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Abstract

Background The rationale of albumin use lies in its potential to increase oncotic pressure and optimize tissue perfu-
sion. Randomized trials have not demonstrated a survival benefit, and the effects of albumin on volemia remain
unclear. This study investigates, in healthy pigs, the effects of a 48-h albumin infusion on intravascular fluid volume,
albumin kinetics, and its impact on respiratory function.

Methods Thirty-nine healthy female pigs ventilated for 48 h were grouped according to mechanical power
(high~ 18 J/min vs. low ~6 J/min) and type of fluid (5% albumin solution vs. crystalloid), generating four experimental
groups: MP oy~Crystalloid; MP q,-Albumin; MP-Crystalloid; and MPyygi-Albumin.

Results Intravascular fluid volume was similar across groups (MPo,~Crystalloid: 1.92 (£ 0.38)L; MPy g, -Crystalloid:
1.72 (£040)L; MP o-Albumin: 1.86 (£0.37)L; MPg-Albumin: 2.10 (£ 0.58)L; p 0.389). For the same mechani-

cal power, the fraction of albumin lost from the plasma was higher in the albumin compared to the crystal-

loid groups (MP|oy-Albumin: 62 (£ 13)% vs. MP| ,~Crystalloid: — 16 (66)%; and MPc-Albumin: 58 (£24)% vs.
MPo-Crystalloid: 29 (+ 14)%; p < 0.001). Albumin groups showed greater ascites (MP|,,-Crystalloid: 261 (+380)
mL; MPyyi-Crystalloid: 144 ( 148)mL; MP oy-Albumin: 710 (£664)mL; MPq-Albumin: 685 (£ 651)mL; p 0.034),
and worse end-expiratory lung gas volume and elastance, despite comparable histological damage.
Conclusions In our cohort, prolonged albumin infusion did not lead to a difference in intravascular fluid volume,

but it resulted in the loss of ~60% of the infused albumin and ascites development. Ascites was associated with lower
end-expiratory lung gas volume and higher elastance, despite similar histological lung damage across the groups.
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Background

A key rationale for albumin use lies in its ability to
increase plasma oncotic pressure, thereby promot-
ing intravascular volume expansion [1] and reducing
peripheral tissue edema [2]. Several physiological stud-
ies have investigated the pharmacokinetics of albu-
min and its impact on fluid distribution, observing an
increase in intravascular volume following its admin-
istration [3-5]. However, the duration of these studies
was limited to 6-8 h; therefore, experimental data on
the kinetics and physiological effects of albumin dur-
ing prolonged infusion are lacking. Conversely, ran-
domized trials with a longer duration of intervention
showed no significant differences in mortality or length
of hospital stay between albumin and crystalloids [6—
8]. The discrepancy between physiological studies and
clinical trials highlights the current limitations in our
understanding of albumin use: whether bolus or infu-
sion is preferable, the duration of its effectiveness,
and the specific clinical conditions in which it may be
beneficial.

In a recent experimental animal study, we investi-
gated the respiratory implications of high vs. low fluid
balance (FB) combined with high vs. low mechani-
cal power (MP) [9]. Surprisingly, despite all groups
showing comparable histological lung damage, those
with a high FB had a significantly greater amount of
ascites, which resulted in reduced end-expiratory lung
gas volume (EEL;V) and worsened respiratory system
elastance. To achieve the target experimental FB, bal-
anced crystalloid was administered to 50% of the pigs in
each of the four experimental groups, while the remain-
ing 50% received a 5% albumin solution. Consequently,
the observed effects were independent of the type of
fluid used and depended solely on the use of high or
low FB, as the proportion of colloid and crystalloid was
evenly balanced across all experimental groups.

