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How to manage: patient with a low

faecal elastase

Kwan Wai Lam, John Leeds

INTRODUCTION

Pancreatic exocrine insufficiency (PEI) is
underdiagnosed; however, the use of the
faecal elastase-1 (Fel-1) test is common
and recommended in the investigation of
gastrointestinal symptoms. The Fel-1 test
has been validated against a number of
other tests of exocrine pancreatic function
but often in very specific circumstances. If
used routinely in gastrointestinal practice,
an abnormal result will frequently occur
but this cannot be assumed to mean that
the patient has PEIL. This finding should
prompt the clinician to arrange further
investigations to identify whether there is
evidence of primary PEI, secondary PEI or
whether there is another reason why the
Fel-1 level is low. This review will provide
an overview of Fel-1 testing, propose rele-
vant investigations and discuss the poten-
tial pitfalls around management.

FEL-1 OVERVIEW

Fel-1 is the most commonly utilised test in
the UK for assessing exocrine pancreatic
function and is recommended for inves-
tigation of chronic diarrhoea.! ? Fel-1
is a proteolytic enzyme secreted by the
exocrine pancreas and accounts for about
6% of total enzyme output.’ Elastase-1
binds to bile salts and minimally degraded
during passage through the gastroin-
testinal tract and is chemically stable in
faeces for up to a week at room temper-
ature.* Compared with direct tests, Fel-1
is simple to perform, non-invasive and
more cost-effective.” Multiple studies
have shown good correlations between
Fel-1 level and pancreatic enzyme output
including amylase, trypsin and lipase.*™
Fel-1 has been compared with other indi-
rect tests and is superior to faecal chymo-
trypsin,” * ¢ faecal lipase,” the 13C mixed
triglyceride breath test® and the pancreo-
lauryl test.”

Most laboratories report an abnormal
level as <200 pg/g stool; however, there
are a number of caveats and pitfalls
concerning a single sample and therefore
a low level does not always indicate PEIL
Borderline results (200-250 pg/g) should
be considered for retesting and further
investigations initiated. Fel-1 values
should be interpreted with caution when
the specimen is watery as dilution can
result in false-positive results. This limita-
tion can be addressed by lyophilisation
of the stool sample or centrifugation to
reduce the water content. "’

A recent review showed that Fel-1
has a good negative predictive value,
meaning a value >200 largely excludes
a pancreatic cause for symptoms.'’ This
is not universal as there are patients
with chronic pancreatitis with adequate
remaining parenchymal cell volume
and are exocrine sufficient. Follow-up
for relevant symptoms and repeat Fel-1
testing is important in these individuals.
It must be remembered that Fel-1 is a
test for PEI, which is not interchangeable
with chronic pancreatitis. A recent study
showed a high prevalence of abnormal
Fel-1 levels in all patients referred to
secondary care gastroenterology clinics
(13.1% <200 pg/g stool).'? In those with
a low Fel-1, only one-third had abnormal
pancreatic imaging although the majority
showed a response to open-labelled
pancreatic enzyme replacement therapy
(PERT)."

A low Fel-1 may indicate that the cause
of symptoms may be due to a pancre-
atic cause and should prompt further
investigations to identify this rather than
only treat with PERT. Box 1 shows the
causes of a low Fel-1 and figure 1 shows
the mechanisms of a low Fel-1. Making
a diagnosis of PEI requires more than a
single abnormal Fel-1 level and includes
assessment of the patients’ symptoms,
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Box 1 Causes of a low faecal elastase-1
Abnormal pancreatic imaging:

» Chronic pancreatitis (aetiology defined as per the
TIGARO criteria)®®

Pancreatic tumours including cystic disease

Pancreatic resection

Pancreatic atrophy

Acute pancreatitis

Congenital absence (often associated with absence of
left kidney) or malformation (eg, annular pancreas)
Genetic causes, for example, cystic fibrosis, Shwachman-
Diamond syndrome

VVYYVYY

v

Normal pancreatic imaging:
Spurious result—watery diarrhoea
Coeliac disease

Diabetes mellitus

Bile acid diarrhoea

Irritable bowel syndrome
Inflammatory bowel disease
Small bowel bacterial overgrowth
HIV infection and antiviral drugs
Rheumatological disorders
Chronic kidney disease

Use of orlistat

VVVVVYVYVVYVYVYYVYY

nutritional status, risk factors for pancreatic disease,
endocrine function and structural imaging.

