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Abstract

Background: The perfusion of splanchnic organs is deeply altered in patients with septic shock. The aim of the
study is to identify the predictive factors of septic shock-induced increase of serum lipase and amylase and to
assess and evaluate its prognostic impact.

Methods: We conducted a prospective observational study. All adult patients admitted with septic shock were
eligible for our study. Serum lipase and amylase were measured on admission. Patients with and those without
increased pancreatic enzymes were compared. Predictive factors of pancreatic insult identified by the univariate
analysis were integrated in a stepwise multivariate analysis. Odds ratios (OR) with the 95% confidence interval (CI)
were calculated accordingly. Second, the sensitivity and the specificity of amylase and lipase to predict intensive
care unit (ICU) mortality were identified through the Receiver Operator Curve.

Results: Fifty patients were included. Median [quartiles] age was 68.5 [58–81] years. The APACHE II score was 26
[20–31]. Twenty-three patients (46%) had increased serum amylase and/or serum lipase. Diabetes mellitus (OR = 16;
95% CI [1.7–153.5]; p = 0.016), increased blood urea nitrogen (OR = 1.12; 95% CI [1.02–1.20], p = 0.016), and
decreased C-reactive protein (OR = 0.97; 95% CI [0.96–0.99]; p = 0.027) were identified as independent factors
predicting increased pancreatic enzymes. Twenty patients (40%) died in the ICU. Neither serum amylase level nor
serum lipase level was significantly different between survivors and non-survivors (respectively 49 [27.7–106] versus
85.1 [20.1–165] UI/L; p = 0.7 and 165 [88–316] versus 120 [65.5–592] UI/L; p = 0.952).

Conclusion: Increase of pancreatic enzymes is common in patients with septic shock. Diabetes and impaired renal
function are predictive of increased pancreatic enzymes. Such finding does not carry any negative prognostic value.
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Background
Septic shock is a common cause of admission to the inten-
sive care units (ICUs) [1, 2]. Despite subsequent improve-
ment of management modalities and worldwide awareness
of updated guidelines, it still carries a high mortality
ranging from 30 to 60% [1, 2]. This high mortality is mainly
related to the early onset of multiorgan failure due to
increased demand and decreased supply of oxygen [3, 4].
Several studies have highlighted that renal, hepatic, and

hematological dysfunctions in patients with septic shock
are associated with poor outcome [4–6]. The aim of the
study is to identify the predictive factors of septic shock-
induced increase of serum lipase and amylase and to assess
and evaluate its prognostic impact.

Methods
Study design
We conducted a prospective observational study in
the intensive care unit of King Hamad University
Hospital (KHUH) between 1 October 2015 and 31
May 2016. The study was approved by the ethics
committee of KHUH.
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Patients
All the adult patients admitted with septic shock were
eligible for inclusion in the study. We excluded pa-
tients with previous pancreatic disease, those with
history of alcohol abuse, and those with biliary tract
infections. Septic shock was defined according to the
third international definition for sepsis and septic
shock [7]. Therefore, serum lactate level was checked
on admission and Sequential Organ Failure Assess-
ment (SOFA) score was calculated [8]. The Increase
of pancreatic enzymes was defined by a serum amyl-
ase level higher than 85 UI/L and/or serum lipase
level higher than 286 UI/L. The diagnosis of acute
pancreatitis was considered if two criteria among the
following were met: (1) abdominal pain, (2) increased
serum pancreatic enzymes (higher than threefold the
upper limit of the normal range), (3) imaging findings
suggesting acute pancreatitis [9].

