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Background: To retrospectively analyze the effects of routine treatment and blood purification combined
with antibiotics on the extravascular lung water index (EVLWI), inflammatory factors, and treatment
outcomes in patients with severe acute pancreatitis (SAP) complicated with acute respiratory distress
syndrome (ARDS).

Methods: A total of 131 SAP patients admitted to the intensive care unit of Suzhou Ninth Hospital
Affiliated to Soochow University from January 2019 to December 2020 were retrospectively enrolled in this
study. Patients were divided into two groups according to the treatment methods. In addition to conventional
treatment, 60 patients in group A received continuous blood purification (CBP) treatment and 71 patients
in group B did not. The EVLWI, inflammatory factors, remission time of clinical symptoms, curative effect,
and patient outcomes were recorded at admission and after 1, 3, 5, and 7 days of treatment.

Results: There was a statistically significant difference in the clinical symptom relief time and the clinical
efficacy between the two groups of patients (P<0.05). The mortality rate of patients in group A was 3.33%,
which was significantly lower than the 14% mortality rate observed in patients in group B (P<0.05). The
EVLWI, as well as the C-reactive protein (CRP), interleukin (IL)-6, IL-8, and tumor necrosis factor (TNF)-o
levels were significantly lower in group A patients compared to group B patients on day 1, 3, and 7 post-
treatment (P<0.05). There was also a significant difference in APACHE II scores between the two groups
(P<0.05). The incidence of adverse reactions in group A was 6.7%, which was significantly lower than the
22.5% incidence observed in group B (P<0.05).

Conclusions: Continuous blood purification combined with antibacterial drugs is safe and has a significant
effect on the treatment of SAP patient complicated with ARDS, including effectively relieving clinical

symptoms and signs, reducing the level of inflammatory factors, and promoting early disease outcomes.
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Introduction

Acute pancreatitis (AP) is the leading cause of
hospitalization in patients with digestive diseases (1). A
large-scale epidemiological study in California showed that
the incidence of AP was 33-44 per 100,000 people (2), and
approximately 200,000 patients with AP are hospitalized in
the United States each year (3). About 80% of AP patients
have mild AP without serious complications while the
remaining 20% can manifest serious complications and have
a high mortality rate (4). Severe acute pancreatitis (SAP)
is one of the most common acute diseases in the intensive
care unit (ICU), and is characterized by rapid progression,
a multitude of complications, and a high fatality rate. Acute
respiratory distress syndrome (ARDS) is often the earliest
and most common complication. ARDS is characterized
by progressive hypoxemia and dyspnea. The incidence
of SAP complicated by ARDS is as high as 15-60%, and
the fatality rate can reach 60% within 1 week (5). Patients
with ARDS have a high risk of pulmonary infection which
further aggravates the disease progression, leading to poor
clinical prognosis and a significant increase in patient
mortality (6). Continuous blood purification (CBP), also
known as continuous renal replacement therapy (CRRT),
is one form of treatment for patients with SAP. It works by
simulating the glomerular filtration principle of the human
body, filtering the patient’s blood through a semi-permeable
membrane, thereby removing diseases-causing factors such
as inflammatory factors and cytokines in the blood. The
substances required by the body are reinfused into the
blood through replacement. This achieves the purpose
of reducing inflammatory reactions, purifying the blood,
treating related diseases, and reducing mortality (7). With
advancements in this technology, it has been widely used for
a variety of clinical diseases, including poisoning, infection,
trauma, burns, and multiple organ dysfunction syndrome
(MODS) (8,9).

To further improve the outcomes of patients with SAP
and ARDS, the clinical efficacy of blood purification
combined with antibacterial drugs was investigated. The
effects on the EVLWI, inflammatory factors, clinical
symptom relief time, curative effect, and patient outcomes
were evaluated.