INITIAL PATIENT ASSESSMENT (SYMPTOMS, RISK
FACTORS AND NUTRITIONAL STATUS)

Diagnosing PEI is clinically challenging due to its non-
specific symptoms especially at an early stage and is
often underdiagnosed." '* PEI can occur in the absence
of abnormal pancreatic imaging, and therefore, assess-
ment of the pancreas alone is not sufficient. A patient
with PEI would be expected to be malabsorbing fat
but true steatorrhoea is not always seen and patients
commonly describe diarrhoea.'” One of the most
useful symptoms is floating, difficult to flush away

stool.” Weight loss is a common symptom due to fat

malabsorption and is commonly associated with defi-
ciencies of fat-soluble vitamins particularly vitamin D.
A recent review showed that in patients with chronic
pancreatitis the prevalence of abnormal vitamin A is
16.8%, vitamin D is 57.6% and vitamin E is 29.2%.
Vitamin K has been poorly evaluated.'® Abdominal
pain and bloating are also common symptoms of PEI
but have cross-over with functional bowel disorders."”
Some patients with PEI initially appear to present with
symptoms akin to diarrhoea-predominant irritable
bowel syndrome.'®

Baseline weight and body mass index can be helpful
but should not be relied on and emphasis should be
placed on change in weight over time. Patients with
PEI can initially be overweight or even obese leading to
false reassurance. In patients with chronic pancreatitis,
obesity is an independent risk factor for development
of diabetes.” Accurate documentation and compar-
ison of previous weights can be helpful to show signif-
icant weight loss, which is also associated with poorer
outcomes and complications such as sarcopaenia and
abnormalities of bone mineral density. If available,
assessment of anthropomorphic measures such as
tricep skin-fold thickness and hand grip strength could
be considered.

Questioning around alcohol intake is clearly rele-
vant but emerging evidence suggests that smoking is
potentially more toxic to the pancreas and should
be specifically targeted.”” Family history of pancre-
atic disease particularly before the age of 40 should
raise concern about hereditary pancreatitis. Other
conditions that may cause PEI, or are risk factors for
pancreatic diseases, also have a familial disposition
such as lipid disorders, gallstones, diabetes and coeliac
disease.

Medication history is also relevant as some have
been associated with pancreatic damage (eg, azathio-
prine)*! but also can cause gastrointestinal symptoms
similar to PEI (eg, orlistat).

REDUCED PARENCHYMAL CELL MASS

‘Chronic pancreatitis, Cystic fibrosis, pancreatic resection

POSTCIBAL ASYNCHRONY

Upper GI surgery, diabetes mellitus

REDUCED SIGNALLING
Coeliac disease, Upper GI surgery

LOW FAECAL ELASTASE-1

[

LUMINAL INACTIVATION

Bacterial degradation,
Zollinger-Ellison syndrome

DUCTAL OBSTRUCTION

Malignant obstruction, chronic pancreatitis

DILUTION

Watery sample

Figure 1

Mechanisms of a low faecal elastase (with examples). Gl, gastrointestinal.

68 Lam KW, Leeds J. Frontline Gastroenterology 2021;12:67-73. doi:10.1136/flgastro-2018-101171



RELEVANT INVESTIGATIONS

A single abnormal Fel-1 level is insufficient to make
a diagnosis of PEI and the next step is not simply
to ‘have a trial of PERT’ for which there is not
good evidence. The whole patient picture needs to
be put together including further investigations to
identify whether this is primary PEI (caused by an
underlying pancreatic disease), secondary PEI (due
to non-pancreatic conditions) or spurious (false
positive). This appears to contradict the knowledge
on Fel-1 in particular Fel-1 <100, which has been
shown to have a high sensitivity and specificity. The
validation studies for Fel-1 were in patients with
well-documented exocrine pancreatic diseases such
as chronic pancreatitis and cystic fibrosis.”™ If the
population being tested is then changed to general
gastroenterology referrals (where the pre-test prob-
ability of underlying PEI is lower), then this changes
substantially and the numbers with a false positive
will be larger.'! '* Furthermore, there is variation
of Fel-1 levels within one stool passage and from
day-to-day within the same individual that can cross
the normal/abnormal cut-off.?* Therefore, patients
with mild symptoms, normal nutritional status,
no pancreatic risk factors and/or borderline Fel-1
levels (150-250 pg/g stool) should be considered for
repeating the Fel-1, assessment for other gastroin-
testinal conditions and only proceeding to further
pancreatic tests if Fel-1 remains abnormal.

