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Abstract

Background: Mostly published as case reports or series, the role of apheresis in
hypertriglyceridemia (HTG)-related acute pancreatitis (AP) remains unclear. We performed a
systematic review of available literature on this topic with specific focus on disease severity.

Methods: A search of electronic databases (PubMed, EMBASE, Cochrane) and gray literature
yielded 5020 articles of which 74 met criteria for inclusion (301 unique patients). Relevant data
were abstracted from full manuscripts and analyzed.

Results: Most patients were young (mean age 37.9 + 10.4 years) and male (71.5%). About two-
thirds (69.7%) received apheresis within 48 h and most required only 1 or 2 sessions (84.4%).
Apheresis resulted in an average reduction of serum TG by 85.4% (p < 0.001). There was high
variability in reporting the presence of and criteria to define severe AP (reported 221/301, 73.4%);
present 85/221, 38.5%) or organ failure (reported 104/301, 34.6%; present 52/104, 50.0%).
Improvement was reported in the majority of patients (reported 144/301, 47.8%, present 136/144,
94.4%) mainly by clinical symptoms or laboratory tests. Overall mortality was 7.1% (21/294)
which increased to 11.8% (10/85) with severe AP and 19.2% (10/52) with organ failure.

Conclusions: Apheresis effectively reduces serum TG levels. However, due to uncontrolled
data, reporting bias and lack of a comparison group, definitive conclusions on the efficacy of
apheresis in reducing AP severity cannot be made. We propose which patients may be best suitable
for apheresis, type of studies needed and outcome measures to be studied in order to provide
empiric data on the role of apheresis in HTG-related AP.
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Introduction

Hypertriglyceridemia (HTG) is a well-recognized cause of acute pancreatitis (AP). A serum
triglyceride (TG) level of 21000 mg/dl is believed to initiate an attack of AP in some
individuals. Serum TG levels fall rapidly after admission as a result of discontinuation of
dietary supply from fasting and a reduction of hepatic very low density lipoprotein output
due to infusion of hypocaloric intravenous fluids. Although suggested to be more severe than
AP from other etiologies, definitive data on the role of HTG on AP severity is lacking due to
small sample sizes and poorly defined outcomes [1].

The severity of AP is related to host factors such as age, truncal obesity, lifestyle habits such
as alcohol intake, and, local and systemic response to pancreatic injury [2]. In recent studies,
unsaturated fatty acids generated from lipolysis of fat within and surrounding the pancreas
by pancreatic release of enzymes in AP, were noted to drive local and systemic
complications [3,4]. The amount of both intrapancreatic [3] and visceral fat [6,7] have been
positively correlated with obesity, which possibly explains the increased risk of severe AP in
obese patients [5,8].

Most patients with HTG-induced pancreatitis receive standard treatment with pancreas rest,
analgesia, supportive care for organ failure, and management directed towards local
complications. TG themselves are not toxic, but serve as a source of unsaturated fatty acids.
Increased production of unsaturated fatty acids from local and systemic activity of
pancreatic lipase therefore may contribute to severity of AP. Hence, excess TG from the
plasma can be removed with HTG-induced pancreatitis by a variety of techniques (apheresis,
plasmapheresis, plasma exchange, low-density lipoprotein [LDL] apheresis) with a goal of
reducing disease severity.

Over the years, numerous, mainly retrospective, case reports or small series have reported on
the use of apheresis in patients with HTG-related AP. However, due to variability in patient
selection and reporting of data on severity and efficacy, the role of removing excess TG from
the serum in these patients remains unclear. No guidelines exist on which patients are the
optimal candidates for such a treatment, and its beneficial effect on the severity of AP. In its
recent guidelines, the American Society of Apheresis gave apheresis a weak
recommendation as a treatment modality in AP [9].

The aim of this systematic review was to critically review the available literature on this
topic with a specific focus on the role of apheresis in reducing AP severity.
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This review uses the term “apheresis” to describe all techniques (apheresis, plasmapheresis,
plasma exchange, pheresis, LDL apheresis) used to remove excess TG from the serum.

