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Subcutaneous Fat Tissue Density as a Novel Diagnostic Indicator
in Distinguishing Pulmonary Edema from Viral Pneumonias
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ABSTRACT Objective: Diffuse pulmonary opacities are seen in both
pulmonary edema (PE) and pulmonary infections such as viral pneu-
monia (VP) and Pneumocystis jirovecii pneumonia (PJP), and distin-
guishing these from each other might be challenging. We aimed to
show whether subcutaneous fat tissue density (SFTD) measurement in
computed tomography scans helps to distinguish PE from VP and PJP.
Material and Methods: In this retrospective study, SEFTD, defined in
terms of Hounsfield unit (HU) was evaluated in computed tomography
scans of 99 patients with PE, 103 patients with VP and PJP, and 110
healthy individuals. The SFTD was calculated by using a region of in-
terest with a diameter of approximately 1 cm in the subcutaneous adi-
pose tissue, located 3 cm superior-inferior and medial-lateral to the
junction of the midclavicular line and the xiphoid tip on the chest wall,
blinded to the clinical data. Results: Median SFTD was -82.5 HU [in-
terquartile range (IQR) -88.7; -67.4] in patients with PE, -117.7 HU
(IQR -121.3; -111.8) in patients with VP and PJP, and -120.3 HU (IQR
-123.1; -117.0) in the control group (p<0.001). All patients with PE had
SFTD at least -95 HU. None of the patients with VP and PJP as well as
controls had SFTD less than -101 HU. Conclusion: Our results sug-
gest that a SFTD measurement above -95 HU might be useful in dif-
ferentiating PE from pneumonia in patients with diffuse lung opacities.
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OZET Amag: Diffiiz pulmoner opasiteler, hem pulmoner 6dem (PO)
hem de viral pnomoniler (VP) ile Pneumocystis jirovecii pnémonisi
(PJP) gibi pulmoner enfeksiyonlarda goriiliir ve bu durumlarin birbi-
rinden ayirt edilmesi radyolojik olarak zor olabilir. Bu ¢alismada, toraks
bilgisayarli tomografi goriintiilerinde yaygin akciger opasiteleri olan
hastalarda subkiitan yag dokusu dansitesini (SYDD) élgerek, PO’yii,
VP ve PJP’lerden ayirt etmeyi amagladik. Gereg¢ ve Yontemler: Ret-
rospektif olarak gergeklestirilen bu ¢alismada SYDD, Hounsfield bi-
rimi [Hounsfield unit (HU)] cinsinden tanimlandi; PO’lii 99 hasta, VP
ve PJP’li 103 hasta ile 110 saglikli bireyin bilgisayarli tomografi go-
rintiileri incelendi. SYDD 6l¢timleri, klinik bilgiler bilinmeden, midk-
lavikular ¢izgi ile ksifoid ¢ikintinin birlesim noktasindan 3 cm
superior-inferior ve mediyal-lateral olarak gogiis duvarindaki subkii-
tan yag dokusunda, yaklasik 1 cm ¢apinda bir ilgi alan1 kullanilarak he-
saplandi. Bulgular: Medyan SYDD, PO hastalarinda -82,5 HU [giiven
aralig1 (GA) -88,7; -67,4], VP ve PJP hastalarinda -117,7 HU (GA -
121,3; -111,8), kontrol grubunda ise -120,3 HU (GA -123,1; -117,0)
olarak bulundu (p<0,001). PO hastalarinin tamaminda, SYDD en az -
95 HU idi. Pnémoni hastalarinda ve kontrol grubunda ise SYDD hig-
bir hastada -101 HU’dan biiyiik degildi. Sonug: Sonuglarimiz, yaygin
akciger opasitesi olan hastalarda -95 HU’dan biiyiik SYDD degerleri-
nin, PO’yii VP ile PJP’den ayirt etmede faydal bir gosterge olabilece-
gini diisiindiirmektedir.

