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with crystalloids administration might be
beneficial for the survival of septic patients:
a retrospective analysis from MIMIC-IV database
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Abstract

Background: Fluid therapy is a cornerstone in the treatment of sepsis. Recently, the guidelines have recommended
the combined administration that using crystalloids plus albumin for septic patients, but the optimal timing for
albumin combined is still unclear. The objective of this study was to investigate the association of timing of albumin
combined with 28-day mortality in patients with sepsis.

Methods: We involved septic patients from the Medical Information Mart for Intensive Care (MIMIC)-IV database, and
these patients were categorized into crystalloids group (crystalloids alone) and early combination group (crystalloids
combined albumin at 0-24 h). The primary outcome was 28-day mortality. We used propensity score matching (PSM)
to adjust confounding and restricted mean survival time (RMST) analysis was conducted to quantify the beneficial
effect on survival due to the combination group.

Results: We categorized 6597 and 920 patients in the “crystalloids alone”and “early combination’, respectively. After

PSM, compared to the crystalloids group, the combination group was associated with the increased survival among

28-day (increased survival: 3.39 days, 95% Cl 2.53-4.25; P<0.001) after ICU admission. Patients who received albumin
combination at the first 24-h was associated with prolonged LOS in ICU (10.72 days vs. 8.24 days; P<0.001) but lower
risk of 28-day mortality (12.5% vs 16.4%, P=0.003) than those received crystalloids alone.

Conclusion: In septic patients, receiving albumin combined within the first 24-h after crystalloids administration was

associated with an increment of survival in 28 days.
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Background

Sepsis, a life-threatening organ dysfunction resulting
from infection, remains a common cause of death in
critically ill patients [1]. Worldwide, sepsis affects over
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30 million patients with approximately 5.3 million people
dying per year [2], the prevention and treatment of sep-
sis have become a global health priority. Recently study
reports that sepsis, in the USA, affects over 1.7 million
patients and accounts for more than 50% of mortality in
hospitals annually [3]. Due to the published guidelines for
sepsis, the advance of machines, and antibiotic therapy,
the mortality of sepsis has been decreased in these years,
but still stayed at a high level [4— 8].

Fluid therapy, which is a cornerstone in the treatment
of sepsis and associated with outcome in emergency
department patients, is commonly used to restore and
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maintain patients’ tissue perfusion [9- 11]. For many
years, the types of fluid administration regarding “crystal-
loids” and “colloids” is under the heated debate [12, 13].
Many prior studies have found that patients receiving col-
loids, compare to crystalloids, were not associated with
decreased mortality [14, 15]. Only a few subgroup analy-
ses showed that the colloids group may potentially reduce
mortality [14, 16]. Therefore, crystalloids, as they are safe,
inexpensive, and widely available, remain the first line of
fluid administration in patients with sepsis [17]. Never-
theless, colloids, especially albumin, for its larger molec-
ular weight, can stay longer in the intravascular space and
expand the volume efficiently [18]. Hence, the combined
administration that using crystalloids plus albumin for
initial resuscitation and subsequent intravascular volume
replacement has been widely used for septic patients in
fluid therapy and was recommended by Surviving Sepsis
Campaign Guidelines [19]. However, it remains unclear
when albumin should be combined after the initiation of
fluid therapy.

In this study, we sought to evaluate whether albumin
combined within a specific time, compared to receiv-
ing crystalloids alone, would have a beneficial effect on
survival in patients with sepsis. Additionally, we further
examined the association of the different timing for albu-
min combined with crystalloids and increased survival.
Since 2004, the guideline had recommended sets of bun-
dles, for instance, 6-h, 3-h, and recently 1-h bundles [20—
23], highlighting that the treatment of sepsis is a “time
matters” campaign. Considering the realizability in the
intensive care unit, “within the first 24-h” might be an
optimal time for the combination of albumin and crystal-
loids. We, therefore, hypothesized that combining with
albumin within the first 24-h after initiation of crystal-
loids administration, would increase the survival time in
patients with sepsis.

Methods

Study population

This study was a restrictive observation study from
the Medical Information Mart for Intensive Care IV
(MIMIC-IV version 0.4) database from 2008 to 2019 [24].
An individual who has finished the Collaborative Insti-
tutional Training Initiative examination (Certification
number 35931520 for author Zhou) can access the data-
base. This is a longitudinal, single-center database includ-
ing 257,366 individuals and 196,527 adults, and 11,263
patients with sepsis (Defined by sepsis-3 criteria [1]). In
our study, we extracted patients’ parameters contain-
ing age, gender, ethnic group, admission type, insurance
condition, the first 24-h Sequential Organ Failure Assess-
ment (SOFA) score, Simplified Acute Physiology Score
IT (SAPS) score, mean arterial blood pressure (MAP),
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heart rate, respiratory rate, temperature, SpO,, total
urine output during the first 24 h after ICU admission,
lactate level, the use of vasopressors, weight, mechanical
ventilation, renal replacement therapy (RRT), the stage of
acute kidney injury (AKI), anamnesis (myocardial infarc-
tion, cancer, renal disease, cirrhosis and diabetes) and the
type and volume of their fluid administration during the
whole ICU stay. Vasopressors included norepinephrine,
phenylephrine, epinephrine, vasopressin, dopamine, and
dobutamine. For the antibiotics, Carbapenems (mero-
penem), Glycopeptide (vancomycin), B-lactams (ceftri-
axone, cefotaxime, and cefepime), and Aminoglycosides
(gentamicin and amikacin) were extracted into our analy-
sis. In this study, types of administration for crystalloids
and albumin including normal saline and lactated Ring-
er’s (LR) solution, while 5% and 25% HSA for colloids.
The code of data extraction is available on Github (https
://github.com/MIT-LCP/mimic-iv).

