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Objective: Human serum albumin (HSA) infusion is a common administration on acute
pancreatitis therapy in the Intensive Care Unit (ICU), but its actual association with patients’
outcomes has not been confirmed. The study is aimed to determine whether the in-
hospital prognosis of ICU patients with acute pancreatitis could benefit from HSA.

Methods: 950 acute pancreatitis patients diagnosed in 2008–2019 were extracted from
the MIMIC-IV database as our primary study cohort. The primary outcome was in-hospital
mortality. We also performed an external validation with a cohort of 104 acute pancreatitis
patients after PSM matching from the eICU database.

Results: In MIMIC-IV, 228 acute pancreatitis patients received HSA infusion (Alb group)
during their hospitalization, while 722 patients did not (non-Alb group). Patients in the Alb
group presented a poorer survival curve than the non-Alb group, while this difference
disappeared after PSM or IPTW matching (log-rank test: PSM: p = 0.660, IPTW: p =
0.760). After including covariates, no association was found between HSA infusion and
patients’ in-hospital mortality before and after matching (original cohort: HR: 1.00, 95% CI:
0.66–1.52, p = 0.998). HSA infusion also did not benefit patients’ 28-days or ICUmortality,
while it was significantly associated with a longer duration of hospital and ICU. In addition,
the initial serum albumin levels, infections, the total amount, or the initial timing of infusion
did not affect the conclusion. Similarly, in the eICU cohort, HSA infusion was still not a
beneficial prognostic factor for patients’ in-hospital prognosis (p = 0.087).

Conclusion: Intravenous human serum albumin infusion could not benefit acute
pancreatitis patients’ in-hospital prognosis and was associated with prolonged hospital
and ICU duration.
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INTRODUCTION

As the most common gastrointestinal disease requiring
emergency hospitalization, acute pancreatitis has an annual
incidence of 34 cases per 1,00,000 in high-income countries
(Xiao et al., 2016; Boxhoorn et al., 2020). And its incidence is
generally considered to be positively correlated with the national
sociodemographic index (SDI) (Ouyang et al., 2020). As recent
guidelines indicated, gallstones (45%) and alcohol abuse (20%)
remain the critical factors in the pathogenesis of acute
pancreatitis, which also contributes to the imbalance of
incidence between different regions (Roberts et al., 2017;
Boxhoorn et al., 2020). Acute pancreatitis is characterized by
complex and variable symptoms and various prognoses. Mild
cases showed only pancreatic edema, which was often self-
limiting and had a good prognosis. In contrast, severe cases
(20%) might result in pancreatic necrosis, peritonitis, shock,
and systemic multiple organ failure, with 20%–40% mortality
(Schepers et al., 2019; Boxhoorn et al., 2020).

The hypoperfusion and intestinal bacterial translocation
accompanying systemic inflammatory reactions could lead to
irretrievably serious consequences (Hines and Pandol, 2019;
Boxhoorn et al., 2020). Therefore, current guidelines clearly
state that adequate fluid resuscitation and nutritional support
are essential strategies in the initial treatment of acute pancreatitis
(Hines and Pandol, 2019). The infusion rate of fluid resuscitation
is recommended at 5–10 ml/kg per hour until the patient’s vital
signs meet the resuscitation criteria, including heart rate, mean
arterial pressure, and urinary output (Working Group IAP/APA
Acute Pancreatitis Guidelines, 2013). However, few studies had
investigated the type of resuscitation fluid, though several
guidelines recommended Ringer’s lactate solution compared
with normal saline (Wu et al., 2011; Choosakul et al., 2018;
De-Madaria et al., 2018).

Human serum albumin (HSA) has been widely used for
volume expansion and correcting hypoalbuminemia in critical
care for nearly 70 years worldwide (Vincent et al., 2014).
However, clinical evidence for the recommendation of HSA
infusion for fluid resuscitation in critical ills remains weak
(Das, 2015), and its value in improving hypoalbuminemia is
also controversial (Dubois et al., 2006; Finfer et al., 2006).
Recently, more and more studies have focused on specific
patient groups’ actual survival benefits due to many
inappropriate applications of HSA infusion in clinical practice
and its reported negative influence on patients’ mortality
(Cochrane Injuries Group Albumin Reviewers, 1998; Vincent
et al., 2014). Albumin administration is common in clinical
practice in acute pancreatitis patients, as in other critical
diseases. However, few studies have analyzed whether it has a
beneficial impact on acute pancreatitis patients’ outcomes.

Therefore, our study was aimed to determine the effect of
human serum albumin infusion onmultiple in-hospital outcomes
among patients diagnosed with acute pancreatitis through
MIMIC-IV (v1.0), a large, retrospective, recently presented,
single-center critical care database with a variety of high-
quality clinical data from hospital monitoring systems
(Johnson et al., 2021). Our study cohort enrolled multifaceted

clinical variables of acute pancreatitis patients with ICU
(Intensive Care Units) admission to confirm the analysis
result. Moreover, some of the potential factors that might
affect results, such as patients’ initial serum albumin level
during the first 24 h of ICU admission, the total infusion dose
or timing of HSA for each patient, and bacterial culture results of
patients’ body fluids, were all analyzed in our study. We also
analyzed another acute pancreatitis cohort from the eICU
database to increase the robustness of our investigation.

METHODS

Data Source Description
Our data were extracted from MIMIC and eICU databases. The
Medical Information Mart for Intensive Care (MIMIC) program
is an extensive, single-center, and freely accessible clinical
database hosted by the Laboratory for Computational
Physiology at the Massachusetts Institute of Technology (MIT)
(Johnson et al., 2016; Serpa et al., 2018). The newly released
MIMIC-IV (v1.0) in 2021 contained high-quality clinical data for
383,220 patients in Beth Israel Deaconess Medical Center
(BIDMC), Boston, from 2008 to 2019 (Johnson et al., 2021).
The Philips eICU program is a multi-center database that
enrolled 2,00,678 patients from 208 hospitals throughout the
continental United States in 2014 and 2015 (Pollard et al., 2018).

Study Population
Patients whose diagnosis included “acute pancreatitis” were
enrolled from both databases in the study. There were 3,753
acute pancreatitis patients in MIMIC-IV totally, and we screened
950 of them only with their first admission to ICU. The sample
screening process is shown in Figure 1. Patients younger than 18-
years-old or with 0 hospital days were excluded. MIMIC-IV had
patients diagnosed with ICD-10 codes (International
Classification of Diseases code, version 10), which was
different from MIMIC-III (Yang et al., 2020; Johnson et al.,
2021; Wu et al., 2021; Zhou et al., 2021), and the number of
patients in each diagnosed title is provided in Supplementary
Table S1. All 563 patients with acute pancreatitis from eICU met
the extraction criteria of MIMIC-IV.

