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Abstract
Background: Acute severe pancreatitis is associated with
high morbidity and mortality. Hypertriglyceridemia is the
third most common cause of acute pancreatitis and higher
triglyceride levels increase the risk for severe acute pan-
creatitis. Plasma exchange is an effective treatment method
to lower triglycerides. Our study aimed to investigate the
efficiency of plasma exchange as a treatment option for
acute hypertriglyceridemia-induced pancreatitis (HTGP), the
impact on mortality assessed by the SOFA, SAPS II, BISAP
Score, Ranson’s, and Glasgow-Imrie Criteria, as well as the
overall length of stay in hospital and ICU. Methods: In this
retrospective single-center cohort study, triglycerides before
and after plasma exchange were compared. SOFA and SAPS
II were taken on ICU admission and at discharge. To further
characterize the patient cohort, BISAP Score (on admission),
Ranson’s Criteria (on admission and after 48 h), and the
Glasgow-Imrie Criteria (48 h after admission) were calcu-
lated. Results: The study included 11 patients (91% male;

median age 45 years). Triglycerides were reduced from
4,266 ± 3,560.6 to 842 ± 575.9 mg/dL during plasmapheresis
(p < 0.001). The median ICU length of stay was 3 ± 4.2 days.
In-hospital mortality was 0%. The SOFA score was signifi-
cantly reduced from 4 ± 3.4 points on admission to 2 ± 2.1
points at discharge (p = 0.017). Triglycerides and cholesterol
decreased from 3,126 ± 3,665 to 531 ± 273mg/dL (p = 0.003)
and from 438 ± 137.9 to 222 ± 59.5 mg/dL (p = 0.028),
respectively. The BISAP Score on admission was 3 ± 0.5
points, Ranson’s Criteria were 3 ± 1.5 points (48 h after
admission, cumulative), and Glasgow-Imrie Criteria 3 ± 1.3
points (48 h after admission). Conclusion: Plasmapheresis is
an efficient and safe treatment method for ICU patients with
acute HTGP and significantly reduces triglycerides. Fur-
thermore, plasmapheresis significantly improves the clinical
outcomes of patients with HTGP. © 2023 The Author(s).

Published by S. Karger AG, Basel

Introduction

Acute pancreatitis is a common gastrointestinal disorder
with significant associated morbidity and mortality [1, 2]. In
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Western countries, the incidence has been rising over the last
50 years [3]. Hypertriglyceridemia (HTG) is the third most
common cause of acute pancreatitis [4]. Affected patients
usually present with preexisting dyslipidemia and often a
secondary condition such as uncontrolled diabetes or alcohol
abuse [5]. Severe and very severe HTG (>1,000 mg/dL) is
associated with a significant risk for acute pancreatitis [6, 7].
Elevated triglyceride levels multiply the rates of severe acute
pancreatitis and are associated with the prognosis of the
disease [8]. Although the pathomechanisms are not fully
understood, the hydrolysis of triglycerides into free fatty acids
by pancreatic lipases with a toxic effect on acinar cells and
pancreatic endothelium plays an important role in lip-
otoxicity and associated inflammation [9, 10]. Early rec-
ognition and treatment initiation of hypertriglyceridemia-
induced pancreatitis (HTGP) can reduce complications
and prevent further episodes. The general management of
acute pancreatitis primarily includes fluid resuscitation
and early enteral nutrition as well as relief of often severe
visceral pain [4, 11, 12]. In addition, plasma exchange is an
effective and fast treatment option to lower the serum level
of triglycerides [9]. An additional treatment option is the
application of insulin. A prospective randomized con-
trolled trial of 66 patients with hypertriglyceridemic
pancreatitis showed that early high-volume hemofiltration
was superior to combination therapy with low-molecular-
weight heparin and insulin [9]. However, no differences
regarding mortality and duration of hospitalization were
observed in this study. In general, randomized controlled
trials comparing insulin therapy and plasmapheresis in the
treatment of acute HTGP are lacking. Currently, the trial
“intensive insulin therapy versus plasmapheresis in the
management of hypertriglyceridemia-induced acute pan-
creatitis” (Bi-TPAI trial) is comparing those two treatment
regimens with the primary endpoint of lowering triglyc-
erides and – among others – the secondary endpoints
intensive care unit (ICU) and hospital length of stay as well
as mortality. The study is currently recruiting [13]. The
role of apheresis in HTGP, particularly in lowering tri-
glyceride levels, has been investigated before [10, 14–16].
However, data on mortality are still limited. The aims of
this study were (1) to evaluate the efficiency of early
therapeutic plasma exchange, i.e., plasmapheresis, as a
treatment option for acute HTGP, (2) to analyze the
impact of HTGP on mortality assessed by the Sepsis-
related Organ Failure Assessment (SOFA) [17], new
Simplified Acute Physiology Score (SAPS II) [18], Revised
Atlanta Classification [19], BISAP (Bedside Index for
Severity in Acute Pancreatitis) Score [20], Ranson’s [21],
and Glasgow-Imrie Criteria [22], and (3) to determine the
overall length of intensive care stay and hospital stay.

