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Abstract

Background This study aimed to approximate the level of extravascular lung water (EVLW) in patients with severe
COVID-19 pneumonia using quantitative imaging techniques. The elevation of EVLW is known to correlate

with the degree of diffuse alveolar damage and linked with the mortality of critically ill patients. Transpulmonary ther-
modilution (TPTD) is the gold standard technique to estimate the total amount of EVLW, but it is invasive and requires
specialized equipment and trained personnel.

Methods The study included patients with severe COVID-19 who required chest CT scanning within the first

48 h of Intensive Care Unit (ICU) admission and had TPTD monitoring. Using in-house software tools for automatic
semantic segmentation, lung masks were obtained for estimating the EVLW content. The results were compared
with the TPTD measurements.

Results The results demonstrate a significant correlation between EVLW-TPTP measured by thermodilution
and EVLW-CT estimated from the patient’s CT-image (r=0.629, p=0.0014).

Conclusion The study showed that quantitative imaging techniques using chest CT-scans could be used as a con-
venient and low-cost option for ICUs without TPTD equipment for the assessment of EVLW in severe COVID-19
pneumonia.
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Background

The extravascular lung water (EVLW) is a parameter

which represents the fluid outside the pulmonary vas-

culature. The level of EVLW does not only correlate with
*Correspondence: the degree of diffuse alveolar damage, but it is also linked
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fluid accumulation, and potentially progression to fibro-
sis can be observed.

Although transpulmonary thermodilution (TPTD) is
the gold standard technique to estimate the total amount
of EVLVW, it is an invasive, catheter-based technique,
potentially associated with complications. In addition,
TPTD requires equipment and trained personnel that
is only available in specialized centers. An assessment
of EVLW by means of automated quantitative image
analysis would be a convenient and low-cost option for
Intensive Care Units (ICUs) without the ability for TPTD
measurements. As a step in this direction, the aim of this
study is to evaluate the approximation of EVLW in severe
COVID-19 pneumonia using quantitative imaging tech-
niques. While previous studies have investigated the use
of quantitative evaluations of CT-scans to estimate pul-
monary fluid status with varying accuracy, the studies
either focused on sheep [6], used non-routine CT-imag-
ing techniques [19], or the studied patient cohort did not
comprise patients with severe respiratory failure as pri-
mary condition [16].

Methods

Study design

Patients with severe COVID-19, who were treated in the
medical ICU of the University hospital Klinikum rechts
der Isar of the Technical University Munich, with need
for CT scanning of the chest within the first 48 h after
ICU admission as well as monitoring with TPTD for clin-
ical reasons unrelated to the study were eligible for study
inclusion.

TPTD measurements were performed 1-3 h before the
CT scan.

This retrospective, observational study was approved
(Approval No. 178/20S) by the Ethics Committee of the
University hospital Klinikum rechts der Isar and written
informed consent was obtained from all patients or their
legal representatives.

Due to the retrospective and observational nature
of this study, no formal sample size calculation was
performed.
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Transpulmonary thermodilution measurements

For bedside measurement of the EVLW through TPTD
(EVLW-TPTD) we used the PiCCO system (Pulsion Medi-
cal Systems SE, Feldkirchen, Germany) as described in [14,
15] with a 5-French thermistor-tipped catheter (Pulsiocath
PV2015L20; Pulsion Medical Systems SE) placed in the
abdominal aorta via the femoral artery. TPTD variables
were calculated based on the analysis of the thermodilu-
tion curve after injection of 15 ml of iced 0.9% saline via a
central venous catheter. The injection of the thermal indi-
cator was performed in triplicate and each TPTD value
represents the mean of three consecutive measurements.
TPTD measurements were performed between 1 and 3 h
before the CT scan. In addition to the measured EVLW,
the indexed version (EVLWI) was computed using the pre-
dicted body weight according to the ARDS-Net formula
[17].

