
© 2022 Indian Journal of Endocrinology and Metabolism | Published by Wolters Kluwer - Medknow 459

Abstract

Original Article

IntRoductIon

Hypertriglyceridemia (HTG) accounts for approximately 1 
to 14% of all cases of acute pancreatitis (AP) and is the third 
most common etiology for AP after alcohol and gallstones.[1‑5] 
Typically, triglyceride (TG) levels >1,000 mg/dL are thought 
to precipitate AP with a risk of around 5% that increases to 10–
20% when TG levels exceed 2,000 mg/dL.[6] There is a regional 
variation in the occurrence of HTGAP and its prevalence seems 
to be increasing given the change in dietary habits, sedentary 
lifestyle, alcohol consumption, obesity, and diabetes mellitus.[3] 
There are no accepted guidelines for treatment of HTGAP, and 
the effectiveness of various interventions such as insulin and/or 
heparin infusion and plasmapheresis has been reported mostly 
in small case series and case reports.[6] Hence, this prospective 
study was undertaken at our tertiary referral center to assess 
the epidemiology, clinical features, and outcomes of HTGAP 
in comparison to non‑HTGAP.

MAteRIAls And Methods

In this prospective study, we enrolled consecutive patients 
diagnosed with acute pancreatitis (AP) who presented to 
the Emergency Department within 48 h of symptom onset. 
The study period extended from January 2017 to August 
2021. The diagnostic criteria of acute pancreatitis (AP) were 
in accordance with the 2012 revised Atlanta classification, 
and hypertriglyceridemia (HTG) as a cause of pancreatitis 
when fasting serum TG level of ≥1,000 mg/dL.[7,8] Serum TG 
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levels were measured as close to the onset of pain or hospital 
presentation as possible as serum TG levels can rapidly 
decrease with fasting. The clinical features and outcome 
of HTGAP were compared to patients with non‑HTGAP. 
Patients who met at least two out of four criteria for systemic 
inflammatory response syndrome (SIRS) during their 
hospitalization were defined as SIRS positive.[9] CT severity 
index score (CTSI) and Bedside Index for Severity in Acute 
Pancreatitis (BISAP score which includes 1 point each for 
Blood urea nitrogen >25 mg/dL, Impaired mental status, SIRS, 
Age >60 years, and Pleural effusion) was calculated for all 
patients. The exclusion criteria was patients presenting after 
48 h of pain onset.

All patients were treated according to standard guidelines for 
the management of AP which included intravenous rehydration 
therapy, pain control, correction of electrolyte disorders if 
any, and organ function support after admission.[10] In patients 
with “worrisome features” such as uncontrolled blood sugars 
with diabetic ketoacidosis, severe lactic acidosis, presence of 
two or more signs of SIRS, worsening organ failure, and in 
those patients with persistently high TG levels after 48 h of 
conservative management were treated with insulin infusion, 
at a rate of 0.1 U/kg/h until TG target level of ≤500 mg/dL was 
achieved, while monitoring for hypoglycemia. Plasmapheresis 
was utilized in whom insulin infusion could not be used due 
to frequent hypoglycemia. Clinical data during hospitalization 
were collected including demographic and laboratory data, 
disease severity, organ failure, length of hospital stay, and 
outcome following treatment. The primary therapeutic goal 
was reduction in the serum TGs levels to ≤500 mg/dL. The 
study was approved by the Institutional Ethical Committee.

Statistical analysis
The categorical variables were expressed as number with 
percentages and continuous variables as mean, median, and 
standard deviation. The categorical data were compared using 
Fisher’s exact test and the continuous variables were compared 
using the Student’s t‑test and Mann–Whitney test. A P value 
of <0.05 was considered significant.