Materials and Methods

Study Design and Patient Characteristics
To investigate plasmapheresis as a therapeutic option in acute

HTGP and its impact on hospital length of stay as well as mortality,
a retrospective single-center cohort study was conducted in our
medical ICU of the Department of Internal Medicine I at the
University Hospital of Regensburg between 2016 and 2022. The
study was approved by the Ethics Committee of the University of
Regensburg, Regensburg, Germany (trial registration number 22-
2935-104). The study included 11 patients treated in the ICU for
acute HTGP. Plasma exchange was performed with a cell separator
Spectra Optia (Terumo BCT, Lakewood, CO), using only thera-
peutic plasma as the exchange fluid and acid citrate dextrose for
anticoagulation. In general, the goal was to exchange at least
1.5 times the patient’s total plasma volume. A triglyceride level of
1,000 mg/dL was set as the target value for plasma exchange. A
second exchange was performed if the target value was exceeded or
at individual clinical discretion.

Clinical and Laboratory Data
To evaluate the clinical outcomes, we calculated the SOFA score

and the SAPS II score on admission and at discharge as well as
Revised Atlanta Classification, BISAP Score, Ranson’s Criteria,
Glasgow-Imrie Criteria, and length of stay in the hospital and ICU.
To determine the length of stay, each day started was counted as a
full day.

Demographic data, i.e., age and gender, were collected.
Laboratory data were retrieved from medical records on ad-
mission and at discharge: lipase in U/L, C-reactive protein
(CRP) in mg/L, procalcitonin (PCT) in ng/mL, creatinine in
mg/dL, serum urea in mg/dL (for SAPS II score converted to
mmol/L [serum urea mg/dL/6,006]), triglycerides in mg/dL,
cholesterol in mg/dL, and calcium in mmol/L. Data of plas-
mapheresis protocol including triglyceride levels before and
after apheresis were collected. In 3 patients, plasmapheresis was
performed twice. Therefore, data from 14 therapy protocols
were included. In addition, the time from onset of symptoms to
plasmapheresis was assessed. Previous diseases and discharge
status were also documented.

