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Abstract

Background: Hypoalbuminemia at the initiation of continuous renal replacement therapy (CRRT) is a risk factor for
poor patient outcomes. However, it is unknown whether the patterns of changes in serum albumin levels during
CRRT can be used to predict patient outcomes.

Methods: This retrospective study analyzed data that had been consecutively collected from January 2016 to
December 2020 at the Third Affiliated Hospital. We included patients with acute kidney injury who received CRRT
for>72 h. We divided the patients into four groups based on their serum albumin levels (albumin > 3.0 g/dL

or< 3.0 g/dL) at the initiation and termination of CRRT.

Results: The 793 patients in this study were categorized into the following albumin groups: persistently low, 299
patients (37.7%); increasing, 85 patients (10.4%); decreasing, 195 patients (24.6%); and persistently high, 214 patients
(27.1%). In-hospital mortality rates were highest in the persistently low and decreasing groups, followed by the
increasing and persistently high groups. The hazard ratio for in-hospital mortality was 0.481 (0.340-0.680) in the
increasing group compared to the persistently low group; it was 1.911 (1.394-2.620) in the decreasing group com-
pared to the persistently high group. The length of ICU stay was 3.55 days longer in the persistently low group than in
the persistently high group.

Conclusions: Serum albumin levels changed during CRRT, and monitoring of patterns of change in serum albumin
levels is useful for predicting in-hospital mortality and the length of ICU stay.
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Background

Albumin is the most abundant protein in plasma; it has
important roles in maintaining oncotic pressure, anti-
biotic delivery, anti-oxidation, and anticoagulation
[1]. Critical illness alters the synthesis, degradation,
and distribution of albumin between the intravascular
and extravascular compartments [1-3], resulting in a
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dramatic decrease in serum albumin concentration from
the early phase of illness.

Serum albumin levels change during the course of
a disease. McCluskey et al. [4] reported that the serum
albumin concentrations in non-survivors decrease rap-
idly during the first 24—48 h of ICU admission. Schreiber
et al. [5] induced inflammation in rats and observed a
decrease in albumin concentration for up to 36 h, fol-
lowed by recovery to the baseline concentration.

Hypoalbuminemia has been reported in 73.9% of criti-
cally ill patients who require continuous renal replace-
ment therapy (CRRT) [6, 7]. Several studies have
reported that hypoalbuminemia at the initiation of CRRT
is a prognostic marker for short- and long-term mortality
[6, 8, 9]. However, little is known regarding the clinical
importance of changes in serum albumin during CRRT.

The inflammatory response during a critical ill-
ness affects the life cycle and distribution of albumin
between intravascular and extravascular compartments.
We hypothesized that increasing or decreasing serum
albumin levels reflect the resolution or maintenance of
inflammation; thus, such patterns may provide informa-
tion that can be used to predict patient survival. This
study investigated changes in serum albumin during
CRRT and their associations with outcomes in critically
ill patients who required CRRT.

Study design and population

This retrospective study enrolled consecutive patients
who received CRRT between January 2016 and Decem-
ber 2020 at the Third Affiliated Hospital. We included
patients aged>18 years who had acute kidney injury
(AKI), with or without chronic kidney disease (CKD);
we excluded patients with end-stage kidney disease
who received maintenance dialysis treatment. Because
we analyzed the associations between changes in serum
albumin levels during CRRT and in-hospital mortality,
we also excluded patients without serum albumin values,
patients who received CRRT for<72 h, and patients who
remained in the hospital for > 100 days after CRRT.