We present the following article in accordance with the
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/apm-21-2168).
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Methods
Research subjects

A total of 224 patients with SAP complicated with ARDS
who were admitted to the ICU of Suzhou Ninth Hospital
Affiliated to Soochow University from January 1, 2018
to January 1, 2021 were retrospectively enrolled in this
study. Patients 18 years and older who were diagnosed with
SAP according to Atlanta classification standard (10) and
ARDS according to the Berlin classification standard (11),
and who presented with an onset time <48 hours were
included in this study. The following exclusion criteria were
applied: (I) patients aged <18 years old; (II) patients who
presented with mild to moderate AP; (III) patients who
presented with pregnancy pancreatitis; (IV) SAP patients
who had undergone surgical debridement and drainage,
nature orifice transluminal endoscopic surgery (NOTES),
endoscopic retrograde cholangiopancreatography (ERCP),
or other interventional or surgical treatments; (V) the
ARDS was not caused by SAP; (VI) patients with malignant
tumors, hepatitis, chronic liver failure, chronic renal failure,
or other diseases; and (VII) patients whose treatment was
interrupted due to abandonment.

According to the inclusion and exclusion criteria, 93
cases were eliminated and a total of 131 cases were finally
included in this analysis (Figure 1). The patients were
divided into two groups according to their treatment
methods. All patients received conventional treatment.
In addition, 60 patients underwent continuous blood
purification (CBP) treatment (group A). The remaining
71 patients did not receive CBP treatment (group B). The
study was approved by the Ethics Committee of Suzhou
Ninth Hospital Affiliated to Soochow University, China
(2019015) and was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). Individual
consent for this retrospective analysis was waived.

Therapeutic method

All patients received routine basic treatment including
rest therapy of the pancreas such as diet restriction,
gastrointestinal decompression, inhibition of pancreatic
enzyme excretion; application of preventive antimicrobial
agents; pain relieve; spasmolysis and calmness; nutritional
support including liquid recovery and water electrolyte
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224 patients with SAP admitted to ICU
(January 2018 - January 2021)
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Excluded

Y

2: Age <18 years old;

14: Mild and moderate acute pancreatitis;

1: Pancreatitis of pregnancy;

23: SAP has been treated with surgical debridement and drainage, notes, ERCP and other
interventional or surgical treatment;

18: ARDS was not caused by SAP;

34: There were malignant tumor, hepatitis, chronic liver failure or chronic renal failure;

1: Discontinuation of treatment due to abandonment

Y

131 patients were analyzed

Y Y

60 patients: group A

71 patients: group B

Figure 1 A flow chart showing the patient selection process. SAP, severe acute pancreatitis; ICU, intensive care unit; ERCP, endoscopic

retrograde cholangiopancreatography; group A, patients treated with continuous blood purification; group B, patients not treated with

continuous blood purification.

balance; and mechanical ventilation treatment.

Patients in the CBP group (group A) also received
blood purification treatment. Vascular access was
established in patients through deep venous catheters. The
Baxter Accura blood purification system (Baxter, USA)
with a AV600 polysulfone membrane hemofilter and a
membrane area of 1.4 m’ was used. Bicarbonate was used
as the replacement fluid. The formula was input using
the pre-dilution method, where the replacement fluid
volume is 50-100 mL-kg™"-h™" and the blood flow is 200—
300 mL/min.

Observation indexes

General information
The basic characteristics of the patients, such as gender,
body mass index, age, and cause of disease, were collated.

Disease outcome

Clinical symptom relief time (such as the relief time of
fevers, abdominal pain, and nausea and vomiting) and
clinical efficacy and outcome were assessed. The clinical
efficacy was calculated as total effective efficiency = apparent
efficiency + effective efficiency, and classified as (I) markedly
effective, (II) effective, or (III) invalid.
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Clinical test indicators

The EVLWI, as well as inflammatory factors including
C-reactive protein (CRP), interleukin (IL)-6, IL-8, and
tumor necrosis factor (I'NF)-o, were assessed prior to
treatment and on post-treatment days 1, 3, and 7. To assess
the EVLWI, a three-cavity central venous catheter was
inserted into the right subclavian vein, and a PiICCO arterial
catheter was inserted into the left or right femoral artery.
The pressure and temperature sensors were connected to
the monitor, and 15 mL of 0—4 °C normal saline was injected
through the central venous catheter to obtain the EVLWI.
Other hemodynamic indicators including CRP, IL-6, IL-
8, and TNF-a were detected by double antibody sandwich
enzyme-linked immunosorbent assays (ELISA; Elabscience,
China) in accordance with the manufacturer’s instructions.