In this secondary analysis, we grouped the animals
based on the type of infused fluid rather than FB,
thereby creating four groups of animals with similar
FB but exposed exclusively to either albumin or crys-
talloid. The study hypothesis is that, at equal FB, the
use of albumin increases intravascular volume through
reduced capillary leakage and potentially minimiz-
ing damage to peripheral tissues. The primary objec-
tive was to assess intravascular fluid volume (IFV) and
albumin kinetics in animals ventilated with low and
high MP and receiving either 5% albumin solution or
balanced crystalloid, with similar FB, during 48 h. The
secondary objective was to assess the impact on res-
piratory function: lung mechanics and histological
damage.
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Materials and methods

Thirty-nine healthy female pigs underwent 48 h of
mechanical ventilation. According to the initial study
design, each animal was randomized to a specific FB
(high vs. low), fluid type (crystalloid vs. 5% albumin solu-
tion), and MP (high vs. low) (Figure S1). In the present
secondary analysis, animals were grouped according to
the applied MP and fluid type, resulting in four experi-
mental groups: (1) low mechanical power-crystalloid
(MP| oy-Crystalloid), n=10; (2) low mechanical power-
albumin (MP; gy -Albumin), #=9; 3) high-mechanical
power-crystalloid (MPyy;gy- Crystalloid), #=10; and 4)
high-mechanical power-albumin (MPyyg-Albumin),
n=10. The detailed description of the experimental trial
is reported in the online supplement. The study was
approved by the local ethics committee (LAVES 33.9-
42,502-04-22-00022), and was performed in accordance
with the ARRIVE guidelines [10].

Experimental mechanical power
The values of MP used to define low- and high-MP
groups were identified based on the available literature
[11-13]:~6 J/min vs.~18 J/min for the low- and the
high-MP groups, to provide “safe” or “harmful” venti-
lation. We maintained a fixed PEEP value (7 cm H,0)
and respiratory rate (15 bpm), and to achieve the tar-
geted MP, tidal volume was adjusted (~8 mL/kg in low
MP vs.~16 mL/kg in high MP). Once the experimental
mechanical ventilation was initiated, the setting of the
ventilator was maintained unmodified throughout the
experiment.

The calculation of MP was performed according to its
simplified equation [14]:

Pdriv
MP = 0.098 x RR x V; X ( Ppeak — 5 (1)

where 0.098 is the unit conversion factor; RR is the res-
piratory rate, V, is the tidal volume; P, is the peak pres-
sure; and 'y is the driving pressure.

Experimental fluid type and fluid balance
The study animals were allocated to either a balanced
crystalloid solution (Sterofundin®, Braun, Melsun-
gen, Germany), or a 5% albumin solution diluted in
Sterofundin® The 5% albumin-crystalloid solution
was prepared by removing 250 mL from 1L bag of
Sterofundin® and replacing it with 250 mL of 20% albu-
min (Human Albumin Grifols® 200 g/L).

Although in the original trial animals were grouped
into low FB (increase of 0-5% in body weight at 48 h
compared to baseline) or high FB (increase of 10-15%),
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regardless of the type of fluid, in this secondary analy-
sis animals were grouped according to the type of fluid.
Consequently, FB is anticipated to be comparable among
groups.

Assessment of intravascular fluid volume
The IFV was computed at baseline (IFVy) and at each
timepoint of the study (IFVy).

The IFVy; was computed as the 5% of the initial body
weight:

IFVpL, = TBW3p, x 0.05 (2)

where TBWy, is the baseline total body weight.

The IFVy was calculated using the mass balance equa-
tion based on hemoglobin concentration. The first step
consisted in the computation of baseline amount of
hemoglobin, according to the following equations:

_ qHbgp,

[Hblpy, = TFVpL (3)

qHbg; = [Hb]g, x IFVpL (4)

where [Hb]y; is the baseline concentration of hemo-
globin; qHby; is the baseline amount of hemoglobin
within the IFVy;; and IFVy; is the baseline intravascular
fluid. Rearranging Eq. 3 to isolate qHBy; as the unknown
variable (Eq. 4), we obtained the baseline hemoglobin
amount (qHbyg; ).

Second, we corrected for the hemoglobin removed
at each timepoint of the study, based on the volume of
blood lost due to blood sampling, to obtain the amount
of hemoglobin within the IFV (qHby). Hence, we calcu-
lated the IFV at each timepoint of the study (IFVy), using
the following equation:

qHby

VX = Ty ©)

where qHby is the amount of hemoglobin within the IFV
at each timepoint of the study; and [Hb]y is the hemo-
globin concentration at each timepoint.

Quantification of the expected amount of albumin
The expected albumin (qAlbgyp), i.e., the amount of pro-
tein within the IFV assuming no albumin loss, was calcu-
lated as the sum of the baseline albumin (qAlbg; ) plus the
amount of infused albumin at each study timepoint.