The SOFA score predicts ICU mortality based on laboratory
results and clinical data. For each patient, the “worst value” in a 24-h
period was calculated at admission and discharge. The “worst”
measurement was defined as the measure that correlated to the
highest number of points. The following parameters were included:
paO2 inmmHg, FiO2 in% (room air = 21%; nasal cannula 1 L/min =
25%, 2 L/min = 29%, 3 L/min = 33%, 4 L/min = 37%, 5 L/min =
41%, ≥6 L/min = 45%; high flow = 30–100%), mechanical ven-
tilation (yes/no), platelets × 103/µL (≥150 = 0; 100–149 = 1; 50–99 = 2;
20–49=3;<20= 4points), GlasgowComaScale (GCS; 15=0; 13-14=1;
10–12 = 2; 6–9 = 3; <6 = 4 points), bilirubin in mg/dL (<1.2 = 0;
1.2–1.9 = 1; 2.0–5.9 = 2; 6.0–11.9 = 3; ≥12.0 = 4 points), mean
arterial pressure or administration of vasoactive agents required (no
hypertension = 0; mean arterial pressure <70mmHg = 1; dopamine
≤5 μg/kg/min or dobutamine = 2; dopamine >5 μg/kg/min, epi-
nephrine ≤0.1 μg/kg/min or norepinephrine ≤0.1 μg/kg/min = 3;
dopamine >15 μg/kg/min, epinephrine >0.1 μg/kg/min or nor-
epinephrine >0.1 μg/kg/min = 4 points), and creatinine in mg/dL
(<1.2 = 0; 1.2–1.9 = 1, 2.0–3.4 = 2; 3.5–4.9 = 3; ≥5.0 = 4 points). If
only venous pO2 was available, paO2 was defined as “90 mm Hg.”
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The SAPS II score estimates mortality of ICU patients based on
laboratory results and clinical data. Again, the “worst” value within
a 24-h period at admission and discharge was calculated for each
patient. The following data were integrated: age in years (<40 = 0;
40–59 = 7; 60–69 = 12; 70–74 = 15; 75–79 = 16; ≥80 = 18 points),
heart rate (<40 = 11; 40–69 = 2; 70–119 = 0; 120–159 = 4; ≥160 = 7
points), systolic blood pressure in mm Hg (<70 = 13; 70–99 = 5;
100–199 = 0; ≥200 = 2 points), temperature ≥39°C (yes/no), GCS
(14–15 = 0; 11–13 = 5; 9–10 = 7; 6–8 = 13; <6 = 26 points), paO2/
FiO2 if on mechanical ventilation or CPAP in mm Hg/% (<100 =
11; 100–199 = 9; ≥200 = 6; not onmechanical ventilation in the last
24 h = 0), serum urea in mmol/L (<10 = 0; 10–29.6 = 6; ≥30 = 10
points), urine output in mL/24 h (<500 = 11; 500–999 = 4; ≥1,000
= 0 points), sodium in mmol/L (<125 = 5; 125–144 = 0; ≥145 = 1
points), potassium in mmol/L (<3.0 = 3; 3.0–4.9 = 0; ≥5.0 = 3
points), bicarbonate in mmol/L (<15 = 6; 15–19 = 3; ≥20 = 0
points), bilirubin in mg/dL (<4.0 = 0; 4.0–5.9 = 4; ≥6.0 = 9 points),
white blood cells × 103/mm3 (<1.0 = 12; 1.0–19.9 = 0; ≥20.0 = 3
points), chronic disease (metastatic cancer = 9; hematologic
malignancy = 10; AIDS = 17; none = 0 points), type of admission
(scheduled surgical = 0; medical = 6; unscheduled surgical = 8
points).

The severity of acute pancreatitis was classified according to
the Revised Atlanta Classification [19]. For a precise assess-
ment, the BISAP Score was calculated on admission [20]. With
this 5-point scoring system, patients can be classified within the
first 24 h of admission into distinct groups of mortality.
Mortality rises with BISAP Scores ≥3 (mortality 5–20%).
Therefore, BISAP Scores of ≥3 points identify patients at a high
risk for unfavorable outcomes.

Ranson’s Criteria [21] is a scoring system for predicting the
prognosis and mortality risk of patients with acute pancreatitis,
based on initial and 48-h laboratory values, as well as age and fluid
requirements. The following parameters were collected at ad-
mission: white blood cell >16k (1 point), age >55 years (1 point),
glucose >200 mg/dL (1 point), AST >250 U/L (1 point), and LDH
>350 U/L (1 point). Forty-eight hours after admission, the fol-
lowing parameters were additionally obtained (worst value within
48 h): hematocrit drop >10% (1 point), serum urea increase
>10.8 mg/dL (1 point), calcium <2 mmol/L (1 point), paO2 <
60 mm Hg (1 point), base deficit >4 mg/dL (1 point), fluid needs
>6 L (1 point). A total score of ≥3 points correlates with a severe
pancreatitis.

