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Abstract

Objective: To investigate the effect of therapeutic plasma exchange (TPE) on

lowering triglyceride (TG) levels in patients with hypertriglyceridemic pancre-

atitis (HLAP).

Methods: The TG-lowering in patients with HLAP was compared between

the TPE group and conservative treatment group (non-TPE). The primary out-

come was TG reduction to less than 500 mg/dL within 48 hours.

Results: The primary outcome was significantly correlated with TPE (univari-

ate analysis odds ratio [OR] 2.74; 95% confidence interval [CI] 1.30-5.79,

P = .008; multivariate analysis OR 3.03; 95% CI 1.28-7.19, P = .012). At 24 and

48 hours, conservative treatment resulted in a 48.24% and 70.44% reduction in

TG, while TPE resulted in a 70.91% and 76.39% reduction in TG, respectively.

A more rapid decrease of in TGs in a short period was clearly associated with

TPE (P < .001 for interaction). After 72 hours, the TGs decreased by approxi-

mately 77% in both groups, with no significant difference (P = .563). There

was no difference between groups in clinical outcomes over the acute time

period or over the longer term.

Conclusions: In patients with HLAP, TPE resulted in a short-term and rapid

reduction in plasma TG concentrations, with no significant advantage over

non-TPE after 72 hours.
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1 | INTRODUCTION

Acute pancreatitis (AP) is a common clinical disease
worldwide.1 On the basis of the existence of local compli-
cations, the occurrence of organ failure, and the duration
of organ failure whether it occurs within 48 hours, AP
can be divided into three levels: mild, moderate, and
severe.2 Patients with mild or moderate AP often recover

Abbreviations: AP, acute pancreatitis; BMI, body mass index; Ca,
calcium; CI, confidence interval; HDL-C, high-density lipoprotein
cholesterol; HLAP, hypertriglyceridemic acute pancreatitis; HTG,
hypertriglyceridemia; LDL-C, low-density lipoprotein cholesterol; OR,
odd ratios; TC, total cholesterol; TG, triglyceride; TPE, therapeutic
plasma exchange.

Zhu Chen, Xiaolong Huang, and Minwei Zhang contributed equally to
this study.

Received: 28 April 2021 Revised: 28 October 2021 Accepted: 20 November 2021

DOI: 10.1002/jca.21954

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any

medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

© 2021 The Authors. Journal of Clinical Apheresis published by Wiley Periodicals LLC.

82 J Clin Apher. 2022;37:82–90.wileyonlinelibrary.com/journal/jca

mailto:yx99cz@163.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://wileyonlinelibrary.com/journal/jca


in a short time and have a good prognosis, while patients
with severe AP often suffer from multiple organ failure,
abdominal hemorrhage, and abdominal infection, with a
mortality rate of up to 30%.3 AP is a risk factor for diabe-
tes as well as pancreatic cancer.4-6 In Western countries,
hypertriglyceridemia (HTG) is the third leading cause of
pancreatitis after cholelithiasis and alcohol, while in
China, it ranks second only to cholelithiasis.7 On the
other hand, the incidence of AP increases gradually with
the increase in the prevalence of hyperlipidemia, which
is a potential health threat to the population.8 Studies
have found that hyperlipidemia has become the main
pathogenic factor in young patients with pancreatitis.9

However, the pathophysiological mechanism of hyperlip-
idemia leading to AP is not fully understood, and there is
no internationally recognized unified standard for the
treatment of HLAP.10 The higher the blood triglyceride
(TG) concentration is, the higher of the incidence of AP;
thus, reducing the TG concentration has become a com-
mon treatment strategy in HLAP and the earlier, the bet-
ter.11 In addition to fasting and insulin/heparin-assisted
TG reduction, therapeutic plasma exchange (TPE) is rec-
ommended as a treatment. At present, the guidelines rec-
ommend TPE treatment HLAP is still class III but grade
1C.12 However, previous studies on the clinical efficacy of
TPE in the treatment of HTG pancreatitis have reached
different conclusions.13,14 At the same time, there are also
some practical problems, such as additional operation
and consumable costs, needs for special equipment,
trained staff, invasive vein placement, and a large amount
of blood products. In clinical practice, whether TPE can
effectively reduce the level of TG in patients with HLAP
and its effect on the prognosis of patients are still contro-
versial.15 The benefit of more rapid reduction of TG levels
acutely is also questionable. The aim of this retrospective
study was to explore the efficacy of TPE on TG-lowering
and the clinical effect of TPE on patients with HLAP.