The baseline amount of albumin (qAlbg;) was com-
puted as follows:

qAlbg; = [Alb]g; x IFVp 6)
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where [Alb]y; is the albumin concentration at baseline;
and IFVyp; is the baseline IFV.

To quantify the expected albumin (qAlbpyp) at each
timepoint, we summed the qAlby; with the albumin
infused at each timepoint, which was derived by quanti-
fying the infused milliliters of 5% albumin solution.

Quantification of the actual amount of albumin

and wasted albumin

Once the value of IFV was computed for each study time-
point, the actual amount of albumin (qAlby) was derived
by applying the following equation:

qAlby = [Alb]x x [FVx (7)

where [Alb]y and IFVy are the concentrations of albu-
min and amount of IFV at a given study timepoint,
respectively.

The amount of wasted albumin was determined as
follows:

Alb.wasted = qAlb,,, — qAlb, (8)

where qAlb,,, and qAlb, are the amount of expected and
actual albumin at a given study timepoint, respectively.

The fraction of wasted albumin was calculated applying
the following equation:

Alb.wasted
Alb.wasted fraction = ——— %y 100 )
qubeXp

Study process

Once the animals were prepared for the experimental
setting, baseline measurement was performed, in pre-
experimental conditions. Subsequently, the setting of
mechanical ventilation, the infusion rate and the type
of fluid to be infused were modified, according to the
group allocation and the study protocol. A complete set
of measurements was collected at baseline, at 0.5 h, and
subsequently every 6 h. At 48 h, the animal was eutha-
nized and the autopsy performed. Macroscopic and
microscopic lung analyses were performed to quantify
the magnitude of lung damage.

Outcome variables

All data related to pulmonary and cardiac functions,
together with fluid distribution, were collected: time
course of EEL;V, partitioned respiratory mechanics,
hemodynamic and fluid-related variables. We recorded
the amount of infused and eliminated fluids and albumin.
At each measurement, we collected blood samples for lab
analysis and gas exchange assessment. Post-mortem, we
measured lung weight and ascites and collected tissue
samples from the lung, liver, kidney, bowel, and muscle
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for wet-to-dry ratio assessment and histological analysis
of lung tissue.

Statistical analysis

Data were expressed as mean+ SD or percentage. Com-
parison between groups and subgroups was performed
using one-way ANOVA or Fisher’s exact test. Time
course of the collected variables was evaluated via a
two-way ANOVA for repeated measures with group as
between effect, time as a within effect, and the single
animal as random effect. A p value <0.05 was considered
statistically significant. All analyses were performed with
R 4.0.

Results

At baseline, physiological variables were comparable
across groups, except for wedge pressure and pulmo-
nary vascular resistances (Table S1). The volume of fluids
administered, the FB, and the amount of infused albumin
were similar between the crystalloid and albumin groups,
for the same MP, as per study protocol (Table 1 and Fig-
ure S2).

Intravascular fluid volume

No significant differences in IFV were observed over time
across groups (Fig. 1), or at 48 h: MP; oy-Crystalloid:
192 (£0.38)L; MP,gyw-Albumin: 1.86 (+£0.37)L;
MPye-Crystalloid: 1.72 (+0.40)L; MPyy;n-Albumin:
2.10 (+0.58)L; p 0.389 (Table 1). The MP,y;-Albumin
group demonstrated a non-significant trend of higher
IFV values, with the largest gap relative to the other
groups occurring between hours 12 and 24-.

Dynamics of albumin: plasma kinetics and clearance
Figure 2 shows the expected amount of albumin that
would be present in the circulatory system in the
absence of any removal from circulation (qAlb,,,), com-
pared to the actual amount of albumin (qAlb, ). While
groups assigned to crystalloid showed a minimal differ-
ence between expected and actual albumin levels (Panel
A and B), the albumin groups showed a substantial and
significant gap (Panel C and D). As a result, the groups
assigned to albumin had a significantly higher amount
of wasted albumin (Fig. 3); at 48 h: MP; qy-Albumin:
62 (£13)%, and MPy;gy-Albumin: 58 (+24)%. Con-
versely, in the crystalloid groups, wasted albumin showed
smaller variations: MP| y-Crystalloid: — 16 (+66)%, and
MPyyci-Crystalloid: 29 (£14)% (difference between the
four groups p<0.001; Table 1).