Data collection and definitions

The parameters included demographics, comorbidities,
disease severity, and laboratory data at the initiation of
CRRT. We obtained demographic and comorbidity data
from medical records. Disease severity at the initiation
of CRRT was assessed using the Sequential Organ Fail-
ure Assessment (SOFA) score. We reviewed the volume
of urine within 6 h before the initiation of CRRT and
defined oliguria as a mean urine output of <0.5 mL/kg/h
that was sustained for more than 6 h. The CRRT infor-
mation included the number of days from ICU admission
to the start of CRRT, the actual delivered dose, and the
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duration of CRRT. We extracted input and output infor-
mation during CRRT from the electronic medical record
and calculated the cumulative fluid balance using the
following formula [10] [X (daily input (L) — daily output
(L))/initial body weight (kg)] x 100. Reasons for termina-
tion of CRRT were grouped as follows: renal recovery,
transition to conventional hemodialysis (HD), or inability
to maintain CRRT because of low blood pressure/do not
resuscitate (DNR) order/death. We collected longitudinal
serum albumin data from the initiation to the termina-
tion of CRRT. Serum C-reactive protein (CRP) concen-
tration was collected at the initiation of CRRT, 72 h after
the initiation of CRRT, and at the termination of CRRT.

Based on the serum albumin level at the initiation
of CRRT, we categorized the patients into initial nor-
moalbuminemia (serum albumin>3.0 g/dL) and initial
hypoalbuminemia (serum albumin<3.0 g/dL) groups.
Based on the serum albumin level at the termination of
CRRT, the initial hypoalbuminemia group was further
categorized into persistently low (serum albumin<3.0 g/
dL at CRRT termination) and increasing (serum albu-
min>3.0 g/dL at CRRT termination) groups; the initial
normoalbuminemia group was further categorized into
decreasing (serum albumin<3.0 g/dL at CRRT termina-
tion) and persistently high (serum albumin > 3.0 g/dL at
CRRT termination) groups.

CRRT operation

The decision to initiate CRRT was made at the discre-
tion of the attending physician. After a patient had been
advised to begin CRRT, a specialized CRRT team [11]
initiated and managed dialysis. Vascular access was
achieved through the internal jugular vein or femo-
ral vein. CRRT was performed using the pre- and post-
dilution continuous venovenous hemodiafiltration
mode on a Baxter Prismaflex CRRT machine with an
ST69 membrane. We used heparin as the primary anti-
coagulant; nafamostat mesylate was used as an alterna-
tive in patients with elevated risk of bleeding. The blood
flow rate was 150 mL/min. PrismaSol was used for the
dialysate and replacement solution. We prescribed a
CRRT dose of 35 mL/kg/h with hemodialysis and hemo-
filtration at 1:1. The actual delivered dose was calculated
based on the effluent flow rate after correction for the
prediluted percentage.

Considering the SAFE study results [12, 13], we did
not routinely infuse commercially available albumin for
the correction of hypoalbuminemia during CRRT. The
decision to terminate CRRT was made by the nephrolo-
gist on the CRRT team when the patient’s blood pressure
had recovered without the assistance of vasopressors (in
this case, we changed the dialysis mode to conventional
hemodialysis if further renal replacement therapy was
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needed) or when there was a trend of increased urine
output [14]. We also stopped CRRT in cases of patients
with very low blood pressure (usually mean arterial pres-
sure <60 mmHg) that did not respond to the full doses
of multiple vasopressors or inotropes and maintaining
CRRT was expected to cause shock.

Outcomes

The primary outcome was in-hospital mortality. The sec-
ondary outcomes were the lengths of ICU and hospital
stays.

Statistical analysis

The normality of the data was verified using the Kolmog-
orov—Smirnov test. Continuous variables are expressed
as median and interquartile range or mean=stand-
ard deviation, as appropriate. Differences in param-
eters among the four albumin groups were compared
using one-way analysis of variance; post hoc analyses
were corrected using the Bonferroni method. Categori-
cal variables are expressed as percentages; differences in
proportions were compared using the Chi-squared test.
Longitudinal changes in serum albumin levels were com-
pared via repeated-measures analysis. Survival curves
were plotted using the Kaplan—Meier method and ana-
lyzed using log-rank tests to show the un-adjusted effect
of each albumin group on in-hospital mortality.