The Glasgow-Imrie Criteria were calculated 48 h after ad-
mission [22]. Comprising a range of 0–8 points, the Glasgow-
Imrie Criteria represent a reliable tool to identify a group of
patients at high risk for major complications and mortality.
PaO2, age, white blood count, calcium, blood urea nitrogen,
LDH, albumin, and glucose are included in the score. Glasgow-
Imrie Criteria ≥3 points identify patients with a high risk of
severe pancreatitis.

Statistical Analyses
Data were obtained from MetaVision (iMDsoft) and SAP

Software and analyzed with Microsoft Excel 2016. Quantitative
data were expressed as median or mean ± standard deviation
and range, and categorical variables were expressed as absolute
quantities and percentages. SOFA, SAPS II, BISAP Score,
Ranson’s, and Glasgow-Imrie Criteria were calculated with
MDCalc®. IBM SPSS Statistics ® (version 28.0.1.1.) was used for

comparative tests. The triglyceride levels before and after
plasmapheresis were compared with paired-sample t test and
presented in a line graph. Laboratory data, SOFA and SAPS II
scores were compared between ICU admission and ICU dis-
charge with Wilcoxon test. The significance level was set to a p
value <0.05.

Results

Characteristics of the Study Population
Between February 2016 and March 2022, a total of 11

patients with acute hypertriglyceridemic pancreatitis
were admitted to the ICU. The patients were pre-
dominantly male and had a median age of 45 years.
One-third of the study population was diagnosed with
hyperlipidemia or HTG prior to admission. Three
patients had a past medical history of recurrent pan-
creatitis. Two patients had diabetes mellitus type 2 and
1 patient had obesity. Clinical characteristics are listed
in Table 1.

The median length of stay in the ICU was 3 ± 4.2
days; the overall hospital stay was 10 ± 23.3 days. From
the onset of symptoms of acute pancreatitis, no more
than 2 days elapsed until the initiation of plasma-
pheresis. None of the patients died during the hospital
stay. Six patients were discharged, whereas 5 patients
were transferred to the general ward or an external
hospital.

Nine patients hadmoderately severe acute pancreatitis,
and two had severe acute pancreatitis, according to the
Revised Atlanta Classification. On admission, the median
BISAP Score was 3 ± 0.5 points. Patients with a BISAP
Score of ≥3 points have a higher mortality of 5–20% [20].
Of note, in our cohort, all patients survived and had an
excellent outcome after a short stay at the ICU. 48 h after
admission, the median Ranson’s Criteria added up to
cumulative 3 ± 1.5 points, and the median Glasgow-Imrie
Criteria yielded 3 ± 1.3 points. Therefore, analyses of
Ranson’s and Glasgow-Imrie Criteria again highlight that
the patients included in our study were at a high risk of
severe pancreatitis.

Data of Plasmapheresis
Plasmapheresis lasted approximately 2.17 h and was

performed with citrate anticoagulation. Within this time,
triglycerides decreased from 4,266 ± to 842 ± 575.9mg/dL
(shown in Fig. 1). The delta value of triglycerides showed
a mean decrease of 75.8 ± 9.3%. The one-tailed paired
sample t test showed a significant decrease with a p value
<0.001. Consumed plasma during the apheresis was
5,176 ± 1,112.3 mL. Details are summarized in Table 2.