Literature review and study selection

Two health sciences librarians (AK, RT) in collaboration with study author (BC) searched
PubMed (1946-current), EMBASE (1947-current) and the Cochrane Database of Systematic
Reviews (1995-current) databases. Gray literature search included BIOSIS Previews (1926-
current), NIH RePORTER (2015 fiscal year), OAlster (dates not applicable), WHO
International Clinical Trials Registry Platform (2004-current), ClinicalTrials.gov (2000-
current) and Pro-Quest Digital Dissertations (1861-current). A PubMed search query was
developed combining three concepts: Plasmapheresis, Hyperlipidemia and Pancreatitis
(Supplemental Appendix 1). The PubMed query was then adapted for use in the remaining
databases. All databases were searched for the time period January 1, 1980-August 29,
2014, with no other limits placed on the searches. Additional articles were identified by
examination of reference lists from key articles.

For inclusion in this review, an article should have been published in English language,
included patients reported to have confirmed AP, identified HTG as the etiology of AP, and
utilized apheresis as a treatment modality. Articles were excluded if apheresis was used as a
preventative measure rather than for treatment. If more than one publication from the same
authors was identified, the articles were cross-examined for replicated patient data and if an
overlap existed, only unique patient-specific data was recorded and the duplicate information
was excluded.

Data abstraction

Manuscripts meeting the inclusion criteria were carefully examined and data were
systematically extracted by first author (BC) under supervision of the senior author with
secondary review and discussion as needed on documents and data to potentially be
abstracted and included (DY). Details of each study including first author, year published,
country where study was conducted, study design, and number of patients were recorded.
Study design was simplified to case reports (single patient) or case series (two or more
patients). Patient specific information when available was recorded for age, sex, race, type of
HTG (Fredrickson classification) [10], secondary risk factors (body mass index [BMI],
alcohol intake, diabetes mellitus [DM], pregnancy, medications), history of prior AP, serum
TG and cholesterol levels, intensive care unit [ICU] admission, apheresis details, disease
severity, adjunct treatment used (insulin infusion, heparin infusion, or medications such as
fibrate, statin, or niacin if started prior to or at the same time as apheresis) and disease
related outcomes. Obesity was defined according to World Health Organization criteria of
BMI =30 kg/m? and overweight as BMI 25-30 kg/m?.

Data specific to apheresis was recorded for the type of fluid replacement used (albumin
[regardless of concentration] or plasma, and in case of concurrent use, that fluid which was
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used more frequently was recorded), anticoagulant utilized (citrate or heparin, and if both
were used, continuous infusion or anticoagulant used for greater period of time was
recorded), timing of apheresis initiation, and number of sessions. Information was recorded
for the first available serum TG level, total cholesterol level, and their levels after apheresis
was completed. Unit conversions for TG and cholesterol levels were performed using an
online lipid conversion calculator (http://www.onlineconversion.com/cholesterol.htm).

Outcomes were divided into laboratory test-oriented (lipid levels) and patient-oriented
(severity parameters, mortality, length of stay, complications). Severity data included clinical
setting (ICU or medical floor); AP severity criteria (Ranson, Acute Physiology and Chronic
Health Evaluation [APACHE-I1], computed tomography [CT] severity index, Balthazar,
Japanese, Glasgow); organ failure: presence, duration (transient <48 h, persistent =48 h), and
organs affected. Organ failure was recorded if laboratory and clinical information were
available by the following definitions: respiratory — PaO, <60 mmHg or mechanical
ventilation requirement; cardiovascular — systolic blood pressure <90 mmHg or diastolic
blood pressure <60 mmHg or use of vasopressors; renal — increase in serum creatinine =0.3
mg/dl from baseline or 250% increase from baseline or <0.5 ml/kg/hour of urine output or
requirement of hemodialysis. Other organ failure was dependent on reporting by study
authors.

Episodes of AP were recorded as categorically severe if authors specifically mentioned the
term “severe.” Severity criteria reported were then used to verify this description when
possible by calculating criteria-specific scores. The cutoffs used to define severity included
Ranson =3, APACHE-II =8, CTSI >5, Balthazar D-E, Japanese =2, and Glasgow =3 [11-
15].