The effects of changes in serum albumin on in-hospital
mortality were analyzed using univariable and multivari-
able Cox proportional hazards models. The full model
was adjusted for age, sex, body mass index (BMI), diabe-
tes, liver cirrhosis, chronic obstructive pulmonary dis-
ease (COPD), CKD, cancer, sepsis, hemoglobin, SOFA
score, number of days from ICU to CRRT, actual deliv-
ered CRRT dose, and CRRT duration. The final model
was determined using backward model selection based
on the Wald test, with a 0.2 threshold for predictors
(e.g., age, COPD, CKD, SOFA score, and actual delivered
CRRT dose). We also included BMI and sepsis in the
final model, regardless of the Wald test result, because
BMI (a basic nutrition factor) [15-17] and sepsis [2, 18]
have critical effects on albumin that influence in-hospital
mortality.

Estimates of the effects of changes in albumin on the
length of ICU or hospital stay were analyzed using a
multiple linear regression model adjusted for age, SOFA
score, and CRRT duration. All statistical tests were two-
sided, and p-values<0.05 were considered statistically
significant. Data were analyzed and plotted using IBM
SPSS software (v. 28.0; SPSS Inc., Chicago, IL, USA) or
SigmaPlot (v.10.0; Systat Software Inc., San Jose, CA,
USA).
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Results

In total, 1895 patients received CRRT in our hospi-
tal between January 2016 and December 2020. We
excluded 5 patients who were<18 years of age, 304
patients who had end-stage kidney disease, 656 patients
who received CRRT for<72 h, 116 patients who
remained in the hospital for > 100 days, and 21 patients
who had no serum albumin data during CRRT. Thus,
we included 793 patients in the analysis (Fig. 1).

The median age of the patients was 67.5 (56-77)
years; 63.1% of the patients were men, and the mean
BMI was 24.3 £ 12.9 kg/m? The patients had a median
of 1 (1-2) comorbidity; diabetes (41.8%), hyperten-
sion (51.9%), and congestive heart failure (26.6%) were
the most common comorbidities. Liver cirrhosis was
observed in 11.2% of the patients, and sepsis was diag-
nosed in 23.7% of the patients. The mean SOFA score at
the initiation of CRRT was 10.34+ 3.74.

The mean serum albumin level at the initiation of
CRRT was 3.05+£0.67 g/dL. Serum albumin levels
changed during the median of 5 (3-8) days of CRRT.
Among the 793 included patients, serum albumin lev-
els were persistently low in 299 (37.7%), increased in
85 (10.4%), decreased in 195 (24.6%), and persistently
high in 214 (27.0%). Changes in the serum albumin
level in each group are plotted in Fig. 2. In the decreas-
ing and increasing groups, serum albumin levels started
to change on the second day of CRRT, and on the
third day (day 3) of CRRT, mean serum albumin levels
were highest in the persistently high, followed by the
increasing, decreasing, and the persistently low group.
At the end of CRRT, the mean serum albumin level in
the increasing group was similar to that in the persis-
tently high group.

Patients received CRRT
from Jan.2016 to Dec.2020
(N=1,895)

Excluding
Age <18 (N=5)
ESKD (N=304)
CRRT duration <72 hours (N=656)
Hospital admission >100 days (N=116)
Unavailable serum albumin data (N=21)

Eligible patients
(N=793)

Fig. 1 Flow diagram of the study population
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Fig. 2 Changes in serum albumin level during continuous renal
replacement therapy in the four albumin groups: orange, persistently
high; green, increasing; purple, decreasing; blue, persistently low.
Numbers at the bottom of the figure indicate the number of data
available for each group on each day

Thirty-seven of 793 (4.7%) patients received intrave-
nous albumin during CRRT; 15 (5.0%) among the persis-
tently low, 5 (5.9%) among the increasing, 9 (4.6%) among
the decreasing, and 8 (3.7%) among the persistently high
albumin group. No difference in proportion was detected.

Associations of patient characteristics and disease course
with changes in serum albumin levels

In the initial normoalbuminemia group, congestive heart
failure, COPD, and CKD were more common, whereas
sepsis and the use of vasopressors were less common
than in the initial hypoalbuminemia group. Mean arterial
pressure was higher and SOFA score was lower in the ini-
tial normoalbuminemia group at the initiation of CRRT
(Additional file 1: Table S1).