APACHE II score

The acute physiology and chronic health score II (APACHE
II) was used to evaluate the condition of the two groups
before and after treatment. The higher the score, the more
serious the condition (12).

Adverse reactions
The incidence of adverse reactions during treatment was
analyzed.
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Table 1 Baseline characteristics of the participants in both groups
Variable Group A (N=60) Group B (N=71) ti P
Age (years), mean + SD 54.20+8.97 57.15+£9.60 1.809 0.073
Gender, n (%) 1.459 0.227
Male 40 (66.7) 40 (56.3)
Female 20 (30.3) 31(43.7)
BMI 25.97+2.86 25.38+2.87 1.164 0.247
Predisposing factors, n (%) 0.936 0.919
Biliary diseases 28 (46.7) 34 (47.9)
Overeating 9 (15.0) 10 (14.1)
Excessive drinking 13 (21.7) 15 (21.1)
Hyperlipidemia 7(11.7) 6 (8.5)
Unknown 3(5.0) 6 (8.5)

Group A, patients treated with continuous blood purification; group B, patients not treated with continuous blood purification; BMI, body

mass index.

Statistical analysis

The SPSS 22.0 (SPSS Inc., Chicago, IL, USA) software
was used for statistical analysis. Measurement data with
a normal distribution was expressed by x+s. The #-test of
independent samples was used for comparison between
groups. The Chi-square test was used for comparison of
count data between groups. A P value <0.05 was considered
statistically significant.

Results
Basic patient characteristics

A total of 131 patients were included in this study, of which
60 patients were treated with continuous blood purification
(group A), and 71 patients were not (group B). There was
no significant difference in gender, age, body mass index
(BMI), predisposing factors, nor other general data between
the two groups (P>0.05, Table 1).

Disease outcome

There were statistically significant differences in the clinical
symptom relief time between the two groups of patients, as
well as the clinical efficacy results at day 3 and day 7 post-
treatment (P<0.05). Most of the patients in both groups
improved or recovered and were discharged after treatment.
In group A, 58 patients were discharged from hospital and
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2 patients died of multiple organ failure on the 14th day of
treatment, resulting in a mortality rate of 3.33%. In group
B, 61 patients were discharged from the hospital and 10
patients died due to failure of one or more organs after the
13th day of hospitalization, resulting in a mortality rate of
14.1%. The difference in mortality rate between the two
groups was statistically significant (P<0.05; Zable 2).

Clinical test indicators

In patients treated with blood purification combined with
antibiotics (group A), the EVLWI and levels of CRP, 1L-
6, IL-8 and TNF-a, were significantly lower after 1, 3,
and 7 days of treatment compared to patients receiving
conventional treatment alone (group B) (P<0.05; Table 3).

APACHE I1I score

On days 3 and 7 post-treatment, the APACHE II scores
of patients treated with blood purification combined with
antibacterial drugs were significantly lower than that of
patients who received conventional treatment alone (P<0.05;

Tuble 4).

Adverse reactions

The overall incidence of adverse reactions in group A was
significantly lower than that observed in group B (6.7% vs.
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Table 2 A comparison of disease outcomes between the two groups
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Table 3 A comparison of the clinical data between the two groups

Variable (?’:lo:epofx C?’:lo:ﬁl ;3
Relief time of clinical
symptom (d)
Nausea/vomiting 3.28+1.08 3.63+1.30  0.099
Abdominal pain 5.23+1.45 6.66+1.77  0.000
Abdominal distension 5.563+1.33 6.72+2.09  0.000
Fever 3.28+1.26 5.11+1.86 0.000
Clinical efficacy, n (%)
3d 0.000
Markedly effective 23 (38.3) 8 (11.3)
Effective 19 (31.7) 20 (28.2)
Ineffective 18 (30.0) 43 (60.6)
Total effective rate 42 (70.0) 28 (39.4)
7d 0.000
Markedly effective 46 (76.7) 27 (38.0)
Effective 7(11.7) 22 (31.0)
Ineffective 7 (11.7) 22 (31.0)
Total effective rate 53 (88.3) 49 (69.0)
Outcome, n (%) 0.034
Discharged 58 (96.67) 61 (85.9)
Died of organ failure 2(3.33) 10 (14.1)

Group A, patients treated with continuous blood purification;
group B, patients not treated with continuous blood purification.