Efficacy information comprised improvement in clinical symptoms (e.g. abdominal pain,
nausea, vomiting), lipid levels and other laboratory tests, severity index score, organ failure,
radiographic abnormalities, length of stay and mortality. Local complications such as
necrosis, fluid collections, pseudocysts, and any procedures required for treatment (drainage,
laparotomy) when reported were recorded.

A descriptive analysis was performed. Available information on individual patients was
recorded and summarized as mean + standard deviation or median and range for continuous
variables and as proportions for categorical variables. Univariate comparisons were
performed using student’s t-test or Mann Whitney-U test for continuous variables and chi-
squared or Fischer’s exact test for categorical variables as appropriate using Stata 13.0
(StataCorp. 2013). All tests were two-sided and significance was considered at a = 0.05.
When individual patient data was not available (e.g. TG levels in case series), summary data
from the publication is presented.

Pancreatology. Author manuscript; available in PMC 2019 July 03.


http://www.onlineconversion.com/cholesterol.htm

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Click et al.

Results

Page 5

Study characteristics

Initial resource searches yielded 5020 manuscripts after removal of duplicate entries. All
were screened for inclusion, of which 232 full-text articles were eligible for critical
evaluation and ultimately 74 articles (1982-2014) met inclusion criteria (Fig. 1). Of these,
48 were case reports and 26 case series with 2-111 patients for a total of 301 unique patients
(Table 1). There were 8 articles with duplicate patients and one with entirely duplicated
patients [16]. Of the 301 unique patients, 194 (64.5%) were from Europe, 35 (11.6%) from
North America, and 72 (23.9%) from other regions.

Demographics, secondary factors and etiology

Apheresis

While age (269/301, 89.4%) and sex (263/301, 87.4%) was reported in most patients,
information on BMI, race, prior episodes of AP, baseline lipid abnormality and secondary
risk factors was reported less frequently and in a variable fraction of patients (Table 2).

Among patients with reported data, most were young (mean age 37.9 + 10.4 years, range
10-73) and male (188/263, 71.5%). Obesity was present in 7/25 (28.0%) with an additional
6/25 (24.0%) being overweight. The majority of patients had prior history of AP (55/78,
70.5%). The most prevalent hyperlipidemias were Type 1V (23/117, 19.7%) and Type V
(20/117, 17.1%). In 61 patients, “primary hyperlipidemia” or “dyslipidemia” without
specific Fredrickson classification was reported and one each had “familial HTG”, “Type IV
or V”, and a genetic mutation in peroxisome proliferatory-activated receptor gamma. The
most common secondary factors included diabetes (75/149, 50.3%), alcohol consumption
(57/149, 38.3%) and pregnancy (18/149, 12.1%). Medications were implicated in 9 patients
(9/149, 6.0%) and included estrogen-containing oral contraceptive pills in 3, and one each
with asparaginase, isoretinoin, exogenous testosterone, entecavir, ritonavir, capecitabine and
venlafaxine. One patient was taking contraceptive pills and isoretinoin simultaneously. Other
rare contributing factors identified were uremia, amyloidosis and coronary artery disease
(one each). Fourteen patients had more than one secondary risk factor (14/149, 9.4%). Of
patients identified with primary hyperlipidemia, 24/117(20.5%) were reported to have a
concurrent secondary risk factor.

Information on the type of fluid replacement was reported in over half of patients (175/301,
58.1%) (Table 3). Plasma was the predominant fluid more frequently (131/175, 74.9%) than
albumin (45/175, 25.7%). One patient received both fluids in equal proportion. During
apheresis, anticoagulation with predominantly heparin was more common (101/173, 58.4%)
than citrate (73/173, 42.2%). One patient received both heparin and citrate in equal amounts.
The majority of patients (51/73, 69.9%) were initiated on apheresis within 48 h of admission
and most patients (195/231, 84.4%) required one or two sessions.

Adjunct systemic medical therapy to decrease serum TG levels was reported in 85 patients
(85/301, 28.2%). Intravenous insulin (35/85, 41.2%) was used more frequently than
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intravenous heparin (13/85, 15.3%) and fibrate (28/85, 32.9%) or other agents, which were
used infrequently (Table 3).