Among the patients with initial hypoalbuminemia,
the increasing group received CRRT longer [8 (5-13.3)
days] than did the persistently low group [6 (4—11) days,
p<0.001]. The initial laboratory findings and disease
severity did not differ between the two groups, except
for the lower CRP levels in the increasing albumin
group. A greater proportion of patients in the increasing
group transitioned to conventional HD (21.2% vs. 12.4,
p=0.041), while a smaller proportion of patients termi-
nated CRRT because of low BP/DNR/death (41.2% vs.
53.2%, p=0.049), compared to the persistently low group
(Table 1).

Among the patients with initial normoalbuminemia,
patients in the decreasing group were older [70 (61—
77.5) years vs. 64 (52-75) years, p=0.002] and were
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more likely to have cancer (21% vs. 11.7%, p =0.010)
than were patients in the persistently high group. Sep-
sis was more common (18.6% vs. 6.2%, p <0.001), vaso-
pressors were more frequently required (60.5% vs.
49.3%, p=0.004), and CRP levels were higher in the
decreasing group than in the persistently high group.
The proportion of patients who terminated CRRT
because of low BP/DNR/death was higher (39.5% vs.
29.9%, p=0.042) in the decreasing group (Table 1).

In-hospital mortality according to changes in serum
albumin levels

In total, 378 (47.9%) of the 789 patients died during
their hospital stay. The in-hospital mortality rate was
higher in the initial hypoalbuminemia group than in the
initial normoalbuminemia group (Additional file 1: Fig.
S1). Among the patients with initial hypoalbuminemia,
the hazard ratio (HR) for in-hospital mortality was sig-
nificantly lower in the increasing group than in the per-
sistently low group (Fig. 3A, left); among the patients
with initial normoalbuminemia, the HR for in-hospi-
tal mortality was significantly higher in the decreas-
ing group than in the persistently high group (Fig. 3A,
right). In the subgroup of patients with sepsis, cancer,
COPD, or a higher SOFA score (SOFA score > 10), the
HRs did not significantly differ between the increasing
and persistently low groups or the decreasing and per-
sistently high groups. Analysis of all patients showed
that the in-hospital mortality rates were highest in the
persistently low and decreasing groups, followed by
the increasing and persistently high groups (log-rank
p<0.01) (Fig. 3B).

Table 2 shows the HRs of the albumin groups for pre-
diction of in-hospital mortality after adjustments for age,
BMI, COPD, CKD, sepsis, SOFA score, and CRRT dose.
The HRs for in-hospital mortality were 0.571 (0.340-
0.958) in the increasing group and 0.565 (0.353-0.903) in
the persistently high group compared to the persistently
low group. The HR of the decreasing group for in-hospi-
tal mortality was 0.722 (0.455-1.146), which was similar
to the HR of the persistently low group. Similar results
were observed in the fully adjusted model (Additional
file 1: Table S2). In addition to the change in serum albu-
min, old age [HR 1.014 (1.002-1.027)] and a higher SOFA
score [HR 1.089 (1.036-1.45)] were significant predictors
of in-hospital mortality (Table 2).

As day 3 serum albumin levels clearly separated the
four albumin groups, we further tested its performance
in predicting in-hospital mortality. After adjusting for the
parameters listed above, lower serum albumin on day 3
(HR 0.532; 0.377, 0.751) was significant for predicting in-
hospital mortality (Table 2).