Data collection and protocol of the study
For all the included patients, we recorded demo-
graphic characteristics (age, gender, comorbidities),
cause of admission to the ICU, clinical findings on
admission to the ICU (systolic and diastolic blood
pressure, heart rate), laboratory results on admission
to the ICU (arterial lactate, complete blood cell
count, C-reactive protein, procalcitonin, renal function
tests), and therapeutic interventions during the ICU
stay (mechanical ventilation, vasopressors, antibiotics,
nutritional support, and continuous renal replacement
therapy). The source of sepsis and the identified mi-
croorganisms were also recorded. The severity on ad-
mission was assessed by calculating the Acute
Physiology and Chronic Health Evaluation II (APA-
CHE (II)) score [10].
Pancreatic enzymes (serum amylase and lipase) were

checked on admission. Patients with increased pancre-
atic enzymes underwent either abdominal ultrasound or
contrast-enhanced abdominal computed tomography.
We also recorded the duration of mechanical venti-

lation, the length of ICU stay, and the outcome
(death/survival).

Statistics
Data were expressed as percentages for the qualitative
variables and means ± standard deviation (SD) or me-
dian [quartiles] as appropriate for the quantitative
variables. Two groups were compared: those with
increased pancreatic enzymes (increased pancreatic
enzymes (+)) and those with normal pancreatic en-
zymes levels (increased pancreatic enzymes (−)). The
normal distribution of the quantitative variables was
checked by Shapiro-Wilk test. The qualitative vari-
ables were compared by using the chi-square test or

Fisher’s exact test as appropriate. The quantitative
variables were compared by using t test or Mann-
Whitney test as appropriate. All the factors identified
by the univariate analysis as statistically associated to
the increase of pancreatic enzymes were integrated in
a stepwise multivariate analysis. Odds ratios (OR)
were therefore calculated with the corresponding 95%
confidence interval (95% CI)
Second, the sensitivity and the specificity of pancreatic

enzymes in predicting ICU mortality were assessed by
constructing the Receiver Operator Curves (ROC). The
area under curve was calculated for each parameter with
the respective 95% confidence interval.

Results
Baseline characteristics
Fifty patients were included in the study. Median [quar-
tiles] age was 68.5 [58–81] years. Sex ratio (M/F) was
1.2. The APACHE (II) score calculated within the first
24 h was 26 [20–31]. Median SOFA score on admission
was 7 [6–10]. Thirty patients (60%) were diabetic, and
32 patients (64%) have previous history of hypertension.
On admission to the intensive care unit (ICU), median
systolic blood pressure was 88.5 [77–106] mmHg and
median diastolic blood pressure was 50 [40–60] mmHg.
Median heart rate was 102 [76–120] beats per minute.
The source of sepsis was pneumonia in 20 patients (40%),
urinary tract infection in 11 patients (22%), soft tissue
infection in 9 patients (18%), and abdominal infection in
10 patients (20%). Cultures were positive in 24 patients
(48%). The identified microorganisms were gram-positive
cocci in 5 patients (10%) and gram-negative bacilli in
19 patients (38%).

Pancreatic function
Twenty-three patients (46%) had increased serum amyl-
ase and/or serum lipase. Median serum amylase level
was 61 [24—139] UI/L. Nineteen patients (38%) had
increased serum amylase, and 7 patients (14%) had a
serum level higher than 3 times the upper limit. Median
serum lipase level was 147 [77–316] UI/L. Thirteen
patients (26%) had increased serum lipase level, and 5
patients (10%) had a level higher than 3 times the upper
limit. All patients with increased pancreatic enzymes
underwent imaging tests. Abdominal computed tomog-
raphy was performed for 6 patients (12%) whereas ab-
dominal ultrasound was performed for 17 patients
(34%). Only one patient (2%) was diagnosed as acute
pancreatitis Balthazar B whereas all the other patients
had unremarkable imaging investigations.

Management
All our patients required vasopressor support on admis-
sion to the ICU. Median norepinephrine dose was 0.4
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[0.1–1.5] microgram/kg/min. Median duration of norepin-
ephrine infusion was 3 [2–5] days. Mechanical ventilation
was started on admission to the ICU in 32 patients
(64%). Median duration of mechanical ventilation was
5 [2–14] days. All of our patients were started on
enteral feeding within the first 24 h of admission and
none of them received parenteral nutrition. Continu-
ous renal replacement therapy was required for 24
patients (48%) and was started within 2 [1–3] days
after admission.

