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The Role of the Mediastinal Lymph Node Density in
Assessing Severity of Pulmonary Edema

Pulmoner Odem Siddetinin Belirlenmesinde
Mediastinal Lenf Nodu Dansitesinin Rolii
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ABSTRACT Objective: Mediastinal lymph node density (MLND) on
non-contrast computed tomography has shown potential as a diagnos-
tic marker in thoracic imaging. The aim of this article is to investigate
the relationship between MLND and the severity of pulmonary edema
(PE). Material and Methods: This retrospective, double-center study
was conducted on 80 patients with PE, categorized into interstitial
edema (IE) group (n=40) and alveolar edema (AE) group (n=40), along
with a control group of healthy individuals (n=73). IE was defined as
fluid accumulation within the lung interstitium, and AE was defined as
the progression of the fluid accumulation into the alveolar spaces.
MLND was calculated by measuring the Hounsfield unit (HU) value
within a circular region of interest. Results: Median MLND values
were 34.0 HU (interquartile range 31.0-36.0) in healthy controls, 21.5
(20.0-24.0) in patients with IE, and 9.5 HU (6.3-13.8) in patients with
AE, respectively (p<0.001). All healthy individuals had MLND at least
28 HU, and all patients with PE had MLND below 28 HU. A negative
correlation was observed between MLND and PE severity, adjusted for
age, sex and body-mass-index. Conclusion: MLND is significantly as-
sociated with the severity of PE, suggesting that it may be used for clin-
ical evaluation of patients with PE.

Keywords: Mediastinal lymph node density;
pulmonary edema; thorax computed tomography

OZET Amag: Kontrastsiz bilgisayarli tomografi ile 6lgiilen mediasti-
nal lenf nodu dansitesi (MLND), torasik goriintiilemede potansiyel bir
tan1 gostergesi olarak dikkat ¢ekmistir. Bu makalenin amaci, MLND
ile pulmoner dem (PO) siddeti arasindaki iliskiyi arastirmaktir. Gereg
ve Yontemler: Bu retrospektif analiz, 80 PO hastast iizerinde gercek-
lestirilmistir. Hastalar, interstisyel 6dem (10) grubu (n=40) ve alveoler
6dem (AO) grubu (n=40) olarak siniflandiriimistir. Kontrol grubu ise
saglikli bireylerden (n=73) olusmustur. 10, akciger interstisyumunda
s1v1 birikimi olarak tanimlanirken; AQO, bu sivi birikiminin alveoler
alanlara ilerlemesi olarak tanimlanmistir. MLND, bir dairesel ilgi alan
icinde Hounsfield birimi [Hounsfield unit (HU)] degeri olgiilerek he-
saplanmistir. Bulgular: Medyan MLND degerleri saglikli bireylerde
34,0 HU (giiven araligi 31,0-36,0), iO hastalarinda 21,5 HU (20,0-24,0)
ve AO hastalarinda 9,5 HU (6,3-13,8) olarak 6l¢iilmiistiir (p<0,001).
Tiim saglikl bireylerde MLND en az 28 HU bulunurken, tiim PO has-
talarinda bu deger 28 HU nun altinda kalmistir. Yas, cinsiyet ve beden
kitle indeksi i¢in ayarlama yapildiginda MLND ile PO siddeti arasinda
bir iliski gozlenmistir. Sonu¢: MLND, PO siddeti ile anlaml1 bir se-
kilde iliskilidir ve PO hastalarinin klinik degerlendirilmesinde yardimet
bir arag olarak kullanilabilir.

Anahtar Kelimeler: Mediastinal lenf nodu dansitesi;
pulmoner 6dem; toraks bilgisayarli tomografi

Pulmonary edema (PE) is defined as extravascular
fluid flow into the pulmonary interstititum or alveolar
air spaces, due to elevated hydrostatic pressure, in-
creased permeability, or a combination of both.!
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Interstitial edema (IE) is described as smooth,
linear opacities outlining the secondary pulmonary
lobules and the absence of alveolary opcities, indi-
cating fluid accumulation within the interstitium. It
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is also referred to as interlobular septal thickening on
computed tomography (CT).? Similarly, the lym-
phatics runnig along these bundles also become ex-
panded, leading to peribronchial cuffing appearance
on CT. When fluid flows through the alveolar-capil-
lary barrier and occupies the air spaces, alveolary
edema (AE) occurs.

In early stages, ground-glass opacities are seen
due to partial fluid filling, whereas in advanced
stages, marked consolidation occurs as the air spaces
become completely filled with fluid.?> Although the
diagnosis and severity of PE can be assessed through
parenchymal findings on thorax CT, these findings
may sometimes be subtle or confusing, particularly
in early-stage or atypical cases. As emphasized in
previous studies, including Barile, the radiological
appearance of PE can vary depending on the under-
lying mechanism and disease phase, which may com-
plicate interpretation in daily clinical practice.? In
such situations, the measurement of mediastinal
lymph node density (MLND) may provide an addi-
tional, objective parameter to support the diagnosis
and evaluation of PE.?