Anahtar Kelimeler: Subkiitan yag dokusu dansitesi;
pulmoner 6dem; pulmoner enfeksiyon; toraks BT
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Ground-glass opacity (GGO) is a common find-
ing in chest computed tomography (CT). It involves
a broad spectrum of differential diagnoses in the
acute setting, including viral pneumonias (VPs) due
to a variety of agents including influenza, coronavirus
disease-2019 (COVID-19) and cytomegalovirus
(CMV), in addition to Pneumocystis jirovecii pneu-
monia (PJP) and non-infectious conditions such as
vaping-related lung injury, alveolar hemorrhage, and
pulmonary edema (PE).! GGO may be nonspecific,
and differentiating those conditions from each other
is crucial since they all need different treatments.

Radiodensity of fat tissue can be quantitatively
measured through CT in Hounsfield units (HU).2 CT-
derived average adipose tissue radiodensity has been
established as an indirect marker for adipose tissue
quality.® HU is not only an indicator of stored triglyc-
erides in adipose tissue but it also represents other
components of tissue structures, including water.*¢

In the current study, we aimed to measure sub-
cutaneous fat tissue density (SFTD) in CT scans of
the patients with PE, VP and PJP as well as healthy
controls in order to determine a possible cut-off HU
value for distinguishing PE from VP.

I MATERIAL AND METHODS

PARTICIPANTS

This study was a double-center (Kog¢ University Hos-
pital and Kog Healthcare American Hospital, Istan-
bul), retrospective evaluation of a clinical cohort
between March 2020-February 2024. In all, 312 ran-
domly selected adults who underwent chest CT ex-
aminations comprised the final study population: 99
patients with clinically and radiologically confirmed
PE, 103 patients diagnosed as VP or PJP, based on
the clinical and laboratory results, and 110 healthy
controls (Figure 1). The patient group was randomly
selected from the CT-scan list with preliminary dif-
ferential diagnosis PE or VP, including COVID-19,
and PJP. The healthy control group were patients re-
ferred for check-up examination. Patients having both
PE and VP or PJP as well as the ones with other pul-
monary diseases which may affect the lung paren-
cyma (interstitial lung disease, tuberculosis, lung
cancer) were excluded.

The study was conducted in accordance with the
Declaration of Helsinki. The Ko¢ University Com-
mittee on Human Research approved the study pro-

862 patients underwent CT scan with suspected PE and/ or infection 115 adults underwent CT scan for check-up
v y
480 patients radiologically and 382 patients chinically and
clinically diagnosed with PE radiologically diagnosed with
pneumonia
381 were not included: 279 were not included: 5 were nof included:
98 had pneumonia, i 106 had PE. 3 had pneumonia
102 had other diseases, i 142 had other diseases 2 had poor CT quality
10 had poor CT quality 31 had poor CT
Final Study Population
y
99 patients with PE y | 103 patients with pneumonia 110 healthy controls

FIGURE 1: Flow-chart of the study population. CT: Computed tomography; PE: Pulmonary edema




tocol (date: December 26, 2024; no: 2024.456.IRB2.
197). Written informed consent was obtained from
all the subjects involved in this study.

CLASSIFICATION OF THE GROUPS

The radiological diagnostic criteria for PE included
vascular engorgement and bronchovascular bundle
thickness due to lymphatic engorgement, and inter-
lobular septal thickening, which suggested interstitial
edema.” While GGO were seen in early cases, con-
solidation was seen in cases of advanced alveolar
flooding . Pleural effusions and an enlarged heart are
additional features of cardiogenic PE.®

In the VP cases, the diagnosis of influenza pneu-
monia was based on a) the presence of community-
acquired pneumonia detected positive for influenza
A or B real-time polymerase chain reaction (PCR)
and/or antigen on nasopharyngeal swabs, and b) a
serum procalcitonin level lower than 0.25 ng/mL, and
a low suspicion for bacterial co-infection.”!?