Adults patients (>18 years) with sepsis and com-
plete fluid administration records were screened in the
analysis. The following exclusion criteria were used: (1)
patients who have not received any crystalloids admin-
istration; (2) patients who received albumin longer than
24 h after the initiation of crystalloids administration
or preceded the crystalloids. For patients who had ICU
admission more than once, only data of the first ICU
admission of the first hospital stay were included.

Time to combined

The timing of albumin combined was defined as the time
when albumin administration minus the time of crystal-
loids administration. To assess the association of tim-
ing with 28-day mortality, patients were divided into
the crystalloids group (no albumin combined) and early
combination group (0-24 h).

Primary and secondary outcomes

The primary outcome was 28-day mortality. Secondary
outcomes included 60-day mortality, length of ICU stay
(LOS ICU), length of hospital stay (LOS hospital), and
the total volume of crystalloids administration during the
ICU.

Restricted mean survival time analysis

The definition of restricted mean survival time (RMST)
can be described as the area of the Kaplan—Meier (KM)
survival curve during a prespecified timepoint [25, 26].
The difference of RMST can be explained as the differ-
ence in areas of the KM curve for two groups, which
means the reduction or increment in survival time owing
to the intervention group vs. the control group during the
prespecified period [27, 28].
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Statistical analysis

Baseline characteristics are presented as mean (SD)
and number (percentage) for continuous and categori-
cal variables, respectively. We used ¢-test, Chi-square
(x2) tests, or Wilcoxon rank-sum test to compare
the patients’ characteristics between two groups as
appropriate.

Propensity score matching (PSM) was conducted to
balance the baseline characteristics between the crystal-
loids and the combination group. thus, we used a logis-
tic regression model to calculate the propensity score
for each patient and match 1:1 for the two groups. After
PSM, standardized mean differences (SMD) were used to
evaluate the balance of characteristics between the two
groups. A variable can be considered as an imbalance
between groups when its SMD is greater than 0.1 [29].

RMST analysis was performed to detect the association
between the combination therapy and outcomes, and we
compared the results of RMST analysis before and after
PSM. For both groups, we reported the RMST and the
difference of RMST as well as the corresponding 95%
confidence intervals (95%CI) of them, during the first 28
and 60 days after ICU admission.

Moreover, we conducted an additional analysis to
examine whether the increased survival days due to com-
bination therapy varied by the timing regarding the albu-
min combined. Patients who have combined the albumin
preceded of the crystalloids or combined greater than
24-h were categorized into the preceded combination
group (<0 h) and the late combination group (>24 h),
respectively. We further examined the association
between increased survival time and different combina-
tion timing of the combination group. These additional
analyses were exhibit by RMST analysis before and after
PSM.

Also, we conducted a sensitivity analysis restricting the
type of crystalloids and albumin to normal saline, Lac-
tate Ringer, and 5% albumin, respectively, to evaluate the
robustness of our results. We also performed subgroup
analyses according to age, gender, and septic shock. Mul-
tiple imputation was used for the missing value under
the assumption of missing at random [30]. All statisti-
cal analyses were performed with the R package (version
4.0.1) and SAS (version 9.3). A p value was taken as sta-
tistically significant at p <0.05 (two-sided).

Results

The MIMIC-IV database included 11,263 adult patients
with sepsis, and finally, 7519 patients were included in
this study (Fig. 1). Of this study, 6597 patients had used
crystalloids alone as the fluid administration (group
crystalloids alone), while 920 patients received albumin
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combined with crystalloids for the fluid administration
within the first 24-h (group albumin combination).

In total, 6641 patients were included in our analy-
sis (Table 1), the mean (SD) age was 66.75 (16.24) years,
48.57% were female, 64.82% were white person, and
5.99% had used the renal replacement therapy (RRT).
Mortality was significantly lower in the combination
group than in the crystalloids group (12.5% vs. 16.4%,
P=0.003). Similarly, respiratory rate, temperature, and
urine output were significantly higher in the crystalloids
group than in the combination group. Compared to the
crystalloids group, patients with 3 stages of AKI, higher
SAPS II score, SOFA score, and serum lactate levels were
more likely to combine the albumin with crystalloids as
the fluid administration within the first 24 h. A larger
percentage of received mechanical ventilation (71.63%
vs. 43.85% P<0.001) and the use of the vasopressors
(85.43% vs. 50.52% P<0.001) were significantly higher
among the combination group. After PSM (Additional
file 1: Table S1), the SMD were all less than 0.1, indicat-
ing the baseline variables in the two groups have similar
distributions.

Timing of albumin and 28-day mortality

Table 2 and Fig. 2a showed that, before PSM, for the first
28 days after ICU admission, patients in the combination
group were expected to live 25.10 (95% CI 24.60-25.60)
days vs. 23.37 (95% CI 23.12-23.61) days in crystalloids
group. Patients who received combination therapy within
the first 24 h after fluid administration lived, on average,
1.73 more days (95% CI 1.17-2.29; P<0.001) than the
crystalloids group over 28 days. After PSM, the KM curve
is shown in Fig. 2c, and as expected, the combination
therapy was associated with increased 28-day survival
time (3.23 days; 95% CI 2.38—-4.08; P<0.001). The RMST
analysis indicated a beneficial effect of the combination
group among 28-day follow time before and after PSM.
Also, the sensitivity analysis (Additional file 1: Table S2)
for the distinctive type of crystalloids and albumin
revealed similar results to our main analysis (Table 2).
Similar outcomes were found across subgroups regarding
age (<60 and > 60 years), gender and septic shock (Addi-
tional file 1: Table S3).