Plasmapheresis in ICU Patients with Acute
HTGP
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Clinical and Laboratory Data on Admission and
at Discharge
Data are shown in Table 3. The SOFA score was

calculated with 4 ± 3.4 points on ICU admission and 2 ±
2.1 points at ICU discharge (p = 0.017). As calculated by
the SOFA score, mortality risk could significantly be
reduced from 36.1% to 5.4% during the ICU stay. One of
the patients displayed a considerably higher SOFA score
on admission compared to the other patients (12 points)
but was discharged with a SOFA score of 2 points, which
was in line with the median SOFA at discharge.

The SAPS II score summed up to 22 ± 6.4 points on
ICU admission and 17 ± 6.6 points at ICU discharge (p =
0.058). This corresponds to a reduction of in-hospital
mortality from 4.7% to 2.6%. The inflammation markers
CRP and PCT decreased from 121 ± 181.2 to 100 ±
107.4 mg/dL (p = 0.131) and from 0.44 ± 1.11 to 0.15 ±

0.58 ng/mL (p = 0.43), respectively. Serum calcium in-
creased significantly from 1.92 ± 0.34 to 2.18 ± 0.29
mmol/L (p = 0.008). Triglycerides and cholesterol
dropped significantly from 3,126 ± 3,665 to 531 ±
273 mg/dL (p = 0.003) and from 438 ± 137.9 to 222 ±
59.5 mg/dL (p = 0.028), respectively. Lipase (p = 0.068),
creatinine (p = 0.374), and serum urea (p = 0.888) showed
no significant differences between ICU admission and
discharge.

Discussion

This is one of the few studies that investigated the effect
of plasma exchange on serum triglyceride levels in ICU
patients with acute HTGP and its impact on mortality. As
previous studies have shown, the patients admitted with

Table 1. Clinical characteristics of the
study population Characteristics Total study population

(n = 11)

Age: median±SD [range], years 45±9.8 [30–64]
Sex, n (%)

Female 1 (9)
Male 10 (91)

ICU stay: median±SD [range], days 3±4.2 [2–16]
Overall hospital stay: median±SD [range], days 10±23.3 [2–84]
Preexisting diseases, n (%)

Recurrent/chronic pancreatitis 3 (27.3)
Hyperlipidemia/HTG 4 (36.4)
Diabetes mellitus type 2 2 (18.2)
Obesity 1 (9.1)
Alcohol abuse 6 (54.5)
Nicotine abuse 3 (27.3)
Hyperuricemia 2 (18.2)
Steatosis hepatitis 2 (18.2)
Arterial hypertension 1 (9.1)
Chronic cholecystitis 1 (9.1)
Carcinoma in medical history 1 (9.1)

Ranson’s Criteria: median±SD [range], points
On admission 1±0.6 [0–2]
48 h after admission (cumulative) 3±1.5 [0–6]

BISAP Score: median±SD [range], points
On admission 3±0.5 [2–3]

Glasgow-Imrie Criteria: median±SD [range], points
48 h after admission 3±1.3 [1–4]

Time from onset of symptoms to plasmapheresis:
median±SD [range], points

2±1.1 [1–4]

Discharge status, n (%)
Outpatient 6 (54.6)
Transfer to general ward 2 (18.2)
Transfer to external hospital 3 (27.3)

Ranson’s Criteria: range on admission: 0–5 points; range 48 h after admission: 0–11
points (cumulative); BISAP, Bedside Index for Severity in Acute Pancreatitis: range 0–5
points; Glasgow-Imrie Criteria: range 0–8 points.
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HTGP often had preexisting underlying co-morbidities
such as dyslipidemia, diabetes mellitus, obesity, and al-
cohol abuse that probably contributed to the develop-
ment of the disease [5, 23, 24]. Epidemiological studies
show an increase in the rate of acute pancreatitis linear to
an increase in triglycerides.