Quantitative image analysis

The chest CT-images were processed using in-house soft-
ware tools for automatic semantic segmentation using deep
learning techniques described in [5, 9, 12] and as illus-
trated in Fig. 1. Prior to running inference with the neural
network, the CT-images were scaled down to an in-plane
resolution of 256256 to reduce computational complex-
ity—mainly during the of training the model—and stand-
ardize input dimensions for the neural network. To restore
the spatial resolution for the quantitative image analysis,
the obtained lung masks were subsequently up-sampled
to the original resolution of the CT-images and morpho-
logical closing was applied as a post-processing step. The
resulting lung masks were then manually checked and cor-
rected by an experienced operator, to ensure a consistent,
high-quality lung segmentation for each patient. Using the
lung masks we estimated the extravascular lung water con-
tent as follows: according to Protti et al. [10], we first com-
puted the overall volume of the lung by:

Viung = voxel volume * NVi,¢ pask:

where NVj,e mask is the number of voxels in the lung
mask. Next, the per voxel water volume was computed by
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Fig. 1 lllustration of overall image segmentation process using deep learning techniques
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voxel water volume = |1 —

voxel density
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* voxel volume,
—1000

where the voxel density is expressed in Hounsfield Units
(HU). The formula above essentially conflates water and
tissue content within a voxel as an approximation of the
water content of a voxel. The overall lung water content
was then computed by summing up the per voxel quanti-
ties and used as an estimate for the extra-vascular lung
water, hereafter referred to as EVLW-CT. Note that this
estimate includes both extravascular and vascular com-
ponents as those are difficult to differentiate from CT
alone, especially in the context of severe pathologies and
lower resolution CT scan. To address this limitation, we
incorporated a refined estimate of EVLW, referred to as
EVLW-CT-Corr. This estimate was calculated by sub-
tracting a standardized pulmonary blood volume (PBV)
value of 418 ml from the total lung water content for
all study participants. The value of 418 ml represents
the mean PBV reported by Hermann et al. [4] in a large
cohort study involving 727 participants.

However, it should be noted that, while this adjustment
provides a more specific approximation of extravascular
lung water it may also introduce an additional bias due to
inter-individual variations in vascular anatomy and perfu-
sion [1, 18]. To ensure consistency in the analysis, we have
therefore included both quantities.

Both estimates can furthermore be indexed using the
predicted body weight according to the ARDS-Net formula
[17]. The respective quantities are referred to as EVLWI-
CT and EVLWI-CT-Corr from here on. In addition, we
decided to also compute the quantities used in Saugel et al.
[16] to enable a better comparison of results. More specifi-
cally, we computed an approximation to the tissue volume
(TV) as described in Saugel et al. [16] using

TV = (volume of well aerated lung tissue x 0.3)
+ (volume of poorly aerated lung tissue x 0.7)
+ (volume of non — aerated lung tissue x 1.0),

with the same HU-thresholds to discern between well-
aerated (—900 to—500 HU), poorly aerated (—499
to—100 HU), non-aerated (—99 to+100 HU) and
hyperinflated (<—900 HU) tissue. We also computed an
indexed version (TVI) based on TV and the predicted
bodyweight as in the case of EVLWI. In addition, we

calculated the mean weighted index of voxel aqueous
density (VMWagq) according to Saugel et al. using

VMWagq = (( number (n)of well — aerated lung tissue voxels * 0.3)
+ (n of poorly aerated tissue voxels * 0.7)
+ (n of non — aerated tissue voxels * 1.0))/

total number of voxels in lung mask.