For those in whom further investigations are
warranted, cross-sectional imaging of the pancreas
should be performed using either triple-phase pancre-
atic protocol CT or MRI depending on the patients
age and concern about ionising radiation exposure.
CT is most useful for gaining information about the
pancreatic parenchyma, whereas an MRI gives better
information about the ductal system. Clear abnormal-
ities on CT scanning such as changes consistent with
chronic pancreatitis or a mass lesion should lead to
appropriate management including PERT.* Pancre-
atic atrophy is challenging, subjective and affected by
some conditions such as diabetes as well as advancing
age.”*® A dilated pancreatic duct may indicate obstruc-
tion downstream or more subtle chronic pancreatitis in
which case an MRI/magnetic resonance cholangiopan-
creatography (MRCP) should be considered. In some
circumstances, the addition of secretin stimulation at
the time of MRCP increases the sensitivity for subtle
changes or strictures in the pancreatic duct but this is
not universally available in the UK.*®%’

If the pancreas appears normal on cross-sectional
imaging but the patient has significant diarrhoea,
weight loss or risk factors for pancreatic disease, then
an endoscopic ultrasound (EUS) can help to detect
chronic pancreatitis or small tumours.”® EUS is more
sensitive than cross-sectional imaging for lesions <2 cm
and can pick up subtle changes in the pancreatic paren-
chyma denoting fibrosis.”® The Rosemont criteria are
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used to determine whether there are sufficient features
to diagnose chronic pancreatitis.*’

Patients with some features but not enough to clinch
the diagnosis should be followed up and undergo
imaging review. Perhaps, the most useful aspect of EUS
is its very high negative predictive value meaning that
patients with no criteria have a very low risk of having
chronic pancreatitis.”’ Ideally, a more specific test for
PEI could be employed to either confirm or refute the
diagnosis such as the 14C mixed triglyceride breath
test, the coefficient of fat absorption or a direct test
such as the secretin-caerulein test; however, these are
not routinely available in the UK.

In those with no structural changes on cross-sectional
imaging and EUS but there is evidence of PEI (eg,
weight loss and/or steatorrhoea) then investigations
for secondary PEI should be undertaken. Most of these
conditions can be identified using the British Society of
Gastroenterology (BSG) guidelines for investigation of
chronic diarrhoea.! Figure 2 suggests a management
algorithm for patients presenting with a low Fel-1 with
relevant investigations for causes of secondary PEI.

INVESTIGATING FOR SECONDARY PEI

Secondary PEI is seen in conditions that lead to
reduced exocrine pancreatic enzyme production or
effectiveness but where the pancreas is not the primary
pathology. The following section describes those
conditions that have been shown to lead to a reduced
Fel-1.

Coeliac disease

The most well documented of these is coeliac disease,
which may lead to PEI by a number of mechanisms.
Villous atrophy may lead to reduced production of
cholecystokinin from the duodenum, thereby reducing
pancreatic output.’’ Similarly, increased levels of
plasma peptide YY (which inhibits pancreatic output)
have been found in coeliac disease.’’ This is further
substantiated by studies using secretin stimulation
showing normal pancreatic output suggesting a signal-
ling problem. Several studies in both paediatric and
adult cohorts have confirmed a high prevalence of PEIL,
particularly with ongoing diarrhoea despite a gluten-
free diet, with good response to PERT.*> ¥ Some
patients appear to recover exocrine function over time
and may not need lifelong PERT.>* Fel-1 levels were
not related to coeliac serology or degree of residual
villous atrophy.®®>*

Inflammatory bowel disease

There is an increased risk of developing chronic
pancreatitis in patients with inflammatory bowel
disease (IBD), which increases over time.** The reasons
for this are likely to be multifactorial including co-ex-
istence of gallstone disease, medications such as ster-
oids and azathioprine, autoimmunity and smoking.*
The true prevalence of PEI in patients with IBD is
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PATIENT WITH FAECAL ELASTASE-1
<200UG/G STOOL

Diarrhoea and/or weight loss
Pancreatic risk factors

YES

Faecal elastase-1 <150

rli.epezn: faecal elastase test I Repeat abnormal

Consider other cause

Abnormal pancreatic imaging:

leading to false positive test
.

Commence PERT
Pancreatic cross DEXA scan
sectional imagimn Check micromtrients

Consider referral to

pancreaticobiliary team

Repeat normal - nvestigate
non-pancreatic cause

Normal pancreatic imaging:
Consider EUS
Coeliac screen

Faecal calprotectin
Colonoscopy and biopsy
SeHCAT scan

Glucose hydrogen breath test
HIV test

Figure 2 Management algorithm of a patient with a low faecal elastase-1. DEXA, ual energy X-ray absorbtiometry; dual energy X-ray
absorbtiometry; EUS, endoscopic ultrasound; PERT, pancreatic enzyme replacement therapy.

unknown; however, clinically symptomatic PEI may
be unrecognised and treated as disease activity. Two
previous studies have shown a higher than expected
prevalence of PEI in patients with IBD with about
10% of patients having abnormal pancreatograms on
MRI scanning.*® PEI was associated with increased
stool frequency, softer stools, active disease, previous
surgery and duration of IBD >10 years.’” Neither of
these studies investigated to the value of PERT in these
populations and some of the Fel-1 levels could be false
positives. The group to target would be those patients
with continued diarrhoea, mucosal improvement and
low inflammatory markers.