MLND can be quantitatively measured through
CT in Hounsfield units (HU).? It has previously been
explored in conditions such as sarcoidosis and ma-
lignancies.*® However, no prior studies have investi-
gated MLND in the context of PE diagnosis as well
as its severity in terms of IE and AE.

In the current study, we aimed to investigate the
relationship between MLND and the severity of PE.

I MATERIAL AND METHODS
STUDY PARTICIPANTS

The study was conducted in accordance with the Dec-
laration of Helsinki. The Ko¢ University Committee
on Human Research approved the study protocol
(date: January 6, 2025; no: 2025.004.IRB2.00). Writ-
ten informed consent was obtained from all the sub-
jects involved in this study.

This study was a double-center Ko¢ University
Hospital and Kog Healthcare American Hospital Is-
tanbul retrospective evaluation of a clinical cohort be-
tween April 2021-February 2024.

Written informed consent was obtained from all
patients prior to CT imaging as part of standard clin-
ical care. Given the retrospective design and the use
of anonymized data, additional consent for study par-
ticipation was not required, in accordance with the
approval of the institutional ethics committee.

Among the 456 adult patients who underwent
thorax CT due to a preliminary or differential diag-
nosis of PE between April 2021-February 2024, those
with co-existing pneumonia, contrast-enhanced CT
scans, malignancies, interstitial lung disease, seque-
lae of tuberculosis, or poor-quality imaging were ex-
cluded. After applying these criteria, 80 patients were
randomly selected from the remaining eligible cases
across 2 centers. The diagnosis of PE was based on a
combination of clinical, laboratory, and radiological
findings, and the categorization into interstitial or AE
was made according to CT imaging features. The se-
lection process ensured balanced representation of
both IE and AE, with 40 patients in each group. In
addition, 73 healthy controls were randomly selected
from the check-up list (Figure 1). To avoid potential
variability in HU measurements due to the use of in-
travenous contrast, only non-contrast chest CT scans
were included in the study.

IE was characterized by interlobular septal thick-
ening and thickened bronchovascular bundles. AE
was defined as fluid accumulation in the alveoli, pre-
senting as ground-glass opacities and, in advanced
stages, frank consolidation on CT images.?

Demographic characteristics, pre-existing con-
ditions (hypertension, Type 2 diabetes mellitus), clin-
ical symptoms, laboratory parameters and
radiological findings were found from electronic

health record systems.

CHEST CT PROTOCOL AND ASSESSMENT

Siemens Healthineers, Forchheim, Germany’s So-
matom® Definition AS 64-detector row CT was used
to scan all patients without intravenous contrast ad-
ministration, with patients in supine position during
full inspiration. The scans were acquired using a tube
voltage of 120 kVp and automatic tube current mod-
ulation (CareDose4D), with a pitch value ranging
from 0.8 to 1.2 depending on patient size. The scan
range extended from the lung apices to the



456 patients underwent CT scan with suspected PE 121 adults underwent CT scan for check-up

376 were not included: 48 were not included:
134 had tuberculosis sequele 37 had tuberculosis sequele
30 had malignancy 1 had malignancy

"| 62 had pneumonia 6 had interstitial lung disease
22 had interstitial lung disease 4 had poor CT quality
118 enhanced CT
10 had poor CT quality
3
Final Study Population
80 patients with PE | I 73 healthy controls

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

costophrenic angles. All raw data were reconstructed
using a standard soft-tissue convolution kernel
(B30f), with a consistent slice thickness and recon-
struction interval of 1.0 mm applied to all cases.
Axial, coronal, and sagittal reformatted images were
evaluated using lung and mediastinal window set-
tings on a dedicated PACS workstation.

MLND was measured in HU using a region of
interest (ROI). HU measurements were done on me-
diastinal window settings.

We evaluated the largest lymph nodes in the me-
diastinum on unenhanced CT scans. In each patient,
only the largest mediastinal lymph node was selected
for measurement. The density of the largest lymph
node in the mediastinum was measured using a ROI
size that covered approximately two-thirds of the
lymph node cortex. HU values were obtained by plac-
ing circular ROIs on three separate cortical areas of
the same node, and the average of these 3 measure-
ments was used for analysis. Calcifications, vascular
structures, or artifacts were excluded within the ROL.
The hilum of the lymph nodes was also excluded
from the measurements because the fat-containing
hilum could potentially cause an inaccurately low
mean HU density. All measurements were performed

by an experienced radiologist at three independent
time points, blinded to the clinical data and the re-
sults of previous assessments to minimize intraob-
server bias. The long- and short-axis diameters and
MLND values of the lymph nodes were recorded for
statistical analysis. Only lymph nodes with a short-
axis diameter greater than or equal to 10 mm were in-
cluded in the analysis to ensure standardization and
minimize measurement variability. CT scans of a
healthy control, IE, and AE are illustrated in Figure 2.