Results

A total of 550 patients with AP due to various causes were 
admitted during the study period, of which HTGAP accounted 
for 21 patients (3.8%). The mean (±standard deviation) age 
of patients with HTGAP was 34.33 (±7.68) years with a male 
preponderance (M: F = 14:7). The baseline characteristics 
and laboratory findings of patients with HTGAP are as shown 
in Table 1. Diabetes mellitus was seen in 11 of 21 (52%) 
patients. The mean TG levels in patients with HTGAP was 
3,718.9 mg/dL; however, there were 16 patients who had serum 
TG level between 500 to 1,000 mg/dL who had alcohol as a 
concurrent cause for pancreatitis. Overall, 14 patients with 
“worrisome clinical features” at admission and four patients 
who had no remarkable decline in their TG levels from 
admission levels after 48 h of conservative management were 

treated with insulin infusion therapy. Target level of serum 
TG ≤500 mg/dL was achieved with insulin infusion at a mean 
of 4.2 days [Figure 1]. Recurrent hypoglycemia was observed 
in three patients during insulin infusion therapy including one 
pregnant lady who underwent in plasmapheresis. In the other 
two patients with hypoglycemia, insulin infusion was reduced 
to 0.05 U/kg/h along with dextrose therapy.

The baseline characteristics and outcome of patients with 
HTGAP in comparison to non‑ HTGAP are as shown Table 2. 
Patients with HTGAP were 12 years younger in comparison to 
non‑HTGAP (34 vs. 46) and had a higher BMI (29 vs. 25). The 

Table 1: Clinical characteristics of patients with 
hypertriglyceridemia‑induced acute pancreatitis

Clinical Parameter Number
Total Number of patients n=21
Male to female ratio 14:7
Mean age±Standard deviation/
range (years)

34.33 (± 5.12), range 27 
to 60 years

Comorbidities
Diabetes mellitus 11
Hypertension 4
Hypothyroidism 2

Alcohol (social drinking only) 6
Body Mass Index

Normal (18.5‑24.9) 3
Overweight (25‑29.9) 11
Obese (30.0 and above) 7

Mean (± SD) triglycerides level at 
admission

3,718.9±2,710.83
(range 1,094 to 11,991)

Elevated amylase level to at least 3 times 
normal

12 (57.14%)

Elevated lipase level to at least 3 times 
normal

18 (85.7%)

Duration (in days) for triglycerides to fall 
<500 mg/dL (mean±SD)

5.9±3.315 days 
(range 3 to 18 days)

Average duration of hospitalization (days) 12.9 (range 3 to 60 days)
CT severity index score

0‑3 0
4‑6 6
7‑10 15

Complications
Local n=13
Walled off pancreatic necrosis 6
Acute necrotic collection 2
Acute pancreatic fluid collection 5
Vascular n=6
Portal vein thrombosis 2
Splenic vein thrombosis
Combined portal and splenic vein 
thrombosis
Mesenteric vein thrombosis

2
1

1
BISAP score

≤2 5
≥3 16

In‑hospital mortality Nil
Occurrence of recurrent pancreatitis 2 (13.3%)
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clinical and radiologic severity index scores (BISAP and CTSI) 
of pancreatitis were significantly higher in patients with HTGAP 
and these patients required prolonged hospitalization (12 days 
vs. 6.5 days) in comparison to non‑HTGAP. The comparison 
of patients with HTGAP and non‑HTGAP according to 
different age groups [Table 3] revealed that patients with 
HTGAP had higher BMI, higher CTSI, and required prolonged 
hospitalization. All patients of HTGAP improved with therapy. 
Recurrent AP secondary to noncompliance with dietary 
restrictions and/or medications was observed in 2 patients, 
who presented with a serum TG >1,000 mg/dL during their 
subsequent admissions for recurrent AP.

dIscussIon

Our prospective observational study demonstrates that HTGAP 
accounts for 3.8% (21/550) of all cases of acute pancreatitis. 
HTGAP is seen a decade earlier in comparison to patients 
with non‑HTGAP and had higher body mass index (BMI). 
Two‑thirds of patients with HTGAP had severe pancreatitis 
and required prolonged hospitalization (12 days vs. 6.5 days). 
Despite developing severe pancreatitis, there was no increased 
mortality among patients with HTGAP.

