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Introduction: Fluid resuscitation reduces mortality and morbidity in acute pancreatitis (AP); however, whether
glucose-containing fluids negatively impact AP remains uncertain. We aimed to examine the association between
glucose-containing fluids and AP outcomes.

Methods: This multicenter retrospective cohort study included patients diagnosed with AP between January 2015
and December 2018. Glucose density was defined as total glucose content divided by total fluid volume (g/dl) on
day 1, and was considered high if the level exceeded the median. Endpoints were early organ failure (OF),
including cardiovascular, renal, or respiratory system failure within 7 days; 30-day OF; ICU admission; and AP-
related 90-day mortality. Logistic regression models, restricted cubic spline curves, and Cox proportional hazards
models were used for statistical analysis.

Results: From the database, 1,146 patients with AP were included. Early OF occurred in 8.8% of patients within 7
days. The high glucose-density group (>5 g/dl) had increased risk of early OF (9.7% vs. 8.2%; adjusted odds ratio
[aOR], 1.69; 95% confidence interval [CI], 1.03-2.80; P = 0.039), respiratory failure (8.0% vs. 6.2%; aOR, 1.88;
95% CI, 1.09-3.24; P = 0.024), cardiovascular failure (3.4% vs. 2.4%; aOR, 3.59; 95% CI, 1.28-10.0; P = 0.015),
and ICU admission (6.8% vs. 5.8%; aOR, 2.06; 95% CI, 1.08-3.94; P = 0.029), with a dose-response effect
observed for cardiovascular failure and ICU admission. A significant increase 30-day OF risk (adjusted hazard
ratio [aHR], 1.70; 95% CI, 1.19-2.45) was also noted.

Conclusion: Excess glucose-containing fluid was associated with increased risks of overall, respiratory, and car-
diovascular OF and ICU admission in AP.

1. Introduction

Acute pancreatitis (AP) is characterized by a mortality rate of 0.5%—
2.5%, with increasing incidence from 1961 to 2016 [1,2]. In AP, organ
failure (OF) within the first week, involving the cardiovascular, renal, or
respiratory systems, is critically important [3]. Early onset of OF
significantly influences disease severity, and AP-associated mortality
rates. Patients are classified as having severe AP if they experience

persistent OF (lasting >48 h) or moderately-severe AP if they experience
transient OF (lasting <48 h); these categories correlate with mortality
rates of approximately 40% and 10%, respectively. Conversely, patients
without OF have a mortality rate of only 2% [4]. Despite the current
standard of care, a substantial proportion (14.1%) of patients with AP
experience OF [5], highlighting the urgent need for effective strategies
to reduce the risk and severity of AP-associated OF [3].

Early OF within the first 1-2 weeks of AP accounts for 42-46% of
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Discharged diagnosis with acute pancreatitis (AP): ICD9 577.0 in 2015 ; ICD10 K85.0 K85.1 K85.2 K85.3 after

2016 N=3,553

Exclude patients with

pseudocysts/walled-off necrosis within 2
weeks of presentation N=44

Exclude individuals without lipase level more than 3-fold upper limits and
No CT/MRI evidence of AP N= 737

Diagnosis of acute pancreatitis N=2,772|

Exclusion:
individuals with any manlignant diagnosis N=645
those with chronic pancreatitis N=648

patients receiving TPN in 24 hours N=2

patients not receiving IV hydration in 24 hours N=130
patients not receiving IV1000+ml in 24 hours N=201
patients with hypoglycemia < 80 mg/dl N=160
patients with hypernatremia >149 meq/L N=10
patients receiving norepinephrine on day 1 n=37
patients with DKA or HHS N=4

AP patients enrolled N=1,146

The average glucose
concentration in the fluid
onday 1> 5g/dl
N=473

The average glucose
concentration in the fluid
on day 1 < 5g/dl

N=673

Fig. 1. Flowchart of Patients Included in the Multicenter Retrospective Cohort. From January 2015 to December 2018, all patients with a diagnosis of acute
pancreatitis (AP) upon discharge were included in this study. Those who developed late local complications (i.e., pseudocysts, wall-off necrosis) within 2 weeks of
presentation or did not meet the radiologic nor laboratory criteria of AP were excluded. Patients were also excluded if they had malignant disease, chronic
pancreatitis, hypoglycemia, hypernatremia, diabetic ketoacidosis, hyperglycemic hyperosmolar status, received total parenteral nutrition (TPN) on day 1, received
norepinephrine (diluted in glucose solution) on day 1, did not receive intravenous fluid therapy in 24 h, or received less than 1000 ml fluid in 24 h. The included
patients were categorized into two groups based on the average glucose concentration in the fluid (defined as glucose density) on day 1, using 5 g/dl as the cut-off.
AP, acute pancreatitis; CT, computed tomography; DKA, diabetic ketoacidosis; HHS, hyperglycemic hyperosmolar status; ICD, International Classification of Disease;