Rhee et al. Journal of Intensive Care (2022) 10:25 Page 5 of 11

Table 1 Baseline characteristics of patients by the serum albumin change pattern

Alb <3.0 g/dL at CRRT start Alb> 3.0 g/dL at CRRT start
Persistent low (N=299) Increasing (N=85) Decreasing (N=195) Persistent
high
(N=214)
Demographics
Age, year 66 (55-75) 63.5(52.5,75.3) 70 (61,77.5)F 64 (52,75)
Male, % 67.9 64.3 66.7 60.3
BMI, kg/m2 23.6£4.7 243142 240+£40 240443
Comorbidities
Diabetes, % 40.8 348 429 40.3
Hypertension, % 42.7 394 532 50.0
Liver cirrhosis, % 122 25.8% 87 1.1
CHF, % 225 22.7 349 333
COPD % 4.2 6.1 11.9 6.9
CKD, % 89 13.6 19.8 174
Cancer, % 19.1 129 210 1.7
Disease severity
Sepsis, % 36.2 229 186" 6.2
Anuria, % 59.2 593 526" 633
MAP, mmHg 79.14+14.7 806+ 166 839+182 832+£159
Vasopressors, % 68.2 68.6 60.5 493
Ventilator, % 61.1 68.6 60.5 589
SOFA score 114437 11.1+£33 99+£35 90+34
Laboratory data
\/\/BC,WO%JL 142+109 1321114 13.5+£106 135+£118
Platelet, 103/uL 1369+£116.5 122.2+864% 162.14£99.7 15034943
Hemoglobin, g/dL 994538 96+5.1 114432 10.7+£27
Total protein, g/dL 50£1.1 48409 61£14 59+1.1
Albumin, g/dL 25+04 26403 35+05" 36405
BUN, mg/dL 62.5+36.2 5474353 57.1+£385 5244345
Creatinine, mg/dL 35+24 32425 45488 32426
Sodium, mmol/L 1364+£82 1374478 136.5+£83 137.8+77
Potassium, mmol/L 44+09 43+09 58+124 46+1.0
CRP, mg/L 136£11.3 7.7 +87*% 93+10.1" 53470
PT, INR 18£13 1.84£09 14+04" 18+£17
CRRT operation
ICU to RRT, days 1(0,4) 1(1,6) 1(0,2) 0(0, 1)
Duration, days 64,11) 8 (5,13.3)% 6(5,8) 6(5,10)
Delivered dose, ml/kg/h 341453 349439 33.74+49 353456
IV albumin infusion,% 15 (5.0) 5(5.9) 9 (4.6) 8(3.7)
Reasons for CRRT stop
Kidney recovery 344 376 46.7 52.8
Transition to HD 124 21.2% 13.8 173
Unable to maintain CRRT (low 53.2 41.0% 39.5° 299
BP/DNR/death)

" p<0.05, compared to persistent low, 'p <0.05 compared to persistent high

Alb albumin, CRRT continuous renal replacement therapy, BMI body mass index, CHF congestive heart failure, COPD chronic obstructive pulmonary disease, CKD
chronic kidney disease, MAP mean arterial pressure, SOFA Sequential Organ Failure Assessment, WBC white blood cell, BUN blood urea nitrogen, PT prothrombin time,
ICU intensive care unit, RRT renal replacement therapy
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Lengths of ICU and hospital stays according to changes

in serum albumin levels

The median length of ICU stay was 11 (6—20) days; it was
longer in the decreasing group [16 (10-30) days] than in
the increasing [10 (6—17) days] or persistently high [9.5
(6-15) days] groups (p<0.001) (Additional file 1: Table S3).
In the multivariable linear regression model adjusted for
age, SOFA score, and CRRT duration, the median length
of ICU stay was 3.55 (0.49-6.60) days longer in the per-
sistently low group than in the persistently high group
(»=0.023) (Table 3).

The median length of hospital stay was 22 (12—-42) days;
it was longer in the decreasing group [69 (16-58) days]
than in the increasing group [21 (10-35) days] (Additional
file 1: Table S3). However, the multivariable linear regres-
sion model adjusted for age, SOFA score, and CRRT dura-
tion revealed no differences in the length of hospital stay
according to changes in serum albumin levels. In this study,
the length of hospital stay was affected by age (mean dif-
ference,—0.17 (—0.31 to —0.03) days) and CRRT duration
(mean difference, 0.90 (0.56—1.21) days) (Table 3).

In the multivariable linear regression model, each 1 g/dL
decrease in serum albumin level on day 3 predicted 3.96
(0.20, 7.89) days longer duration of hospital stay, whereas
it was not predictive for the length of the ICU stay (Addi-
tional file 1: Table S4).