Although HTG has been regarded as the third most common 
cause of AP after gallstones and alcohol, the exact incidence 
of HTGAP is not known and various studies have estimated 
HTG as the causative factor in up to 1‑14% of all cases of 
AP and may account for up to 56% of all cases of gestational 
pancreatitis with significant regional variations.[2,4,11] The 
wide variation in the prevalence of HTGAP is probably 
due to the use of lower cut‑off TG levels for defining of 
HTGAP (>500 mg/dl) in some studies and also due to 
geographical variation of the metabolic risk factors.[12] The 
proposed mechanism of HTGAP is due to hydrolysis of TGs 
by pancreatic lipase with subsequent release of free fatty acids 
which provoke inflammatory changes and free radical injury 
in the pancreas. Elevated TG‑rich chylomicrons increase the 
blood viscosity which impairs pancreatic capillary blood flow 
resulting in ischemia. The risk of developing AP increases 

Table 2: Comparison of baseline characteristics and outcomes of patients with HTGAP and non‑HTGAP

Parameter HTG‑AP Non‑HTGAP P
Total cases 21 529
Age (Mean±Standard deviation) years 34.3±5.12 46.27±19.68 0.005
Sex

Male
Female

14
7

415
114

NA* 
NA

Body mass index 29.22±4.194 25.6927±5.22 0.004
Comorbidities

Diabetes mellitus
Hypertension
Hypothyroidism

11
4
2

86
61
11

NA 
NA 
NA

Social habits
Smoking
Alcohol

4
6 (social drinking only)

137
140

NA 
NA

Pancreatic enzyme elevation (IU/L)
Amylase
Lipase

514±484.603
2,992.555±2,939.587

1,017.4788±1,433.7647
7,142.4840±7,982.0671

0.1372
0.0279

HDL cholesterol level (mg/dL) on admission 15.0555±6.0631 34.223±18.554 <0.0001
Mean (±standard deviation) triglyceride levels on admission 3,718.9±2,710.83 150.826±107.85 <0.0001
BISAP score 2.647±0.861 2.067±1.199 0.0051
CTSI score 7.555±2.4307 4.8070±3.2707 0.0004
Electrolyte levels (mean±standard deviation)

Sodium (mEq/L)
Calcium (mg/dL)

123.611±6.408
7.905±1.174

126.122±7.803
8.269±1.061

0.1753
0.1505

Vascular complications 5 32 NA
Duration of hospital stay (days) 12.9±14.9 6.5±7.6 0.0006
Mortality 0 11.5% (61/529)
*Not Applicable

Figure 1: Graph showing the mean reduction in serum triglyceride levels 
after initiating insulin infusion
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with each incremental increase in levels of triglyceride above 
1,000 mg/dl. In our study, mean TG level of 3,718 mg/dL 
was observed among cohort of patient with HTGAP. In our 
study, it was observed that HTGAP occurred in younger age 
group (mean, 34 years) as compared to the patients with 
non‑HTGAP (mean, 46 years) pancreatitis. Similar finding was 
observed in prospective study by Nawaz H et al.,[13] in cohort of 
400 consecutive patients with acute pancreatitis the mean age 
of patients with HTGAP was 44 years as compared to 52 years 
in patients with non‑ HTGAP. Patients with HTGAP were 
predominantly male, and had significantly higher BMI (mean, 
29.22) as compared to patients with non‑HTGAP (mean, 25.27) 
possibly due higher prevalence of hypertriglyceridemia in 
patients with higher BMI which concur with other studies.[14‑16]