Secondary outcome

In RMST analysis before PSM (Table 2), the RMST of
patients among 60-day follow time was 50.93 (95%CI
49.37-52.49) days in the combination group vs. 46.09
(95%CI 45.30-46.88) days in the crystalloids group,
showed that the combination group was significantly
associated with improved survival time (4.84 days; 95%
CI 3.09-6.58; P<0.001). However, prolonged LOS in
ICU (10.37 days vs. 6.65 days; P<0.001) and hospital
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Fig. 1 Study flowchart. MIMIC Medical Information Mart for Intensive Care

(19.03 days vs. 14.32 days; P<0.001) were significantly
more likely in the early combination group vs. the
crystalloids group. Also, the combination group com-
pared to the crystalloids group was associated with the
larger volume of crystalloids administration (3.11L vs.
2.37L; P<0.001). After PSM, these increased survival
time due to the combination therapy during 60-day fol-
low-up time (9.09 days; 95% CI 6.49-11.69; P<0.001)
remained. The KM curve of two groups with the trun-
cation of 60-day before and after PSM is reported in
Fig. 2b, d, respectively. The beneficial effect of the com-
bination group against the crystalloids group increased
along with the prolonged follow-up days. Compared
to patients receiving crystalloid therapy, patients in
the combination group had no significant difference in
the total crystalloids administration (3.11L vs. 2.76L;
P=0.085).

Additional analysis

In total, 1671 patients had received albumin and crystal-
loids during the ICU. Except for 920 patients who com-
bined albumin at 0-24 h were included in our primary
analysis, 333 (19.93%) patients were combined albumin
preceded of crystalloids (<0 h) and 418 (25.01%) patients
had combined with albumin greater than 24-h after crys-
talloids administration (>24 h). The comparisons of the
three combination group with the crystalloids group are
presented in Fig. 3. Compared to the crystalloids group,
significantly increased survival among the preceded com-
bination group was shown during the 28-day (1.10 days,
95%CI 0.38—1.83) but not found in the 60-day (1.14 days,
95%CI -1.21-3.50) follow-up. For the late combina-
tion group, there were no significant survival benefits
among the first 28 and 60 days (all P>0.05). After PSM,
the RMST analysis (Additional file 1:Figure S1) indicated
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Table 1 Baseline characteristics between the two groups
Variables Total population Crystalloids alone Early combination P
(n=7517) (n=16597) (n=920)

Age (yr) 66.75 (16.24) 67.02 (16.62) 67.11 (14.05) 0.852
Female (%) 3651 (48.57) 3253 (49.31) 398 (43.26) <0.001
White (%) 5359 (64.82) 4252 (64.45) 646 (70.22) <0.001
Heartrate (bpm) 89.98 (16.99) 89.83 (16.99) 89.39 (17.04) 0463
MAP (mmHg) 78.14(10.50) 78.96 (10.78) 0(8.01) <0.001
Respiratory rate (bpm) 20.39 (4.21) 20.54 (4.21) 19.36 (3.93) <0.001
Temperature (°C) 36.91 (0.66) 36.93 (0.66) 36.81 (0.65) <0.001
SpO, (%) 96.80 (2.73) 96.72 (2.78) 97.21 (2.46) <0.001
Urine output (L) 1.59 (1.23) 1.64 (1.27) 142 (1.04) <0.001
SAPS Il score 3545 (13.54) 34.98 (13.51) 36.88 (13.97) <0.001
SOFA score 4.85 (2.98) 4.64 (2.93) 5.74(292) <0.001
Lactate (mmol/l) 2.63(2.15) 250 (2.09) 299 (2.21) <0.001
Weight (kgs) 81.29 (25.66) 80.42 (25.82) 85.11 (22.70) <0.001
Ventilation (%) 3552 (47.25) 2893 (43.85) 659 (71.63) <0.001
RRT (%) 450 (5.99) 397 (6.02) 53(5.76) 0.758
Vasopressor (%) 4119 (54.80) 3333 (50.52) 786 (85.43) <0.001
Admission, emergency (%) 4753 (63.23) 4363 (66.14) 390 (42.39) <0.001
Insurance (%) 3691 (50.73) 3269 (51.09) 422 (48.06) 0.050
AKI stage (%) <0.001

3 2408 (32.03) 2002 (30.35) 406 (44.13)

2 2472 (32.89) 2127 (32.24) 345 (37 50)

1 1008 (13.41) 902 (13.67) 106 (11.52)

0 1629 (21.67) 1566 (23.74) 63 (6.85)
Infection site, blood (%) 2330(31.00) 2132(32.32) 198 (21.52) <0.001
Septic shock (%) 2052 (27.30) 1828 (27.71) 224 (24.35) 0.032
Cancer (%) 1022 (13.60) 928 (14.07) 94 (10.22) 0.001
Renal disease (%) 4(2147) 1426 (21.62) 88 (2043) 0414
Diabetes (%) 2250 (29.93) 1976 (29.95) 274 (29.78) 0916
MI (%) 1139 (15.15) 964 (14.61) 175(19.02) <0.001
Cirrhosis (%) 580 (7‘72) 479 (7.26) 101 (10.98) <0.001
Antibiotic
Carbapenems (%) 1095 (16.53) 938 (16.07) 157 (19.90) 0.007
Glycopeptide (%) 5785 (87.31) 5030 (86.17) 755 (95.69) <0.001
B-lactams (%) 1875 (28.30) 1754 (30.05) 121 (15.34) <0.001
Aminoglycosides (%) 147 (2.22) 124 (2.12) 23(292) 0.157

MAP mean arterial blood pressure, SAPS Il Simplified Acute Physiology Score Il, SOFA sequential organ failure assessment, RRT renal replacement therapy, AKl acute

kidney injury, Ml myocardial infarction

that patients who received albumin combined in three
periods (<0 h, 0-24 h,>24 h) resulted in a significant
improvement of survival than those who received crystal-
loids alone. But the increased survival days (survival ben-
efits owing to combination therapy) among the preceded
combination group (<0 h, 1.98 days) and late combina-
tion group (>24 h, 2.25 days) decreased compared to the
early combination group (0-24 h, 3.23 days) during the
28 days. Similarly, the results of a 60-day follow-up were
comparable with 28 days.