Variable Extraction and Outcomes
Patients were grouped based on whether they received
intravenous HSA infusion during the hospitalization. The total
dose (g) of infused HSA and the first infusion time for each
patient in MIMIC-IV were also recorded. Other covariates within
the first 24 h after ICU admission included the following: age,
gender, weight, admission period, Sequential Organ Failure
Assessment (SOFA) score, Simplified Acute Physiology Score
II (SAPS II) score, application of renal replacement therapy
(RRT), mechanical ventilation (MV). The patient’s vital signs
were also extracted, including heart rate, mean arterial pressure
(MAP), respiratory rate, and temperature (°C). We also enrolled
pH, partial pressure of oxygen (pO2), partial pressure of carbon
dioxide (pCO2), lactate level, hemoglobin, platelet counts, white
blood cell (WBC) count, serum albumin level, blood urea

Frontiers in Pharmacology | www.frontiersin.org June 2022 | Volume 13 | Article 8421082

Ma et al. Albumin Infusion in Acute Pancreatitis

https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


nitrogen (BUN), and creatinine as laboratory tests in the first
24 h. The comorbidities we extracted as covariates included
congestive heart failure (CHF), chronic obstructive pulmonary
disease (COPD), liver disease, renal disease, and malignancy. The
primary outcome of our study was in-hospital mortality.
Secondary outcomes included 28-days mortality, ICU
mortality, hospital length of stay (days), and ICU length of
stay (days).

Statistical Analysis
Continuous variables were described bymedians with interquartile
ranges (IQRs) and compared by t-test or Wilcoxon rank-sum test
between groups. And we used total number and percentage to
present categorical variables and compared the proportions using
χ2 or Fisher exact tests. As for survival analysis, we used patients’
hospital length of stay (days) as follow-up time and hospital
mortality as the primary endpoint. Kaplan-Meier (K-M)
survival curve analysis was used to generate curves and the log-
rank test to determine statistical differences among groups.
Multivariate Cox regression models were performed to
determine whether HSA infusion affects patients’ outcomes
after the inclusion of varying clinical factors. Moreover, we also
applied multivariate linear regression models to analyze hospital
outcomes of continuous variables. The selection of covariates

included in multivariate analysis considered the data loss rate
and its clinical impact on prognosis at the same time. Finally,
patients’ admission period, pH, pO2, and pCO2 were excluded for
their irrelevance to patient outcomes or high rate of missing data,
while all other covariates were enrolled in multivariate analyses.
The amount and percentage of missing data for each covariate in
MIMIC-IV are shown in Supplementary Table S2. At the same
time, multiple imputations were applied to mitigate the estimation
bias caused by missing data and assuming that data were missing
randomly in both MIMIC-IV and eICU. The absence rates of
covariates included in multivariate analysis in eICU were all less
than 20%.

Imbalanced covariates between treatment and control groups
might make the results of multivariate analysis less accurate.
Propensity score matching (PSM) and propensity score-based
inverse probability of treatment weighting (IPTW) methods were
applied to minimize the covariate differences between groups
(Zhang, 2017; Graffeo et al., 2019). We matched patients in the
treatment group to the control group as 1:1 nearest neighbor by
estimating the patients’ propensity scores for HSA infusion
measurement in PSM (Chen et al., 2019). Moreover, we
created two virtual cohorts by weighting each patient through
IPTW, which showed a similar distribution of covariates and
different administration exposure (Zhang et al., 2018). We also

FIGURE 1 | Study sample screening process of 950 acute pancreatitis patients from the MIMIC-IV database. ICU, intensive care unit; HSA, human serum albumin.
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calculated the standardized mean differences (SMD) and
performed χ2 or t-tests before and after matching to examine
the effects of PSM and IPTW. Due to insufficient covariates, small
sample size, and significant differences in the number of patients
between groups of the eICU cohort, We used PSMmatched eICU
cohort as an external validation of patients from MIMIC-IV. The
baseline covariates and SMDs of patients from eICU are
presented in Supplementary Table S3 after being PSM matched.

All our patients’ data from the database were extracted in SQL
(Structured Query Language), and all statistical analyses were
performed by Rstudio software (v3.6.3). Two-sided p < 0.05 was
considered statistically significant.

RESULTS

Baseline Characteristics
The entire study cohort included 950 patients diagnosed with
acute pancreatitis between 2008 and 2019, of whom 228

received human serum albumin infusion during
hospitalization (Alb group), and the remaining did not
(non-Alb group). Patients’ baseline characteristics of the
entire and different treatment groups are shown in Table 1.
In general, the Alb group was more likely to receive RRT
(12.7% vs. 4.6%; p < 0.001) and mechanical ventilation (56.6%
vs. 27.6%; p < 0.001) than the non-Alb group. Additionally,
Alb group had significantly higher SOFA [9 (5–13) vs. 4 (2–7);
p < 0.001] and SAPS II scores [43 (34–57) vs. 30 (22–42); p <
0.001]. More patients in the Alb group were found with liver
disease (40.8% vs. 24.2%; p < 0.001) and malignancy (12.7% vs.
6.4%; p = 0.003) than the non-Alb group. As for vital signs,
patients in the Alb group had faster heart rate [100
(86–112 bpm) vs. 92 (78–106 bpm); p < 0.001], faster
respiratory rate [21 (18–25 bpm) vs. 20 (17–23 bpm); p =
0.001] and lower mean arterial pressure [76 (71–86 mmHg)
vs. 82 (74–92 mmHg); p < 0.001]. In laboratory tests, we also
found significant differences between the two groups. There
were lower pH, lower serum albumin, lower hemoglobin levels,

TABLE 1 | Baseline characteristics of the included patients from the MIMIC-IV database.