Serum lipid levels

Individual patient data for initial TG measurement was available in 135 patients with a mean
value 4576 + 4025 mg/dl (Table 4). Post-apheresis TG levels were reported in 83 cases with
mean value 668 + 695 mg/dl representing an 85.4% mean reduction (p < 0.001). Initial
cholesterol levels were reported in 78 patients with a mean value 719 + 394 mg/dl which
decreased to 226 + 131 mg/dl (n = 31) after apheresis representing a 68.6% reduction (p <
0.001). In the largest case series consisting of 111 patients [17], TG and cholesterol levels
decreased 59.1% and 41.1% respectively.

Disease severity

Data on clinical setting for treatment was reported in 145/301 patients (48.2%). ICUs
(141/145, 97.2%) were utilized more often than medical floors (3/145, 2.1%) while one
patient received apheresis in both the ICU and floor (Table 5). The criteria used to classify
severity of AP were reported for 73.4% patients (221/301 overall; 25/48, 52.1% of case
reports, 196/253, 77.5% of case series). Nearly one-third of the patients (73/221, 33.0%)
were evaluated by more than one criterion. The most commonly used criteria were
APACHE-II (154/221, 69.7%) and Ranson (89/221, 40.3%). Imaging-based criteria (CT
scan, CT-severity index, Balthazar) were used in 83/221 patients (37.6%). Two patients were
classified as severe by authors based on ultrasound findings and undefined “severity score”.
More than half of patients evaluated by Ranson criteria qualified for severe AP (48/89,
53.9%) while 53/154 (34.4%) were classified as severe by APACHE-II criteria. Patients
measured by Balthazar, Glasgow, and Japanese criteria were nearly all severe (Balthazar:
21/25, 96.0%; Glasgow: 10/10, 100%; Japanese: 2/2, 100%).

Severe AP by any criteria was noted in 38.5% patients (85/221 overall; 19/25 76.0% in case
reports, 66/196 33.6% in case series). Information on organ failure was mentioned only in a
third of cases (104/301, 34.6% overall; 40/48, 83.3% of case reports, 64/253, 25.3% of case
series) and was present in 52/104 (50.0% overall, 27/40, 67.5% in case reports, 25/64,
39.1% in case series). Persistent organ failure was more common (37/52, 71.2%) than
transient (10/52, 19.2%) with unknown duration in 9.6% (5/52) patients. Single organs were
affected (22/52, 42.3%) more often than multiple (20/52, 38.5%) while in the remainder
(10/52, 19.2%) the number of organs failing was unknown. Respiratory failure was most
common (35/51, 68.6%), followed by renal (22/51, 43.1%), and cardiovascular failure
(16/51, 31.4%). Other organs reported as failing included central nervous system (2/51,
3.9%), along with combined hepatic, intestinal, and coagulation failure in one patient.
Hemodialysis was required in 50% (11/22) patients with renal failure. Information to
determine either severe AP or organ failure was available in 84.4% patients (254/301
overall; 43/48, 89.6% in case reports, 211/253, 83.4% in case series) and 43.8% (116/265
overall; 34/43, 79.1% in case reports, 82/211, 38.9% in case series) had either severe AP or
organ failure. Length of stay was reported for 56.8% (171/301) patients with a median stay
of 15 days (range 3-150).
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Information regarding local complications was infrequently reported (50/301, 16.6%
patients), most commonly as pancreatic necrosis (26/50, 52.0%), followed by abdominal
infection (9/50, 18.0%) and pseudocyst (5/50, 10.0%). Two patients were reported to require
percutaneous drains and 6 underwent laparotomy.

Efficacy of apheresis

Mortality

Overall, clinical status following apheresis was reported in 144/301 patients (47.8%), and
nearly all (136/144, 94.4%) were reported to have some form of improvement. When
mentioned, improvement was observed in 93.1% (54/58) patients with severe AP, and 88.0%
(44/50) with organ failure and 92.2% (71/77) with severe AP or organ failure. The efficacy
criteria most commonly included improvement in symptoms such as abdominal pain,
nausea, or vomiting (95/144, 66.0%), laboratory values (including TG levels, 89/144,
61.8%), and organ failure (35/144, 24.3%). Other efficacy criteria used were improvement in
severity score (10/144, 6.9%) as well as radiographic imaging (6/144, 4.2%).