Statistical analysis

We computed the Spearman rank-correlation to analyze
the relationship between measured EVLW-TPTD and
EVLW-CT, TV, as well as VMWaq estimated from the
patient’s CT-image. We used the Spearman rank-corre-
lation as it does not assume a linear relationship and is
robust to potential variability introduced by the inclusion
of vessel volume in the total lung water volume derived
from the CT. The same analysis was conducted for the
indexed versions EVLWI-TPTD, EVLWI-CT, and TVI,
respectively. Furthermore, Bland—Altman plots were
used to compare TPTD-based and CT-based estimations
of EVLW and identify systematic differences between the
two approaches. In this context, we also looked at the
percentage error (PE) which is calculated as follows:

PE(%) = 100% s 1.96 % —2PT=CT

WTPDT

where orprp_cr is the standard deviation of the differ-
ences of measurements from CT and TPTD, and urprp
is the mean of measurements from the reference method,
i.e.,, the TPTD [2]. Statistical tests were conducted in an
exploratory manner on a two-sided 5% significance level.
Descriptive data are presented as absolute and relative
frequencies (categorical data) or as median and 25th and
75th percentile (continuous data). All statistical analyses
and data processing were performed using Python ver-
sion 3.9, utilizing NumPy, pandas, statsmodels and SciPy.

Results

Patients

In total, 25 critically ill patients with severe COVID-19
pneumonia on mechanical ventilation were included in
this observational study. Two patients were excluded as
the height was not documented and hence the predicted
body weight could not be computed. Thus, we included
23 patients in the final analysis. The patients’ characteris-
tics are presented in Table 1.
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Table 1 Patient characteristics

(2025) 13:52

All (n=23)
Sex (female/male) 5/18
Age (years) 70 (58.5-75.5)
Height (cm) 75 (170-180)

Predicted body weight (kg)

Body mass index (kg/m?)

Time between intubation and CT scan (hours)
PaO,/FiO, (mmHg)

Fluid balance within first 24 h (liters)

Need for norepinephrine (%)

Need for dialyses within first 24 h (%)

70,7 (63,87-5,28)
26.2 (22.9-27.8)
4.5(2.5-6.5)

70 (40-105)

1.8 (1.2-3.5)

100

15

Data are presented as counts, percentages or median with 25th percentile-75th
percentile

Pulmonary fluid status assessed through quantitative
imaging

Descriptive statistics from quantitative CT analysis
including information on the distribution of hyper-
inflated, well-, poorly, and non-aerated lung tissue
are shown in Table 2 along with the computed values
for EVLW-CT, EVWL-CT-Corr, TV, VMWaq, and
the indexed variants EVLWI-CT, EVLWI-CT-Corr
and TVI. Median EVLW-CT was 1.66 (1.27-2.08) ml,
median EVLWI-CT was 23.08 (19.25-28.22), median
EVLW-CT-Corr was 1.18 (0.79-1.59), median EVLWI-
CT-Corr was 16.69 (11.86-22.01), median TV was 1.49
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(1.25-1.96), median TVI was 21.36 (19.17-27.8), and
median VMWaq was 0.42 (0.34-0.45). The quantitative
CT analysis for each individual patient is provided in
the supplementary materials (Appendix A).

Pulmonary fluid status assessed with transpulmonary
thermodilution

Descriptive statistics on TPTD-derived EVLW-TPTD
and EVLWI-TPTD for the whole patient cohort are
shown in Table 2. Median EVLW-TPTD was 1.14 (0.94—
1.32), respectively. Median EVLWI-TPTD was 16.48
(14.0-19.5) ml/kg. Data on TPTD measurements are
shown individually for each patient the supplementary
materials (Appendix A).

Correlation analysis

There was a significant correlation between EVLW-
TPTP measured by thermodilution and EVLW-CT(-
Corr) estimated from the patient’s CT-image (r=0.629,
p=0.0014) as well as between EVLW-TPTD and TV
(r=0.589, p=0.0031). The corresponding scatter plots
are shown in Fig. 2a, c and e. A similar correlation was
found for the indexed versions of these quantities,
i.e., between EVLWI-TPTD and EVLWI-CT(-Corr)
(r=0.614, p=0.0018) as well as between EVLWI-TPTD
and TVI (r=0.629, p=0.0013). The corresponding data
are shown in Fig. 3a, ¢, e, respectively. We did, however,
not find a significant correlation between VMWaq and
EVLWI-TPTD (r=0.177, p=0.4201), data shown in the