Although the initial presentation of HTGAP is similar to 
that of AP due to other causes, some studies have shown an 
association with severe pancreatitis than those with other causes 
of pancreatitis.[5,14,17,18] An association between the degree of TG 
elevation and the severity of AP has also been reported.[5,13,17,19] In 
our study, 82.35% (n = 14) showed a CTSI score of 7–10 with CT 
demonstrating acute pancreatic necrosis with peripancreatic fluid 
collections and pleural effusions. Six of these patients also had 
vascular thrombosis; while three had splenic vein thrombosis, 
two had main portal vein thrombosis, one had a combined 
splenic vein thrombosis and partial thrombosis of main portal 
vein, and one patient with mesenteric vein thrombosis. We did 
not find any association between the degree of TG elevation and 
the severity of AP in our study group.

Severe hypertriglyceridemia may cause the serum to appear 
milky [Figure 2]. Although this may be a useful diagnostic sign, 

it can interfere with routine laboratory measurements of sodium 
and amylase resulting in pseudo‑hyponatremia and a falsely 
normal amylase level. Hence, elevation in serum amylase and 
lipase to >three times the upper limit of normal is seen in only 
54% and 67% of HTGAP patients respectively.[2,20‑22] In our 
study, the amylase level was elevated (>3 times upper limit 
of normal) in only 12 (57.14%) while 18 (85.7%) patients 
had elevated lipase level. Initial management of a patient 
with AP consists of supportive care with fluid resuscitation, 
pain control, restricting oral intake, and nutritional support 
with additional specific therapies tailored to lower serum 

Table 3: Comparison between HTGAP and non‑HTGsAP cohort across different age groups

Variable Age Group 
(years)

HTG AP Non‑HTP AP P

Number of patients Mean (SD) Number of patients Mean (SD)
BMI 18‑30 4 30.67 (2.2) 182 24.39 (5.2) 0.0171

31‑40 10 32.36 (3.66) 160 25.22 (5.09) 0.0001
41‑50 6 28.57 (2.42) 82 24.92 (4.5) 0.052
51‑60 1 27 91 27.13 NA
>60 0 ‑ 14 27.63 NA

CTSI 18‑30 4 8 (2.4) 182 4.38 (3.27) 0.029
31‑40 10 8 (1.97) 160 5.27 (3.1) 0.006
41‑50 6 8.29 (1.63) 82 4.51 (3.3) 0.006
51‑60 1 6 91 5.25 NA
>60 0 ‑ 14 4.83 NA

Triglyceride level (mg/dL) 18‑30 4 2,808.75 (1,917.43) 182 127.33 (102.66) <0.0001
31‑40 10 3,392.1 (3,180.80) 160 215.10 (107.85) <0.0001
41‑50 6 4,513 (2,961.23) 82 423.57 (118.6) <0.0001
51‑60 1 2,634 91 234.46 NA
>60 0 ‑ 14 154.14 NA

Duration of Hospitalization (days) 18‑30 4 12.67 (1.6) 182 5.48 (6.6) 0.03
31‑40 10 13 (11.54) 160 6.42 (6.6) 0.004
41‑50 6 15.29 (3.01) 82 6.75 (5.8) 0.0006
51‑60 1 10 91 6.48 NA
>60 0 ‑ 14 6.27 NA