Covariates MIMIC-IV (n = 950)

All patients Non-alb Alb p value SMD

N 950 722 228
Age 58 (46–71) 57 (45–71) 58 (48–72) 0.328 0.074
Male (%) 544/950 (57.3) 413/722 (57.2) 131/228 (57.5) 1.000 0.005
Weight (kg) 81.0 (70.0–97.8) 80.7 (68.9–97.0) 81.4 (71.2–99.5) 0.150 0.073
Admission period, n (%) 0.107 0.127
2008–2013 607/950 (63.9) 472/722 (65.4) 135/228 (59.2)
2014–2019 343/950 (36.1) 250/722 (34.6) 93/228 (40.8)

Interventions, n (%)
RRT use (1st 24 h) 62/950 (6.5) 33/722 (4.6) 29/228 (12.7) <0.001 0.293
MV use (1st 24 h) 328/950 (34.5) 199/722 (27.6) 129/228 (56.6) <0.001 0.615

Severity
SOFA score 5 (3–9) 4 (2–7) 9 (5–13) <0.001 0.834
SAPS II score 33 (23–45) 30 (22–42) 43 (34–57) <0.001 0.803

Comorbidities, n (%)
CHF 183/950 (19.3) 143/722 (19.8) 40/228 (17.5) 0.510 0.058
COPD 205/950 (21.6) 152/722 (21.1) 53/228 (23.2) 0.542 0.053
Liver disease 268/950 (28.2) 175/722 (24.2) 93/228 (40.8) <0.001 0.359
Renal disease 167/950 (17.6) 121/722 (16.8) 46/228 (20.2) 0.279 0.088
Malignancy 75/950 (7.9) 46/722 (6.4) 29/228 (12.7) 0.003 0.217

Vital signs
Heart rate (bpm) 93 (80–107) 92 (78–106) 100 (86–112) <0.001 0.399
MAP (mmHg) 81 (73–91) 82 (74–92) 76 (71–86) <0.001 0.352
Respiratory rate (bpm) 20 (17–24) 20 (17–23) 21 (18–25) 0.001 0.284
Temperature (°C) 36.9 (36.6–37.3) 36.9 (36.7–37.3) 36.9 (36.6–37.2) 0.070 0.145

Laboratory tests
pH 7.37 (7.29–7.43) 7.37 (7.30–7.43) 7.36 (7.26–7.41) 0.016 0.155
pO2 (mmHg) 81 (51–135) 79 (49–127) 87 (57–167) 0.007 0.222
pCO2 (mmHg) 39 (33–45) 39 (33–46) 39 (33–44) 0.711 0.017
Lactate level (mmol/L) 1.7 (1.2–2.7) 1.6 (1.2–2.5) 2.1 (1.4–3.5) <0.001 0.337
Hemoglobin (×1012/L) 11.1 (9.5–12.7) 11.3 (9.7–12.8) 10.7 (9.0–12.6) 0.005 0.177
Platelet (×109/L) 188 (129–268) 191 (136–270) 172 (117–264) 0.021 0.122
WBC (×109/L) 12.2 (8.6–17.3) 12.1 (8.4–16.5) 13.0 (9.0–19.5) 0.003 0.270
Albumin (g/dl) 3.1 (2.6–3.5) 3.1 (2.7–3.6) 2.8 (2.4–3.3) <0.001 0.449
BUN (mg/dl) 19 (12–35) 17 (11–31) 26 (17–48) <0.001 0.358
Creatinine (mg/dl) 1.1 (0.7–1.8) 1.0 (0.7–1.7) 1.4 (0.9–2.6) <0.001 0.238

Alb, human serum albumin infusion; SMD, standardized mean differences; RRT, renal replacement therapy; MV, mechanical ventilation; SOFA, sequential organ failure assessment; SAPS
II, simplified acute physiology score II; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; MAP, mean arterial pressure; pO2, partial pressure of oxygen; pCO2,
partial pressure of carbon dioxide; WBC, white blood cell; BUN, blood urea nitrogen.
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higher pO2, higher lactate, higher WBC, higher Bun, and
higher creatinine levels in the Alb group.

Primary Outcome
A total of 125 (13.2%) in-hospital deaths occurred in the entire
study cohort, including 67 (29.4%) in the Alb group and 58 (8.0%)
in the non-Alb group. The total median hospital length of stay
was 11 (6–20) days, and 22 (13–38) days in the Alb group, 9
(5–15) days in the non-Alb group, respectively. After the Kaplan-
Meier survival curve analysis, a significant survival difference (p =
0.010) was found between the two groups (Figure 2A). The Alb
group tended to have worse in-hospital survival status than the
non-Alb group. Then the independence of HSA infusion as a
prognostic factor in patients’ hospital mortality was analyzed
using multivariate Cox regression models. However, we found no
association (HR: 1.00, 95%CI: 0.66–1.52, p = 0.998) between HSA

infusion and hospital mortality of acute pancreatitis patients
admitted to ICU (Figure 3).

Furthermore, to mitigate the estimation bias caused by
imbalanced covariates between different treatment groups, we
performed PSM and IPTWmethods. The imbalance of covariates
between groups was significantly reduced after both matches
(Supplementary Table S4). In these two matched study cohorts,
differences between groups of the K-M survival curves
disappeared through log-rank tests (Figure 2B, PSM: p =
0.660; Figure 2C, IPTW: p = 0.760). Moreover, the
multivariate Cox regression model showed similar results as
the original cohort after being matched (Figure 3). To
increase the robustness of this study, we also performed
multivariate analyses in original and matched cohorts of
patients without missing data, and the results remained
similar. (Supplementary Tables S5, S6).

FIGURE 2 | Kaplan-Meire survival curve analysis between treatment groups before and after matching from the MIMIC-IV database. (A) Survival curves of hospital
mortality in acute pancreatitis patients between treatment groups before matching from the MIMIC-IV database. (B) Survival curves of hospital mortality in acute
pancreatitis patients between treatment groups after PSM matching from the MIMIC-IV database. (C) Survival curves of hospital mortality in acute pancreatitis patients
between treatment groups after IPTW matching from the MIMIC-IV database. PSM, propensity score matching; IPTW, inverse probability of treatment weighing.

FIGURE 3 | Effect of human serum albumin infusion on primary outcome in acute pancreatitis patients from the MIMIC-IV database before and after matching
through multivariate Cox regressions. HR, hazard ratio; PSM, propensity score matching; IPTW, inverse probability of treatment weighing.
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Secondary Outcomes
Human serum albumin infusion was also found no association
with 28-days mortality and ICU mortality by multivariate Cox
regressions (28-days mortality: HR: 0.95, 95% CI: 0.61–1.49, p =
0.826; ICU mortality: HR: 0.76, 95% CI: 0.54–1.09, p = 0.136).
Moreover, after multivariate linear regressions, there were
significant associations between HSA infusion and more
extended hospital and ICU length of stay in ICU admitted
acute pancreatitis patients (p < 0.001). To verify the results,
we also performed PSM and IPTW methods. After being
matched, the results were similar (Figure 4).

Subgroup and Sensitivity Analyses
To investigate the effect of HSA infusion on patients’ outcomes
with different initial serum albumin levels, patients in the
MIMIC-IV cohort were divided into four subgroups by first
measured serum albumin level after ICU admission: <2.5 g/dl
group, 2.5–3.0 g/dl group, 3.0–3.5 g/dl group, and ≥3.5 g/dl
group. K-M survival analyses of each subgroup are shown in
Supplementary Figure S1, while multivariate Cox regressions
were also performed, as shown in Supplementary Figure S2.
Interestingly, HSA infusion negatively influenced patients with
3.0–3.5 g/dl serum albumin (HR: 8.17, 95% CI: 2.01–33.14, p =
0.003, n = 250), while no association with hospital mortality in
other subgroups had been found (Supplementary Figure S2).
After being matched by different methods, we repeated the
analysis and got similar results (Supplementary Tables
S7–S10). It seemed that HSA infusion could not benefit
patients’ outcomes. This result was independent of the
patients’ initial serum albumin level.