Table 2 Population statistics (N=23) from transpulmonary thermodilution measurements and quantitative CT analysis

Variable Mean+SD Median (Q1-Q3) Min Max
EVLW-TPTD [I] 1.14+0.3 1.1 (0.94-1.32) 0.58 1.81
EVLWI-TPTD [ml/kg] 16.48+3.79 16.0 (14.0-19.5) 11.0 24.0

EVIW-CT 1] 1.65+048 1.66 (1.27-2.08) 0.99 25

EVLWI-CT [ml/kg] 24.09+7.34 23.08 (19.25-28.22) 13.14 4349
EVLW-CT-Corr [I] 1.17+£048 1.18 (0.79-1.59) 0.51 2.01
EVLWI-CT-Corr [ml/kg] 1705713 16.69 (11.86-22.01) 6.75 35.06
TV 1] 1.6+0.45 1.49 (1.25-1.96) 093 248
TVI [ml/kg] 23.37+6.83 21.36(19.17-27.8) 1241 41.63
VMWaq 041+0.08 042 (0.34-0.45) 0.28 0.55
Total lung volume ] 3.99+0.98 3.96 (3.37-4.45) 1.92 5.72
Volume hyperinflated [I] 0.32+0.28 0.22 (0.1-0.5) 0.03 1.01
Percentage Hyperinflated [%)] 7.33+5.76 5.7 (2.36-10.86) 0.78 18.07
Volume well-aerated [I] 2.28+0.71 2.38(1.88-2.71) 0.72 361
Percentage well-aerated [%] 56.98+11.15 57.65 (45.52-66.05) 37.71 74.11
Volume poorly aerated [I] 0.89+042 0.86 (0.58-1.17) 0.27 1.62
Percentage poorly aerated [%] 22.81+1043 22.18 (14.46-28.02) 6.33 4356
Volume non-aerated [1] 03+023 0.28 (0.12-0.4) 0.07 1.02
Percentage non-aerated [%)] 7.72+£546 8.14 (2.69-9.06) 1.71 24.16

SD standard deviation, Q1 25 quantile, Q3 75 quantile
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EVLW-TPTD [I] vs. EVLW-CT [I]
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Fig. 2 Relationship and agreement between extra-vascular lung water measured by thermodilution (EVLW-TPTD) and extra-vascular lung water
(EVLW-CT, EVLW-CT-Corr) and tissue volume (TV) estimated from CT-images. The left panel presents scatterplots illustrating the relationship
between a EVLW-TPTD and EVLW-CT, b EVLW-TPTD and EVLW-CT-Corr, and ¢ EVLW-TPTD and TV with a regression line, Spearman correlation

() and p-value. The right panel displays Bland—-Altman plots assessing the agreement between d EVLW-TPTD and EVLW-CT, e EVLW-TPTD

and EVLW-CT-Corr, and f EVLW-TPTD and TV, including the mean bias and 95% limits of agreement (LoA)
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Fig. 3 Relationship and agreement between extra-vascular lung water index measured by thermodilution (EVLWI-TPTD) and extra-vascular lung
water index (EVLWI-CT, EVLWI-CT-Corr) and tissue volume index (TVI) estimated from CT-images. The left panel presents scatterplots illustrating

the relationship between a EVLWI-TPTD and EVLWI-CT, b EVLWI-TPTD and EVLWI-CT-Corr, and ¢ EVLWI-TPTD and TVI with a regression line,
Spearman correlation () and p-value. The right panel displays Bland—Altman plots assessing the agreement between d EVLWI-TPTD and EVLWI-CT, e
EVLWI-TPTD and EVLWI-CT-Corr, and f EVLWI-TPTD and TVI, including the mean bias and 95% limits of agreement (LoA)
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Fig. 4 Scatterplot showing the relationship between the lung
volume computed from CT and predicted body weight (PBW)
with a regression line, Spearman correlation (r) and p-value

supplementary Figure S1. We have also investigated the
relationship between lung volume estimated from pre-
dicted body weight and lung volume computed from
the quantitative image analysis, data shown in Fig. 4.
Interestingly, we did not find a significant correlation
(r=0.331, p=0.123) between predicted body weight and
lung volume.