Changes in volume status during CRRT according

to the serum albumin group

During the median 5 (3—8) days of CRRT, mean total input
was 24.3+34.8 L, the mean total output was 21.6+24.9 L,
and the mean total fluid balance was 2.1 £6.5L, which was
2.949.8% of initial body weight. The mean changes in vol-
ume status per body weight in each group were 5.6+9.5%/
kg in the persistently low, 3.2£9.2%/kg in the increasing,
3.24+10.2%/kg in the decreasing, and —0.24+9.2%/kg in
the persistently high group (Additional file 1: Table S5).
The proportion of patients with more than a 2%/kg volume
decrease was highest in the persistently high group (43.2%)
followed by the increasing (27.0%), decreasing (22.7%), and
persistently low groups (20.3%), whereas the proportion of
patients with more than 2%/kg added volume was high-
est in the persistently low (58.6%) and decreasing (57.1%)
groups followed by the increasing (50%) and persistently
high (31.7%) albumin groups (Fig. 4).
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Changes in CRP during CRRT according to the serum
albumin group

Information for CRP was available in the 72.3%, 36.7%, and
46.6% of the groups at the start of CRRT, CRRT day 3, and
upon stopping CRRT. As shown in Fig. 5, serum CRP levels
were persistently high in the persistent low albumin group
and significantly increased during CRRT in the decreas-
ing albumin group. CRP levels were persistently low in the
increasing albumin group, which was comparable to those
in the persistently high albumin group.

Discussion

Serum albumin level changed rapidly beginning on day 2 of
CRRT; at the start of CRRT, the mean serum albumin level
in the decreasing group was significantly higher than that
in the increasing group, whereas the two groups had simi-
lar levels on day 2, which reversed on day 3. The patterns
of changes in serum albumin levels during a median of 5
(3—-8) days of CRRT were predictive of in-hospital mortal-
ity and the length of ICU stay. The in-hospital mortality
rate was lower in the increasing group than in the persis-
tently low group; it was higher in the decreasing group than
in the persistently high group. ICU stays were significantly
longer in the persistently low group than in the persistently
high group. We also observed that the serum albumin level
on day 3 of CRRT was predictive of in-hospital mortality
and the length of hospital stay. To our knowledge, this is
the first report to show diverse changes in serum albumin
levels during CRRT and their associations with patient
outcomes.

Several studies have reported the effect of initial hypoal-
buminemia on mortality in AKI patients who required
CRRT. Moon et al. [8] retrospectively reviewed 1581 AKI
patients who received CRRT and classified them into three
groups based on tertiles of serum albumin level at the
beginning of CRRT; they compared 1-week, 1-month, and
6-month all-cause mortality rates. The 1-week, 1-month,
and 6-month mortality rates were 1.3- to 1.4-fold higher in
the second tertile (mean serum albumin level, 2.74+0.1 g/
dL) and 2.7- to 3.2-fold higher in the first tertile (mean
serum albumin level, 2.1+0.3 g/dL) than in the third tertile
(mean serum albumin level, 3.4+ 0.4 g/dL).

Zheng et al. [9] reviewed 837 AKI patients who received
CRRT; they analyzed the effects of initial hypoalbumine-
mia on short- and long-term mortality rates. In multi-
variate analysis, the HRs of initial hypoalbuminemia for
28-day and 90-day mortality were 0.63 (0.50-0.80) and
0.63 (0.51-0.78), respectively. The association between

(See figure on next page.)

Fig. 3 A Hazard ratios for in-hospital mortality of the increasing group compared to the persistently low group (left), and the decreasing group
compared to the persistently high group (right) stratified by age, sex, body mass index, diabetes, congestive heart failure, liver cirrhosis, chronic
kidney disease, chronic obstructive pulmonary disease, sepsis, anuria, and SOFA score. B Kaplan-Meier survival analysis results of the four albumin
change groups; orange, persistently high; green, increasing; purple, decreasing; blue, persistently low
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Fig. 3 (See legend on previous page.)
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Table 2 Multi-variable Cox regression analysis results for
predicting in-hospital mortality
HR (95% CI) p-value
Model |
Albumin changing pattern
Persistent low Reference
Increasing 0.571(0.340, 0.958) 0.034
Decreasing 0.722 (0.455, 1.146) 0.167
Persistent high 0.565 (0.353,0.903) 0.017
Age, year 4(1.002,1.027) 0.023
SOFA score 1.089 (1.036, 1.455) <0.001
Model Il
Serum albumin at Day 3, g/dL 0.532(0.377,0.751) <0.001
Age, year 7 (1.006, 1.029) 0.004
COPD 1.887 (1.104, 3.226) 0.020
SOFA score 1.088 (1.042,1.137) <0.001