Predictive factors of sepsis-induced increase of pancreatic
enzymes
Univariate analysis showed that the incidence of diabetes
mellitus as a morbidity was significantly higher in in-
creased pancreatic enzymes (+) group (78.3 versus 44.4%;
p = 0.015). The APACHE (II) score was also significantly
higher in this group of patients (Table 1). The analysis of
the biological findings on admission showed that patients
with increased pancreatic enzymes had significant increase
in renal function tests and lower serum C-reactive protein
level (Table 2).
In multivariate analysis, independent factors predicting

sepsis-induced increase of pancreatic enzymes were
diabetes mellitus (OR = 16; 95% CI [1.7–153.5]; p =
0.016), increased blood urea nitrogen (OR = 1.12; 95% CI
[1.02–1.20]; p = 0.016), and decreased C-reactive protein
(OR = 0.97; 95% CI [0.96–0.99]; p = 0.027) (Table 3).

Outcome and prognostic factors
Twenty patients (40%) died in the ICU. Median ICU
length of stay was 6 [3–12] days. There was no statis-
tically significant difference between survivors and
non-survivors regarding the baseline characteristics
except for the APACHE (II) score which was signifi-
cantly higher in non-survivors group (Table 4). More-
over, the rate of patients requiring mechanical
ventilation support and/or renal replacement therapy
was significantly higher in the non-survivors group
(Table 5). Laboratory findings were comparable be-
tween the two studied groups. Neither serum amylase
level nor serum lipase level was significantly different
between survivors and non-survivors (respectively 49
[27.7–106] versus 85.1 [20.1–165] UI/L; p = 0.7 and
165 [88–316] versus 120 [65.5–592] UI/L; p = 0.952).
Both pancreatic enzymes had poor value to predict
ICU mortality (Fig. 1).

Discussion
Our study shows that the increase of pancreatic en-
zymes is common in patients with septic shock. In
fact, 46% of the included patients had increased
serum amylase and/or lipase. Previous studies have
reported that the incidence of exocrine pancreatic
dysfunction in critically ill patients ranges between
14 and 80% [6, 11, 12]. This wide range is due to
the underlying diseases as the highest levels were

Table 1 Comparison of the baseline characteristics between patients with and those without increased pancreatic enzymes

Parameters Increased pancreatic enzymes (+)
(N = 23)

Increased pancreatic enzymes (−)
(N = 27)

p

Age (years [quartiles]) 71 [60–82] 67 [57–79] 0.190

Gender (M/F) 13/10 14/13 0.714

Hypertension (N/%) 17/73.9 15/55.6 0.178

Diabetes mellitus (N/%) 18/78.3 12/44.4 0.015

APACHE (II) ([quartiles]) 28 [25–33] 24 [19–29] 0.032

SOFA score ([quartiles]) 9 [6–12.3] 6 [5–9] 0.100

APACHE (II) Acute Physiology and Chronic Health Evaluation II, SOFA Sequential Organ Failure Assessment

Table 2 Comparison of the laboratory findings on admission between patients with and those without increased pancreatic enzymes

Parameters Increased pancreatic enzymes (+)
(N = 23)

Increased pancreatic enzymes (−)
(N = 27)

p

Amylase (UI [quartiles]) 153 [97.2–445] 26 [16.6–44.7] 0.029

Lipase (UI [quartiles]) 337 [146–744] 101 [68.5–166.3] 0.027

Lactate (mmol/L [quartiles]) 3.9 [2.5–5.3] 3.4 [2–4.1] 0.228

CRP (mg/L [quartiles]) 114.5 [55.5–196.8] 217 [120.5–281] 0.017

Procalcitonin (ng/mL [quartiles]) 38.8 [2.2–97.6] 5.1 [1.8–46.6] 0.575

BUN (mmol/L [quartiles]) 16.9 [9–33] 11.1 [5.4–17.4] 0.038

Creatinine (μmol/L [quartiles]) 204 [131.3–331.8] 146 [84–209] 0.038

CRP C-reactive protein, BUN blood urea nitrogen
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recorded in surgical and trauma patients [13, 14].
However, epidemiological data regarding pancreatic
dysfunction in patients with septic shock are lacking.
The increase of pancreatic enzymes in critically ill