Bland-Altman analysis

We conducted a Bland—Altman analysis to assess the
agreement between TPTD- and CT-derived quantities.
For the comparison of EVLW-TPTD and EVLW-CT the
analysis revealed an absolute bias of —0.51 | with limits
of agreement (LoA) ranging from — 1.231to 0.21 1 and a
PE of 64.6% (Fig. 2b). For the corrected estimate (EVLW-
CT-Corr), the comparison with EVLW-TPTD showed a
bias of 0.03 1 with lower and upper LoA at —0.77 | and
0.71 1 and a PE of 64.6% (Fig. 2d). Comparing EVWL-
TPTD with the CT-derived TV (Fig. 2f) indicates a bias
of — 0.46 1 with lower LoA of — 1.16 I, upper LoA of
0.23 1 and a PE or 62.2%. For the indexed quantities, the
analysis showed a bias of —7.62 ml/kg with lower LoA of
—19.04 ml/kg, upper LoA of 3.81 ml/kg and a PE of 70.9%
for the comparison of EVLWI-TPTD with EVLWI-CT
(Fig. 3b), a bias of — 0.57 ml/kg, upper and lower LoA
of 10.54 ml/kg and — 11.68 ml/kg and a PE of 67.4% for
the comparison of EVLWI-TPTD with EVLWI-CT-Corr
(Fig. 3d) and a bias of — 6.90 ml/kg with lower and upper
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LoA of — 17.75 ml/kg and 3.95 ml/kg and a PE of 67.3%
for the comparison of EVLWI-TPTD with TVI (Fig. 3f).

Discussion

To the best of our knowledge this is the first study that
estimates EVLW using CT-based quantitative imaging
techniques in critically ill COVID-19 patients. We found
a robust correlation between EVLW estimated from
CT-scans and measured TPTD values. The correlation
coefficient between EVLWI-TPTD and EVLWI-CT is in
agreement with results obtained from patients with non-
COVID-19 related ARDS [19]. However, the correlation
reported by Zhang et al. [19] was stronger, likely because
the authors did not use routine CT-images but applied
a dedicated, standardized imaging protocol with image
acquisitions performed during an end-expiratory hold.

Interestingly, our correlation results differ markedly
from the results reported by Saugel et al.[16] who did not
find a strong correlation between EVLW as measured by
TPTD and CT, respectively. The main reason might be
the study cohort, e.g., primary (COVID-19 related) ver-
sus secondary ARDS (sepsis related) and the timepoint of
imaging which was during the acute phase of COVID-19
ARDS in our cohort.