A subgroup analysis of the 35 patients with organ failure who improved was performed.
Information regarding both organ failure improvement and the type of organ(s) that failed
was available for 28 (80.0%) patients. Most patients (20/28, 71.4%) had one organ affected
while 10.7% (3/28) had two and 17.9% (5/28) had three organs fail. The most common
organ system reporting improvement was respiratory (21/28, 75.0%), followed by renal
(10/28, 35.7%), cardiovascular (8/28, 28.6%), and central nervous system (2/28, 7.1%).
However, these rates may be a reflection of specific organ failure prevalence rather than
clinical response to apheresis.

Information on mortality by report type and available information on disease severity and
organ failure is shown in Table 5 and Fig. 2. The overall mortality was 7.1% (21/294; case
reports 4.2% [2/48], case series 7.7% [19/246]). Three additional fetal deaths were reported
(2 in case reports, 1 in case series). As expected, when compared with patients without
severe AP or organ failure (3.3%), the risk of death was higher in the presence of severe AP
(11.8%, p = 0.022), organ failure (19.2%, p < 0.001) and severe AP or organ failure (13.8%
p = 0.002). For each category, the risk of death was lower in case reports when compared
with case series, although statistical significance was observed only in patients with organ
failure (p = 0.036) likely due to type Il error.

Discussion

In this systematic review of published literature we noted apheresis to be highly efficacious
in reducing serum TG levels. There was high variability in the reporting of severe AP,
criteria to define severe AP and rationale for performing apheresis. Data on the efficacy of
apheresis was mostly limited to improvement in clinical symptoms (e.g. abdominal pain,
nausea, vomiting) and laboratory tests with little information provided on the impact of
apheresis on AP severity. The uncontrolled nature of data, reporting bias especially in case
reports (higher prevalence of severe disease/organ failure but successful outcome, i.e. low
mortality rate), and lack of a comparison group make it difficult to draw definitive
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conclusions on the efficacy of apheresis in reducing the severity of AP. Our results highlight
the need for well designed studies with clearly defined outcome measures to define the role
of apheresis in HTG-related AP.

The demographic distribution (mostly young, male, often with a prior history of pancreatitis)
and presence of secondary factors (diabetes, alcohol abuse and medication, with the
exception of a somewhat higher prevalence of pregnant patients) is consistent with the
reported literature suggesting that apheresis was offered equally for subgroups of patients
[1]. The prevalence of severe AP using any criteria (28.2% overall, 38.5% when data was
reported), organ failure (17.2% overall, 50.0% when data was reported) was higher than
would be expected in a community population [18] suggesting that apheresis was
preferentially performed in patients with suspected severe or severe AP. However,
performance of apheresis was not limited to these subgroups as suggested by ~50% of the
301 who received apheresis having no clear indicators suggestive of severe AP or organ
failure.

As expected, apheresis was highly effective in reducing serum TG levels. After one or two
sessions, serum TG levels were reduced by more than 60-80%. However, if and how much
benefit apheresis imparted on reducing the severity of AP is difficult to determine. Most
reports considered improvement of clinical symptoms (e.g. abdominal pain, etc.) and
laboratory tests (e.g. TG levels) as a measure of efficacy without providing adequate
information to evaluate the impact of apheresis on severity parameters (e.g. organ failure,
local complications). If mortality is used to assess efficacy, among patients in whom the
presence of severe AP or organ failure could be determined, it ranged from 11.8 to 19.2%.
However, interpretation of this data in the absence of a control group (i.e. HTG-related AP
patients with similar characteristics who did not receive apheresis) makes it difficult to know
if mortality in these patients would have been different if apheresis was not performed.

The severity of AP is generally linked to the magnitude of the inflammatory response, with
risk of prolonged stay and poor outcomes linked first to systemic inflammation, measured as
the systemic inflammatory response syndrome (SIRS), and then persistent SIRS, which
leads to multiorgan dysfunction, with associated morbidity and mortality [19]. A variety of
severity scores document the state of systemic dysfunction and development of the severe
endpoints [20]. Other than volume resuscitation and aggressive management of organ
failure, no specific therapies are currently available to reduce the severity of AP. As
mentioned previously, recent studies have linked the generation of unsaturated fatty acids in
AP from visceral fat as important drivers of local and systemic complications [3,4].
Availability of excess TG in the serum of patients with HTG provides additional substrate
for production of unsaturated fatty acids by the action of pancreatic lipase released during an
episode of AP, potentially increasing the risk of severe AP. Therefore, removal of excess TG
by apheresis is a biologically plausible and attractive option to reduce the severity of HTG-
related AP.