Bacteraemia and secondary infection are common in acute
pancreatitis patients and are essential factors leading to more
severe disease (Besselink et al., 2009). To determine whether
patients subgroup with definite infection would benefit fromHSA
infusion, we performed a subgroup analysis of patients with
positive blood or peritoneal fluid culture. In the MIMIC-IV
cohort, 161 patients with acute pancreatitis had positive blood

or peritoneal fluid culture during hospitalization. We performed
K-M survival analyses andmultivariate Cox regressions, andHSA
infusion was still not associated with in-hospital mortality in
acute pancreatitis patients with definite infection
(Supplementary Figure S3; Supplementary Table S11).

Additionally, we also investigated the effect of different total
doses of HSA infusion on hospital outcomes as sensitivity
analyses. According to clinical practice, patients with HSA
infusion were divided into two subgroups (infusion dose <
100 g; ≥100 g) and compared against the non-Alb group,
respectively. According to our results, albumin administration
did not influence the primary outcome of patients with acute
pancreatitis in either infusion volume subgroup (Supplementary
Figure S4; Supplementary Tables S12, S13).

There are two overlapping peaks of death in patients with
acute pancreatitis. The first peak was clinically characterized by
SIRS or organ failure, and the second was intraperitoneal
infection or necrosis of the pancreas or peripancreatic tissue
(Gardner, 2021). To investigate the effect of HSA infusion on the
prognosis of patients with acute pancreatitis at different clinical
stages, we divided patients receiving HSA infusion into within
72 h and beyond according to the time interval between
admission to ICU and initial infusion. The effect of early HSA
infusion (within 72 h of admission to the ICU) on prognosis
compared with those who did not receive HSA infusion was
studied, as shown in Supplementary Figure S5 and
Supplementary Table S14. Through multivariate analysis,
early infusion of HSA was also not associated with hospital
outcomes in patients with acute pancreatitis.

External Validation With Propensity
Score-Matched eICU Cohort
We also validated our results with acute pancreatitis patients
extracted from the eICU database. After being PSMmatched, 104
acute pancreatitis patients with ICU admission were enrolled (52
in the Alb group and 52 in the non-Alb group). Baseline

FIGURE 4 | Effect of human serum albumin infusion on secondary outcomes in acute pancreatitis patients from the MIMIC-IV database before and after matching
through multivariate analyses. (A) Effect of human serum albumin infusion on 28-days mortality and ICU mortality in acute pancreatitis patients from the MIMIC-IV
database before and after matching through multivariate Cox regressions. (B) Effect of human serum albumin infusion on hospital and ICU length of stays in acute
pancreatitis patients from the MIMIC-IV database before and after matching through multivariate linear regressions. HR, hazard ratio; ICU, intensive care unit; PSM,
propensity score matching; IPTW, inverse probability of treatment weighing.
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characteristics of these patients after PSM are presented in
Supplementary Table S3, as mentioned. Though there was a
survival difference between treatment groups in the K-M survival
curves analysis (p = 0.037), HSA infusion still did not influence
multiple in-hospital outcomes of acute pancreatitis patients after
multivariate analyses (p = 0.087) (Supplementary Figures
S6, S7).

DISCUSSION

In general, our research is the first clinical investigation
concentrating on the role of human serum albumin infusion
in the hospital outcomes of patients diagnosed with acute
pancreatitis since 2008. Through a retrospective cohort of 950
contemporary acute pancreatitis patients from the MIMIC-IV
database, our research showed that the infusion of HSA was not
associated with ICU acute pancreatitis patients’ in-hospital
mortality but significantly associated with their more extended
hospital and ICU stays. This result was independent of whether
the patient had a positive bacterial culture result. In subsequent
subgroup analyses, HSA infusion still did not affect the patients’
prognosis with significant hypoalbuminemia (<2.5 g/dl) while
even tended to have an adverse effect on the group of patients
with near-normal (3.0–3.5 g/dl) initial serum albumin levels. A
cohort from the eICU database partially supported these results
above after being PSM matched (104 patients).

Acute pancreatitis is characterized by local, systemic
inflammatory, and immune responses, leading to organ failure
and even death in severe cases. Subsequent fluid extravasation in
the third space is one of the critical reasons for the severity of the
disease (van Dijk et al., 2017; Hines and Pandol, 2019; Boxhoorn
et al., 2020). In current guidelines, adequate fluid resuscitation is
considered an essential step of the initial treatment in severe acute
pancreatitis patients (Boxhoorn et al., 2020). As indicated, the
goal-directed therapy advised a resuscitation rate of 5–10 ml/kg/h
to avoid the potentially detrimental influence that improper fluid
replacement might cause (Crockett et al., 2018). While as for the
type of fluid, study evidence with high confidence is still scarce.
Only several RCTs with a small sample size concluded that
Ringer’s lactate solution had an unconfirmed benefit in
reducing the chance of SIRS (systemic inflammatory response
syndrome) and C-relative protein concentrations compared with
normal salina (Wu et al., 2011; Working Group IAP/APA Acute
Pancreatitis Guidelines, 2013; Iqbal et al., 2018; Choosakul et al.,
2018; De-Madaria et al., 2018).

Though the value of colloids was not confirmed in the therapy
of acute pancreatitis (van Dijk et al., 2017), it has been
demonstrated that HSA required less fluid than crystalloid
solutions to provide effective fluid resuscitation and might
reduce the mortality in critically ill patients (Vincent et al.,
2014; Gomez et al., 2021). On the other hand, some studies
also showed that hypoalbuminemia negatively influenced acute
pancreatitis patients’ prognosis significantly (Finfer et al., 2006;
Hong et al., 2017). For the reasons above, the doctors were
accustomed to applying the albumin infusion to increase
colloidal osmotic pressure and improve hypoalbuminemia in

clinical practice. However, the actual association between
human serum albumin infusion and acute pancreatitis
patients’ prognosis has not been confirmed by clinical studies
so far.

To confirm the influence of HSA infusion on acute
pancreatitis, we designed the research. Our primary study
cohort was extracted from MIMIC-IV (v1.0), published on 16
March 2021. MIMIC-IV was a newly-updated version of MIMIC-
III, which had been improved in numerous aspects (Johnson
et al., 2021). In MIMIC-IV, the patients’ data from 2008 to 2019
could better reflect the current diagnosis and treatment of
diseases and provide better suggestions for the current clinical
practice. Our research also used acute pancreatitis patients’ data
from the eICU database. The eICU Collaborative Research
Database (v2.0) contained clinical data of patients with ICU
admission from 208 hospitals in 2014 and 2015 (Pollard et al.,
2018). In our study process, we applied the MIMIC-IV cohort as
our primary analysis group, while the eICU cohort after PSM
matching was applied as an external verification.