The groups receiving albumin had a higher vol-
ume of ascites: MP; yy-Crystalloid: 261 (+380)mL;
MP,; gyw-Albumin: 710 (£664)mL; MPy;qy-Crystalloid:
144 (£148)mL; MPygy-Albumin: 685 (+651)mL; p
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0.034 (Fig. 4, Panel A). In a linear regression model, the
amount of infused albumin showed a significant linear
relationship with increased ascites (p <0.001; R*>=0.750;
[p=4.686; Fig. 4, Panel B).

Respiratory function: lung mechanics and histological
damage

Measured EELV throughout the experiment is shown in
Fig. 5, Panel A. In groups assigned to low MP, the rela-
tive variation in EEL;V was similar: MP; oy,-Crystalloid:
—18.7 (£20.3)%; MP;qy-Albumin: —-164 (+23.8)%
(Table 1). Conversely, when assessing the groups
assigned to high MP, the difference was pronounced:
the crystalloid group maintained a stable EEL;V, while
the group assigned to albumin showed a reduction
in EEL;V, comparable to that of the low-MP groups:
MPygy-Crystalloid: 6.2 (£30.6)%; MPyygy-Albumin:
—16.4 (+21.1)% (difference between the four experimen-
tal groups: p 0.034).

The groups with the highest reduction in EELgV
showed the steepest increase in respiratory system
elastance, particularly during the last 24 h. Conversely,
the high-MP crystalloid group, which had a stable
EEL:V, maintained a constant pulmonary elastance over
time (Fig. 5, Panel B). No significant differences between
groups were observed in lung weight, wet-to-dry ratio, or
the incidence of histopathological alterations, as reported
in Table 2.

Discussion

This study investigated the effects of albumin infusion
on intravascular fluid volume, albumin kinetics, and res-
piratory function compared to crystalloid, for the same
fluid balance, in healthy pigs ventilated at two MP lev-
els. The main findings were: (1) intravascular fluid vol-
ume was similar between the experimental groups and,
in albumin groups, the amount of wasted albumin was
as high as~60%; (2) albumin infusion was associated
with significantly higher ascites volume; and (3) ascites
was associated with reduced EEL;V and worse respira-
tory mechanics, despite similar histological lung damage.
Taken together, our results do not support the original
study hypothesis.

Intravascular fluid volume
Intravascular fluid volume was similar across groups,
regardless of the type of fluid infused, despite a tran-
sient and non-significant trend toward higher IFV in the
MPyygy-Albumin group.