2 | MATERIALS AND METHODS

2.1 | Patients

This retrospective case-control study was conducted in
the First Affiliated Hospital of Xiamen University
(China) from December 2013 to December 2018 and
approved by the Audit Committee of hospital institutions.
Since the study was designed to be non-interventional
retrospectively, there was no need to informed consent.
After screening, a total of 1772 patients were diagnosed
with pancreatitis, and 181 patients met the inclusion
criteria, including 46 TPE patients and 135 non-TPE
patients. The inclusion criteria were as follows: (a) TGs

>1000 mg/dL; (b) age over 18 years; (c) patient met the
Atlanta classification criteria for pancreatitis,2 including
two of the following three factors: typical abdominal
pain, pancreatic enzymes exceeding the normal upper
limit by more than three times, and radiological findings
of AP. We excluded pregnant women with HLAP and
patients with AP due to other factors, such as cholelithia-
sis, alcohol, trauma, or neoplasm.

2.2 | Treatments

Conservative treatment for HLAP includes fasting for at
least 72 hours, lactated Ringer solution fluid supplemen-
tation as a preferred option, continuous pumps of growth
statin to inhibit digestive secretion, and intraperitoneal
dolantin for pain relief when necessary. In patients with
acute hyperglycemia, continuous pumps of short-acting
insulin began at 0.1 U/kg/h. In order to reduce the inci-
dence of hypoglycemia in patients, the blood glucose tar-
get was set at 7 to 10 mmol/L, and the insulin dosage was
adjusted according to the monitoring of blood glucose
every 2 to 4 hours. If there is still hyperglycemia after eat-
ing, subcutaneous intermittent injection of insulin should
be replaced. Patients without anticoagulant contraindica-
tions and with elevated D-dimer were given routine sub-
cutaneous injection of low molecular weight heparin.
Low-flow oxygen through nasal catheters is preferred for
patients with hypoxia, and nasal high-flow oxygen deliv-
ery or endotracheal intubation ventilator assistance can
be selected when necessary. When TG levels were mea-
sured above 1000 mg/dL for the first time, the physician
will discuss the benefits and risks of TPE with the HLAP
patient or family member and decide whether to undergo
TPE. Patients who sign the consent form will be sched-
uled for TPE as soon as possible within 24 hours of
admission. TPE was performed in double-needle proce-
dure using Aquarius system (Nikkiso Europe GmbH,
Tokyo, Japan) with a Plasmaflo TPE op-08w filter (Asahi
KASEI Medical Co., Ltd, Yurakucho, Chiyoda-ku,
Tokyo). During TPE treatment, blood was pumped into a
plasma filter. The blood flow velocity was about 120 mL/
min. The red blood cell component of the blood was
reinfused into the body. Waste plasma was collected into
empty bags placed on a filter scale. Fresh frozen plasma
(FFP) was delivered to the patient through a post-dilution
pump. The displacement rate was about 1000 mL/h. Dur-
ing this treatment, the pre-dilution pump was not work-
ing. As a rule, TPE was performed daily until TG levels
were below 1000 mg/dL. Normally, about 40 mL/kg of
plasma was replaced with normal plasma (FFP or thawed
plasma) for about 3 hours. Vascular access was obtained
with a double-lumen catheter usually placed in the
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femoral vein. During TPE, heparin (500 U/h) was contin-
uously pumped before the filter, and calcium gluconate
(1 g/h) was added after the filter (Table 1).

2.3 | Outcomes

The primary efficacy outcome was TGs <500 mg/dL
within 48 hours of admission.16 A total of 150 patients
with HLAP were assessed for their primary outcomes.
Secondary outcomes included changes in serum TG con-
centrations within 72 hours of admission.

2.4 | Data collection

Baseline characteristics and clinical and laboratory data
were collected on the first day of admission. Baseline char-
acteristics included age, sex, and body mass index (BMI).
Clinical data included hypertension, diabetes mellitus, dia-
betic ketosis, hyperuricemia, and medical history of pancre-
atitis. Baseline levels of total cholesterol (TC), high-density
lipoprotein cholesterol (HDL-C), low-density lipoprotein
cholesterol (LDL-C), prealbumin, albumin, serum calcium,
C-reactive protein (CRP), amylase, and lipase were collected
within 24 hours of admission. Analysis of the results
included the time of serum TG concentration (baseline,
24 hour, 48 hour, and 72 hour). The severity of HLAP was
assessed by the Balthazar CT grade, organ function, the
Ranson score, and the APACHE II score. We also collected
data on adjuvant therapy for HTG (insulin and heparin),
complications or comorbidities of HLAP, length of hospital-
ization, cost of hospitalization, and mortality rates at 28 and
90 days.