In our study, patients in the HSA infusion group showed a
more severe disease state than the other group, which could be
indicated by discrepant parameters such as higher SOFA, SAPS II
scores, lower serum albumin level, and lower mean arterial
pressure. This phenomenon was consistent with the clinical
decision strategy often made by doctors previously analyzed.
The Alb group showed a poorer prognosis in K-M survival
analyses, and this survival difference disappeared after
balancing covariates between treatment groups by PSM or
IPTW methods. Furthermore, after including covariates from
multiple clinical aspects of each patient, multivariate Cox
regressions still showed no correlation between HSA infusion
and patients’ in-hospital prognosis before and after matching. In
addition, through multivariate linear regressions, we found that
intravenous HSA infusion was associated with a longer hospital
length of stay and ICU duration. It seemed that HSA infusion
could not benefit acute pancreatitis patients’ prognosis. This is
consistent with previous studies (Myburgh et al., 2007; Roberts
et al., 2011; Caironi et al., 2014; Patel et al., 2014; Uhlig et al., 2014;
Thevenot et al., 2015; Eljaiek et al., 2017; Leao et al., 2019). Since
the meta-analysis study of increased mortality rates in patients
who received albumin solutions was first reported in 1998
(Cochrane Injuries Group Albumin Reviewers, 1998), more
and more well-controlled RCTs have concentrated on the
actual benefit of human serum albumin in specific patient
groups. One of the most influential prospective studies,
published in 2014, was a multi-center trial of 1,818 patients
with severe sepsis, which concluded that the addition of
albumin did not improve the 28- or 90-days mortality
compared with crystalloids alone (Caironi et al., 2014).
Another trial, including 193 cirrhotic patients with infection
other than SBP (spontaneous bacterial peritonitis) in 2015,
also negated the benefit of albumin infusion in overall patient
survival and improvement of renal failure (Thevenot et al., 2015).
The plausibility of our results was strongly supported by many
prospective studies that had concluded similar opinions with
other specific patient groups in recent years (Myburgh et al., 2007;
Roberts et al., 2011; Patel et al., 2014; Uhlig et al., 2014; Eljaiek
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et al., 2017; Leao et al., 2019). We also performed an external
validation with a cohort of 104 well-matched acute pancreatitis
patients from the eICU database to strengthen our conclusion.
Similar to the results of the MIMIC-IV cohort, HSA infusion
continued to have no beneficial effect on primary and secondary
outcomes in patients with acute pancreatitis through K-M
survival analysis and multivariate Cox regressions.

To further support our results, we also conducted well-
developed subgroup and sensitivity analyses. The patient’s
initial serum albumin level was likely to influence the study
results from clinical practice, and we performed subgroup
analyses for patients with different first measured serum
albumin levels after ICU admission. According to our results,
even among acute pancreatitis patients with obvious
hypoalbuminemia (<2.5 g/dl), HSA infusion still had no
statistically significant advantage on patients’ outcomes before
and after matching. This finding was consistent with a large meta-
analysis study published in recent years that there was no
evidence that albumin infusion improved prognosis in
critically ill patients with baseline hypoalbuminemia (Patel
et al., 2014). Moreover, compared with other subgroups, HSA
infusion had a negative effect on the prognosis of patients whose
initial serum albumin level was 3.0–3.5 g/dl. This phenomenon
might be explained by the body’s self-compensation mechanism,
suggesting that albumin infusion might be even more
discouraged in acute pancreatitis patients with albumin levels
near normal. It has been proved that early bacteremia and
secondary pancreatic or peripancreatic necrosis might result in
sepsis with a poor prognosis in acute pancreatitis patients
(Besselink et al., 2009). Thus, we performed a subgroup
analysis of patients with positive blood or peritoneal fluid
bacterial cultures, and the results were robust to the primary
analysis. As mentioned above, the role of albumin infusion in
sepsis patients has been extensively studied in recent years. The
current consensus was that the benefit of albumin in improving
the prognosis of patients with sepsis relative to crystalloids
remained unclear (Gotts and Matthay, 2016), which was
consistent with our results. Our study also considered the
possible impact of the total HSA infusion dosage on the
results as a sensitivity analysis. According to the results, HSA
infusion was not a beneficial factor, regardless of the total dose.

The initial management of acute pancreatitis included not
only adequate fluid resuscitation but also effective nutritional
support (Boxhoorn et al., 2020). Current guidelines mainly
recommend enteral feeding because of its beneficial role in
nourishing the intestinal barrier, preventing bacterial
translocation, and reducing the probability of SIRS when
compared with conventional parenteral nutrition (Petrov et al.,
2008; Capurso et al., 2012; Hines and Pandol, 2019; Boxhoorn
et al., 2020). On the other hand, serum albumin level was also an
important indicator in evaluating the nutritional status of patients
(Hines and Pandol, 2019). In combination with our findings, it
was not difficult to conclude that due to the irrelevance of
intravenous HSA infusion to patient prognosis, our study
might emphasize the importance and necessity of enteral
nutritional support for patients with acute pancreatitis from
another perspective.

There were still several limitations in our research. First, the
estimation bias was unavoidable as a retrospective study due to
complex confounding factors in actual clinical treatment that
could not be considered, though we had already significantly
reduced the bias by several adjustments and a well-developed
subgroup analysis. Large-scale, well-controlled RCTs are still
desperately required to reach a more convincing conclusion.
Secondly, due to the limitations of the MIMIC-IV and eICU
database, the clinical indicators reflecting the possible benefits of
drug administration were still insufficient, resulting in the
possibility of neglecting the potential beneficial effects of HSA
infusion for patients with acute pancreatitis. For example,
previous studies had reported significant hemodynamic
advantages of HSA infusion in patients with sepsis, although
improvement in patient outcomes was also not observed (Caironi
et al., 2014). In addition, the MIMIC-IV database was still unable
to obtain data on patients’ out-of-hospital survival status due to
inadequate follow-up time (Johnson et al., 2021), which might
result in our study ignoring the possible positive influence of HSA
infusion on patients’ long-term survival.

CONCLUSION

In conclusion, intravenous human serum albumin infusion could
not benefit acute pancreatitis patients’ in-hospital prognosis and
was associated with prolonged hospital and ICU duration. This
conclusion remained robust in patient subgroups with significant
hypoalbuminemia (<2.5 g/dl), positive bacterial cultures in blood
or peritoneal fluid, different initial infusion times, and total
infusion doses.