Although our findings do not align with previous phys-
iological studies reporting an increase in plasma volume
following albumin infusion [3-5], two key considerations
should be taken into account: (1) the duration of this
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Table 1 End-experimental values for the assessed variables according to the four experimental groups
MP oy-crystalloid MP oy-albumin MPy,gi-crystalloid MPy gy-albumin p value
Fluid distribution
Weight [kg] 33.1 (+4.7) 332(+37) 355(+74) 35.1 (+3.9) 0.621
Weight variation [kg] 242 (x142) 2.05(x1.73) 2.02 (£1.50) 2.38(x2.15) 0.931
Infused fluids [L] 279 (+1.71) 2.69 (+£2.45) 3.16(x£2.39) 3.13 (+£240) 0.956
Infused albumin [g] 0 135 (£122) 0 156 (£120) <0.001
Wasted albumin [g] —-28(+1298) 116.1 (£89.5) 4.8 (£3.5) 119.2 (£96.1) <0.001
Wasted albumin [%] — 16 (£66) 62 (£13) 29 (+£14) 58 (+24) 0.002
Urine production [L] 1.26 (£0.48) 1.81 (+£0.85) 1.85 (£0.87) 1.67 (+£0.86) 0337
Fluid balance [L] 253 (+1.44) 221 (+£1.64) 235 (x£1.70) 255 (+£1.70) 0.962
Ascites [mL] 261 (£380) 710 (£ 664) 144 (£148) 685 (+651) 0.034
IFV L] 1.92 (£0.38) 1.86 (£0.37) 1.72 (£0.40) 2.10(+0.58) 0.389
Albuminin IFV [g] 18.6 (£13.9) 521 (+£31.6) 104 (£2.9) 524 (+31.7) 0.002
Hemoglobin in IFV [g] 146.2 (+35.5) 144.2 (£19.0) 1434 (£36.3) 163.3 (£42.9) 0.545
Hemodynamics
Heart rate [bpm] 67 (+36) 72 (£25) 71 (x16) 92 (£36) 0.280
Mean systemic pressure [mmHg] 61 (£10) 67 (£12) 62 (£12) 78 (£15) 0.019
Central venous pressure [mmHg] 9 (+6) 7 (+6 9 (+5) 13 (£5) 0.128
Mean pulmonary pressure [mmHg] 15 (x£4) 19 (£6 21 (x6) 25 (+6) 0.014
Pulmonary wedge pressure [mmHg] 9(x5) 10 (£4) 12 (£4) 18 (£10) 0.019
Cardiac output [L/min] 297 (£141) 410 (£1.74) 2.80(£0.81) 297 (£1.57) 0.198
SVR [dyn-sec:cm™] 1601 (£513) 1171 (£278) 1626 (+£667) 1715 (x1112) 0.357
PVR [dyn-sec-cm'S] 214 (£95) 175(x76) 264(x195) 219(x210) 0.685
SvO, [%] 61.6(£15.2) 67.6 (+£8.5) 532 (x59) 556 (£14.1) 0.057
Ventilator setting
Tidal volume [mL] 261 (£35) 269 (£22) 541 (£67) 559 (£70) <0.001
Respiratory rate [bpm] 15 (+0) 15 (+0) 15 (+0) 15 (+0) 1.000
PEEP [cmH,0] 6.7 (£0.5) 6.7 (£0.5) 74(x1.0) 74(x1.0) 0.088
FiO, [%] 40 (+0) 40 (£0) 40 (£0) 40 (£0) 1.00
Lung mechanics
Mechanical power [J/min] 6.98 (+£2.90) 7.75 (+1.86) 2254 (+5.38) 2648 (£7.59) <0.001
EEL.V [mL] 739 (£158) 755 (£213) 1047 (+£296) 867 (£241) 0.037
Elastance [cmH,O/L] 40.2 (£9.8) 456 (£9.3) 345(x£10.5) 41.1(£13.7) 0.193
Gas exchange and laboratory tests
pH 748 (+0.06) 747 (£0.06) 7.58 (+0.02) 7.52 (x0.09) 0.003
PaCO, [mmHg] 420 (£9.0) 490 (£8.1) 19.6 (£3.8) 24.6 (£94) <0.001
PaO, [mmHg] 170.5 (£33.0) 154.2 (£27.3) 177.2 (£43.5) 161.9 (£34.1) 0.528
Hemoglobin [g/dL] 76(+£0.9) 7.6 (£0.9) 8.1(x13) 8.2(x22) 0.749
Plasma albumin [g/dL] 0.92 (£0.50) 256 (+1.30) 0.64 (£0.19) 230 (+1.06) <0.001
Urinary albumin [mg/L] 44(£3.2) 29.9 (£27.6) 56 (x4.8) 16.8 (£12.4) 0.005

Values are expressed as mean (SD); p value: one-way ANOVA; IFV Intravascular fluid volume, SVR Systemic vascular resistances, PVR Pulmonary vascular resistances,
SvO, Mixed venous oxygen saturation, PEEP Positive end-expiratory pressure, FiO, Fraction of inspired oxygen, EEL;V End-expiratory lung gas volume, PaCO2 Arterial

partial pressure of carbon dioxide and PaO2 arterial partial pressure of oxygen

study was longer, whereas previous studies had a limited
duration of a few hours. The MP;5-Albumin group had
the highest IFV, likely due to the combination of higher
oncotic pressure (from albumin infusion) and increased
intrathoracic pressures (from MP), especially during the
12-24-h period, while in the subsequent hours, the gap

with the other groups decreased. It is possible that a dif-
ferent duration of the previously reported studies would
have yielded different results. Similarly, in the ALBIOS
trial, individuals assigned to albumin had higher mean
arterial pressure and central venous pressure during the
first days of the trial, while in the following days, the
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Fig. 1 Time course of intravascular fluid volume across the four experimental groups: MP, ,~Crystalloid: solid blue line; MP,,,-Albumin: dashed
blue line; MPc-Crystalloid: solid red line; MPyyc-Albumin: dashed red line. Two-way ANOVA: differences between groups p 0.095; differences