1V, intravenous fluid; TPN, total parenteral nutrition.

mortality and is associated with hypovolemic status and hypoperfusion
of vital organs. Given the strong association between the amount of fluid
resuscitation and OF [6,7], fluid therapy is key in the initial stages of AP.
The choice of intravenous fluid for resuscitation includes isotonic crys-
talloids, such as normal saline, and balanced fluids like lactated Ringer’s
and Hartmann’s solution. However, glucose-containing balanced fluids,
which are occasionally used as maintenance fluids in real-world settings,
bring additional considerations to fluid selection. It should be noted that
glucose-containing fluids (e.g., Bfluid®, TAITA injections ["OTSUKA"],
and Dextrose [glucose]-saline) may demonstrate comparatively limited
capacity to improve intravascular tonicity [8], potentially decreasing
the effectiveness of fluid resuscitation. Since inadequate fluid resusci-
tation can result in OF and morbidity [9], the impact of administering
glucose-containing fluids (on day 1) in early stages of AP warrants
further investigation.

Our objective was to compare early OF, persistent OF, ICU admis-
sion, and mortality between two groups receiving either high or low
concentrations of glucose-containing fluids on day 1. We focused on
examining the association between the use of glucose-containing fluids
and early OF.

2. Materials and methods
2.1. Study design, database, and case definition

This multicenter retrospective cohort study used data from the
Integrative Medical Database, National Taiwan University Hospital
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(NTUH-iMD) to identify occurrences of AP. The NTUH-iMD is a
consolidated repository for electronic medical records and administra-
tive data sourced from the National Taiwan University Hospital (NTUH)
and its affiliated branches across northern and western Taiwan [10,11].
Established in 2013, this comprehensive database has been diligently
curated, aligning with the stipulations of the Health Insurance Porta-
bility and Accountability Act (HIPAA). Importantly, all individuals in
the database are subjected to deidentification protocols.

Study eligibility was determined based on discharge diagnoses coded
under International Classification of Diseases (ICD-10) categories K85.0,
K85.1, K85.2, K85.3, K85.8, K85.9, and B25.2, as well as ICD-9 codes
577.0 and 072.3. The study covered the period from January 2015 to
December 2018 and included a tertiary medical center (NTUH), two
secondary referral centers (NTUH Hsing-Chu branch and NTUH Yun-Lin
branch), and one community hospital (NTUH Jing-Shan branch). Only
the initial occurrence of AP was considered for patients who experienced
recurrent AP episodes during the study timeframe. The point at which
signs of AP were observed on cross-sectional imaging or when the lipase
level exceeded three times the upper threshold of the normal range was
assigned as the index date. The study was approved by the Research
Committee of the National Taiwan University Hospital (approval num-
ber: 202009074RIND) and performed in accordance with the Declara-
tion of Helsinki and its later amendments. Because all electronic data
were de-identified in the academic hospital database, the requirement
for individual informed consent was waived in accordance with Tai-
wan’s Human Subject Research Act.
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Table 1
Baseline demographics.
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Demographics before Matching

Demographics of fluid volume-matched groups

Glucose >5g in 100 ml
infusion (n = 473)

Glucose <5g in 100 ml P
infusion (n = 673)

Glucose >5g in 100 ml
infusion (n = 473)

Glucose <5g in 100 ml P
infusion (n = 473)

Age (mean, SD) 59.6 (17.9) 57.3(17.2) 0.027 59.6(17.9) 58.6(17.2) 0.39
Sex (Women,%) 211 (44.6) 290 (43.1) 0.61 211 (44.6) 212 (44.8) 0.95
BMI (mean, SD) 25.0 (4.1) 25.3 (4.3) 0.23 25.0 (4.1) 25.2 (4.2) 0.38
Smoking (n, %) 112 (23.7)" 173 (25.7)" 0.73 112 (23.7)° 101 (21.3)° 0.58
Alcohol (n, %) 92 (19.5)" 155 (23.0)" 0.31 92 (19.5)° 83 (17.5)" 0.67
Etiologies of pancreatitis 0.11 0.20

Biliary 175 (37.0) 230 (34.2) 175 (37.0) 170 (35.9)

Alcoholic 79 (16.7) 121 (18.0) 79 (16.7) 63 (13.3)

Hypertriglyceridemic 19 (4.0) 49 (7.3) 19 (4.0) 30 (6.3)

Unknown 200 (42.3) 273 (40.5) 200 (42.3) 210 (44.4)
CCI (medium, IQR) 0(0-1) 0 (0-1) 0.65 0(0-1) 0 (0-1) 0.32
History of diabetes mellitus (n, %) 47 (9.9) 121 (18.0) <.001 47 (9.9) 96 (20.3) <.001
24h Fluids (ml, medium, IQR) 2100 (1600-2300) 2400 (1800-3000) <.001 2100 (1600-2300) 1900 (1600-2450) 0.45
Fluids within 24 h (n, %) <.001 0.84