STATISTICAL ANALYSIS

Baseline demographics were summarized as median
with 25" and 75" percentile for the continuous vari-
ables, and as count with percentage for the categori-
cal variables. For the continuous variables, the
between groups differences was tested via Kruskal-
Wallis test. For the categorical variables, chi-square
test was applied. The linear regression analysis was
performed to evaluate the correlation between PE
severity and MLND measurements adjusted for age,
sex and body mass index. Receiver operating char-
acteristics curve analysis was not performed in this
study due to the structure of the data and study de-
sign. The severity of PE classified into three prede-
fined diagnostic categories (healthy control, IE, and
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Interstitial Edema

Alveolar Edema

FIGURE 2: MLND measurements of a healthy control and patients with IE and AE, respectively
MLND: Mediastinal lymph node density; IE: Interstitial edema; AE: Alveolar edema; HU: Hounsfield unit

AE) based on clinical and radiological criteria, rather
than being derived from a continuous variable or bi-
nary outcome that would serve as a reference stan-
dard. Moreover, MLND was used as a quantitative
marker compared across these diagnostic groups,
rather than as a predictive classifier against a gold
standard. Thus, participants were coded as healthy con-
trols=0, IE=1 and AE=2, respectively. The accepted
significance level for all tests was set as 5%, and sta-
tistical analyses were performed using IBM SPSS 28.0
for Windows SPSS Inc., Chicago, Illinois, USA.

I RESULTS

As illustrated in Figure 1, a total of 456 patients had
the preliminary or differential diagnosis PE on the
CT-scans, and 376 were not included due to con-
comitant pneumonia, interstitial lung disease, con-
trast enhanced CT scans, malignancy or poor CT
quality. In total, 80 patients were remained for the
final analysis, 40 with IE and 40 with AE. Among

121 adults undergoing CT scans for check-up, 48
were excluded due to malignancy, interstitial lung
disease, tuberculosis sequele or poor CT quality, and
73 participants comprised the healthy controls.

Thus, 153 participants (47.7% females) with a
median age of 65.0 (45.5-81.0) years were examined
in this research. As shown in Table 1, patients in the
AE group were significantly older and there was a
significant difference among the study groups re-
garding the MLND values (Figure 3). All healthy in-
dividuals had MLND at least 28 HU, and all patients
with PE had MLND below 28 HU.

There was a statistically significant difference in
MLND values among the three groups (p<0.001,
Kruskal-Wallis test).

“Post hoc” pairwise comparisons revealed a sig-
nificant difference in MLND between the IE and con-
trol groups (p<0.001), and between the AE and
control group (p<0.001).

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

Healthy controls n=73 IE n=40 AE n=40 p value
Age, years 47.0 (38.5-58.50) 82.0 (75.8-87.0) 79.0 (64.8-85.5) <0.001
BMI, kg/m? 24.8(22.0-29.2) 255 (21.5-27.3) 257 (23.8-28.8) 0.627
Male sex, % 40 (54.8) 15 (37.5) 25 (62.5) 0.068
Hypertension, % 12 (16.4) 29 (72.5) 20 (50.0) <0.001
Diabetes mellitus, % 5(6.8) 14 (35.0) 8 (20.0) <0.001
MLND, HU 34.0 (31.0-36.0) 21.5(20.0-24.0) 95 (6.3-13.8) <0.001

BMI: Body mass index; MLND: Mediastinal lymph node density; HU: Hounsfield unit; IE: Interstitial edema; AE: Alveolar edema
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FIGURE 3: PE: Pulmonary edema; MLND: Mediastinal lymph node density; AE: Alveolar edema; IE: Interstitial edema; BMI: Body mass index

TABLE 3: Association of the severity of PE and the MLND

95% confidence

Unstandardized interval for g

coefficients Lower Upper p value
AE vs IE and controls ~ -11.46 -12.360 -10.561 <0.001
Age -0.020 -0.058 0.020 0.346
BMI -0.033 -0.156 0.090 0.594
Male sex 0.453 -0.680 1.585 0.431

PE: Pulmonary edema; MLND: Mediastinal lymph node density; AE: Alveolar edema;
IE: Interstitial edema; BMI: Body mass index

As shown in Table 2, only the association be-
tween MLND and PE severity was statistically sig-
nificant (B=-11.46, p<0.001), while age, sex, and
BMI did not show significant effects.