Three questions need consideration. First, which patients with HTG-related AP are most
likely to benefit from apheresis. In our opinion (we follow this in our practice), the best
candidates would be patients with predicted severe or severe AP based on the Revised
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Atlanta Classification [21] with severe (=1000 mg/dl) or very severe (=2000 mg/dl) HTG
who continue to have elevated serum TG after appropriate resuscitation with intravenous
fluids and support for organ failure [21]. The timing for initiation of apheresis need to be
individualized based on resuscitation achieved and clinical status but within 24 h up to 96 h
after the onset of symptoms may represent the best window of opportunity. Intravenous
infusion of insulin can be a useful adjunctive therapy to lower serum TG levels especially in
patients with associated diabetes, and may eliminate the need for apheresis in borderline
situations. This time frame represents the period when the effect of optimized conservative
measure (fluid resuscitation and adjunct therapies) can be evaluated and the need for further
intervention can be determined [21].

Second, what types of studies are needed to provide empiric data on the role of apheresis in
HTG-related AP. The best study design would be randomized controlled trials in patients
with suspected severe or severe AP with clearly defined outcome measures. Well-designed
observational studies (prospective better than retrospective) using appropriately matched
control group may be an alternative approach. A limitation of the latter approach would be
selection bias as apheresis may be offered to patients with more severe disease.

Third, what outcome measures should be used to determine efficacy. These should include
one or more of the following - mortality, infectious complications (e.g. infected necrosis,
bacteremia), presence/duration/improvement in organ failure, SIRS, need for interventions
for local complications, length of hospitalization and readmissions. Studies should also
document TG and lipase levels at admission, note any pre-existing dyslipidemias and
secondary risk factors.

Fluid replacement used in most reports was plasma. Its usefulness over albumin is believed
to be due to repletion of a4 anti-protease and a, macroglobulin [22] to bind and quench free
proteases; however, rigorous studies have not been performed and recent studies challenge
this convention [23]. We were unable to sufficiently evaluate differences in outcomes based
on the type of fluid or anticoagulant used since the majority of reports with both fluid (or
anticoagulant) and mortality data were case series with cumulative outcomes making
individual patient statistical calculations limited and prone to Type | error. One recent series
suggested benefit of using citrate over heparin as the anticoagulant during apheresis [17],
possibly due to hemorrhagic side effects of heparin, which needs to be confirmed in other
studies.

In conclusion, apheresis is highly efficacious in rapidly reducing serum TG levels. Due to
uncontrolled nature of data, reporting bias and lack of comparison group, it is difficult to
draw definitive conclusions on the efficacy of apheresis in reducing the severity of AP based
on published literature. We propose patients with HTG-related AP who may be best suitable
for apheresis, type of studies needed and outcome measures that should be included in these
studies to provide empiric data on the role of apheresis in HTG-related AP.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations:

AP acute pancreatitis

APACHE acute physiology and chronic health evaluation
BMI body mass index

CT computed tomography

CTSI computed tomography severity index

DM diabetes mellitus

HTG hypertriglyceridemia

ICU intensive care unit

LDL low density lipoprotein

OF organ failure

SIRS systemic inflammatory response syndrome
TG triglyceride
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Fig. 2. Mortality by study design and presence of severe acute pancreatitis or organ failure.
SAP: severe acute pancreatitis; OF: organ failure; CR: case report; CS: case series.
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Demographic data, baseline lipid abnormalities and secondary factors.