For the uncorrected estimates, the Bland—Altman anal-
ysis revealed a systematic overestimation of EVLW by the
CT-based methods. Specifically, the bias for EVLW-CT
in comparison to EVLW-TPTD was —0.51 1, with lim-
its of agreement (LoA) ranging from — 1.23 | to 0.21 1.
The observed overestimation of CT-derived quantities
compared to TPTD measurements can be attributed to
the fundamental differences in the methodologies as
described in the methods section. However, the observed
bias for EVLW-CT aligns closely with the mean pulmo-
nary blood volume (PBV) of 481 ml reported by Her-
mann et al. [4]. Thus, correcting EVLW-CT with this
value leads to an almost unbiased estimate (bias of 0.03 1
and LoA ranging from — 0.77 1 to 0.71 1 for EVWL-CT-
Corr). For the indexed quantities, EVLWI-CT-Corr also
showed better agreement with EVLWI-TPTD, with a bias
of —0.57 ml/kg (LoA: — 11.68 ml/kg to 10.54 ml/kg) com-
pared to the uncorrected EVLWI-CT, which had a bias of
—7.62 ml/kg (LoA: — 19.04 ml/kg to 3.81 ml/kg). These
results highlight the benefit of correcting for pulmonary
blood volume (PBV) in improving agreement. Never-
theless, the wide LoA and high percentage error (PE)
across all comparisons (ranging from 62.2% to 70.9%)
indicate substantial variability which likely result from
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both methods. Our current CT-derived estimates inher-
ently include vascular components due to the lack of
vessel segmentation, leading to a systematic overestima-
tion of EVLW. Although the corrected estimates (EVLW-
CT-Corr) subtract a standardized PBV to address this,
inter-individual variations in vascular anatomy and per-
fusion remain unaccounted for, introducing potential
variability across the dataset. The variability may be fur-
ther amplified by the lack of standardized imaging pro-
tocols for the CT acquisition which can influence the
observed water distribution and segmentation accuracy,
leading to increased measurement uncertainty. In addi-
tion, TPTD itself is subject to multiple limitations that
may contribute to the observed variability. Factors such
as tidal volume, PEEP levels or the PaO,/FiO, ratio can
influence EVLW measurements with TPTD [7, 8]. Clini-
cal conditions like pulmonary embolism, pleural effu-
sion, or heterogeneous ARDS can further affect accuracy,
as pulmonary blood flow redistribution in ARDS may
underestimate EVLW, while large pleural effusions can
lead to overestimation [8]. Moreover, the study of Sakka
et al. [13] has shown that TPTD tends to underestimate
actual values compared to the double-indicator dilu-
tion method, particularly in cases of high EVLWI (above
12 ml/kg) and overestimates it at low-normal values,.
With a mean EVLWI of 24.09 ml/kg this effect might
have a relevant influence on our study results.

In addition, the poor correlation between predicted
body weight and lung volume is an interesting finding.
The use of predicted body weight assumes that in con-
nection with mechanical ventilation volutrauma can be
minimized by adjusting the tidal volume according to
the patient’s lung capacity. In the absence of quantita-
tive imagine techniques, physicians hitherto rely on pre-
dicted body weight as a proxy to actual lung capacity. The
results obtained in this study challenge the validity of
this assumption. However, since the CT-scans evaluated
in this study were not obtained at defined pressure lev-
els, further investigations with a larger patient cohort are
necessary to analyze the relation between predicted body
weight and lung capacity more rigorously.

Sensitivity of VMWaq

Aside from our data not showing a significant correla-
tion between VMWaq and EVLW-TPTD, VMWaq is,
in our opinion, not well suited to assess extravascular
lung water. VMWagq is quite sensitive to the fraction of
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hyperinflated lung tissue which is not included in the
numerator of the formula to compute VMWaq. Conse-
quently, VMWaq will change considerably if the fraction
of hyperinflated lung tissue changes, which happens, e.g.,
throughout the course of the ventilation cycle. In addi-
tion, different ventilator settings such as increased pres-
sure levels like a higher positive end-expiratory pressure
(PEEP) or driving pressure will have a more pronounced
effect on VMWagq as compared to say EVLW-CT.

Clinical implications

As the CT-scans were performed under routine clinical
conditions the algorithm will likely generalize under vari-
ous clinical constellations. Because EVLW parameters
are closely related to higher morbidity and mortality rates
our findings may be of general importance in the workup
of ICU patients.

While the TPTD measurements could be used as con-
tinuous EVLW measurements over several days to poten-
tially monitor ARDS treatment, the CT-based EVLW
estimation is correlated to a specific timepoint. However,
using a CT scan-based estimation also allows the cor-
relation to the lung structure and pathological findings
that are not visible using TPTD alone. This capability is
particularly relevant in conditions such as ARDS, where
regional heterogeneity in lung pathology is common.