22.5%; P<0.05; Table 5). After treatment, the incidence of
nausea and headaches in group A patients was both 3.3%,
which was lower than that experienced by patients in group
B (8.5% and 9.9%, respectively). Edema was not observed
in group A patients, while 4.2% of patients in group B
experienced edema.

Discussion

SAP is an acute critical illness that causes systemic wasting.
Inflammation of the pancreas and the release of multiple
enzymes results in changes in systemic vascular activities.
In addition to the pathological changes of the pancreas
itself, dysfunction of multiple organs (MODS) may occur,
of which, acute lung injury (ALI) is the most common. The
main pathological feature of ALI is pulmonary interstitial

© Annals of Palliative Medicine. All rights reserved.

Variable Group A (N=60) Group B (N=71)

EVLWI (mL/kg)

od 13.98+2.83 13.61+2.48
1d 12.41+2.11 13.32+2.19*
3d 8.22+1.53 12.54+1.65*
7d 5.13+1.07 10.44+2.23*
CRP (mg/L)
od 261.77+24.82 264.11+22.43
1d 202.12+20.02 227.43+24.82*
3d 183.13+19.02 192.18+21.97*
7d 137.48+18.33 154.09+16.84"
IL-6 (pg/mL)
od 42.71+6.23 43.03+5.58
1d 27.7+3.73 34.97+5.43*
3d 18.23+2.79 27.92+4.99*
7d 10.32+3.28 18.95+3.63*
IL-8 (pg/mL)
od 47.36+10.03 47.24+10.91
1d 34.53+8.3 38.75+7.84*
3d 23.76+5.82 31.89+6.22*
7d 15.93+3.61 23.76+5.63*
TNF-o (pg/mL)
od 28.71+4.99 22.49+5.44
1d 15.18+4.55 18.66+4.7*
3d 7.73+2.67 12.27+4.03*
7d 2.01+0.95 6.77+2.18*

Group A, patients treated with continuous blood purification;
group B, patients not treated with continuous blood purification;
EVLWI, extravascular lung water index; CRP, C-reactive protein;
IL, interleukin; TNF, tumor necrosis factor. *P<0.05 vs. group A.

and alveolar edema caused by pulmonary microvascular
endothelial barrier function damage. The EVLWI is
used to predict ARDS and facilitates the timely treatment
of critically ill patients (13). This retrospective analysis
demonstrated that CBP combined with antibacterial drugs
effectively decreased the EVLWI, suggesting that the
amount of fluid accumulating in the alveolar and pulmonary

interstitial space of SAP patients complicated with ARDS
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Table 4 A comparison of APACHE II scores between the two
groups (x+s)

APACHE Il score

Group A (N=60) Group B (N=71)

od 18.22+3.64 17.24+2.49
3d 10.78+2.5 13.11+2.44
7d 4£2.5 5.01+2.36*

Group A, patients treated with continuous blood purification;
group B, patients not treated with continuous blood purification;
APACHE Il, acute physiology and chronic health score II.
*P<0.05 vs. group A.

Table 5§ The incidence of adverse reactions in the two groups of
patients

Group A Group B

Adverse event (N=60), n (%) (N=71), n (%) P

Nausea 2 (3.3) 6 (8.5) 0.288
Headache 2 (3.3 7(9.9) 0.141
Edema 0(0) 3(4.2) 0.107
Total 4 (6.7) 16 (22.5) 0.012

Group A, patients treated with continuous blood purification;
group B, patients not treated with continuous blood purification.

can be effectively corrected.