Considering the secondary outcomes of the three dif-

ferent timing groups (<0 h, 0-24 h,>24 h) and the
crystalloids group. The preceded combination group
(<0 h) had a significantly less volume of total crystal-
loids administration during the ICU than the crystalloids
group. Also, patients’ delay in combining albumin was
associated with the larger volume of crystalloids infu-
sion (1.9L vs. 3.1L vs. 3.9L in three timing). In contrast,
patients in the late combination group (0.99L; 95%CI
0.88—1.11) were associated with less volume of albumin
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Table 2 Primary and secondary outcomes

Qutcomes Crystalloids (n=6597) Combination (n=920) Difference P
(95%Cl)
Values 95%Cl Values 95%Cl

Before PSM
RMST for 28 days (days) 2337 23.12-23.61 25.10 246-25.6 1.73(1.17-2.29) <0.001
RMST for 60 days (days) 46.09 45.31-46.88 50.93 49.37-5249 4.84 (3.09-6.58) <0.001
LOS ICU (days) 6.65 6.47-6.83 10.37 9.65-11.09 3.72(2.98-4.46) <0.001
LOS Hospital (days) 14.32 13.93-14.71 19.03 18.00-20.07 472 (3.61-5.82) <0.001
Total volume of crystalloids (L) 237 227-241 31 2.84-340 0.78 (0.49-1.07) <0.001

After PSM (1:1)
RMST for 28 days (days) 22.20 21.53-22.86 25.10 24.60-25.60 3.23(2.38-4.08) <0.001
RMST for 60 days (days) 42.18 40.09-44.27 50.93 49.37-52.49 9.09 (6.49-11.69) <0.001
LOS ICU (days) 7.73 7.25-8.21 10.37 9.65-11.08 264 (1.77-3. SO) <0.001
LOS Hospital (days) 15.21 14.89-17.44 19.04 18.00-20.07 2.88(1.24-4.52) <0.001
Total volume of crystalloids (L) 276 246-3.06 3.11 2.84-3.40 0.36 (-0.05-0.77) 0.085

RMST (days) means the restricted mean survival time in each group during the first 28 and 60 days after ICU admission. The difference in RMST (95%Cl) was calculated
with the difference of restricted mean survival time between the two groups (RMSTompination"RMSTerystalioias): Which means the increment or reduction of survival
owing to the combination therapy. LOS ICU Length of ICU stay, LOS Hospital Length of hospital stay, PSM propensity score matching
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Timing for NO.of Difference in
combination patients Days(95%Cl)
28 days follow-up time

Preceded combination (<Oh) 6930 gl 1.1(0.38-1.83)
Early combination (0-24h) 7517 o 1.73(1.17-2.3)
Late combination (>24h) 7015 Ll 0.49(-0.41-1.39)
60 days follow-up time

Preceded combination (<Oh) 6930 e 1.14(-1.21-3.5)
Early combination (0-24h) 7517 ——i 4.84(3.09-6.58)
Late combination (>24h) 7015 —e—i 0.6(-2.08-3.28)

11T 1
-5 0 5 10
«—Crystalloids Group Better—— ——Combination Group Better—

Fig. 3 Association of increased survival and the combination group
before propensity score matching. The difference in days (95%Cl):
The difference of restricted mean survival time (RMST) between the
two groups (RMSTgrpination RMSTcrystaiois) Means the increment

or reduction of survival owing to the combination therapy. The
preceded combination group (<0 h) is defined as patients who
received the albumin solution as the initiation of fluid administration
and subsequently combined with crystalloids. The late combination
group (>24 h) is defined as patients who received the albumin
greater than 24 h after crystalloids administration

infusion compared with the early combination group
(1.37L; 95%CI 1.27-1.47) and preceded combination
group (1.65L; 95%CI 1.44—1.87), respectively (Fig. 4). The
LOS of ICU and hospital in the crystalloids group were
significantly shorter than the three combination groups
(All P<0.05). Among the three combination group, com-
bining in 0-24 h resulted in the shortest LOS in ICU and
hospital (Fig. 5, All P<0.05).

Discussion

In present study, we demonstrated the association of
albumin combined within 24 h after the initiation of
crystalloids administration and the increased 28-day

O

104

[ Crystalloids alone

EE Preceded combination (<0h)
B3 Early combination (0-24h)
Late combination (>24h)

Total volume of fluid administration (L)

Albumin
Fig. 4 Total volume of fluid administration for each group. *:
significant

Crystalloids
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[ Crystalloids alone

[ Preceded combination (<0h)
B3 Early combination (0-24h)
Late combination (>24h)

Days

LOS ICU
Fig. 5 Length of stay in ICU and hospital for each group. *: significant

survival time. The beneficial effect of combination ther-
apy increased along with the prolonged follow-up time.
Furthermore, the additional analysis showed that the
increased survival days due to combination therapy var-
ied by different combination timing. Compare with early
(0-24 h) for albumin combined, preceded combined
(<0 h) or late combined (>24 h) of albumin resulted in
less increment in survival at three follow-up time. The
benefits of survival among 28-d regarding the preceded
combination group and late combination group compar-
ing the crystalloids group revealed contradictory results
before and under the PSM. Despite applying the PSM or
prolonging the follow-up time, the combination therapy
regarding the early albumin combined was still associ-
ated with the decreased risk of mortality and also associ-
ated with the longest increment in survival among three
time of combination.