The diagnosis of COVID-19 pneumonia was
based on positive severe acute respiratory syndrome-
coronavirus-2 PCR testing of nasopharyngeal swabs
taken in the previous 14 days prior to hospital admis-
sion from patients who arrived with acute respiratory
symptoms and/or body temperature higher than 37.5
°C.'" CMW pneumonia was diagnosed with a positive
CMV PCR test in plasma or bronchoalevolar lavage
(BAL), and the absence of any explanation for the res-
piratory symptoms.'>!* PJP was confirmed by positive
immunofluorescence staining on BAL or tissue sam-
ples or PCR assay on respiratory specimens.'?

Demographic data, comorbidities (hypertension,
Type 2 diabetes mellitus), clinical symptoms, labo-
ratory and radiological findings, treatment, and out-
comes were collected prospectively from electronic
health records.

CHEST COMPUTED TOMOGRAPHY
PROTOCOL AND ASSESSMENT

All patients underwent scanning using a 64-detector
row CT scanner (Somatom® Definition AS; Siemens
Healthineers, Forchheim, Germany). All chest CT
scans were obtained using standardized protocols,
with patients in the supine position during end-inspi-
ratory breath-hold. To decrease the radiation dose as

low as reasonably possible X-ray tube parameters were
selected automatically by the scanner depending on pa-
tient size. No contrast material was administered.

SFTD was measured in HU using a region of in-
terest (ROI) on mediastinal window settings (window
width: 350 HU, window level: 50 HU), which do not
allow visualization of parenchymal findings. The
ROI was defined as a circle with a 1 cm diameter lo-
cated within the subcutaneous fat tissue, 3 cm supe-
rior-inferior and medial-lateral to the junction of the
midclavicular line and the xiphoid tip on the chest
wall. Skin, breast, any muscles or fibrous tissues as
well as artifacts were excluded from measurements.
Two examples from cases with COVID-19 pneumo-
nia and PE are illustrated in Figure 2.

All measurements were done by the same ob-
server (ZA) blinded to the clinical data including pre-
liminary diagnosis. Each measurement was repeated
3 times (with a 1-month interval) to minimize varia-
tions and ensure the reliability of the results, and the
mean of the 3 measurements was obtained.

STATISTICS

Baseline demographics were summarized as mean
with standard deviation or median with 25" and 75%

COVID Pneumonia

Pulmonary Edema

FIGURE 2: Parenchymal ground-glass opacities and consolidations of 2 patients
with COVID-19 pneumonia (upper right panel) and pulmonary edema (upper left
panel), and subcutaneous fat tissue density measurements (lower right panel vs.
lower left panel)

COVID-19: Coronavirus disease-2019; HU: Hounsfield unit



percentile for the continuous variables, and as count
with percentage for the categorical variables.
Shapiro-Wilk test was used to test normality as-
sumption. For the continuous variables, the differ-
ences between groups was tested via Kruskal-Wallis
test while the “post hoc” analysis was run using the
Mann-Whitney U test with a Bonferroni correction.
For the categorical variables, chi-square test or
Fisher’s exact test was applied. Intraobserver vari-
ability for the repeated SFTD measurements was
evaluated by the intraclass correlation coefficient
(ICC). The linear regression analysis was conducted
to examine the association between PE diagnosis and
SFTD measurements adjusted for age, sex, body
mass index (BMI), diabetes mellitus and hyperten-
sion. Participants were coded as PE: 1, pneumonia:
2, and healthy controls: 3. The accepted significance
level for all tests was set as 5%, and statistical anal-
yses were performed using IBM SPSS 28.0 for Win-
dows SPSS Inc., Chicago, Illinois, USA.

I RESULTS

As illustrated in Figure 1, a total of 862 patients had
the preliminary or differential diagnosis PE and/or
pneumonia on the CT scans. Among 480 patients
with PE, 381 were not included due to concomitant
pneumonia or other lung diseases or poor CT qual-
ity. Similarly, among 382 patients with pneumonia,
279 were excluded due to concomitant PE or other
lung diseases or poor CT quality. Thus, 202 partici-
pants comprised the patient group. Of 115 adults un-
dergoing CT scans for check-up, five were excluded
due to pneumonia or poor CT quality, and 110 par-
ticipants comprised the healthy controls.