Figure 2: Lactescent serum (right test tube) characteristic of patients with 
triglycerides >1,000 mg/dL. The appearance of a lactescent (“creamy or 
milky”) layer floating on top of the serum is due to increased chylomicron 
particles present in the serum sample. The left test tube shows blood 
sample from a normal individual
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TG levels. There are currently no established guidelines 
or randomized control trials for the treatment of HTGAP, 
although anecdotal evidence suggests that insulin infusion 
alone or in combination with heparin is an effective therapy 
for severe HTGAP. Apart from enhancing lipoprotein lipase 
activity, insulin also inhibits hormone‑sensitive lipase in 
adipocytes, the key enzyme for breaking down adipocyte TG 
and releasing free fatty acids (FFA) into the circulation.[23,24] 
The use of plasmapheresis is limited to selective patients 
with severe HTGAP given concerns regarding its cost, 
availability, and efficacy.[25] A randomized control study has 
shown that plasmapheresis can lower TG levels more rapidly 
and efficiently than heparin plus insulin therapy; however, it 
was not found to be superior in terms of clinical outcomes and 
costs.[26] We initiated insulin infusion as early as possible in 
patients with “worrisome clinical features” such as severe lactic 
acidosis, uncontrolled sugars, two or more symptoms of SIRS, 
signs of worsening organ failure (n = 14). In the remainder of 
the patients (n = 7), without “worrisome features,” we opted 
for watchful waiting and conservative management. However, 
in four of these seven patients, there was no remarkable 
decline in their TG levels from admission levels, hence we 
initiated insulin infusion. In our study cohort, plasmapheresis 
was used in a pregnant lady who had recurrent hypoglycemia 
due to insulin infusion. The target levels of triglyceride levels 
of ≤500 mg/dL was achieved in mean 4.2 days which is in 
concordance with other studies.[27] Various case series and case 
reports have documented successful treatment of HTGAP using 
a combination of heparin and insulin infusion.[28,29] However, 
given the controversial role of heparin (transient reduction of 
TG levels, depletion of plasma stores resulting in lipoprotein 
lipase deficiency, potential lipotoxicity from FFA, and an 
increased risk of bleeding), we refrained from using heparin 
in our study.[30]

Once triglyceride levels were <500 mg/dL, patients with 
HTGAP require long‑term therapy to prevent recurrent 
pancreatitis and to prevent other complications of HTG. 
This consists of both pharmacologic therapy (e.g., oral 
fenofibrates) and dietary modification (e.g., fat‑ and simple 
sugar‑restricted diet). Other non‑pharmacologic interventions 
include weight loss in obese patients, aerobic exercises, 
avoidance of concentrated sugars and medications that raise 
serum TG levels, and strict glycemic control in diabetics. All 
our patients on discharge were initiated on oral fenofibrate 
and omega‑3 fatty acids and advised on lifestyle and dietary 
changes; however, two patients who were noncompliant with 
the above instructions had recurrent AP.

Among the HTGAP cohort, despite 14 out of 21 (82.35%) 
patient developing severe pancreatitis, all patient survived with 
conservative supportive care and insulin therapy. Whereas, in 
the non‑HTGAP cohort, 61 out of 529 patients (11.5%) died. 
Although the exact reason for this is not clear, it could be 
related to early identification and institution of TG lowering 
therapy in the form of insulin infusion. However, larger studies 
are required to ascertain the same.

Strengths of our study include a prospective enrollment of one 
of the largest series of 21 patients with HTGAP, uniformity of 
therapy with insulin, and a rigorous follow‑up for recurrence 
of AP. Limitations of the study are the single center study 
design and noncomparison of other treatment modalities such 
as heparin and/or plasmapheresis.

conclusIon

HTGAP patients in comparison to those with non‑HTGAP 
pancreatitis tend to be younger with higher BMI. Significantly 
a greater number of HTGAP patients develop severe 
pancreatitis requiring prolonged hospitalization as compared 
to non‑HTGAP. HTGAP is the third most common cause of 
AP and is often associated with normal or minimally elevated 
serum amylase and lipase levels. Asymptomatic hyponatremia 
and hypocalcemia tend to be common in patients with HTGAP. 
Aside from supportive treatment, our experience suggests 
that insulin infusion alone is helpful in reducing TG levels 
in all these patients. Plasmapheresis may be useful in a small 
subset of patients who experience hypoglycemia or in whom 
rapid reduction in TG levels is required. Diet and lifestyle 
changes, weight reduction, strict control of diabetes along with 
lipid‑lowering medications is critical in preventing recurrence 
of AP in these patients.
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