Many prior studies comparing the outcomes between
the “crystalloids group” and “colloids group” in septic
patients suggested that initiation administration with
colloids and subsequently combined with crystalloids
was associated with no difference or increased mortal-
ity. Conversely, a subgroup analysis [14] that included
1121 patients with septic shock suggested that albumin
was associated with a significant survival benefit among
90 days (HR=0.87; 95%CI 0.77-0.99). The definition of
the colloids group in these studies is similar to the pre-
ceded combination group (<0 h) mentioned in our addi-
tional analysis. Patients who accepted albumin as the
initiation fluid (“<0 h” in Fig. 3), compared to the crystal-
loids group, showed a slightly decreased risk of mortality
among 28 days (increment in survival: 1.10 days; 95%CI
0.38-1.83) and this beneficial association vanished
among the 60 days (increment in survival: 1.14 days;
95%CI-1.21-3.50). One possible explanation is that in the
few hours after the recognition of sepsis, patients were
going through the profound alternations in tissue per-
fusion as well as the related hypovolemia and needed a
timely and plentiful amount of fluid therapy [9]. Receiv-
ing albumin as the initiation of fluid therapy following
crystal liquids not an advisable strategy.
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Nevertheless, guidelines from SSC suggest albumin in
addition to crystalloids for initial resuscitation and sub-
sequent intravascular volume replacement in patients
with sepsis and septic shock when patients require sub-
stantial amounts of crystalloids (weak recommendation,
low quality of evidence) [19]. Albumin exhibits anti-
oxidant effects and positive effects on vessel wall integ-
rity [31]. The administration of albumin raises colloid
osmotic pressure and reduces vascular permeability and
adhesion of leukocytes and platelets, thus limiting edema
formation [32]. Moreover, a recent pilot study demon-
strated the beneficial effects on skin endothelial function
after albumin administration within 24 h of septic shock
[33]. The endothelial dysfunction is involved in micro-
circulatory blood flow impairment and associated with
vasomotor tone dysregulation, activation of coagulation,
and glycocalyx damage, thus, the benefit of the albumin
administration within 24 h may owe to its anti-oxidant
properties [33, 34]. Albumin infusion also helps main-
tain glomerular filtration via hemodynamic and oncotic
mechanisms [35]. Albumin combined with crystalloids
can balance the risk of fluid-induced adverse effects,
especially in patients who need large volumes [9].

Also, Ospina-Tascon et al. [36] has reported that
patients receiving 4% albumin or Ringer’s lactate solu-
tion as the fluid administration in the early phase (within
24 h) would improve microvascular perfusion but not
in the late phase (more than 48 h). Additionally, a previ-
ous study evaluating the effects of repeated fluid boluses
showed that only the first bolus was associated with an
improvement in microvascular perfusion [37]. In the late
phase of sepsis, the effect of fluid administration on tis-
sue perfusion was limited. Similarly, Bo and colleagues
[38] found that a fast rate of infusion in fluid resuscita-
tion for septic shock patients was associated with the
early shock reversal (HR=0.78; 95% CI 0.66-0.91;
P=0.010) and survival gain in 28 days (HR=0.71; 95%CI
0.60-0.85; P<0.001) compare to infuse slowly. Hence,
we suspected that the impact of combination therapy on
survival was likewise limited. In our results, as the delay
of albumin combined (>24 h), the increment in sur-
vival they induced was decreased. Especially in 60-day
follow-up, there were significantly increased survival in
patients who combined albumin within 24 h after the
initiation of crystalloids administration but not found in
those who combined among <0 h and >24 h (Fig. 4). Even
when applying the PSM, their increment in survival days
was approximately 50% of the early combination group.
It should be noted that the timeliness of albumin com-
bined in fluid administration for sepsis is essential, a
longer deferred combination indicated the less improved
outcomes. In addition, we need to consider the medico-
economic problem of albumin. The price of a bottle of
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10 g albumin is even dozens of times the price of a bag
of Ringer’s lactate solution. Unnecessary use of albumin
can significantly increase the patient’s medical expenses.
In this study, we confirmed that even within 24 h, the
hospitalization cost of early albumin combined with fluid
therapy is significantly increased.

To date, there is still insufficient evidence to demon-
strate the better beneficial effect of albumin than crystal-
loids in fluid administration for sepsis. Our study does
not attempt to address this debate. Indeed, the type of
fluid solution influences the outcomes in septic patients
but the timing is of equal importance [36]. Hence, we
magnify the importance of the timing for albumin com-
bined in fluid administration. In our design, the crys-
talloids were the main component, and albumin was
supplemented. On this basis, we divided the timing
for albumin combined into several periods and exam-
ined whether different combined time influenced out-
comes. Our findings raise the assumption that albumin
combined with crystalloids might be beneficial for sur-
vival in septic patients when the time they combined is
appropriate (0-24 h in our results). Additional analysis
in our study compared the association of increment in
survival and other timing for albumin combined and,
which strengthening the robustness of our conclusion.
A clear understanding of fluid administration may help
decision-making in the treatment of sepsis, and lower the
mortality in septic patients. Our conclusion is based on
a retrospective database study. More prospective multi-
center studies are needed in the future to further clarify
the benefits of early albumin combined with crystal fluid
rehydration in the treatment of patients with sepsis.
Moreover, better monitoring of vasopressor usage would
be a more natural improvement, as would a prospective
randomization of individuals with sepsis and/or septic
shock. In addition, the effects of the timing of albumin
administration on the pulmonary edema, mechanical
ventilation time, and intestinal function of septic patients
are also needed to be analyzed, not just the 28-d case
fatality rate, 28-d survival time and ICU hospital stay.
Since albumin can maintain a higher colloidal osmotic
pressure as combined fluid rehydration program, that
may reduce crystalloid fluid intake and tissue edema,
thus help to maintain the function of cavity organs such
as lung and intestine.