Thus, 312 participants (48.7% males) with a
mean age of 61.5 (SD=17.9) years were included in
the current study. The mean BMI was 26.5+4.9 and
21.4% of the entire population were obese. As shown
in Table 1, the patients in the PE group were signifi-
cantly older and had higher occurrence of hyperten-
sion and diabetes mellitus than the other groups.

The intraobserver reliability analysis demon-
strated excellent ICC among the measurements, with
a Cronbach’s alpha value of 0.991. The mean and
standard deviation for each variable were as follows:

TABLE 1: Baseline demographics and clinical characteristics
of the study groups
PE VPorPJP  Controls

(n=102) (n=100) (n=110)  pvalue
Age (years) (X+SD) 78.7x11.6  59.8+138  47.5:12  <0.001
BMI (XSD) 258+47  267+49 26852  0.305
Male sex, % 44 (43%) 51 (51%)  57(52%)  0.39
Obesity, % 25(47.2%) 16(30.2%) 12(226%) 042
Hypertension 61 (59.8%) 40 (40%)  15(13.6%) <0.001
Diabetes mellitus 33 (32.4%) 24 (24%)  7(64%)  <0.001

PE: Pulmonary edema; VP: Viral pneumonia; PJP: Pneumocystis jirovecii pneumonia;
SD: Standard deviation; BMI: Body mass index

HU1 (-104.30+22.56), HU2 (-105.40+22.47), and
HU3 (-105.18+22.21). Fleiss multirater kappa analy-
sis revealed a kappa value of 0.018 (standard
error=0.006, z=3.234, p<0.001), indicating statisti-
cally significant intraobserver agreement. The 95%
confidence interval for the kappa statistic ranged
from 0.007 to 0.029.

The SFTD measurements across the 3 groups
have been presented in Figure 3. Median SFTD was
-82.5 HU [interquartile range (IQR) -88.7; -67.4] in
patients with PE, -117.7 HU (IQR -121.3; -111.8) in
patients with VP and PJP, and -120.3 HU (IQR -
123.1; -117.0) in the control group (p<0.001). The
minimum SFTD value in patients with PE was -95
HU, whereas the maximum SFTD value in patients
with pneumonia and control group was -101 HU.

As presented in Table 2, cardiomegaly, left
atrium enlargement, pleural effusion, bronchial wall

The Subcutaneus Fat Tissue Density
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FIGURE 3: Distribution of the subcutaneous fat tissue density measurement across
the study groups. Control vs. pneumonia (p=0.012), control vs. pulmonary edema
(p<0.001), and pneumonia vs. pulmonary edema (p<0.001)



TABLE 2: Proportion of the clinically meaningful radiological
findings across the patient groups
PE VP or PJP

(n=102) (n=100) p value
Cardiomegaly, % 87.3 19.0 <0.001
Left atrium enlargement, % 775 16.0 <0.001
Pleural effusion, % 88.2 27.0 <0.001
Bronchial wall thickening, % 98.0 27.0 <0.001
Interlobular septal thickening, % 99.0 27.0 <0.001

PE: Pulmonary edema; VP: Viral pneumonia; PJP: Pneumocystis jirovecii pneumonia

TABLE 3: Association of the occurrence of PE and the
subcutaneous fat tissue density
95% confidence
Unstandardized interval for B
coefficients Lower Upper p value
PE 2113 18.206 24.055 <0.001
Age 0.013 -0.141 0.168 0.865
BMI -0.313 -0.666 0.039 0.081
Male sex 0.196 -.3.309 3.701 0.912
Hypertension -0.329 -4.840 4.181 0.886
Diabetes mellitus -0.826 -5.577 3.926 0.732

PE: Pulmonary edema; BMI: Body mass index

thickening, and interlobular septal thickening were
significantly more frequent in patients with PE com-
pared to patients with VP and PJP.

The results of the linear regression analysis are
shown in Table 3. The analysis showed that the as-
sociation between PE and SFTD in HU was statisti-
cally significant.