< 1700 ml (Q1) 131 (27.7) 123 (18.3) 131 (27.7) 123 (26.0)

> 1700 ml and <2700 ml (Q2~Q3) 294 (62.2) 320 (47.6) 294 (62.2) 302 (63.8)

> 2700 ml (Q4) 48 (10.1) 230 (34.1) 48 (10.1) 48 (10.1)
Using glucose-containing fluid in initial 1000 ml <.001 <.001

Not used (n, %) 6 (1.3) 167 (24.8) 6(1.3) 119 (25.2)

> 400 ml (n, %) 237 (50.1) 448 (66.6) 237 (50.1) 322 (68.1)

All (n, %) 230 (48.6) 58 (8.6) 230 (48.6) 32 (6.8)
APACHE II score (medium, IQR) 7 (5-11) 7 (5-11) 0.50 7 (5-11) 7 (5-11) 0.66
Initial Hyperglycemia after diagnosis (1st 83 (17.5) 175 (26.0) <.001 83 (17.5) 126 (26.6) <.001

glucose >200 mg/dl)
Hematocrit (Het, %, 95% CI) 40.5 (36.8-44.3) 41.9 (38.0-45.4) <.001 40.5 (36.8-44.3) 41.6 (37.7-44.9) 0.02
Triglyceride levels 0.17 0.19
<150 mg/dL (n, %) 230 (48.6) 297 (44.1) 230 (48.6) 206 (43.6)

150-199 mg/dL (n, %) 52 (11.0) 73 (10.9) 52 (11.0) 49 (10.4)

200-499 mg/dL (n, %) 104 (22.0) 143 (21.2) 104 (22.0) 105 (22.2)

>500 mg/dL (n, %) 87 (18.4) 160 (23.8) 87 (18.4) 113 (23.9)
BUN (mg/dl, medium, IQR) 13.7 (9.0-20.5) 14.0 (9.9-22.2) 0.08 14.0 (9.9-22.2) 14.0 (9.0-21.2) 0.23
CRP (mg/dl, medium, IQR) 8.3(1.1-12.6) 8.2 (1.0-14.0) 1 5.0 (1.1-12.5) 6.0 (1.2-14.1) 0.34
Treatment sites 0.019 0.46

NTUH (tertiary)(n, %) 188 (39.8) 237 (35.2) 188 (39.8) 186 (39.3)

NTUH Jinshan (primary)(n, %) 16 (3.3) 16 (2.4) 16 (3.3) 9(1.9)

NTUH Yunlin (secondary)(n, %) 151 (31.9) 275 (40.9) 151 (31.9) 164 (34.7)

NTUH Hsinchu (secondary)(n, %) 118 (25.0) 145 (21.5) 118 (25.0) 114 (24.1)

APACHE II, Acute Physiology and Chronic Health Evaluation II; BMI, body mass index; BUN, blood urea nitrogen; CI, confidence interval; CCI, Charlson Comorbidity
Index; CRP, C-reactive protein; Het, hematocrit; IQR, interquartile range; NTUH, National Taiwan University Hospital; Q1-Q4, quartiles 1-4; SD, standard deviation.
# Smoking data were unavailable for 10.4% of those receiving high glucose-containing fluid (>5 g per dl) and for 10.1% of those receiving low glucose-containing

(<5 g per dl) fluid.

b Alcohol use data were unavailable for 10.2% of those receiving high glucose-containing fluid (>5 g per dl) and for 10.6% of those receiving low glucose-containing

(<5 g per dD) fluid.

¢ Smoking data were unavailable for 10.4% of those receiving high glucose-containing fluid (>5 g per dl) and for 13.5% of those receiving low glucose-containing

(<5 g per dD) fluid.

4" Alcohol use data were unavailable for 10.2% of those receiving high glucose-containing fluid (>5 g per dl) and for 14.2% of those receiving low glucose-containing

(<5 g per dl) fluid.

2.2. Glucose-containing fluid and glucose density

The fluid administered on day 1 (within 24 h after diagnosis) to
patients with AP was identified in the electronic medical record. Total
glucose content and total volume of fluid were calculated. Glucose
density was defined as total glucose content divided by total volume of
fluid (g/dl) on day 1. The glucose density cut-off was determined as the
integer (g/dl) level closest to the median. Patients with a glucose density
higher than the cut-off were classified as high glucose-density group,
while those with a glucose density lower than or equal to the cut-off
were classified as the low glucose-density group.