2.5 | Statistical analysis

Statistical analyses were performed using R for Windows
(version 3.4.2, http://www.r-project.org/). The data are
presented as the median (interquartile range) or number

(%). Categorical variables were compared by the
Chi-square/Fisher's exact tests. Because of a skewed dis-
tribution, continuous variables were compared by the
Mann-Whitney U test. A logistic regression model was
used in univariate and multivariate analyses for the pri-
mary outcome. We included predictors with a P value
<.1 from univariate analysis into the backward stepwise
multivariate regression with the Akaike Information Cri-
terion (AIC). For the sensitivity analysis, treatment group
(PE group and non-TPE group)-time interactions were
assessed using the linear mixed-effect model according to
repeated measures of TGs.

Within 24, 48 and 72 hours of admission, the differ-
ence between the non-TPE group and the TPE group in
the rates of TG <500 mg/dL or the percentage of TG
decrease were compared. A two-sided P value less than
.05 was considered to indicate statistical significance.

3 | RESULTS

3.1 | Patient characteristics

In this study, 46 patients receiving TPE and 135 patients
undergoing conservative treatments were included. In
the TPE group, 17 patients had TPE twice and the others
only once. The baseline clinical features are shown in
Table 2. The median age was 39 years. Males accounted
for the majority of participants (76.8%) and had a high
BMI (median 26.20; IQR 24.20-28.10). Diabetes was asso-
ciated with 33.15% of the patients. Nearly half (41.44%) of
the patients had a history of pancreatitis. The median
plasma levels of TGs were 1826.5 mg/dL. In terms of the
severity of diseases, 48.7% of hospitalized patients showed
severe abdominal imaging (Balthazar CT grade: D/E),
organ dysfunction occurred in 18.78% of all patients, and
13.81% of the patients had an acute Ranson score greater
than three points. Moreover, the average APACHE II
score was seven points (IQR 5.00-10.00). Amylase
increased slightly, and lipase increased significantly com-
pared with amylase.

TABLE 1 Treatment procedures

Device Version Manufacturer
Anticoagulant
(AC)

AC
ratio

Plasma
volume
treated

Replacement
fluid

Number and
frequency of
procedures

Aquarius
system/
Plasmaflo
TPE op-08w
filter

V4.0 Nikkiso Europe
GmbH (Japan)/
Asahi KASEI
Medical Co., Ltd,
Tokyo

Heparin 500 U/h 40 mL/kg FFP and
thawed
plasma

1–2 procedures,
daily
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3.2 | Baseline characteristics of the TPE
and non-TPE groups

As shown in Table 2, patients in the TPE group had a
higher baseline plasma TC concentration (P = .004), as well
as lower plasma prealbumin (P = .003), albumin (P < .001),
and calcium (P = .014). The non-TPE group had higher
baseline BMIs (P = .002) and a higher prevalence of diabe-
tes(P = .014). Compared with the non-TPE group, patients
in the TPE group showed more severe imaging findings
(Balthazar CT grade ≥ D, P < .001), higher rates of

concomitant organ failure (P < .001), and higher Ranson
scores (P = .002) and APACHE II scores (P = .010) in terms
of disease severity. However, there was no difference in age,
sex, TC concentration, amylase/lipase levels, or insulin/
heparin use between the two groups.

3.3 | Clinical outcomes of patients

As shown in Table 3, ARDS (13.26%) was the most com-
mon complication in patients with HLAP, followed by

TABLE 2 Baseline clinical characteristics of patients

All (n = 181)
Plasma exchange
group (n = 46)

Non-plasma exchange
groups (n = 135) P

Baseline characteristics

Age (years) 39.00 (32.00-44.00) 40.50 (32.25-49.00) 38.00 (32.50-44.00) .225

Male 139 (76.80%) 34 (73.91%) 105 (77.78%) .738

BMI (kg/m2) 26.20 (24.20–28.10) 24.90 (23.02-26.68) 26.60 (24.75-28.40) .002

Hypertension 29 (16.02%) 9 (19.57%) 20 (14.81%) .599

Diabetes 60 (33.15%) 8 (17.39%) 52 (38.52%) .014

Diabetic ketosis 17 (9.39%) 3 (6.52%) 14 (10.37%) .631

Hyperuricemia 20 (11.05%) 6 (13.04%) 14 (10.37%) .820

History of
pancreatitis

75 (41.44%) 16 (34.78%) 59 (43.70%) .375

Triglyceride
(mg/dL)