The observed variability between CT- and TPTD-
derived measurements limits the direct applicability in
clinical routine at this stage and highlights the impor-
tance of context when interpreting EVLW values, par-
ticularly in critically ill patients with complex lung
pathologies.

Limitations

One limitation of the current study is the absence of a
standardized imaging protocol during CT acquisition.
Furthermore, the respiration state at CT was not avail-
able as the data were collected retrospectively. These fac-
tors can influence the observed water distribution and
segmentation accuracy and therefore increase measure-
ment uncertainty. The results of the quantitative image
analysis might be more consistent if the image were
always acquired at an expiratory or inspiratory hold.
Another limitation is that the blood vessels within the
lungs were not explicitly accounted for in the image anal-
ysis. The computed EVLW-CT represents the total water
content within the segmented lung area, including both
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vascular and extravascular components, which leads to a
systematic overestimation of EVLW from the CT analy-
sis. Partly, this is due to the lack of a robust automatic
vessel segmentation approach for these severely damaged
lungs. To partially address this, we introduced a refined
estimate, EVLW-CT-Corr, calculated by subtracting a
standardized pulmonary blood volume (PBV) of 418 ml
from the total lung water content. While this adjustment
leads to an unbiased estimation of EVLW, it should be
noted that individual variations in vascular anatomy and
perfusion are not fully captured. Future studies integrat-
ing complementary imaging modalities, such as dual-
energy CT, or more advanced segmentation techniques
for the pulmonary vasculature may help to quantify the
PBV more precisely and patient-specific. Since the data
for this study were collected retrospectively, we were
unable to precisely control the time delay between image
acquisition and TPTD measurement, which also could
affect the accuracy of the results. We plan to address this
issue in future work by conducting TPTD measurements
within close proximity to the CT scan. Furthermore, the
relatively homogeneous patient population in this study
is a limitation, as it may restrict the generalizability of our
findings to other pathologies or more diverse clinical set-
tings. Future studies should aim to validate these results
in larger and more heterogeneous cohorts to enhance
their clinical applicability. Lastly, as this work is limited
to data from a single center, the study should be repeated
with a larger cohort from multiple centers to further vali-
date the results obtained in this study.

Conclusion

In contrast to previous studies [16], we found a correla-
tion between the pulmonary fluid status assessed with
TPTD and quantitative imaging techniques in severe
ARDS. We found that the correlation was slightly more
pronounced for the un-indexed version EVLW-TPTD
and EVLW-CT(-Corr) (r=0.626) as compared to the
indexed version of the EVLWI-TPTD and EVLWI-
CT(-Corr) (r=0.614). While our quantitative analysis
still required manual fine-tuning of the segmentation
in particular with regard to the existing pleural effu-
sions, the future version of our software should allow
for fully automatic lung segmentation and hence estima-
tion of extravascular lung water based on the quantities
described in this paper.

The Bland—Altman analysis, however, revealed signifi-
cant variability between CT-derived and TPTD-derived
measurements, as indicated by the high percentage errors
(62.2-70.9%) and relatively wide limits of agreement.
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These findings highlight the challenges of achieving
accurate and precise results with the current CT-based
method, particularly in the absence of a segmentation of
the pulmonary vessels and standardized imaging proto-
cols, both of which can be addressed in future work.

Despite the current limitations, these methods could
become a valuable tool in centers without the capability
to measure EVLWI through a transpulmonary thermodi-
lution device. However, further studies in larger and more
diverse populations, combined with enhanced imaging
techniques, are necessary to validate the clinical utility of
this approach and address the observed variability.

Appendix
See Table 3.
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EVLW  Extra vascular lung water

EVLWI  Extra vascular lung water index
ICU Intensive Care Unit

cT Computed tomography

PEEP Positive end-expiratory pressure
TPTD  Transpulmonary thermo dilution
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