Table 2

Total patients (n = 301)

Information available
N (% of Total)

n (%) or mean + SD
(of whom information available)

Age (years)
Sex
Male
Female
Race
Caucasian
Black
Hispanic
Asian
BMI (kg/m?)
Prior pancreatitis
Yes
No
Baseline lipid

abnormality
(Fredrickson
classification)

|
1
11
\Y
\Y

Other?
Second factor
Diabetes
Alcohol
Pregnancy
Medication

Otherb

269 (89.4)
263 (87.4)

18 (6.0)

44 (14.6)
78 (25.9)

117 (38.9)

149 (49.5)

37.9+104

188 (71.5)
74 (28.1)

7(38.9)
3(16.7)
5(27.8)
3(16.7)
26.6+4.9

55 (70.5)
23 (29.5)

1(0.9)
7 (6.0)
2(17)
23(19.7)
20 (17.1)

64 (54.7)

75 (50.3)
57 (38.3)
18 (12.1)
9 (6.0)
3(2.0)

BMI: body mass index.
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aOther lipid abnormalities described by authors included “dyslipidemia” (n = 61), “familial HTG” (n = 1), type IV or V (n = 1), and peroxisome
proliferator-activated receptor gamma genetic mutation (n = 1).

Authors listed coronary artery disease, amyloidosis, and uremia as contributing factors in one case each.
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Table 3

Apheresis information and adjunctive therapy.

Total patients (n = 301)
Information available n (% of whom information available)
N (% ofTotal)

Fluid replacementa

Plasma
Albumin
Peripheresis
. a
anticoagulant
Citrate

Heparin

Timing (Hours)[7
<24
24-48
48-72
>72

No. sessions
1
2
3
>3

Adjunct therapy
1V Insulin
1V Heparin
Fibrate
Niacin
Statin

Nafamostat
mesilate

175 (58.1)

131 (74.9)
45 (25.7)

173 (57.5)

73 (42.2)
101 (58.4)

117 (38.9)

26 (35.6)
25(34.2)
12 (16.4)
10 (13.7)
231 (76.7)
149 (62.2)
46 (19.9)
18 (7.8)
18 (7.8)
85 (28.2)
35 (41.2)
13 (15.3)
28 (32.9)
4(4.7)
3(3.5)

2(2.4)

1V: intravenous.
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a . . . . . o . . .
The predominant fluid or anticoagulant was recorded. One patient received plasma and albumin in equal proportion and one patient received
anticoagulation with citrate and heparin in equal amounts.

73 patients had individual timing information available. 44 patients from case series were reported as cumulative timing.
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Measures of pancreatitis severity.

Table 5

Total patients (n = 301)

Information available
N (% of Total)

n (% of whom information available)

Setting
ICU
Floor
Both

Severity
classification

APACHE-II
Ranson
CTsI
Balthazar
Glasgow
Japanese
Other/Undefined
Organ failure
Present
Absent
Transient
Persistent
Unknown
Single
Multiple
Unknown
Organs failed
Respiratory
Renal
Cardiovascular

Otherb

Unknown

SAP or organ failure
Yes
No

Overall mortality

Case reports

Case series

145 (48.2)

221 (73.4)

154 (69.7)
89 (40.3)
12 (5.4)
25 (11.3)
10 (4.5)
2(0.9)

8 (3.6)
104 (34.6)

254 (84.4)

294 (97.7)

48 (100.0)
246 (97.2)

141 (97.2)
3(2.2)
1(0.7)

Severe by criteriaa(n =85)
53 (34.4)

48 (53.9)

2(16.7)

21 (96.0)

10 (100.0)

2 (100.0)

7(87.5)

52 (50.0)
52 (50.0)
10 (19.2)
37(71.2)
5(9.6)

22 (42.3)
20 (38.5)
10 (19.2)
51 (98.1)
35 (68.6)
22 (43.1)
16 (31.4)

6 (11.8)
2(3.9)

116 (43.8)
149 (56.2)

2197.1)
2(4.2)
19 (7.7)
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ICU: intensive care unit; APACHE: Acute Physiology and Chronic Health Evaluation; CT: computed tomography; CTSI: computed tomography
severity index; SAP: severe acute pancreatitis.

aSeverity defined by Ranson 23, APACHE 28, CTSI >5, Balthazar grade D-E, Japanese 22, or Glasgow 3.
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Two patients with central nervous system failure, one patient with hepatic, intestinal, and coagulation failure.

cDoes not include three fetal deaths.
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