over time p<0.001; interaction group-time: p 0.817

values became similar between groups [6]. (2) The major-
ity of studies supporting the positive effects of albumin
on IFV administered it as a bolus, whereas in this study,
we used continuous infusion. In patients undergoing
major abdominal surgery, Statkevicius et al. observed
that the same amount of albumin administered as a bolus
had a greater plasma-expanding effect compared to con-
tinuous infusion [15]. Therefore, the use of different infu-
sion rates may in part explain the heterogeneity of results
observed in studies evaluating the effects of albumin.

Albumin kinetics and albumin waste

In the groups assigned to albumin, a significant differ-
ence between expected and actual albumin levels was
observed, confirming a substantial albumin loss from the
intravascular space. In contrast, actual albumin levels in
the crystalloid groups remained relatively stable, con-
sistent with minimal loss from catabolism, dilution, or
third-space shift [16]. In the low-MP crystalloid group,
the negative value of albumin waste is unlikely to reflect
a true increase in total plasma albumin content. Rather,
this may be explained by a lower intensity of mechanical
ventilation leading to reduced activation of volume-regu-
lating pathways (renin—angiotensin—aldosterone system,
antidiuretic hormone, etc.) and, in turn, less water reab-
sorption and less “dilution” compared to the high-MP
group crystalloid [17].

As shown in Fig. 1, in the albumin groups, expected
and actual albumin overlap during the initial 6-8 h
and subsequently diverge, suggesting the existence of a
threshold beyond which albumin is no longer effective
and albumin waste occurs. Although albumin concentra-
tion in ascitic fluid was not measured, it is reasonable to
speculate that albumin shifted into this compartment.
This hypothesis is supported by the positive association
between infused albumin and ascites volume, as well as
by the absence of ascites in the crystalloid groups. Two
potential mechanisms could explain ascites development:
(1) in an initial phase, ascites may have formed through
a passive mechanism dependent on increased intravascu-
lar hydrostatic pressure and (2) subsequently, an oncotic
gradient-driven accumulation of fluids, where increased
albumin in the peritoneal space may have raised the
intraperitoneal oncotic pressure above plasma oncotic
pressure, drawing fluids from the intravascular compart-
ment into the peritoneal space [18].

To investigate the mechanisms underlying albumin
loss, we constructed several linear regression mod-
els in which different variables were tested against the
amount of wasted albumin (Figures S4-S8). In light of
these results, albumin loss was most strongly associ-
ated with the amount of albumin infused, consistently
across both low- and high-mechanical power groups.
According to Starling’s principle, the movement of
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Fig. 2 Time course of expected (gray line) and actual albumin (blue or red line) in the four experimental groups. Panel A MP, ,,~Crystalloid, solid
blue line, p interaction 0.370; Panel B MP,,4-Crystalloid, solid red line, p<0.001; Panel C MP,,-Albumin, dashed blue line, p <0.001; Panel D,

MPyc-Albumin: dashed red line, p < 0.001

fluid and protein, including albumin, across the capil-
lary wall depends on the balance of hydrostatic and
oncotic pressures and capillary permeability [19]. As
our animals did not have conditions associated with
increased permeability, albumin extravasation is likely
driven by alterations in hydrostatic or oncotic pres-
sures. After leaving the capillary, albumin is normally
reabsorbed via the lymphatic system and returned to
the circulation. However, human [20] and animal [21]
studies show that increased central venous pressure
impairs lymphatic flow, thereby reducing the reabsorp-
tion of interstitial fluid and its protein content. The dif-
fering association between central venous pressure and
albumin loss in albumin- vs. crystalloid-treated animals
ventilated at high-mechanical power supports this pro-
posed mechanism. Moreover, in our model, higher pla-
teau and driving pressures were associated with greater
albumin loss, likely reflecting the increase in central
venous pressure induced by elevated intrathoracic pres-
sures [22].

Lung mechanics and lung pathology

Different MP and fluid types resulted in similar macro-
scopic and microscopic histological lung damage. This
finding confirms the observations from our previous
study, where we observed that high vs. low MP and FB
were associated with comparable lung injury.