The strength of this study was the RMST analysis.
RMST was firstly proposed in 2010 and well established
in Cardiovascular and Cancer studies as an alterna-
tive measure of the intervention effect [25, 39— 41]. At
present, most randomized controlled trials and obser-
vational studies in critical care evaluated the inter-
vention effect with the increment or reduction of risk
utilizing hazard ratio (HR) and its 95% CI [39]. The
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interpretation of HR depended on the reference from
the control group. Unlike the HR, the RMST analysis
could intuitionally and validly quantify the mean sur-
vival benefits of a period for the combination therapy
by directly estimating the area of survival curves [42].
Furthermore, when conducting the HR analysis (e.g.,
Cox proportional hazards model), the proportional
hazard (PH) assumption should be met [43]. However,
in practice, especially in critical care medicine, it’s
hardly plausible to validate. In this condition, the inter-
vention effect might not be significantly examined for
the lacking of statistical power, while RMST analysis
could neglect the PH assumption and maintain the sta-
ble estimation of the interventional effect [26].

There are several limitations to our study. Firstly,
the use of propensity score matching may minimize
the possible confounding factors but also substan-
tially reduced the sample size of our study populations.
Although all patients in the early combination group
(<24 h) were matched, and balance properties were
satisfied (all SMD less than 0.1 in Additional file 1:
Table S2), the distribution of matched dataset were less
comparable to the original dataset, thus the conclusion
of the results should be interpreted with caution. Sec-
ondly, although we had performed the propensity score
matching to control the confounding, there might exist
some residual confounders that would not be measured
in this study. Thirdly, records of fluid administration
for patients who had received before ICU admission
were not stored in the database, which may mar our
results. Fourth, in additional analysis, the definition of
the combination group is determined by different tim-
ing for combination and its sample size is lower by the
decrease of albumin combining periods, which may be
skewed as the insufficient sample size. Fifth, because
the data we based on is an observational database, the
results reported in our study should be regarded only
as of reference and must be further verified. Additional
high-quality and larger sample size randomized tri-
als are needed to investigate the optimal combination
time for fluid administration and the optimal strategy
to guide fluid therapy.

Conclusion

In conclusion, our retrospective study confirms that dif-
ferent timing of albumin combined in fluid therapy may
influence survival under the propensity score matching.
Compared with other timing, albumin combined within
24 h after the initiation of crystalloids administration was
associated with the longest increment of survival in sep-
tic patients. Considering its inherent flaw of propensity
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score method, further evidence of albumin combined
should be verified by additional randomized trials.

Abbreviations

MIMIC: Medical Information Mart for Intensive Care; RMST: Restricted mean
survival time; PSM: Propensity score matching; SMD: Standardized mean dif-
ference; GCS: Glasgow Coma Scale; MAP: Mean arterial blood pressure; SAPS

Il: Simplified Acute Physiology Score II; SOFA: Sequential organ failure assess-
ment; RRT: Renal replacement therapy; AKI: Acute kidney injury; MI: Myocardial
infarction.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513613-021-00830-8.

Additional file 1: Table S1. Baseline characteristics among two groups
after propensity score matching. Table S2. Sensitivity analysis of restrict-
ing the type of fluid. Table S3. Subgroup analysis. Figure S1. The associa-
tion of increased survival and the combination group after propensity
score matching (1:1).

Acknowledgements
We would like to thank Mr. H. Wu (Southern medical university, China) for his
guidance on the Restricted Mean Survival Time Analysis.

Authors’ contributions

SYZ and ZHZ contributed equally to this work. SYZ and SLA designed the
study and drafted the manuscript. HXW and TS extracted the data from the
MIMIC-IV database. ZHZ and SLA guided the literature review. All authors read
and approved the final manuscript.

Funding

Dr. An reports grants from National Science and Technology Major Project
(2018YFC1312803), grants from Guangdong Province (2020JGXM025), during
the conduct of the study. Dr. Zeng grants from Natural Science Foundation
of China (81701955), Grants from Natural Science Foundation of Guangdong
Province, China (2020A151501361).

Availability of data and materials
The datasets are available in the physionet (https://physionet.org/content/
mimiciv/0.4/).

Declarations

Ethics approval and consent to participate

The MIMIC-IV database was approved by the Massachusetts Institute of Tech-
nology (Cambridge, MA) and Beth Israel Deaconess Medical Center (Boston,
MA), and consent was obtained for the original data collection.

Consent for publication
Non-applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

! Department of Biostatistics, School of Public Health (Guangdong Provincial
Key Laboratory of Tropical Disease Research, Guangdong Provincial Key Labo-
ratory of Construction and Detection in Tissue Engineering), Southern Medical
University, No. 1838 North Guangzhou Avenue, Guangzhou 510515, People’s
Republic of China. 2 Department of Critical Care Medicine, Nanfang Hospital,
Southern Medical University, Guangzhou 510515, People’s Republic of China.