patients is mainly due to ischemic insults induced by
prolonged hypotension [11, 15]. In fact, experimental
studies have shown that the pancreas is extremely sensi-
tive to hypoxia and that peripheral lobule necrosis can
occur within 40 min of hypotension [16].
Other factors such as the activation of the coagula-

tion cascade, cellular apoptosis, oxidative stress, and
disturbed lipid profile have been reported as possible
causes of sepsis-related increase of pancreatic en-
zymes [6]. Therefore, the involvement of these factors
in the physiopathology of pancreatic insult may ex-
plain the occurrence of this complication in patients
without significant hemodynamic compromise [6, 17].
Our study also showed that the impairment of renal
function was significantly associated with sepsis-
related increase of pancreatic enzymes. Previous
studies have reported that acute kidney injury is a
common complication of acute pancreatitis [18, 19].
Hypertriglyceridemia has been reported as a major
factor responsible of acute kidney injury [18, 19].

Second, our study showed that independent factors
predicting sepsis-related increase of pancreatic enzymes
are diabetes mellitus and acute kidney injury. Previ-
ous studies have reported that patients with type 2
diabetes mellitus have two- to threefold higher risk
of acute pancreatitis [20–23]. This higher risk has
been confirmed even after adjusting for confounding
factors such as alcohol abuse and obesity [21, 22].
The underlying mechanisms are still not fully eluci-
dated but may involve disturbed lipid metabolism or
drug toxicity [23]. Our study also showed that increased
renal function tests were significantly associated with in-
creased pancreatic enzymes. Previous studies showed that
acute kidney injury is common in patients with acute pan-
creatitis [18, 19]. Hypertriglyceridemia has been reported
as a major cause of renal dysfunction in this group of
patients [18, 19].
The multivariate analysis also revealed that de-

creased C-reactive protein independently predicts in-
creased pancreatic enzymes. Available data assessing
the usefulness of this biomarker in predicting pancre-
atic necrosis are scarce. However, a systematic review
showed that C-reactive protein, as well as procalcito-
nin and lactate deshydrogenase, is not reliable to
predict pancreatic injury [24]. Further studies are re-
quired to confirm the correlation between decreased
CRP and increased pancreatic enzymes and to investi-
gate the underlying mechanisms that might explain
this relationship.
Whether the increase of pancreatic enzymes carries

per se a negative prognostic value or not is still a
matter of debate. Manjuck et al. [12] reported that
the level of pancreatic enzymes was not correlated
to the mortality. However, the ICU length of stay
and the duration of mechanical ventilation were
significantly higher in patients with increased pan-
creatic enzymes. Similarly, Subramanian et al. [14]

Table 3 Multivariate analysis of factors predicting sepsis-related
increase of pancreatic enzymes

Factors OR p 95% CI

Min Max

APACHE (II) 1.10 0.182 0.90 1.20

Diabetes mellitus 16 0.016 1.70 153.50

C-reactive protein 0.97 0.027 0.96 0.99

Blood urea nitrogen 1.12 0.016 1.02 1.20

Creatinine 1 0.929 0.99 1.10

APACHE (II) Acute Physiology and Chronic Health Evaluation II

Table 4 Comparison of baseline characteristics between survivors and non-survivors

Parameters Survivors
(N = 30)