1826.50 (1189.40-2554.00) 1845.10 (1308.60-3005.30) 1769.90 (1165.90-2402.70) .230

TC (mmol/L) 12.27 (8.66-15.98) 15.25 (10.11-17.87) 11.57 (8.29-15.00) .004

Prealbumin (mg/L) 72.50 (66.80-78.00) 68.10 (62.20-74.50) 73.20 (68.25-78.85) .003

Albumin (g/L) 41.50 (38.70-45.50) 39.60 (34.75-42.17) 43.10 (39.40-45.95) <.001

Ca (mmol/L) 2.17 (2.00-2.48) 2.04 (1.83-2.52) 2.21 (2.06-2.47) .014

CRP (mg/L) 36.50 (15.10-90.00) 37.90 (11.75-90.00) 36.00 (15.62-90.00) .743

Amylase (U/L) 197.00 (110.00-378.00) 219.50 (112.20-480.80) 190.00 (110.50-356.00) .436

Lipase (U/L) 642.00 (297.00-1533.00) 637.00 (329.20-1798.20) 665.50 (282.20-1523.00) .585

Severity of hypertriglyceridemic pancreatitis

Balthazar CT grade <.001

<D 94 (51.93%) 11 (23.91%) 83 (61.48%)

≥D 87 (48.07%) 35 (76.09%) 52 (38.52%)

Organ function <.001

No 147 (81.22%) 25 (54.35%) 122 (90.37%)

Yes 34 (18.78%) 21 (45.65%) 13 (9.63%)

Ranson score .002

<3 156 (86.19%) 33 (71.74%) 123 (91.11%)

≥3 25 (13.81%) 13 (28.26%) 12 (8.89%)

APACHE II 7.00 (5.00–10.00) 8.00 (6.25-11.00) 7.00 (5.00-9.00) .010

Treatment

Insulin 121 (66.85%) 29 (63.04%) 92 (68.15%) .650

Heparin 100 (55.25%) 29 (63.04%) 72 (53.33%) .330
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TABLE 3 Clinical outcomes of patients

All (n = 181)
Plasma exchange
group (n = 46)

Non-plasma exchange
groups (n = 135) P

Complication

Pancreatic cyst 11 (6.08%) 2 (4.35%) 9 (6.67%) .833

ARDS 24 (13.26%) 14 (30.43%) 10 (7.41%) <.001

Acute kidney injury 12 (6.63) 9 (19.57%) 3 (2.22%) <.001

Acute liver injury 14 (7.73%) 3 (6.52%) 11 (8.15%) .970

Sepsis 2 (1.10%) 1 (2.17%) 1 (0.74%) 1

Hospital stay, days 9.00 (7.00-12.00) 12.50 (9.00–19.75) 8.00 (6.00-11.00) <.001

Hospital costs, Yuan in
thousand

15.72 (10.33-29.27) 41.04 (32.61-60.14) 12.16 (9.12-16.80) <.001

28-day mortality 3 (1.66%) 1 (2.17%) 2 (1.48%) .99

90-day mortality 6 (3.31%) 3 (6.52%) 3 (2.22%) .352

TG ≤500 mg/dL within 83 (55.33%) 33 (71.74%) 50 (48.08%) .012

48 hours (n = 150) (n = 46) (n = 104)