2.3. Comorbidity, Acute Physiology and Chronic Health Evaluation II
scores, and laboratory data

Calculation of the Charlson Comorbidity Index (CCI) score was car-
ried out by using diagnosis codes from both outpatient and inpatient
electronic medical records that predated the primary admission event
[12]. Baseline patient characteristics, including age, gender, smoking,
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and alcohol consumption status, and body mass index, were extracted.
Additionally, laboratory data, including serum glucose, point-of-care
glucose, HbAlc, hematocrit levels, serum triglyceride concentrations,
blood urea nitrogen values, and C-reactive protein levels, were
retrieved. To determine the history of diabetes mellitus, patients were
defined as having a history of diabetes if they had a diagnosis of dia-
betes, an HbAlc level equal to 6.5% or higher, or if they were taking oral
glucose-lowering agents. Furthermore, data relevant to the Acute
Physiology and Chronic Health Evaluation II (APACHE II) scores as of
the index date were extracted from the electronic medical records [13].

2.4. Outcomes

The primary endpoint of this study was early OF, a composite mea-
sure inclusive of new-onset failure within 7 days of the index date in the
cardiovascular, renal, and respiratory systems, previously devoid of
pathological conditions according to the revised Atlanta Classification
[3]. To identify events of in the database, the criteria for cardiovascular
failure were defined as concurrent records of systolic blood pressure less
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Table 2
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Glucose density and clinical outcomes in overall and fluid volume-matched analyses.

Glucose >5g in 100 ml infusion

Glucose <5g in 100 ml infusion

Univariate analysis Multivariate analysis

Outcome events/total (%) OR 95% CI P value OR 95% CI P value
overall analysis

Early Organ failure in 7 days

Organ failure in 7 days 46/473 (9.7) 55/673 (8.2) 1.21 0.80-1.83 0.36 1.69 1.03-2.80 0.039
Respiratory failure 38/473 (8.0) 42/673 (6.2) 1.31 0.83-2.07 0.24 1.88 1.09-3.24 0.024
Cardiovascular failure 16/473 (3.4) 16/673 (2.4) 1.44 0.71-2.90 0.31 3.59 1.28-10.0 0.015
Renal failure 9/473 (1.9) 11/673 (1.6) 1.21 0.80-1.83 0.36 1.17 0.42-3.31 0.76
Persistent organ failure 13/473 (2.8) 16/673 (2.4) 1.16 0.55-2.44 0.70 2.21 0.78-6.24 0.13
ICU admission 32/473 (6.8) 39/673 (5.8) 1.18 0.73-1.91 0.50 2.06 1.08-3.94 0.029
AP related death in 30 days 8/473 (1.7) 1/673 (0.2) 11.6 1.44-92.6 0.021 21.26 1-450.36 0.050
fluid volume-matched analysis

Early Organ failure in 7 days

Overall organ failure 46/473 (9.7) 33/473 (7.0) 1.44 0.92-1.45 0.11 1.73 1.02-2.93 0.042
Respiratory failure 38/473 (8.0) 23/473 (4.9) 1.71 1.03-2.83 0.037 2.24 1.25-4.00 0.006
Cardiovascular failure 16/473 (3.4) 8/473 (1.7) 2.04 0.85-4.85 0.11 2.47 0.89-6.80 0.08
Renal failure 9/473 (1.9) 8/473 (1.7) 1.07 0.38-3.04 0.89 1.07 0.38-3.04 0.89
Persistent organ failure 13/473 (2.8) 7/473 (1.5) 1.88 0.74-4.80 0.19 2.60 0.76-8.88 0.13
ICU admission 32/473 (6.8) 20/473 (4.8) 1.64 0.92-2.93 0.09 2.23 1.04-4.76 0.040
AP related death in 30 days 8/473 (1.7) 1/473 (0.2) 8.12 1.01-65.4 0.049 -

ICU, intensive care unit; CI, confidence interval; OR, odds ratio.

than 90 mmHg (or mean blood pressure less than 65 mmHg) and the
administration of intravenous inotropic agents such as norepinephrine
or dopamine. The criteria for renal failure included any of the following:
creatinine level > 1.9 mg/dl excluding ICD-10 and ICD-9 codes for
chronic kidney disease (N18,113.1, D63.1, 585, 285.21); receipt of renal
replacement therapy, including continuous venovenous hemofiltration
and sustained low-efficiency daily dialysis; or an ICD-10 diagnosis of
acute renal failure (N17, 584). The criteria for respiratory failure were
defined as a blood arterial oxygen level less than 60 mmHg, pulse ox-
imeter reading less than 90% on two occasions, or receipt of mechanical
ventilation, including endotracheal intubation and noninvasive me-
chanical intubation. Additionally, the aggravation of pre-existing OF
within the same 7-day post-index period was also considered as part of
this primary outcome. In cases of multiple OF, the onset of failure in the
first affected organ considered the commencement of.