DATA AVAILABILITY STATEMENT

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and
accession number(s) can be found below: The datasets
generated and analyzed during the current study are available in
theMIMIC-IV and eICU databases, https://physionet.org/content/
mimiciv/1.0/ and https://physionet.org/content/eicu-crd/2.0/.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Ethics Committee of the First Affiliated Hospital
of Xi’an Jiaotong University. Written informed consent for
participation was not required for this study in accordance
with the national legislation and the institutional requirements.

AUTHOR CONTRIBUTIONS

Study concept and design: ZWa and QM; Acquisition, analysis,
or interpretation of data: All authors; Drafting of the
manuscript: YM, TY, and ZWa; Critical revision of the

Frontiers in Pharmacology | www.frontiersin.org June 2022 | Volume 13 | Article 8421088

Ma et al. Albumin Infusion in Acute Pancreatitis

https://physionet.org/content/mimiciv/1.0/
https://physionet.org/content/mimiciv/1.0/
https://physionet.org/content/eicu-crd/2.0/
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


manuscript: ZWa, ZWu, QM, and JL; Statistical analysis: YM,
FX, JD, TY, and JL; Obtained funding: ZWa and QM;
Administrative, technical, material support: FX and BY;
Study supervision: ZWa, ZWu, and QM.

FUNDING

This work was supported by the National Natural Science
Foundation of China (NSFC 81872008, 82072702), the
National Key Research and Development Program of China
(2019YFC1315900 and subproject 2019YFC1315902); the
Science and Technology Innovation as a Whole Plan Projects
of Shaanxi Province, China. (No. 2016KJZDSF01-05-01); Clinical

Research Award of the First Affiliated Hospital of Xi’an Jiaotong
University, China (No. XJTU1AF-CRF-2019-005).

ACKNOWLEDGMENTS

The authors thank all colleagues who contributed to this effort.

SUPPLEMENTARY MATERIAL

The SupplementaryMaterial for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fphar.2022.842108/
full#supplementary-material

REFERENCES

Besselink, M. G., van Santvoort, H. C., Boermeester, M. A., Nieuwenhuijs, V. B.,
van Goor, H., Dejong, C. H., et al. (2009). Timing and Impact of Infections in
Acute Pancreatitis. Br. J. Surg. 96 (3), 267–273. doi:10.1002/bjs.6447

Boxhoorn, L., Voermans, R. P., Bouwense, S. A., Bruno, M. J., Verdonk, R. C.,
Boermeester, M. A., et al. (2020). Acute Pancreatitis. Lancet 396 (10252),
726–734. doi:10.1016/S0140-6736(20)31310-6

Caironi, P., Tognoni, G., Masson, S., Fumagalli, R., Pesenti, A., Romero, M., et al.
(2014). Albumin Replacement in Patients with Severe Sepsis or Septic Shock. N.
Engl. J. Med. 370 (15), 1412–1421. doi:10.1056/NEJMoa1305727

Capurso, G., Zerboni, G., Signoretti, M., Valente, R., Stigliano, S., Piciucchi, M.,
et al. (2012). Role of the Gut Barrier in Acute Pancreatitis. J. Clin. Gastroenterol.
46 (Suppl. l), S46–S51. doi:10.1097/MCG.0b013e3182652096

Chen, H., Zhao, C., Wei, Y., and Jin, J. (2019). Early Lactate Measurement Is
Associated with Better Outcomes in Septic Patients with an Elevated Serum
Lactate Level. Crit. Care 23 (1), 351. doi:10.1186/s13054-019-2625-0

Choosakul, S., Harinwan, K., Chirapongsathorn, S., Opuchar, K., Sanpajit, T.,
Piyanirun, W., et al. (2018). Comparison of Normal Saline versus Lactated
Ringer’s Solution for Fluid Resuscitation in Patients with Mild Acute
Pancreatitis, A Randomized Controlled Trial. Pancreatology 18 (5), 507–512.
doi:10.1016/j.pan.2018.04.016

Cochrane Injuries Group Albumin Reviewers (1998). Human Albumin
Administration in Critically Ill Patients: Systematic Review of
Randomised Controlled Trials. BMJ. 317 (7153), 235–240. doi:10.1136/
bmj.317.7153.235

Crockett, S. D., Wani, S., Gardner, T. B., Falck-Ytter, Y., and Barkun, A. N.
(2018). American Gastroenterological Association Institute Guideline on
Initial Management of Acute Pancreatitis. Gastroenterology 154 (4),
1096–1101. doi:10.1053/j.gastro.2018.01.032

Das, U. N. (2015). Albumin Infusion for the Critically Ill-Iis it Beneficial and, if
So, Why and How? Crit. Care. 19, 156. doi:10.1186/s13054-015-0862-4

De-Madaria, E., Herrera-Marante, I., González-Camacho, V., Bonjoch, L.,
Quesada-Vázquez, N., Almenta-Saavedra, I., et al. (2018). Fluid
Resuscitation with Lactated Ringer’s Solution vs Normal Saline in Acute
Pancreatitis: A Triple-Blind, Randomized, Controlled Trial. United Eur.
Gastroenterol. J. 6 (1), 63–72. doi:10.1177/2050640617707864

Dubois, M. J., Orellana-Jimenez, C., Melot, C., De Backer, D., Berre, J.,
Leeman, M., et al. (2006). Albumin Administration Improves Organ
Function in Critically Ill Hypoalbuminemic Patients: A Prospective,
Randomized, Controlled, Pilot Study. Crit. Care Med. 34 (10),
2536–2540. doi:10.1097/01.CCM.0000239119.57544.0C

Eljaiek, R., Heylbroeck, C., and Dubois, M. J. (2017). Albumin Administration
for Fluid Resuscitation in Burn Patients: A Systematic Review and Meta-
Analysis. Burns 43 (1), 17–24. doi:10.1016/j.burns.2016.08.001

Finfer, S., Finfer, S., Bellomo, R., McEvoy, S., Lo, S. K., Myburgh, J., et al.
(2006). Effect of Baseline Serum Albumin Concentration on Outcome of
Resuscitation with Albumin or Saline in Patients in Intensive Care Units:

Analysis of Data from the Saline versus Albumin Fluid Evaluation (SAFE)
Study. BMJ. 333 (7577), 1044. doi:10.1136/bmj.38985.398704.7C

Gardner, T. B. (2021). Acute Pancreatitis.Ann. Intern. Med. 174 (2), ITC17–ITC32.
doi:10.7326/AITC202102160

Gomez, H., Priyanka, P., Bataineh, A., Keener, C. M., Clermont, G., and Kellum,
J. A. (2021). Effects of 5% Albumin Plus Saline versus Saline Alone on
Outcomes from Large-Volume Resuscitation in Critically Ill Patients. Crit.
Care Med. 49 (1), 79–90. doi:10.1097/CCM.0000000000004706