Although evidence supports that high MP is associ-
ated with greater lung injury, reconciling the observa-
tion of lung injury at low MP is more challenging. In
our previous paper, we proposed that overdistention
and volutrauma were the main contributors in high-MP
groups, whereas derecruitment and atelectrauma were
the primary mechanisms when low MP was applied.
Another possible hypothesis is that 48 h may be insuf-
ficient to observe different lung injuries across groups,
as lung damage from volutrauma and atelectrauma
might develop with different timing and latency. On the
other hand, the use of albumin vs. crystalloid did not
significantly affect lung injury severity, and the most
likely explanation is that albumin waste, probably into
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amount of infused albumin and ascites, in animals assigned to albumin. p<0.001; R?=0.739; 3=4.298

the ascitic fluid, neutralized the anti-edema effects of
albumin.

Although histological damage was similar across exper-
imental groups, animals assigned to albumin showed

reduced EEL;V and worse respiratory system elastance.
As thoroughly discussed in our previous paper, the pri-
mary factor contributing to the reduction in EEL;V was
the development of ascites, resulting from increased
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Fig. 5 Time course of end-expiratory lung gas volume (Panel A), and respiratory system elastance (Panel B) in the four experimental groups:
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Table 2 Post-mortem analysis: macroscopic and microscopic indicators of lung damage

MP, oy-crystalloid MP, oy-albumin MP, cy-crystalloid MPy 4~ albumin p value
Macroscopic pathology
Lung weight [mg] 4824 (£1794) 5187 (x1764) 593.5(£197.0) 588.3 (£261.2) 0.570
Wet-to-dry ratio: lung 6.06 (+0.68) 6.20 (+0.74) 6.47 (£0.75) 6.71 (+£0.92) 0.275
Wet-to-dry ratio: liver 4.25 (+£0.65) 3.89 (+0.46) 430 (+0.52) 4.31 (+£0.60) 0.340
Wet-to-dry ratio: kidney 597 (£0.64) 5.75 (+0.85) 599 (+£0.75) 5.67 (£0.65) 0.705
Wet-to-dry ratio: bowel 503 (+1.23) 525 (+0.64) 545 (+0.57) 532 (+0.57) 0.687
Wet-to-dry ratio: muscle 426 (+0.53) 425 (+0.35) 407 (+0.33) 3.94 (+£0.37) 0.245
Microscopic pathology
Alveolar ruptures [%]* 100 100 100 100 1.000
Alveolar edema [%] * 90 77.8 80 80 0.947
Inflammation [%]* 100 100 100 100 1.000
Atelectasis [%]* 100 100 90 100 1.000

Values are expressed as mean (SD); p value: one-way ANOVA; * values expressed as a percentage of the total observations; p value: Fisher’s exact test

intra-abdominal pressure and displacement of the dia-
phragm [23].

Limitations

The present study has several limitations. The fluid man-
agement does not reflect the dynamic approach currently
used in clinical practice, but was designed to investi-
gate the effects on fluid distribution and lung injury
resulting from different combinations of MP and fluid
type. Ascites was only quantified post-mortem and not
throughout the experiment, and we were unable to meas-
ure albumin concentration in ascites or intra-abdominal
pressure; therefore, our interpretation remains specula-
tive. The different MP was generated by only modifying
the tidal volume. However, this is not a mere comparison

between different tidal volumes, as the same tidal vol-
umes could result in different levels of injury under vary-
ing experimental conditions, such as varying respiratory
rate or PEEP [24]. Although the mass balance equation is
the most commonly used method for quantifying plasma
volume in studies examining the effects of albumin infu-
sion, its accuracy may decline over time.

Conclusions

In the present study, the initial hypothesis that prolonged
albumin infusion would increase IFV was not confirmed.
Indeed, in groups assigned to albumin, nearly 60% of the
infused albumin was wasted, i.e., removed from the intra-
vascular compartment, and likely shifted into the peri-
toneal space. In contrast, animals receiving crystalloids
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neither showed albumin waste nor developed ascites. The
presence of ascites was associated with impaired lung
mechanics, despite the absence of significant differences
in histological lung injury across groups. Although these
results cannot be directly applied to daily clinical prac-
tice, they provide relevant insights into albumin kinetics
in the context of mechanical ventilation.
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