Secondary endpoints included persistent OF, isolated failure of
distinct organs (i.e., cardiovascular, respiratory, and renal) within the
initial 7 days after onset, OF within 30 days, use of intensive care unit
(ICU) services during hospitalization, and mortality linked specifically
to AP after diagnosis.

2.5. Statistical analysis

Continuous variables were summarized as mean/standard deviation
and median/interquartile range (IQR) for normally and non-normally
distributed data, respectively, and compared between groups using the
Mann-Whitney U test. Categorical variables were presented as counts
and percentages and compared using Fisher’s exact test. Kaplan-Meier
survival curves were used to compare the risk of OF at 30 days and
mortality at 90 days between groups with high or low glucose density
during fluid resuscitation.

In the univariate, multivariate, and subgroup analyses, odds ratios
(ORs) and 95% confidence intervals were calculated using a logistic
regression model. Variables including age, sex, APACHE II score, CCI,
presence of diabetes mellitus, and total fluid volume within 24 h were
included in the univariate logistic and multivariate logistic models. In
the fluid volume-matched analysis, a matching algorithm first selected a
patient with high glucose density, then matched a patient with low
glucose density within a caliper width of 0.25 of the standard deviation
of the logit of the 24h fluid volume. The data from the matched groups
were further analyzed to estimate the odds ratios in multivariate con-
ditional logistic regression, adjusting for age, sex, APACHE II score, CCI,
and the presence of diabetes mellitus. Logistic restricted cubic spline
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models were used to investigate dose-response associations. These as-
sociations were evaluated using the Wald test, which includes a com-
parison of linear and nonlinear likelihood ratios. To estimate the cause-
specific hazards of OF within 30 days and pancreatitis-associated mor-
tality, a Cox proportional hazards model was used, considering death
and other causes of death as competing risks. The model was adjusted for
age, sex, APACHE II score, CCI, presence of diabetes mellitus, and total
fluid volume within 24 h. In the sensitivity analysis, patients with OF on
the index date were excluded, and the effect of glucose density on pri-
mary and secondary outcomes was examined using univariate and
multivariate logistic regression and logistic-restricted cubic spline
models. Data analyses were performed using SAS (version 9.4; SAS
Institute Inc., Cary, North, USA) and R version 4.3.1 (R Foundation for
Statistical Computing, Vienna, Austria).

3. Results
3.1. Clinical characteristics

A total of 1,146 patients with a confirmed diagnosis of AP between
January 1, 2015, and December 31, 2018, were included in this study.
Of these, 673 (58.7%) received fluid resuscitation with a glucose density
of less than or equal to 5 g/dL, while 473 (41.3%) received fluid with a
high glucose density (Fig. 1). The types of fluids administered are shown
in the supplementary material (Supplemental Table S1). Compared to
those in the low glucose density group, patients in the high glucose
density group were older, had a lower hematocrit level, were less likely
to have diabetes mellitus and baseline hyperglycemia, received less fluid
on day 1, were less likely to develop hyperglycemia on day 1, and were
less likely to receive glucose-containing fluid during the initial infusion.
The distribution of patients across the treatment sites also varied be-
tween the two groups. After matching by 24h fluid volume, 946 patients
were selected for analysis, with 473 patients in the high and 473 patients
in the low glucose density groups. This matched cohort showed balanced
24h fluid volumes and treatment site distributions between the two
groups (Table 1).

3.2. Association between glucose density and early OF

Among the 1,146 patients, 101 (8.8%) developed early OF (i.e., OF
within 7 days), including 80 (7.0%) patients with respiratory failure, 32
(2.8%) with cardiovascular failure, and 20 (1.8%) with renal failure.
Among them, 71 (6.2 %) required ICU admission, 29 (2.5%) had early
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Table 3
Subgroup analysis.

Subgroup Glucose >5g Glucose <5g Odds Ratio Pinteraction
in 100 ml in 100 ml (95% CI)
infusion infusion
events/total (%)
All patients 46/473 (9.7) 55/673 (8.2) 1.69
(1.03-2.80)
Age 0.17
<60 8/237 (3.4) 18/326 (5.0) 1.00
(0.40-2.51)
>60 38/236 (16.1) 37/311 (11.9) 2.10
(1.17-3.77)
Gender 0.17
Female 23/211 (10.9) 22/290 (7.6) 2.47
(1.19-5.11)
Male 23/262 (8.8) 33/383 (8.6) 1.28
(0.67-2.45)
History of 0.25
diabetes
mellitus
Yes 13/46 (28.3) 17/109 (15.6) 2.77
(1.06-7.26)
No 33/427 (7.7) 38/564 (6.7) 1.46
(0.83-2.57)
APACHE II 0.68
score
<8 3/218 (1.4) 4/283 (1.4) 1.18
(0.26-5.37)
>8 43/255 (16.9) 51/390 (13.1) 1.64
(1.02-2.65)
Serum 0.42
triglyceride
level
<150 27/230(11.7) 26/297 (8.8) 1.90
(1.01-3.60)
>150 and < 7/52 (13.5) 5/73 (6.9) 1.62
200 (0.98-2.69)
>200 and < 8/104 (7.7) 12/143 (8.4) 1.38
500 (0.72-2.67)
>500 4/87 (4.6) 12/160 (7.5) 1.18
(0.45-3.11)
Total fluid 0.25
volume on D1
<1700 13/131 (9.9) 7/123 (5.7) 2.51
(0.85-7.38)
>1700 and < 30/294 (10.2) 21/320 (6.6) 1.70
2700 (0.89-3.24)
>2700 3/48 (6.3) 27/230 (11.7) 0.99
(0.26-3.69)