I DISCUSSION

The main finding of our study was that SFTD in pa-
tients with PE was significantly higher than in pa-
tients with VP and healthy controls, and a SFTD
value above -95 HU might be a useful indicator for
differentiating PE from VP and PJP.

To our best knowledge, this is the first study that
assesses SFTD values in healthy controls and disease
states and uses this finding for differentiating PE
from pneumonias. Our findings support that a SFTD
threshold of -95 HU can accurately distinguish PE
from viral and Prneumocystis pneumonias, which may
both present with diffuse GGOs on CT.

Differentiating PE from conditions like COVID-
19 pneumonia or acute viral infections is a significant
challenge due to overlapping radiological features,
including GGO and consolidations. According to a
study by Cozzi et al., a more comprehensive ap-
proach is necessary for an appropriate diagnosis be-
cause GGO is an imaging feature that can be seen in
conditions including vasculitis, pneumonia, alveolar
hemorrhage, and PE.!"* Similarly, Marginean at al.
emphasized that radiologists often experience diffi-
culties in differentiating COVID-19 pneumonia from
other causes of lung opacities, especially in the ab-
sence of distinctive imaging patterns.'> Plasencia
Martinez and colleagues, investigated conditions that
presented with multifocal lung opacities which can
be mistaken for pneumonia.'® They emphasized the
need for integrating specific imaging markers to im-
prove diagnostic accuracy for multifocal lung opaci-
ties. Although conventional findings such as
cardiomegaly and vascular congestion are helpful in
the diagnosis of PE, we propose that the inclusion of
SFTD measurements could provide a reproducible
quantitative parameter that overcomes the limitations
of conventional differential diagnostic approach.

Fat tissue radiodensity, as measured in HU, re-
flects blood flow, lipid content and fluid to triglyc-
eride ratio.*® We believe the increased chest wall
SFTD in patients with PE results from increased fluid
in the subcutaneous fat, causing higher fluid to
triglyceride ratio. Increased SFTD, particularly in PE,
may directly reflect elevated fluid accumulation
within the tissue, whether interstitial or alveolar in
nature. The HU value of adipose tissue is influenced
by the relative proportions of water, triglycerides, and
cellular components. In PE, elevated systemic venous
pressure leads to fluid accumulation not only within
the pulmonary parenchyma but also in systemic tis-
sues. This results in increased water content in sub-
cutaneous fat and, consequently, higher HU values.*°
In contrast, such systemic fluid overload is typically
absent in infectious conditions such as VP or PJP; in
fact, tissue density may even be lower in some pa-
tients due to hypovolemia or the effects of inflam-
matory processes.>?

Our results showed the SFTD in patients with
PE was significantly higher than the patients with VP



and healthy controls. Of note, all patients with PE had
SFTD at least -95 HU, and none of the patients with
VP and PJP as well as controls had SFTD more than
-101 HU. Thus, these findings suggest that SFTD
might be a PE-specific novel indicator in the differ-
ential diagnosis of distinguishing PE from VP and
PJP.

While this research shows promise it also comes
with some limitations that need consideration. The
retrospective approach used in the study could lead
to selection bias. Although the -95 HU cut-off effec-
tively differentiated patients with PE from those with
VP and healthy controls, this threshold may exhibit
variability across different scanner models and imag-
ing protocols. We acknowledge that the -95 HU cut-
off value should be re-evaluated in different clinical
populations. Future studies with a multicenter and
prospective design, supported by automated image
processing algorithms are warranted to validate our
findings. In such settings, receiver operating charac-
teristic analysis would allow for a more accurate de-
termination of the optimal balance between
sensitivity and specificity. Additionally, even though
SEFTD has shown specificity for PE in this investiga-
tion, more studies are needed to confirm its effec-
tiveness in a setting with larger clinical groups and in
different systemic diseases.

I CONCLUSION

In conclusion, the measurement of SFTD represents
a novel and quantifiable tool for differentiating PE

from VPs in patients with diffuse lung opacities on
CT. Incorporating this parameter into clinical prac-
tice might enhance the diagnostic accuracy and im-
prove patient management, particularly in cases with
overlapping imaging features.
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