Gotts, J. E., and Matthay, M. A. (2016). Sepsis: Pathophysiology and Clinical
Management. BMJ 353, i1585. doi:10.1136/bmj.i1585

Grafféo, N., Latouche, A., Le Tourneau, C., and Chevret, S. (2019). Ipcwswitch: An
R Package for Inverse Probability of Censoring Weighting with an Application
to Switches in Clinical Trials. Comput. Biol. Med. 111, 103339. doi:10.1016/j.
compbiomed.2019.103339

Hines, O. J., and Pandol, S. J. (2019). Management of Severe Acute Pancreatitis.
BMJ 367, l6227. doi:10.1136/bmj.l6227

Hong, W., Lin, S., Zippi, M., Geng, W., Stock, S., Basharat, Z., et al. (20172017).
Serum Albumin Is Independently Associated with Persistent Organ Failure in
Acute Pancreatitis. Can. J. Gastroenterol. Hepatol. 2017, 5297143. doi:10.1155/
2017/5297143

Iqbal, U., Anwar, H., and Scribani, M. (2018). Ringer’s Lactate versus Normal
Saline in Acute Pancreatitis: A Systematic Review and Meta-Analysis. J. Dig.
Dis. 19 (6), 335–341. doi:10.1111/1751-2980.12606

Johnson, A., Bulgarelli, L., Pollard, T., Horng, S., Celi, L. A., and Mark, R. (2021).
MIMIC-IV (Version 1.0). PhysioNet. 2021 doi:10.13026/s6n6-xd98

Johnson, A. E., Pollard, T. J., Shen, L., Lehman, L. W., Feng, M., Ghassemi, M., et al.
(2016). MIMIC-III, a Freely Accessible Critical Care Database. Sci. Data 3,
160035. doi:10.1038/sdata.2016.35

Leão, G. S., John Neto, G., Jotz, R. F., Mattos, A. A., and Mattos, Â. Z. (2019).
Albumin for Cirrhotic Patients with Extraperitoneal Infections: A Meta-
Analysis. J. Gastroenterol. Hepatol. 34 (12), 2071–2076. doi:10.1111/jgh.14791

Myburgh, J., Cooper, D. J., Finfer, S., Bellomo, R., Myburgh, J., Cooper, D. J., et al.
(2007). Saline or Albumin for Fluid Resuscitation in Patients with Traumatic
Brain Injury. N. Engl. J. Med. 357 (9), 874–884. doi:10.1056/NEJMoa067514

Ouyang, G., Pan, G., Liu, Q., Wu, Y., Liu, Z., Lu, W., et al. (2020). The Global,
Regional, and National Burden of Pancreatitis in 195 Countries and Territories,
1990-2017: a Systematic Analysis for the Global Burden of Disease Study 2017.
BMC Med. 18 (1), 388. doi:10.1186/s12916-020-01859-5

Patel, A., Laffan, M. A., Waheed, U., and Brett, S. J. (2014). Randomised Trials of
Human Albumin for Adults with Sepsis: Systematic Review and Meta-Analysis
with Trial Sequential Analysis of All-Cause Mortality. BMJ. 349, g4561. doi:10.
1136/bmj.g4561

Petrov, M. S., van Santvoort, H. C., Besselink, M. G., van der Heijden, G. J.,
Windsor, J. A., and Gooszen, H. G. (2008). Enteral Nutrition and the Risk of
Mortality and Infectious Complications in Patients with Severe Acute
Pancreatitis: a Meta-Analysis of Randomized Trials. Arch. Surg. 143 (11),
1111–1117. doi:10.1001/archsurg.143.11.1111

Pollard, T. J., Johnson, A. E. W., Raffa, J. D., Celi, L. A., Mark, R. G., and
Badawi, O. (2018). The eICU Collaborative Research Database, a Freely

Frontiers in Pharmacology | www.frontiersin.org June 2022 | Volume 13 | Article 8421089

Ma et al. Albumin Infusion in Acute Pancreatitis

https://www.frontiersin.org/articles/10.3389/fphar.2022.842108/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphar.2022.842108/full#supplementary-material
https://doi.org/10.1002/bjs.6447
https://doi.org/10.1016/S0140-6736(20)31310-6
https://doi.org/10.1056/NEJMoa1305727
https://doi.org/10.1097/MCG.0b013e3182652096
https://doi.org/10.1186/s13054-019-2625-0
https://doi.org/10.1016/j.pan.2018.04.016
https://doi.org/10.1136/bmj.317.7153.235
https://doi.org/10.1136/bmj.317.7153.235
https://doi.org/10.1053/j.gastro.2018.01.032
https://doi.org/10.1186/s13054-015-0862-4
https://doi.org/10.1177/2050640617707864
https://doi.org/10.1097/01.CCM.0000239119.57544.0C
https://doi.org/10.1016/j.burns.2016.08.001
https://doi.org/10.1136/bmj.38985.398704.7C
https://doi.org/10.7326/AITC202102160
https://doi.org/10.1097/CCM.0000000000004706
https://doi.org/10.1136/bmj.i1585
https://doi.org/10.1016/j.compbiomed.2019.103339
https://doi.org/10.1016/j.compbiomed.2019.103339
https://doi.org/10.1136/bmj.l6227
https://doi.org/10.1155/2017/5297143
https://doi.org/10.1155/2017/5297143
https://doi.org/10.1111/1751-2980.12606
https://doi.org/10.13026/s6n6-xd98
https://doi.org/10.1038/sdata.2016.35
https://doi.org/10.1111/jgh.14791
https://doi.org/10.1056/NEJMoa067514
https://doi.org/10.1186/s12916-020-01859-5
https://doi.org/10.1136/bmj.g4561
https://doi.org/10.1136/bmj.g4561
https://doi.org/10.1001/archsurg.143.11.1111
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


Available Multi-Center Database for Critical Care Research. Sci. Data 5,
180178. doi:10.1038/sdata.2018.178

Roberts, I., Blackhall, K., Alderson, P., Bunn, F., and Schierhout, G. (2011). Human
Albumin Solution for Resuscitation and Volume Expansion in Critically Ill
Patients. Cochrane Database Syst. Rev., 11, CD001208. doi:10.1002/14651858.
CD001208.pub4

Roberts, S. E., Morrison-Rees, S., John, A., Williams, J. G., Brown, T. H., and
Samuel, D. G. (2017). The Incidence and Aetiology of Acute Pancreatitis across
Europe. Pancreatology 17 (2), 155–165. doi:10.1016/j.pan.2017.01.005