Final model: adjusted with age, BMI, COPD, CKD, sepsis, SOFA score and CRRT
delivered dose

SOFA Sequential Organ Failure Assessment, BMI body mass index, COPD chronic
obstructive pulmonary disease, CKD chronic kidney disease, CRRT continuous
renal replacement therapy

Table 3 Impact of the albumin change pattern on length of stay
at ICU or hospital

Differences in admission P-value
duration Mean (95% ClI),
days
LOS at ICU, days
Albumin change pattern
Persistent Low 3.55(0.49, 6.60) 0.023
Increasing 2.55(—1.51,661) 0.218
Decreasing 1.78 (— 1.56,5.11) 0.295
Persistent High Reference
CRRT duration, days 1.01(0.83,1.19) <0.001
LOS at hospital, days
Albumin change pattern
Persistent Low 2.69 (— 2.60,7.97) 0318
Increasing 543 (—1.76,12.6) 0.138
Decreasing — 0.20 (— 6.08, 5.68) 0.946
Persistent High Reference
Age, year —0.17(=031,—-0.03) 0.015
CRRT duration, days 0.90 (0.56, 1.21) <0.001

Final model: adjusted with age, SOFA score, and CRRT duration

ICU intensive care unit, CRRT continuous renal replacement therapy, SOFA
Sequential Organ Failure Assessment, LOS length of stay

hypoalbuminemia and mortality was verified by Lv et al.
[6] in a retrospective review of 1132 AKI patients who
required CRRT; their results showed HRs for 28-day mor-
tality and 90-day mortality of 0.92 (0.89-0.95) and 0.92
(0.89-0.96), respectively.
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Consistent with previous reports, we found that initial
hypoalbuminemia influenced in-hospital mortality. The
patient characteristics and initial disease severities sig-
nificantly differed according to the initial serum albumin
level; in the normoalbuminemia group, the proportion
of comorbidities was higher, disease severity was milder,
and the time from ICU to CRRT was shorter. Similar
trends were observed in previous studies. In Lv et al. [6],
the proportions of myocardial infarction and congestive
heart failure were higher, while the mean SOFA score was
lower, in the group with serum albumin >3 g/dL than in
the group with serum albumin<3 g/dL. Moon et al. [8]
showed that the proportion of patients with diabetes was
higher, while the mean APACHE II score was lower, in
the third tertile of albumin compared to the other ter-
tiles. We speculate that patients with initial normoalbu-
minemia received CRRT earlier in the course of acute
illness, possibly because of a higher comorbidity burden.
Although baseline nutritional status [19, 20], liver cir-
rhosis [21], and chronic cancer [22] may have extensive
effects on the baseline serum albumin level at the initia-
tion of CRRT, the baseline serum albumin level may also
reflect the duration of inflammation before the initiation
of CRRT [1, 17].

Albumin is synthesized in the liver, and the rate of
synthesis varies depending on nutritional intake [1].
Therefore, patients with liver cirrhosis or who are mal-
nourished tend to have lower serum albumin levels.
Patients with cancer also tend to have lower serum albu-
min levels due to the hepatotoxic effects of chemothera-
peutic agents or chronic malnutrition. As critical illness
affects the synthesis and degradation of albumin [1], the
pattern of change in serum albumin and the clinical sig-
nificance may differ in patients with liver cirrhosis or
cancer with critical illness. We separately analyzed the
performance of the changes in serum albumin in patients
with/without these conditions. In our data, lower BMI or
having liver cirrhosis did not change the result, whereas
having a cancer attenuated the performance of the albu-
min level for predicting mortality. It is probable that the
characteristics of the cancer (type, aggressiveness) or
treatment response to each cancer may be stronger fac-
tors affecting patient outcome than serum albumin.
Therefore, patterns of change in serum albumin should
be interpreted cautiously when predicting the outcomes
of critically ill patients with cancer.