APACHE II, Acute Physiology and Chronic Health Evaluation II; CI, confidence
interval.

persistent OF, 143 (12.5%) developed OF within 30 days, and 9 (0.8%)
and 20 (1.7%) died of AP within 30 and 90 days, respectively. The
median (IQR) length of hospital stay was 6 days (4-10 days) and the
mean overall length of stay, including emergency department and ward
admissions was 8.9 days. The high glucose-density group had a higher
risk of overall OF (9.7% vs. 8.2%; adjusted odds ratio [aOR], 1.69; 95%
confidence interval [CI], 1.03-2.80; P = 0.039), respiratory failure
(8.0% vs. 6.2%; aOR, 1.88; 95% CI, 1.09-3.24; P = 0.024), cardiovas-
cular failure (3.4% vs. 2.4%; aOR, 3.59; 95% CI, 1.28-10.0; P = 0.015),
ICU admission (6.8% vs. 5.8%; aOR, 2.06; 95% CI, 1.08-3.94; P =
0.029), and a marginally higher risk of 30-day mortality rate (1.7% vs.
0.2%; aOR, 21.6; 95% CI, 1.0-450.4; P = 0.05). Similar results were
observed in fluid volume matched analysis for overall OF, respiratory
failure, and ICU admission, with borderline significance for cardiovas-
cular failure (Table 2). In the sensitivity analysis, which excluded those
with OF on day 1, the high glucose-density group also had a higher risk
of renal failure (1.8% vs. 0.6%; aOR, 6.43; 95% CI, 1.08-3.94; P =
0.029) (Supplemental Table S2). In the subgroup analysis, the risk
associated with high glucose-density on early OF significantly increased
in predefined subgroups, including those aged > 60 years (16.1% vs.
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11.9%; aOR, 2.10; 95% CI, 1.17-3.77), females (10.9% vs. 7.6%; aOR,
2.47; 95% CI, 1.19-5.11), patients with a history of diabetes mellitus
(28.3% vs. 15.6%; aOR, 2.77; 95% CI, 1.06-7.26), those predicted to
have severe AP as indicated by an APACHE II score > 8 (16.9% vs.
13.1%; aOR, 1.64; 95% CI, 1.02-2.65), and those with a serum tri-
glyceride level < 200 mg/dl (12.1% vs. 8.4%; aOR, 1.95; 95% CI,
1.06-3.59) (Table 3).

3.3. Dose-response analysis for clinical outcomes by glucose density

In dose-response analysis, the restricted cubic spline curve revealed a
significant increased risk for early cardiovascular failure (P for overall =
0.011), and ICU admission (P for overall = 0.013) with increasing
glucose density of the total fluid (Fig. 2). Notably, the curve showed an
exponential rise in the risk of early cardiovascular failure per unit in-
crease in glucose density (P for non-linear = 0.045). The odds ratio
demonstrated a constant escalation from a glucose density of 4 g/dl
onwards for early cardiovascular failure (Fig. 2C), persistent OF
(Fig. 2E), and ICU admission (Fig. 2F). Additionally, a trend of increased
risk was also shown for early respiratory failure within the glucose
density range of 0 and 6 g/dl (Fig. 2A). In the sensitivity analysis, the
risk of early renal failure from day 2 to day 7 also significantly increased
per unit increase in glucose density (P for overall = 0.025), as the risks of
cardiovascular and respiratory failures, and ICU admission, continued to
be dose-responsive to glucose density (Supplemental Fig. S1).

3.4. Survival analysis for OF and pancreatitis-associated mortality

Kaplan-Meier Analysis revealed an increased risk trend for OF at 30
days (Log-rank P = 0.12) and a significantly increased risk for mortality
at 90 days in the group with high glucose density (Log-rank P = 0.045).
In multivariate analysis, the adjusted hazard ratio for the high glucose
density group was 1.70 (95% CI, 1.19-2.45; P = 0.004) for OF at 30 days
and 3.72 (95% CI, 0.82-16.97; P = 0.09) for pancreatitis-associated
mortality at 90 days (Fig. 3).