I DISCUSSION

The primary result of the present research was a re-
markable association between decreased MLND and
the severity of PE. Patients with AE exhibited the
lowest MLND values, followed by those with IE
while healthy controls demonstrated the highest val-
ues. This relationship suggests that MLND may serve
as a radiological indicator of PE severity.

To our knowledge, no previous study has
demonstrated a measurable decline in MLND in the
setting of PE. Our findings suggest that this decrease
in attenuation, as observed on non-contrast CT, is not

only a consistent feature of edema but also varies in
relation to its severity. Specifically, MLND values
were significantly lower in patients with AE com-
pared to those with IE and healthy controls, indicat-
ing that the extent of fluid accumulation within the
lymphatic structures may reflect the degree of pul-
monary fluid overload.

Although parenchymal findings are routinely
used to diagnose and assess the severity of PE on CT,
they may not always provide clear information in
early-stage or atypical cases. In such situations,
MLND may serve as an additional, objective
measurement to support radiological interpretation,
especially when conventional signs are inconclu-
sive.?

The underlying mechanism of the decrease in
MLND is the lymph node enlargement in PE due to
lymphatic congestion as well as increased interstitial
and alveolar fluid accumulation.

When the lymphatic system is unable to com-
pensate for this fluid shift, as often occurs in acute
decompensated states, mediastinal lymph nodes may
become congested with transudative fluid. This in-
ternal accumulation, rich in water content, likely re-
sults in lower density on CT imaging.

Mediastinal lymph node enlargement caused by
PE has been investigated previously.”!° Shweihat and
colleagues found that frequent occurrence of medi-



astinal lymph node enlargement is commonly seen in
cardiac failure, and is linked to acute volume over-
load rather than long term congestive heart failure.”
While their study contributed to the patterns of nodal
enlargement, such as multistation mediastinal in-
volvement, it did not address the MLND as a diag-
nostic parameter.

Previous researches have conducted HU mea-
surements in cases such as sarcoidosis and in malig-
nant lymph nodes.*¢ These studies have shown the
utility of HU thresholds in differentiating malignant
from benign lymph nodes.'*!* Future research focus-
ing on the differentiation of malignant lymph nodes
from conditions like edema may open new pathways
for noninvasive diagnostic techniques. By measuring
MLND in various benign conditions, future studies
may contribute to a more comprehensive under-
standing of how imaging biomarkers can refine diag-
nostic accuracy and reduce unnecessary invasive
procedures. MLND measurement may provide a
practical, quick, and reproducible method based on
routine non-contrast chest CT scans. MLND can be
assessed without additional procedures and reflects
both the presence and radiological severity of PE.
Compared to other conventional radiological signs,
MLND offers a quantitative measurement, which
may enhance diagnostic confidence. In addition to its
diagnostic potential, the observed difference in
MLND values between alveolar and IE indicates that
MLND may serve as a useful parameter for assessing
the radiological severity of PE. These features sup-
port the potential role of MLND as a complementary
tool in clinical decision-making and stratification of
cardiogenic PE. Further large-scale studies are war-
ranted to validate its integration into routine imaging
protocols and to explore its role in diverse patient pop-
ulations. Moreover, MLND measurements could com-
plement the findings like interlobular septal thickening
and the presence of ground glass opacities or pleural
effusions to distinguish between IE and AE.

We should also acknowledge certain limitations
in our research. The retrospective method might re-
strict the generalizability of the findings, and the po-
tential for selection bias cannot be ignored. Future
investigations should confirm our findings in larger co-
horts and explore the effect of preexisting conditions

on MLND. Although PE diagnosis was based on both
imaging and clinical parameters, overlapping CT find-
ings with other conditions, such as pneumonia, may
still present a limitation. MLND HU measurements
could have been influenced by minor variations in tube
voltage (kVp) and current (mAs) across patients, even
though a standardized CT protocol was followed. This
technical variability is also a limitation. Such varia-
tions are not only limited to our patient population but
may also occur across different patient groups and
imaging centers. Future research should prioritize the
implementation of automated exposure control sys-
tems and standardized acquisition protocols to ensure
consistency and comparability of HU-based measure-
ments in multicenter settings. Measurements were per-
formed three times at separate time points by the same
radiologist to reduce intra-observer bias; however,
inter-observer variability was not assessed and remains
a limitation. Another limitation is that MLND mea-
surements can vary depending on whether the CT scan
was contrast-enhanced. Since intravenous contrast may
increase the attenuation of lymph nodes, we excluded
all contrast-enhanced CT scans from this study to en-
sure consistency in HU measurements.

I CONCLUSION

In conclusion, MLND may be a promising radiolog-
ical parameter for assessing PE severity. However,
its clinical applicability requires further validation
through multicenter, prospective studies before it can
be recommended for routine use.
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