TABLE 4 Analyses of the

association between clinical

characteristics with primary outcome in

patients with hypertriglyceridemic

pancreatitis

Univariate analysis Multivariate analysis

OR 95% CI P OR 95% CI P

Baseline characteristics

Age (years) 1.00 0.97-1.04 .821

Male 1.12 0.51-2.45 .777

BMI (kg/m2) 0.89 0.81-0.97 .012

Hypertension 0.86 0.35-2.10 .741

Diabetes 0.30 0.14-0.61 .001 0.29 0.13-0.63 .002

History of pancreatitis 0.74 0.38-1.43 .37

Triglyceride, 100 mg/dL 0.97 0.95-1.00 .097 0.95 0.92-0.99 .009

Prealbumin (mg/L) 0.68 0.25-1.89 .468

Albumin (g/L) 0.99 0.95-1.03 .739

Ca (mmol/L) 0.52 0.30-0.92 .024 0.42 0.21-0.79 .007

CRP (mg/L) 1.00 0.99-1.00 .644

Amylase (10 U/L) 1.18 1.02-1.37 .029

Lipase (10 U/L) 1.00 0.99–1.00 .235

Severity of hypertriglyceridemic pancreatitis

Balthazar CT grade

<D Ref

≥D 1.61 0.84-3.08 .150

Organ function

No Ref

Yes 2.18 0.92-5.15 .075

Ranson score

<3 Ref

≥3 2.74 0.94-7.97 .065

APACHE II 1.04 0.94-1.15 .431

Treatment group

Conventional Ref Ref

Plasma exchange 2.74 1.30–5.79 .008 3.03 1.28–7.19 .012
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acute liver injury (7.73%). The 28-day and 90-day mortal-
ity rates were 1.66% and 3.31%, respectively. In compari-
son, the TPE group had a higher rate of ARDS than the

control group (30.43% vs 7.41%, P < .001), and a similar
trend was observed in the incidence of acute kidney
injury (19.57% vs 2.22%, P < .001), but there was no dif-
ference in the incidence of acute liver injury (6.52% vs
8.15%, P = .97). In addition, the corresponding hospital
stay was longer (12.50 [IQR 9.00-19.75] days and 8.00
[IQR 6.00-11.00] days, respectively, P < .001) and more
expensive (41.04 [IQR 32.61-60.14] Yuan in thousand and
12.16 [IQR 9.12-16.80] Yuan in thousand, respectively,
P < .001) compared TPE to conventional group. How-
ever, there was no difference in 28-day and 90-day mor-
tality between the two groups. In the non-TPE group, the
proportion of patients whose TG decreased below
500 mg/dL within 48 hours was 48.08%, while in the TPE
group, the proportion was even higher, reaching 71.74%.
There was a difference between the two groups
(P = .012). However, within 72 hours, 65.38% and 78.26%
of patients in the non-TPE group and TPE group, respec-
tively, had TGs under 500 mg/dL, with no significant dif-
ference between the two groups (P = .166).

3.4 | Factor analysis of primary outcome

Although TGs in the TPE group decreased faster, there were
many factors affecting their metabolism. Univariate and
multivariate factor logistic regression was used to clarify the
specific clinical characteristics associated with the decline in
TGs. As shown in Table 4, in the univariate analysis, BMI
(P = .012), diabetes (P = .001), and calcium (P = .024) were
identified as risk factors that prevent TGs from falling below
500 mg/dL within 48 hours. PE promoted a decrease in
serum TG concentration (OR 2.74; 95% CI 1.30-5.79,
P = .008). After adjustment for confounding factors (diabe-
tes, baseline TG level, and serumCa concentration), the asso-
ciation between TPE therapy and the primary outcome
remained (OR 3.03; 95%CI 1.28-7.19, P= .012).

3.5 | Comparison of triglyceride decline
with time

As depicted in Figure 1, overall, the TG concentrations in
both groups decreased over time. The TPE group was
slightly higher than the non-TPE group at the basal TG
level. However, the concentrations of TGs after 24 hours
were significantly lower in the TPE group than in the
non-TPE group. By 72 hours, the concentrations were
very close. In terms of percent reduction, the percent
decrease in triglyceride concentration at 24 and 48 hours
after conservative treatment was 48.24% and 70.44%,
while the percent decrease in the TPE group was 70.91%
and 76.39%, respectively (P < .001 and P = .023,

FIGURE 1 Time course of the serum triglyceride

concentration changes within 72 hours after admission

FIGURE 2 Time course of the percent decrease in serum

triglyceride concentration decreased within 72 hours after

admission. The P value for the interaction between time and

triglyceride-lowering therapies was calculated by the linear mixed-

effect model
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respectively; Figure 2). After 72 hours, the proportion of
the two groups decreased by approximately 77%, showing
no significant difference (P = .563). The linear mixed-
effect model revealed a significant association between
the time course of the reduction in TG concentration and
TPE therapy (P < .001 for interaction).

4 | DISCUSSION

Through the study, we found that TPE therapy had an
advantage in reducing TG concentration within 48 hours
compared with conservative treatment, with the most
obvious advantage within 24 hours but no advantage
after 72 hours.