A small group of patients with HTGP has rare he-
reditary metabolic defects, comprising lipoprotein lipase
deficiency, and hyperlipoproteinemia types I, IV, and V,
according to Frederickson [25]. The antisense oligonu-
cleotide volanesorsen significantly lowered triglyceride
levels in patients with familial chylomicronemia syn-
drome in a randomized trial and reduces the rate of
triglyceride-induced pancreatitis in familial chylomi-
cronemia by approximately 30% [7, 26]. So far, this
medical treatment is only available for this specific
subgroup of patients with HTGP. In our study, no patient
would have qualified for medical treatment. Therefore, all
patients included in our study underwent therapeutic
plasma exchange.

Approximately one-third of our study population had
recurrent or chronic pancreatitis. Among these patients,
two had a known dyslipidemia and one had a history of
alcohol abuse. For chronic pancreatitis, excessive alcohol
consumption is the most common risk factor [27, 28].
Most of our patients were male (91% of the study pop-
ulation). This observation is in accordance with a sys-
tematic review by Click et al. [14], who reported that
71.5% of 301 patients with acute pancreatitis were male.
This may be related to a higher incidence of metabolic
syndrome [29] and, in particular, alcohol-related HTG in
the male gender [30, 31]. Moreover, they demonstrated
that triglycerides were effectively reduced by plasma

exchange [14], as did several other studies [10, 32–34].
These findings are comparable to the results of our study.
We have shown that there is a significant reduction in
triglycerides during plasmapheresis. In addition to an
effective reduction of triglycerides, Gubensek et al. [10]
reported that the use of citrate anticoagulation during
plasma exchange was associated with reduced mortality.
The overall in-hospital mortality was 5%. In the citrate
group, it was 1%, whereas in the heparin group it was
11%. In our study, we did only use citrate anticoagulation
and none of the patients died during the hospital stay. In
our study, plasma exchange with citrate anticoagulation
led to a significant reduction in mortality in patients with
acute HTGP. In contrast, another study comparing the
overall mortality and morbidity of HTGP treated with
plasma exchange versus medical treatment found no
significant difference in the outcome, even if severe cases
calculated by Ranson’s Criteria were analyzed separately
[35]. Another study comparing high-volume hemofil-
tration with low-molecular-weight heparin in combina-
tion with insulin in a prospective randomized controlled
trial demonstrated that hemofiltration lowered triglyc-
eride levels more efficiently but was not superior in terms
of clinical outcomes such as mortality and duration of
hospitalization [9].

To predict mortality, previous studies often used the
APACHE II score [9, 35]. In a study with 10 patients
with HTGP, the median APACHE II decreased by 3%
after therapeutic plasma exchange. However, the dif-
ference was not significant [15]. In a large retrospective
cohort analysis, SOFA, qSOFA, and SIRS criteria were
evaluated for their prognostic accuracy for in-hospital
mortality in critically ill adult ICU patients. In this
comparison, the SOFA score had a significantly greater
prognostic accuracy than the other two scores [36]. For
assessment of ICU patients, SOFA is an established
score, whereas qSOFA represents the simplified version
with fewer parameters to be included. By combining the
qSOFA with the laboratory parameters blood urea ni-
trogen and CRP (emergency room assessment of acute
pancreatitis), the authors of another cohort study re-
ported an outstanding prognostic validity for multi-
organ dysfunction and mortality in patients with
acute severe pancreatitis [37]. A comparison of
APACHE II and SOFA in critically ill patients in a cross-
sectional study found a comparable sensitivity and
specificity between those two scores [38].

In our study, we used SOFA, SAPS II, BISAP Score,
Ranson’s, and Glasgow-Imrie Criteria. Based on these
scoring systems, we were able to show that the risk of
death during the stay in the ICUwas significantly reduced

Fig. 1.Reduction of triglycerides during plasmapheresis. 3 of 11 patients
completed plasmapheresis twice (n = 14). Data are shown as mean ±
standard deviation. p value <0.001 in one-tailed paired-sample t test.

Plasmapheresis in ICU Patients with Acute
HTGP
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by plasma exchange. Of clinical relevance, all the patients
included in our study suffered from moderate to severe
acute pancreatitis and following therapeutic plasma ex-
change had an excellent outcome, all patients survived.
This highlights that plasmapheresis is a valuable thera-
peutic option for patients with HTGP.