Non-survivors
(N = 20)

p

Age (years [quartiles]) 66.5 [56.8–79.8] 70.5 [61.8–81] 0.220

Gender (M/F) 16/14 11/9 0.910

Diabetes mellitus (N/%) 17/56.7 13/65 0.556

Hypertension (N/%) 18/60 14/70 0.470

APACHE (II) ([quartiles]) 21 [16.8–29] 29.5 [27–33.5] <0.001

Leucocytes (mm3 [quartiles]) 11,820 [8740–17,375] 19,380 [8805–26,125] 0.060

Hemoglobin (g/dL [quartiles]) 10.6 [8.6–12.5] 10.4 [8.4–12.2] 0.400

Platelets count (g/L [quartiles]) 233.5 [163.3–376.8] 279 [158.3–435] 0.318

CRP (mg/L [quartiles]) 146 [79.9–271] 174 [129–226.5] 0.795

Lactate (mmol/L [quartiles]) 3.7 [2.5–5.1] 3.2 [2.2–4.1] 0.707

APACHE (II) Acute Physiology and Chronic Health Evaluation II, CRP C-reactive protein
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reported that the level of serum lipase was positively
correlated with the incidence of organ failure in crit-
ically ill trauma patients. In patients with septic
shock, Pizzelli et al. [15] reported that all the 21 in-
cluded patients had increased pancreatic enzymes
but none of them had clinical or radiological abnor-
malities suggesting acute pancreatitis. Our results
corroborate these findings as only one of our pa-
tients had confirmed acute pancreatitis.
To the best of our knowledge, our study is the

first to identify the predictive factor of sepsis-
induced increase of pancreatic enzymes and to assess
its prognostic value. However, several limitations
should be mentioned. First, our study has a small
sample size. Second, the involvement of the renal
impairment in the rise of pancreatic enzymes needs
to be investigated. In fact, the increase of amylase
and lipase in patients with acute kidney injury might
be related to a delayed clearance of these enzymes.

In this regard, Seno et al. [25] compared in an ob-
servational study the serum level of 6 pancreatic
markers between 2 groups: 47 patients with impaired
renal function and 24 healthy individuals. The au-
thors reported that the serum levels of total amylase,
pancreatic isoamylase (p-amylase), lipase, phospho-
lipase A2, and elastase I were at least within 2.5-fold
the upper limits of the normal ranges in patients
with renal impairment The level was even higher
(within 4.8-fold the upper limit) for trypsin(ogen).
Finally, the diagnosis of acute pancreatitis was based
on the levels of serum amylase and lipase. It has
been shown that lipase is more specific than amylase
for accurate diagnosis of acute pancreatitis [9].
Moreover, the alpha amylase fraction is more specific
of pancreatic injury than total amylase. Yet only
total amylase was measured in our study [9].

Conclusion
The increase of pancreatic enzymes is common in pa-
tients with septic shock. Diabetes mellitus, increased
urea, and low C-reactive protein independently predict
raise in pancreatic enzyme. Our results suggest that
such finding is not associated with worse outcome and
therefore should not trigger any specific therapeutic
intervention. Further studies are required to confirm
our conclusions.
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Table 5 Comparison of the therapeutic management between survivors and non-survivors

Parameters Survivors
(N = 30)

Non-survivors
(N = 20)

p

MV (N/%) 12/40 20/100 <0.001

Duration of MV (days [quartiles]) 6 [2.3–18.8] 3.5 [2–12.5] 0.344

CRRT (N/%) 10/33.3 14/70 0.011

NE (N/%) 30/100 20/100 1

NE dose (mcg/kg/min [quartiles]) 0.2 [0.09–0.42] 2 [0.7–2] <0.001

MV mechanical ventilation, CRRT continuous renal replacement therapy, NE norepinephrine

Fig. 1 ROC for sensitivity and specificity of serum amylase and serum
lipase to predict ICU mortality. AUC for serum amylase 0.52 95% CI
[0.35–0.7]. AUC for serum lipase 0.57 95% CI [0.40–0.74]. ROC Receiver
Operator Curve, AUC area under curve, CI confidence interval
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