Critical illness alters the distribution of albumin
between the intravascular and extravascular compart-
ments; this alteration is caused by increased capillary
leakage [1, 2]. Importantly, endothelial barrier dysfunc-
tion leads to capillary leakage, loss of protein, and sub-
stantial fluid entry into the interstitial space. Mediators of
capillary leakage include endotoxins from Gram-negative
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bacteria [23, 24], tumor necrosis factor-alpha [25], inter-
leukin-6 [26], leukotrienes [27], prostaglandins [27],
bradykinins, histamine [24], and macrophage inflam-
matory protein 1 alpha [28]; all of these components
can be controlled by appropriate treatment. Thus, we
hypothesized that changes in serum albumin levels dur-
ing the course of disease would reflect the maintenance
or resolution of the inflammatory process. The changes
in serum CRP in our data support the hypothesis. Serum
CRP levels were persistently high in the persistently low
albumin group and increased with time in the decreasing
albumin group, which implied un-resolving or worsening

of the inflammation. CRP levels were relatively low in the
increasing or persistently high albumin groups.

The patient outcomes were additional indirect evi-
dence supporting the hypothesis. A greater proportion
of patients transitioned to conventional HD and fewer
patients terminated CRRT because of low BP/DNR/death
in the increasing group. Patient outcomes were worse in
the decreasing group than in the persistently high group;
in the decreasing group, greater proportions of patients
terminated CRRT because of low BP/DNR/death,
remained in the hospital longer, and died in the hospi-
tal. Compared to the persistently high group, patients
in the decreasing group were older, more likely to have
cancer, more likely to have sepsis, and more frequently
required vasopressors; thus, a greater burden of acute
illness was present in patients who had limited capacity
to tolerate that illness. Considering the demand-capac-
ity balance during the disease course [29], the changes in
serum albumin during CRRT might be a reflection of this
process.

Volume overload is a risk factor for mortality in AKI
patients [10, 30-32], and adequate fluid removal ame-
liorates the toxic effect [10, 30]. Because hypervolemia
results in dilutional hypoalbuminemia [33], we com-
pared total fluid balance of each albumin group during
CRRT. As expected, fluid removal was best in the per-
sistently high followed by the increasing group, whereas
a greater proportion of patients gained fluid after CRRT
in the decreasing and persistently low albumin groups.
Although the exact contribution of fluid volume to
serum albumin concentration was not analyzed due to
the diversity of the fluid registered, the pattern of volume
change after CRRT supported the possible role of dilu-
tional hypoalbuminemia in the short-term serum albu-
min changes during CRRT.

The benefit of a commercially available albumin infu-
sion could not be investigated in this study. Because the
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SAFE study [12, 13] showed no additional benefit from
an albumin infusion compared to normal saline in criti-
cally ill patients [13], we did not routinely infuse albu-
min. In our study, only 4.3% of the patients received an
albumin infusion during the CRRT. Therefore, we do
not know whether the improvement of hypoalbumine-
mia led to direct improvement of patient outcomes.
We suspect that changes in serum albumin level during
CRRT constituted a marker for changes in inflamma-
tion or volume status.

The limitations of this study should be discussed.
First, due to the retrospective nature of this study, some
data were missing, such as the serum CRP levels were
missing in 27.6% of the patients. Second, we did not
reveal a direct contribution of inflammation or volume
status on short-term serum albumin changes due to
the lack of inflammatory markers other than CRP, and
the diversity of fluid registered during CRRT. Further
well-designed prospective studies will be needed to
reveal this issue. A notable strength of this study is that
it shows the clinical usefulness of monitoring serum
albumin during CRRT, which has not been previously
reported.

Conclusions

An increase in the serum albumin level at the termina-
tion of CRRT is predictive of lower in-hospital mortality
compared to a persistently low albumin level. A decrease
in the serum albumin level during CRRT, which is more
common in older and septic patients, is predictive of
higher in-hospital mortality, compared to a persistently
high serum albumin level.
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