4. Discussion

The clinical effect of glucose-containing fluid infusion during resus-
citation on day 1 has not been previously reported. Here, we demon-
strated that fluid infusion within the first 24 h, with an average glucose
concentration exceeding 5 g/dL (5%), was associated with early OF in
patients receiving more than 1000 ml of fluid resuscitation for AP. In the
dose-response analysis, glucose density was associated with an increased
risk of early cardiovascular failure and ICU admission. Detrimental ef-
fects of high glucose density on 30-day OF and 90-day pancreatitis-
associated mortality were also observed.

Glucose-containing fluid is not recommended in the current standard
of care during initial management of AP; on the other hand, it is not
recommended against. According to the current National Institute for
Health and Care Experience (NICE) guideline, a glucose intake of
50-100 g per day in maintenance fluid is suggested after the initial bolus
infusion [14]. However, how much glucose-containing fluid is appro-
priate on day 1, when replenishing fluid deficit with crystalloid fluids is
the highest priority, remains unclear. Considering glucose-containing
fluid in the analysis, a prospective cohort study that enrolled 247 pa-
tients showed that overzealous fluid administration, defined as more
than 4.1 litters (third quartile) of normal saline and glucose-containing
fluid, may lead to persistent OF, acute fluid collection, respiratory
insufficiency, and renal insufficiency [7]. Similar to outcomes of the
aforementioned study, our results indicate that respiratory and cardio-
vascular failure, followed by renal failure may occur after excessive
infusion of glucose-containing fluid on day 1. Besides the recommen-
dation of isotonic crystalloid infusion as the fluid of choice in guidelines
[15-18], our results suggested that a high average glucose concentration
of more than 5 g/dl in the first 24h infusion may have detrimental effects
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Fig. 2. Dose-response Curve for Organ Failure within 7 days and Intensive Care Unit Admission during Hospitalization according to Glucose Density.
Graphics show ORs for glucose density, which was defined as the total parenteral glucose divided by the total volume infused within 24 h of diagnosis. The estimated
ORs were adjusted for age, sex, APACHE II score, CCI, history of diabetes mellitus, and total fluid volume within 24 h. A. Outcome of organ failure within seven days
of diagnosis; B. Outcome of early respiratory failure within seven days of diagnosis; C. Outcome of early cardiovascular failure within seven days of diagnosis; D.
Outcome of early renal failure within seven days of diagnosis; E: Outcome of early persistent organ failure within seven days of diagnosis; F: Outcome of ICU
admission. Solid lines indicate ORs, and shadow shape indicate 95% CIs. APACHE II, Acute Physiology and Chronic Health Evaluation; CCI, Charlson Comorbidity
Index; CI, confidence interval; OR, odds ratio; ICU, intensive care unit.
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Fig. 3. Kaplan-Meier Curves for Organ Failure in 30 days and Acute Pancreatitis-associated Mortality in 90 Days according to Glucose Density. Graphics
show Kaplan-Meier curves for organ failure and acute pancreatitis-associated mortality. High or low glucose density was defined based on the average glucose
concentration being >5 g/dl or <5 g/dl in the total fluid administered within 24 h of diagnosis. The adjusted hazard ratio was estimated by incorporating age, sex,
APACHE II score, CCI, history of diabetes mellitus, and total fluid volume within 24 h in the Cox proportional hazards model. A. Kaplan-Meier Curve of organ failure
after 30 days. B. Kaplan-Meier curve for acute pancreatitis-associated mortality after 90 days. APACHE II, Acute Physiology and Chronic Health Evaluation; CCI,
Charlson Comorbidity Index.

on patients with AP. fluid challenge in the ICU, and enrolled 2,213 patients in intensive care,

Worldwide, the practice of fluid therapy varies significantly. The reported highly variable fluid management practices across European

Fluid Challenges in Intensive Care study, which focused on the initial 2-h countries in terms of types, volume, and decision regarding successive
1042
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fluids. Further, it reported that 41.9% of the fluids administered were
balanced or glucose-containing fluids [19]. Furthermore, 54% of pa-
tients receiving maintenance fluid in the ICU received balanced or
glucose-containing fluid [20]. Consistent with studies in critical care,
our real-world data showed that fluid replacement in initial stages of AP
tends to be liberal, particularly regarding glucose-containing fluids.
Notably, most patients (89.9%) with AP in our study received
glucose-containing fluids on day 1, a proportion significantly higher
than that observed in critically ill patients [19,20]. This could be due to
the nature of AP, where most patients experience abdominal pain, and
80% develop vomiting, making them particularly vulnerable to fluid and
energy deficits [21]. Thus, physicians tend to administer balanced fluids
and parenteral glucose replacement as initial therapy. However, studies
on the use of glucose-containing fluids in patients with AP are limited.
One study that investigated the association between fluid volume in the
initial 24 h and clinical outcomes considered glucose-containing fluid as
part of the total volume, while others did not describe the use of
glucose-containing fluid [17,18,22]. Our study showed that
glucose-containing fluid therapy varies among patients and contributes
to the clinical outcomes of AP.