Received: 6 December 2020 Accepted: 26 February 2021
Published online: 10 March 2021


https://doi.org/10.1186/s13613-021-00830-8
https://doi.org/10.1186/s13613-021-00830-8
https://physionet.org/content/mimiciv/0.4/
https://physionet.org/content/mimiciv/0.4/

Zhou et al. Ann. Intensive Care

(2021) 11:42

References

1.

20.

21

22.

Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane D,
Bauer M, Bellomo R, Bernard GR, Chiche JD, Coopersmith CM, et al. The
Third International Consensus Definitions for Sepsis and Septic Shock
(Sepsis-3). JAMA. 2016;315(8):801-10.

Fleischmann C, Scherag A, Adhikari NKJ, Hartog CS, Tsaganos T, Schlatt-
mann P, Angus DC, Reinhart K. Assessment of Global Incidence and
Mortality of Hospital-treated Sepsis. Current Estimates and Limitations.
Am J Respir Crit Care Med. 2016;193(3):259-72.

Liu'V, Escobar GJ, Greene JD, Soule J, Whippy A, Angus DC, lwashyna
TJ. Hospital deaths in patients with sepsis from 2 independent cohorts.
JAMA. 2014;312(1):90-2.

Peake SL, Delaney A, Bailey M, Bellomo R, Cameron PA, Cooper DJ,
Higgins AM, Holdgate A, Howe BD, Webb SAR, et al. Goal-directed
resuscitation for patients with early septic shock. N Engl J Med.
2014;371(16):1496-506.

Kadri SS, Rhee C, Strich JR, Morales MK, Hohmann S, Menchaca J, Suf-
fredini AF, Danner RL, Klompas M. Estimating ten-year trends in septic
shock incidence and mortality in United States academic medical centers
using clinical data. Chest. 2017;151(2):278-85.

Luhr R, Cao'Y, Soderquist B, Cajander S. Trends in sepsis mortality over
time in randomised sepsis trials: a systematic literature review and
meta-analysis of mortality in the control arm, 2002-2016. Crit Care.
2019;23(1):241.

Vincent J-L, Jones G, David S, Olariu E, Cadwell KK. Frequency and mortal-
ity of septic shock in Europe and North America: a systematic review and
meta-analysis. Crit Care (London, England). 2019;23(1):196.

Dupuis C, Bouadma L, Ruckly S, Perozziello A, Van-Gysel D, Mageau A,
Mourvillier B, de Montmollin E, Bailly S, Papin G, et al. Sepsis and septic
shock in France: incidences, outcomes and costs of care. Ann Intensive
Care. 2020;10(1):145.

Vincent JL. Fluid management in the critically ill. Kidney Int.
2019,96(1):52-7.

Angus DC, van der Poll T. Severe sepsis and septic shock. N Engl J Med.
2013;369(9):840-51.

. Sivayoham N, Blake LA, Tharimoopantavida SE, Chughtai S, Hussain AN,

Rhodes A. Treatment variables associated with outcome in emer-

gency department patients with suspected sepsis. Ann Intensive Care.
2020;10(1):136.

Roche AM, James MFM. Colloids and crystalloids: does it matter to the
kidney? Curr Opin Crit Care. 2009;15(6):520-4.

Brown RM, Semler MW. Fluid Management in Sepsis. J Intensive Care
Med. 2019;34(5):364-73.

Caironi P, Tognoni G, Masson S, Fumagalli R, Pesenti A, Romero M, Fanizza
C, Caspani L, Faenza S, Grasselli G, et al. Albumin replacement in patients
with severe sepsis or septic shock. N Engl J Med. 2014;370(15):1412-21.
Finfer S, Bellomo R, Boyce N, French J, Myburgh J, Norton R. A comparison
of albumin and saline for fluid resuscitation in the intensive care unit. N
Engl J Med. 2004;350(22):2247-56.

Finfer S, McEvoy S, Bellomo R, McArthur C, Myburgh J, Norton R, French
J, Doig G, Hayek M, O'Donnell S, et al. Impact of albumin compared to
saline on organ function and mortality of patients with severe sepsis.
Intensive Care Med. 2011;37(1):86-96.

Semler MW, Rice TW. Sepsis Resuscitation: Fluid Choice and Dose. Clin
Chest Med. 2016;37(2):241-50.

Bunn F, Trivedi D. Colloid solutions for fluid resuscitation. Cochrane Data-
base Syst Rev. 2012;7:.CD001319.

Rhodes A, Evans LE, Alhazzani W, Levy MM, Antonelli M, Ferrer R, Kumar
A, Sevransky JE, Sprung CL, Nunnally ME, et al. Surviving sepsis campaign:
international guidelines for management of sepsis and septic shock:
2016. Intensive Care Med. 2017;43(3):304-77.

Levy MM, Evans LE, Rhodes A. The Surviving Sepsis Campaign Bundle:
2018 update. Intensive Care Med. 2018;44(6):925-8.

Dellinger RP, Levy MM, Rhodes A, Annane D, Gerlach H, Opal SM,
Sevransky JE, Sprung CL, Douglas IS, Jaeschke R, et al. Surviving Sepsis
Campaign: international guidelines for management of severe sepsis and
septic shock, 2012. Intensive Care Med. 2013;39(2):165-228.