The exact process by which TPE lowers blood triglyc-
erides is not well understood. The direct replacement of
TG-rich chylomicrons may be the main reason for the
short-term reduction of TG concentration in blood by
TPE.17-19 In addition, further evidence is needed to deter-
mine whether TPE partially eliminates the inhibitory fac-
tors on the lipid metabolism pathway, such as GPIHBP1
autoantibodies, and promotes the recovery of lipid
metabolism.20 TPE may also play a role in reducing cho-
lesterol, phospholipids, and other substances, promoting
the transfer of lipid metabolism balance to the direction
of synthesis, and accelerating the consumption of TGs.21

The causes of elevated TGs are complex. The causes
of elevated triglycerides are generally classified as pri-
mary and secondary. Primary elevation is related to
genes, such as familial hyperlipidemia, which may be
accompanied by single-gene or multigene mutation.22,23

In such patients, dyslipidemia often requires long-term
metabolic control, and the blood lipids that decrease in a
short period of time can quickly rebound, resulting in
poor effectiveness of TPE.22 Moreover, studies on the
gene-related factors of lipid metabolism are still in pro-
gress, and there are economic and operational obstacles
in the comprehensive screening of patients' gene func-
tions. Secondary HTG is associated with overeating,
uncontrolled diabetes, lack of exercise, obesity, and endo-
crine disorders, and the mechanisms are not fully under-
stood.24,25 According to the study, conservative treatment
(fasting, rehydration, etc.) can reduce TGs by 48% within
24 hours and 70% within 48 hours, which is consistent
with literature reports.26 Although TPE can decrease TGs
more quickly within 48 hours, there is no significant dif-
ference between TPE and conventional treatment after
72 hours.

Studies have found that the higher the plasma TG
level is, the higher the incidence of pancreatitis and the
more serious the disease.27-29 Rapid reduction of plasma
triglyceride concentration may be beneficial to disease

control.11 Conservative treatment alone can lead to a
rapid decline in TGs, and TPE is more efficient at reduc-
ing TGs, but it remains unclear whether when patients
benefit from to reduce TGs faster.13 And, the threshold of
TG concentration for inducing pancreatitis is still
unclear. A slight increase in TGs can induce pancreatitis,
and some patients do not have pancreatitis in the case of
a very severe increase in triglycerides.30 The incidence of
pancreatitis varies with TG concentrations, and finding a
single standard for determining the timing of TPE is diffi-
cult.31 Further considering the drawbacks of TPE, more
criteria, including triglyceride levels, may be needed to
determine the timing of TPE in patients with HLAP in
order to improve its clinical value.

Globally, the incidence of acute pancreatitis is on the
rise, while the mortality rate is on the decline.32,33 Our
study showed that the overall mortality of patients at
28 and 90 days was 1.66% and 3.31%, respectively, lower
than in previous studies.34 And there was no significant
difference in mortality between the TPE group and the
non-TPE group; however, it should not be ignored that
the TPE group had a higher proportion of patients with
organ failure, and their overall conditions were more
serious. In addition, deaths in pancreatitis patients were
also significantly associated with early organ failure.35

The incidence of complications in severe patients during
hospitalization was higher, and the corresponding moni-
toring and treatment were more intensive, which would
naturally lead to longer hospitalization time and higher
hospitalization costs. Due to the lack of prospective
design and complex clinical treatment process, it is still
difficult to determine the clinical cost-performance ratio
of TPE. Therefore, further prospective randomized con-
trolled studies (RCTs) are needed to confirm the effect of
TPE on patient outcomes.

Our study has several limitations. First, this was a ret-
rospective cohort study and the characteristics of the two
groups of patients were not completely balanced. Second,
severe patients with organ function impairment were
more likely to be admitted to ICU, resulting in patients in
the TPE group being sicker and more likely to be treated
aggressively and rigorously. Third, patients with mild dis-
ease from early feeding or rapid lipid decline without
continuous test data were excluded, which could lead to
selective bias. Fourth, although we included patients over
a long time span and conducted univariate and multivari-
ate analyses to correct for confounders as much as possi-
ble for the effects of clinical characteristics and treatment
groups on the primary endpoint, the effect of selection
bias could not be completely eliminated. Fifth, the rela-
tionship between cytokines and organ dysfunction and
TPE could not be clarified without the detection of cyto-
kines. Finally, patients with pancreatitis whose
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triglycerides were less than 1000 mg/dL were excluded,
which may affect the conclusions.

5 | CONCLUSIONS

In patients with HLAP, TPE reduced plasma triglyceride
concentrations faster in the short term (ie, 48 hours) than
conservative treatment, but there was no significant
advantage after 72 hours. Proper RCT studies are needed
to determine the timing and value of the clinical applica-
tion of TPE in the situation of HLAP.
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