In the early stages of SAP, pancreatic edema and necrosis
may occur, which in turn causes local inflammatory cells
of the pancreas to release inflammatory mediators into the
bloodstream and activate the inflammatory cascade. At the
same time, various cytokines and inflammatory mediators
including TNF-a, IL-6, and CRP, can be detected in the
serum of SAP patients. These inflammatory factors are
released in large quantities and form a complex network
which can damage vascular endothelial cells, increasing
their permeability, which in turn causes microcirculation
disorders, insufficient bleeding, renal failure, ARDS, and
other multiple organ failures. Honoré ez a/. (14) put forward
the theory of “immune regulation closure value” which
suggests that inflammatory mediators mainly exist in the
blood circulation and interstitial spaces, and their levels are
in a dynamic state of equilibrium between the two. When
inflammatory factors in the circulation are cleared, the
inflammatory factors in the interstitial spaces will also be
cleared. Once the level of inflammatory factors in the body
reaches a certain threshold, the cascade reaction caused by
the inflammatory factors will be blocked, thereby reducing
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damage to the tissues. Blood purification can eliminate the
inflammatory factors in the blood circulation through the
principles of adsorption, diffusion, and convection (15).
Studies have found that CBP can eliminate inflammatory
factors in the body, thereby improving immune disorders
and promoting the recovery of immune function (16). In
the state of advanced immunosuppression, CBP can also
strengthen the antigen presentation function of monocytes,
thereby improving the body’s immune function (17). SAP
patients often present with acid-base imbalances, electrolyte
imbalances, and blood volume changes. CBP can remove
excess body fluids from the body and prevent further loss
of plasma, thereby balancing the capacity load. In addition,
CBP can also replace fluids according to the patient’s
condition to promote acid-base balance, improve electrolyte
disorders, and maintain a stable internal environment (18).
In addition, it is generally believed that SAP is essentially an
inflammatory response, so its occurrence and development
are always accompanied by the excessive expression
of related pro-inflammatory factors (19). Our current
research demonstrated that the expression of inflammatory
indicators prior to treatment was comparable between
group A and group B patients (P>0.05). However, following
treatment, the levels of IL-6, IL-8, TNF-a and CRP in
group A patients were significantly lower compared to
group B patients (P<0.05), suggesting that the combination
of antibacterial drugs and continuous blood purification
can effectively reduce the body's inflammatory response,
block the inflammatory mediator network cascade reaction,
and block the process of tissue damage, thereby improving
patient prognosis.

First introduced by Knaus in 1981, the APACHE II
scoring system is currently the most commonly used
and most authoritative method for assessing the severity
of critical illnesses in ICU and for predicting patient
prognosis. It is simple to calculate and is highly accurate.
The higher the APACHE II score, the more severe the
patient’s condition, and the worse the prognosis (20). In
this study, treatment with CBP significantly reduced the
APACHEII scores compared to patients in group B (P<0.01),
suggesting that CBP can effectively reduce the severity of
the disease and improve prognosis.

CBP is relatively safe, with a low incidence of
complications. In this study, the incidence of adverse
reactions in group A was 6.7% after treatment, which
was significantly lower than the 22.5% observed with
group B (P<0.05). This demonstrated that CBP treatment
in patients with SAP is safe and has a low incidence of
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adverse reactions, which aids in the early recovery of
patients. However, due to the relatively rapid changes in
the condition of patients with AP, it is necessary to closely
observe the patient’s vital signs during the treatment
process, assess the patient’s recovery, monitor inflammatory
factor levels, evaluate the patient’s prognosis, and adjust
the treatment plan as required. Improved patient education
regarding SAP and CBP will also promote patient
compliance and recovery.

Conclusions

Administration of CBP combined with antibacterial drugs
in patients with SAP complicated with ARDS is safe and
can effectively relieve clinical symptoms and signs, reduce
the level of inflammatory factors, and promote early disease
outcomes. However, this study cohort was relatively small
and the research content was somewhat limited. Future
in-depth studies involving larger multi-center cohorts are
warranted to further confirm these results.
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