Schepers, N. J., Bakker, O. J., Besselink, M. G., Ahmed Ali, U., Bollen, T. L.,
Gooszen, H. G., et al. (2019). Impact of Characteristics of Organ Failure and
Infected Necrosis on Mortality in Necrotising Pancreatitis. Gut 68 (6),
1044–1051. doi:10.1136/gutjnl-2017-314657

Serpa Neto, A., Deliberato, R. O., Johnson, A. E. W., Bos, L. D., Amorim, P., Pereira, S.
M., et al. (2018). Mechanical Power of Ventilation Is Associated with Mortality in
Critically Ill Patients: an Analysis of Patients in Two Observational Cohorts.
Intensive Care Med. 44 (11), 1914–1922. doi:10.1007/s00134-018-5375-6

Thévenot, T., Bureau, C., Oberti, F., Anty, R., Louvet, A., Plessier, A., et al. (2015). Effect
of Albumin in Cirrhotic Patients with Infection Other Than Spontaneous Bacterial
Peritonitis. A Randomized Trial. J. Hepatol. 62 (4), 822–830. doi:10.1016/j.jhep.2014.
11.017

Uhlig, C., Silva, P. L., Deckert, S., Schmitt, J., and de Abreu, M. G. (2014). Albumin
versus Crystalloid Solutions in Patients with the Acute Respiratory Distress
Syndrome: a Systematic Review and Meta-Analysis. Crit. Care. 18 (1), R10.
doi:10.1186/cc13187

van Dijk, S. M., Hallensleben, N. D. L., van Santvoort, H. C., Fockens, P., van Goor, H.,
Bruno,M. J., et al. (2017). Acute Pancreatitis: Recent Advances throughRandomised
Trials. Gut 66 (11), 2024–2032. doi:10.1136/gutjnl-2016-313595

Vincent, J. L., Russell, J. A., Jacob,M.,Martin, G., Guidet, B.,Wernerman, J., et al. (2014).
AlbuminAdministration in the Acutely Ill: what Is New andwhere Next?Crit. Care.
18 (4), 231. doi:10.1186/cc13991

Working Group IAP/APA Acute Pancreatitis Guidelines (2013). IAP/APA Evidence-
Based Guidelines for the Management of Acute Pancreatitis. Pancreatology 13 (4
Suppl. 2), e1–15. doi:10.1016/j.pan.2013.07.063

Wu, B. U., Hwang, J. Q., Gardner, T. H., Repas, K., Delee, R., Yu, S., et al. (2011).
Lactated Ringer’s Solution Reduces Systemic InflammationComparedwith Saline in
Patients with Acute Pancreatitis. Clin. Gastroenterol. Hepatol. 9 (8), 710–e1. doi:10.
1016/j.cgh.2011.04.026

Wu, W. T., Li, Y. J., Feng, A. Z., Li, L., Huang, T., Xu, A. D., et al. (2021). Data
Mining in Clinical Big Data: the Frequently Used Databases, Steps, and

Methodological Models. Mil. Med. Res. 8 (1), 44. doi:10.1186/s40779-021-
00338-z

Xiao, A. Y., Tan, M. L., Wu, L. M., Asrani, V. M., Windsor, J. A., Yadav, D.,
et al. (2016). Global Incidence and Mortality of Pancreatic Diseases: a
Systematic Review, Meta-Analysis, and Meta-Regression of Population-
Based Cohort Studies. Lancet Gastroenterol. Hepatol. 1 (1), 45–55. doi:10.
1016/S2468-1253(16)30004-8

Yang, J., Li, Y., Liu, Q., Li, L., Feng, A., Wang, T., et al. (2020). Brief
Introduction of Medical Database and Data Mining Technology in Big
Data Era. J. Evid. Based Med. 13 (1), 57–69. doi:10.1111/jebm.12373

Zhang, Z. (2017). Propensity Score Method: a Non-parametric Technique to
Reduce Model Dependence. Ann. Transl. Med. 5 (1), 7. doi:10.21037/atm.
2016.08.57

Zhang, Z., Zhu, C., Mo, L., and Hong, Y. (2018). Effectiveness of Sodium
Bicarbonate Infusion on Mortality in Septic Patients with Metabolic
Acidosis. Intensive Care Med. 44 (11), 1888–1895. doi:10.1007/s00134-
018-5379-2

Zhou, S., Zeng, Z., Wei, H., Sha, T., and An, S. (2021). Early Combination of
Albumin with Crystalloids Administration Might Be Beneficial for the
Survival of Septic Patients: a Retrospective Analysis from MIMIC-IV
Database. Ann. Intensive Care 11 (1), 42. doi:10.1186/s13613-021-
00830-8

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Ma, Yan, Xu, Ding, Yang, Ma, Wu, Lyu and Wang. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Pharmacology | www.frontiersin.org June 2022 | Volume 13 | Article 84210810

Ma et al. Albumin Infusion in Acute Pancreatitis

https://doi.org/10.1038/sdata.2018.178
https://doi.org/10.1002/14651858.CD001208.pub4
https://doi.org/10.1002/14651858.CD001208.pub4
https://doi.org/10.1016/j.pan.2017.01.005
https://doi.org/10.1136/gutjnl-2017-314657
https://doi.org/10.1007/s00134-018-5375-6
https://doi.org/10.1016/j.jhep.2014.11.017
https://doi.org/10.1016/j.jhep.2014.11.017
https://doi.org/10.1186/cc13187
https://doi.org/10.1136/gutjnl-2016-313595
https://doi.org/10.1186/cc13991
https://doi.org/10.1016/j.pan.2013.07.063
https://doi.org/10.1016/j.cgh.2011.04.026
https://doi.org/10.1016/j.cgh.2011.04.026
https://doi.org/10.1186/s40779-021-00338-z
https://doi.org/10.1186/s40779-021-00338-z
https://doi.org/10.1016/S2468-1253(16)30004-8
https://doi.org/10.1016/S2468-1253(16)30004-8
https://doi.org/10.1111/jebm.12373
https://doi.org/10.21037/atm.2016.08.57
https://doi.org/10.21037/atm.2016.08.57
https://doi.org/10.1007/s00134-018-5379-2
https://doi.org/10.1007/s00134-018-5379-2
https://doi.org/10.1186/s13613-021-00830-8
https://doi.org/10.1186/s13613-021-00830-8
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

	Infusion of Human Albumin on Acute Pancreatitis Therapy: New Tricks for Old Dog?
	Introduction
	Methods
	Data Source Description
	Study Population
	Variable Extraction and Outcomes
	Statistical Analysis

	Results
	Baseline Characteristics
	Primary Outcome
	Secondary Outcomes
	Subgroup and Sensitivity Analyses
	External Validation With Propensity Score-Matched eICU Cohort

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