The SOFA score decreased significantly between ICU
admission and ICU discharge, whereas the difference for
SAPS II was not significant. Therefore, SOFA might be a

more useful score to predict mortality in patients with
acute HTGP.

In our study population, HTG was accompanied by
high cholesterol levels and plasmapheresis also signifi-
cantly reduced cholesterol levels. These results correlate
well with previous studies in patients with hyperlipid-
emia and hypercholesterinemia. In patients with severe
hyperlipidemia refractory to diet and lipid-lowering
drugs, apheresis is the therapy of choice. There is a

Table 2. Data of plasmapheresis
Data of plasmapheresis protocol Total study population

(n = 14)

Height: median±SD [range], cm 171±3.7 [165–180]
Weight: median±SD [range], kg 79.5±15.8 [65–110]
Patient blood volume: median±SD [range], mL 4,996±626.6 [4,022–6,285]
Patient plasma volume: median±SD [range], mL 3,267±285.3 [2,735–3,708]
Hematocrit: median±SD [range], % 33.5±5.0 [30–45]
Inlet volume: median±SD [range], mL 10,163±3,085.2

[5,892–15,883]
Outlet plasma volume: median±SD [range], mL 5,253±1,068.1 [3,328–6,906]
Consumed plasma: median±SD [range], mL 5,176±1,112.3 [3,218–6,709]
Ratio of consumed and patient plasma: median±SD
[range]

1.65±0.3 [1.0–2.0]

Duration: median±SD [range], min 130±30.8 [77–177]
Average inlet speed: median±SD [range], mL/min 84.7±12.2 [60.3–101.7]
Average plasma outlet speed: median±SD [range],
mL/min

39.9±5.6 [32.4–47.9]

Plasma rate: median±SD [range], % 78.1±7.6 [60.5–89.7]
Triglycerides: mean±SD [range]

Before plasmapheresis, mg/dL 4,266±3,560.6 [685–10,777]
After plasmapheresis, mg/dL 842±575.9 [171–2,006]
Delta value, % 75.8±9.3 [58.2–92.2]*

Analysis includes 11 patients; 3 patients completed plasmapheresis twice (n = 14).
*p < 0.001 in one-tailed paired-sample t test.

Table 3. Clinical and laboratory data on admission and at discharge

Clinical Scores and laboratory data On admission (n = 11) At discharge (n = 11) p value

SOFA: median±SD [range], points 4±3.4 [0–12] 2±2.1 [0–7] 0.017
SAPS II: median±SD [range], points 22±6.4 [16–36] 17±6.6 [7–27] 0.058
Lipase: median±SD [range], U/L 1,106±2,448 [68–6,887] 2,093±1,375 [58–3,093] 0.068
CRP: median±SD [range], mg/L 121±181.2 [5.6–480] 100±107.4 [14.2–389] 0.131
PCT: median±SD [range], ng/mL 0.44±1.11 [0.16–3.21] 0.15±0.58 [0.09–1.46] 0.043
Creatinine: median±SD [range], mg/dL 0.72±0.18 [0.38–1.02] 0.73±0.17 [0.57–1.13] 0.374
Serum urea: median±SD [range], mg/dL 16±11.6 [9–45] 22±11.4 [7–45] 0.888
Triglycerides: median±SD [range], mg/dL 3,126±3,665 [1,038–10,777] 531±273 [171–1,116] 0.003
Cholesterol: median±SD [range], mg/dL 438±137.9 [262–703] 222±59.5 [161–330] 0.028
Calcium: median±SD [range], mmol/L 1.92±0.34 [1.18–2.32] 2.18±0.29 [1.58–2.64] 0.008