Dellinger RP, Levy MM, Carlet JM, Bion J, Parker MM, Jaeschke R, Reinhart
K, Angus DC, Brun-Buisson C, Beale R, et al. Surviving Sepsis Campaign:
international guidelines for management of severe sepsis and septic
shock: 2008. Intensive Care Med. 2008;34(1):17-60.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Page 10 of 10

Dellinger RP, Carlet JM, Masur H, Gerlach H, Calandra T, Cohen J, Gea-
Banacloche J, Keh D, Marshall JC, Parker MM, et al. Surviving Sepsis
Campaign guidelines for management of severe sepsis and septic shock.
Intensive Care Med. 2004;30(4):536-55.

Johnson A, Bulgarelli, L., Pollard, T, Horng, S., Celi, L. A, & Mark, R. MIMIC-IV
(version 0.4). PhysioNet. 2020.

Royston P, Parmar MKB. The use of restricted mean survival time to
estimate the treatment effect in randomized clinical trials when the pro-
portional hazards assumption is in doubt. Stat Med. 2011;30(19):2409-21.
Uno H, Wittes J, Fu H, Solomon SD, Claggett B, Tian L, Cai T, Pfeffer MA, Evans
SR, Wei L-J. Alternatives to hazard ratios for comparing the efficacy or safety
of therapies in noninferiority studies. Ann Intern Med. 2015;163(2):127-34.
Uno H, Claggett B, Tian L, Inoue E, Gallo P, Miyata T, Schrag D, Takeuchi

M, UyamaY, Zhao L, et al. Moving beyond the hazard ratio in quantify-
ing the between-group difference in survival analysis. Journal of clinical
oncology : official journal of the American Society of Clinical Oncology.
2014;32(22):2380-5.

HakulinenT, Seppé K, Lambert PC. Choosing the relative survival method
for cancer survival estimation. Eur J Cancer. 2011;47(14):2202-10.

Zhang Z, Kim HJ, Lonjon G, Zhu Y. Balance diagnostics after propensity
score matching. AnnTransl Med. 2019;7(1):16.

Pedersen AB, Mikkelsen EM, Cronin-Fenton D, Kristensen NR, Pham TM,
Pedersen L, Petersen I. Missing data and multiple imputation in clinical
epidemiological research. Clin Epidemiol. 2017;9:157-66.

Ha CE, Bhagavan NV. Novel insights into the pleiotropic effects of

human serum albumin in health and disease. Biochim Biophys Acta.
2013;1830(12):5486-93.

Milford EM, Reade MC. Resuscitation fluid choices to preserve the
endothelial glycocalyx. Crit Care. 2019;23(1):77.

Hariri G, Joffre J, Deryckere S, Bigé N, Dumas G, Baudel JL, Maury E, Guidet
B, Ait-Oufella H. Aloumin infusion improves endothelial function in septic
shock patients: a pilot study. Intensive Care Med. 2018;44(5):669-71.
Aldecoa C, Llau JV, Nuvials X, Artigas A. Role of albumin in the preserva-
tion of endothelial glycocalyx integrity and the microcirculation: a review.
Ann Intensive Care. 2020;10(1):85.

Vincent JL, De Backer D, Wiedermann CJ. Fluid management in sepsis: the
potential beneficial effects of aloumin. J Crit Care. 2016,35:161-7.
Ospina-Tascon G, Neves AP, Occhipinti G, Donadello K, Buchele G, Simion
D, Chierego ML, Silva TO, Fonseca A, Vincent JL, et al. Effects of fluids on
microvascular perfusion in patients with severe sepsis. Intensive Care
Med. 2010;36(6):949-55.

Pottecher J, Deruddre S, Teboul JL, Georger JF, Laplace C, Benhamou D,
Vicaut E, Duranteau J. Both passive leg raising and intravascular volume
expansion improve sublingual microcirculatory perfusion in severe sepsis
and septic shock patients. Intensive Care Med. 2010;36(11):1867-74.

Hu B, Chen JCY, Dong Y, Frank RD, Passe M, Portner E, Peng Z, Kashani

K. Effect of initial infusion rates of fluid resuscitation on outcomes

in patients with septic shock: a historical cohort study. Crit Care.
2020;24(1):137.

McCaw ZR, Yin G, Wei LJ. Using the restricted mean survival time differ-
ence as an alternative to the hazard ratio for analyzing clinical cardiovas-
cular studies. Circulation. 2019;140(17):1366-8.

Franchi M, Garau D, Kirchmayer U, Di Martino M, Romero M, De Carlo |,
Scondotto S, Corrao G. Effectiveness and Costs Associated to Adding
Cetuximab or Bevacizumab to Chemotherapy as Initial Treatment in
Metastatic Colorectal Cancer: Results from the Observational FABIO
Project. Cancers (Basel). 2020;12:4.

Liang F, Zhang S, Wang Q, Li W. Treatment effects measured by restricted
mean survival time in trials of immune checkpoint inhibitors for cancer.
Ann Oncol. 2018;29(5):1320-4.

Kim DH, Uno H, Wei LJ. Restricted mean survival time as a measure to
interpret clinical trial results. JAMA Cardiol. 2017;2(11):1179-80.

Trinquart L, Jacot J, Conner SC, Porcher R. Comparison of treatment
effects measured by the hazard ratio and by the ratio of restricted mean
survival times in oncology randomized controlled trials. J Clin Oncol.
2016;34(15):1813-9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Early combination of albumin with crystalloids administration might be beneficial for the survival of septic patients: a retrospective analysis from MIMIC-IV database
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Study population
	Time to combined
	Primary and secondary outcomes
	Restricted mean survival time analysis
	Statistical analysis

	Results
	Timing of albumin and 28-day mortality
	Secondary outcome
	Additional analysis

	Discussion
	Conclusion
	Acknowledgements
	References