Subgroups vulnerable to fluid with high glucose density (i.e., age >
60 years, female, history of diabetes mellitus, predicted severe AP with
APACHE II score > 8, and serum triglyceride level < 200 mg/dl) were
identified in the subgroup analysis. Since age, diabetes mellitus, and
APACHE II score > 8 are risk factors for severe AP, which can lead to
deterioration of microvascular permeability in the splanchnic and pul-
monary circulation [23], patients with these risk factors are reasonably
more susceptible to inadequate effective crystalloid infusion and inter-
stitial edema resulting from the rapid diffusion of glucose and water.
Meanwhile, for those with serum triglyceride levels > 200 mg/dl, fluid
with high glucose density was a protective factor, which may be
explained by the coadministration of glucose-containing water accom-
panied by insulin infusion, associated with better clinical outcomes in
patients with hypertriglyceridemic AP [24]. More evidence is needed to
determine the detrimental effects of high glucose density on vulnerable
subgroups, especially female patients with AP.

Crystalloids containing approximately 140 mmol of sodium can
transiently increase intravascular volume during fluid resuscitation.
However, most glucose-containing balanced fluids in this study had
suboptimal effective tonicity. This is because the glucose concentration
in intravenous fluid inversely relates to that of sodium, meaning a high
glucose density reduces the efficiency of fluid resuscitation. When an
intravascular fluid deficit occurs, it leads to the hypoperfusion of target
organs such as the heart, intestine, and pancreas, initiating danger-
associated molecular patterns [25], that aggravate the systemic in-
flammatory response and increase the capillary permeability of the
damaged organs. This creates a vicious cycle of hypovolemia and
inflammation, resulting in OF, morbidity, and mortality.

In the dose-response analysis, cardiovascular failure was the most
sensitive to a per-unit increase in glucose density, exhibiting an expo-
nential increase in risk. This suggests a detrimental effect of high-
glucose-containing fluids when volume expansion is required for
microvascular hyperpermeability. Moreover, because many patients
initially presented with an elevated creatinine level in a hypovolemic
status, even before fluid challenge, the dose-response relationship for
renal failure was not uncovered. However, after excluding those with
day 1 renal failure, the risk of new-onset renal failure was found to be
proportional to glucose density (Supplemental Fig. S1). Both cardio-
vascular and renal failures are vulnerable to hypoperfusion and tissue
ischemia, which result from inadequate timely volume expansion with
crystalloid fluid. This contributes to subsequent ICU admission, the risk
of which is also proportional to glucose density. Respiratory failure,
vulnerable to fluid overexpansion, is less likely to have a dose-
responsive relationship with glucose density and inadequate volume
expansion.

Considering the risk associated with the use of exceedingly high
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glucose-containing fluids in AP, several strengths of this study are
noteworthy. Utilizing detailed electronic medical records allowed for
precise identification and calculation of total glucose content and vol-
ume of fluid infusion, enabling exact glucose density estimates. More-
over, we carefully examined the total fluid volume and excluded
patients receiving inadequate fluid resuscitation (less than 1000 ml per
day on day 1). This exclusion criteria were applied because individuals
receiving less than 1000 ml likely had mild AP and did not have a sig-
nificant fluid deficit or did not receive appropriate fluid management.
Lastly, we examined the dose-response relationship between glucose
density and outcomes, revealing a dose-response relationship for car-
diovascular failure and ICU admission.

This study faced some limitations. Firstly, the baseline characteristics
were quite imbalanced, with an uneven distribution of factors including
diabetes mellitus, age, fluid volume, hematocrit level, and treatment
sites between the low- and high-glucose fluid groups. Nevertheless, all
these factors were adjusted for and balanced in the multivariate and
fluid volume-matched models, yielding similar results. Secondly, data
on local complications were not available, yet ICU admissions and AP-
related mortality were used as proxies, correlating with local infection
complications. Thirdly, the study did explore the timing of nutritional
intake resumption, although early enteral nutrition has been shown to
reduce the risk of subsequent sepsis and complications. Fourthly, a
considerable proportion of the patients had an unspecified etiology of
AP. However, fluid therapy is so fundamental to the management of AP
that its effects should be universal across different etiologies.

In conclusion, the overuse of glucose-containing fluids was associ-
ated with an increased risk of respiratory and cardiovascular OF and ICU
admission. A dose-response relationship was observed between glucose
density and AP outcomes, including early cardiovascular failure and ICU
admission. The judicious use of glucose-containing fluids may decrease
AP-related morbidity.
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