng.pdf.
http://apps.who.int/iris/bitstream/10665/137319/1/9789241507813_eng.pdf.
http://dx.doi.org/10.1016/S2214-109X(13)70117-7
http://dx.doi.org/10.1056/NEJMoa1405870
http://dx.doi.org/10.1056/NEJMoa1405870
http://dx.doi.org/10.1093/cid/cir531
http://dx.doi.org/10.1093/cid/cir531
http://dx.doi.org/10.1086/313954
http://dx.doi.org/10.1164/ajrccm.163.7.at1010
http://dx.doi.org/10.1164/ajrccm.163.7.at1010
http://dx.doi.org/10.1183/09031936.06.00008306
http://dx.doi.org/10.1183/09031936.00111012
http://dx.doi.org/10.1016/0021-9681(84)90149-8
http://dx.doi.org/10.1016/S0196-0644(05)81474-X
http://dx.doi.org/10.1542/peds.2006-2549
http://dx.doi.org/10.1016/j.ajem.2012.08.041
http://dx.doi.org/10.1016/j.ajem.2012.08.041
http://dx.doi.org/10.1371/journal.pone.0106051
http://www.paho.org/hq/index.php?option=com_content&view=article&id=7410%3A2012-dia-radiografia-dos-tercios-poblacion-mundial-no-tiene-acceso-diagnostico-imagen&catid=740%3Apress-releases&Itemid=1926&lang=en
http://www.paho.org/hq/index.php?option=com_content&view=article&id=7410%3A2012-dia-radiografia-dos-tercios-poblacion-mundial-no-tiene-acceso-diagnostico-imagen&catid=740%3Apress-releases&Itemid=1926&lang=en
http://www.paho.org/hq/index.php?option=com_content&view=article&id=7410%3A2012-dia-radiografia-dos-tercios-poblacion-mundial-no-tiene-acceso-diagnostico-imagen&catid=740%3Apress-releases&Itemid=1926&lang=en
http://www.paho.org/hq/index.php?option=com_content&view=article&id=7410%3A2012-dia-radiografia-dos-tercios-poblacion-mundial-no-tiene-acceso-diagnostico-imagen&catid=740%3Apress-releases&Itemid=1926&lang=en
http://gamapserver.who.int/gho/interactive_charts/health_technologies/medical_equipment/atlas.html
http://gamapserver.who.int/gho/interactive_charts/health_technologies/medical_equipment/atlas.html
http://dx.doi.org/10.1378/chest.12-0364
http://dx.doi.org/10.1001/2013.jamapediatrics.107
http://dx.doi.org/10.1378/chest.58.5.491
Web site http://health.costhelper.com/x-rays.html
Web site http://health.costhelper.com/x-rays.html
http://dx.doi.org/10.1037/1082-989X.1.2.150
http://dx.doi.org/10.1037/1082-989X.1.2.150
http://dx.doi.org/10.11613/BM.2012.031
http://dx.doi.org/10.1056/NEJMra1312885
http://dx.doi.org/10.1056/NEJMra1312885
http://dx.doi.org/10.1371/journal.pone.0011989
http://dx.doi.org/10.1016/j.ajem.2015.01.035
http://dx.doi.org/10.1186/1465-9921-15-50
http://dx.doi.org/10.1136/adc.2010.189894
http://dx.doi.org/10.1016/S1473-3099(15)70017-4
http://dx.doi.org/10.1086/514675
http://dx.doi.org/10.1097/00004728-199607000-00019
http://www.who.int/mediacentre/factsheets/fs331/en/
http://www.who.int/mediacentre/factsheets/fs331/en/
http://bmjopen.bmj.com/

	Similarity of chest X-ray and thermal imaging of focal pneumonia: a randomised proof of concept study at a large urban teaching hospital
	Abstract
	Materials and methods
	Subjects
	Imaging and interpretation
	Statistical methods

	Results
	Discussion
	Conclusions
	References