SOFA, Sepsis-related Organ Failure Assessment (predicts ICUmortality based on laboratory results and clinical data); SAPS II, new
Simplified Acute Physiology Score (estimates mortality in ICU patients); CRP, C-reactive protein; PCT, procalcitonin.
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large body of literature that demonstrates that apheresis
is a very effective and safe treatment for lowering
cholesterol levels [32, 33, 39–41]. In this context, Chen
et al. [42] showed that plasmapheresis was more effective
in terms of lowering triglycerides for patients with
HTGP and high cholesterol levels (>12.4 mmol/L)
compared to low cholesterol levels. They suggested that
total cholesterol could be a potential biomarker to
predict the triglyceride-lowering effect of plasmaphe-
resis in patients with HTGP.

Our data showed a significant increase in calcium levels
to the normal range within the ICU stay. Most of the
patients presented with lowered calcium levels on ICU
admission. This reflects the severity of the acute pancreatic
disease and the critical clinical status of the patients at the
time of admission. Decreased levels of ionized calcium are
seen in critically ill patients [43–46] and thus, hypocalcemia
ismore frequent in severe cases of acute pancreatitis [47, 48].
A retrospective cohort study demonstrated a significant
association between lower serum calcium on admission and
persistent organ failure in patients with acute pancreatitis
[49]. In patients with HTGP, it was shown that ionized
serum calcium was lower than in patients with pancreatitis
of other etiologies [50].

Elevated CRP is an indicator for inflammation [51] and
can be used as a prognostic marker for severe acute pan-
creatitis [52, 53]. In a previous study, high CRP was also a
risk factor for severe acute pancreatitis in patients with
HTGP [50]. PCT is regarded as a specific biomarker in cases
of bacterial infection [54]. Our analyses showed consider-
ably elevated CRP and mildly increased PCT levels at the
time of ICU admission. Considering the study population
with mainly severe cases of pancreatitis calculated by
Ranson’s Criteria, high CRP levels at the time of admission
were not unexpected. PCT decreased significantly during
the ICU stay and at the time of ICU discharge it was just
slightly elevated. We assume that this is linked to the low
incidence of infected pancreatic necrosis in our patients.

Several studies have demonstrated that severe HTG
might be associated with severity and progressive disease
of HTGP, and in these cases plasmapheresis should be
performed as early as possible [35, 55]. In a retrospective
study with 13 patients with acute HTGP, all patients
received therapeutic plasma exchange within a median
of 19 h after the onset of symptoms [56]. All patients
survived with a mean hospital stay of 9.5 days and no
plasma exchange-related complications had occurred. In
line with these results, our patients were all treated
within the first 2 days of ICU admission and none of
them died during the hospital stay. One of the most
recent trials compared plasma exchange with citrate

anticoagulation and insulin treatment in patients with
acute HTGP with regard to triglyceride reduction and
clinical outcome [57]. The authors reported a trend
toward a greater decrease in triglycerides within 24 h
after admission in the plasma exchange group, but no
significant difference was found. Length of hospital stay
was comparable in both groups and survival was 100%.
The results of this study question if plasma exchange is
superior to other therapeutic options in patients with
HTGP. In contrast to our analysis, this study specifically
included patients with nonsevere prognosis. In contrast,
our results clearly show that early therapeutic plasma
exchange improves clinical outcome in patients with
severe HTGP admitted to the ICU. Therefore, further
studies with a larger study population and comparison
of the two treatment regimens – early therapeutic
plasma exchange versus medical treatment – in cases of
severe acute pancreatitis are needed.

Limitations
This study is a single-center study with a relatively

small study population. Furthermore, our study mainly
included male patients because this is a disease which has
been shown to predominantly affect men [14]. Therefore,
the outcome in female patients may be different.

Conclusion

In patients with severe acute HTGP, early plasma
exchange is an effective and safe treatment option to
efficiently lower serum triglycerides. Calculated by the
SOFA score, mortality risk was reduced significantly in all
patients treated with plasma exchange. The survival rate
of the patients after plasma exchange was 100%.
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