Diabetes mellitus

There is a well-established relationship between the
endocrine and exocrine pancreas.”® Diabetes due
to diseases of the exocrine pancreas has been desig-
nated as type 3¢ by the American Diabetes Associa-
tion and is associated with insulin deficiency but also
reduced glucagon production.”” Development of
type 3c diabetes occurs increasingly in patients with
chronic pancreatitis but also some patients with type
1 and type 2 diabetes have been shown to have altera-
tions of exocrine function. The mechanisms are likely
to be multifactorial including reduction of a trophic
effect of insulin, autoimmune cross-over, reduced
signalling due to autonomic neuropathy and disease
of the pancreatic microvasculature.**™** Studies have
shown a very high prevalence of low Fel-1 in patients
with type 1 diabetes (26%—-449%) and type 2 diabetes
(129%-20%).%*® Low Fel-1 levels have been asso-
ciated with poorer glycaemic control and reduced
BML* In most of these studies, relevant symptoms
were not reported and treatment with PERT was not
investigated. Gastrointestinal symptoms are frequent
in patients with diabetes compared with the general

population with a recent study showing the preva-
lence of PEI in type 1 diabetes patients with diarrhoea
being around 6%.* The only prospective, randomised
study of PERT in patients with diabetes and low Fel-1
showed a reduction in the frequency of hypoglycaemia
but again few patients had symptoms compatible with
PEL’" This makes interpretation of Fel-1 difficult in
patients with diabetes as under-recognition is likely but
Fel-1 may not be a good marker for PEI in patients
with diabetes and may have confounding reasons for
such high reported prevalence.

Bile acid diarrhoea

Bile acid diarrhoea is a common cause for chronic diar-
rhoea and can present with symptoms that mimic PEL
Coordination of biliary and pancreatic secretions is
crucial for optimal fat emulsification and absorption.’!
Despite Fel-1 and SeHCAT scanning being common-
place and recommended in national guidelines for the
investigation of chronic diarrhoea,' there are no data
on co-existence of these conditions or the interrelation
of these tests.

HIV infection

Gastrointestinal symptoms such as diarrhoea and
weight loss are common in patients with HIV infec-
tion. Changes in the small intestine have been well
described; however, the morphological degree of intes-
tinal damage is often mild and may not be enough to
explain severe fat malabsorption.’”** Previous studies
have shown a high prevalence of abnormal Fel-1
(54%) with improvements in faecal fat loss following
institution of PERT.>**° Furthermore, some antiretro-
viral medications have been postulated to play a role
in PEI due to the side effect of significant hypertri-
glyceridaemia. Didanosine in particular has been asso-
ciated with lower levels of Fel-1 and symptomatic

70

Lam KW, Leeds J. Frontline Gastroenterology 2021;12:67-73. doi:10.1136/flgastro-2018-101171



steatorrhoea.’® The prevalence of HIV in patients with
PEI is unknown.

Other conditions

A number of other conditions have also been associ-
ated with PEI but definite benefit from treatment is
yet to be proven in all cases. These are mentioned here
briefly as they may muddy the waters when assessing a
patient with a low Fel-1.

Increasing age has been shown to be associated with
reduced pancreatic output but whether this is patho-
logical is not fully known.’®*” Upper intestinal surgery,
particularly Roux-en-Y, leads to changes in mixing of
pancreatic secretions and food and has been shown
to lead to PEL’® Some studies have shown benefit of
PERT in these settings by reducing weight loss and
steatorrhoea.’”

There have been some small studies in both chronic
kidney disease and rheumatological disorders showing
a significant prevalence of low Fel-1. In both of these
areas, nutrition is vital and theoretically PEI would
be important to identify and correct. No treatment
studies have as yet been reported in these areas.®

MANAGEMENT OF PEI

PERT is the main pharmacological treatment for
patients with PEI and has classically been under-
treated. There is evidence that being seen by clinicians
with expertise in pancreatic disease improves symp-
toms and quality of life.®’ Starting doses should be at
least 40 000-50 000 units of lipase per meal with the
very real expectation of increasing to 80000-100000
units. Motivated patients can be taught to count the
fat in their meals and take dynamically tailored PERT,
which is best supervised by a dietitian. Patients whom
have undergone upper intestinal surgery (particularly
distal gastric resections) do not require enteric coated
preparations. PERT should be taken across the meal
for optimum digestion.®” Lack of response to PERT
should lead to increase in the dose, check compliance,
possibly add in a PPI and if all this fails revisit the initial
diagnosis.®® Table 1 shows the commercially available
formulations of PERT. Importantly, all currently avail-
able formulations are derived from a porcine source,
which has implications for certain religious groups and
vegetarians/vegans. Dispensation can be discussed with
patients and a letter of support may be required. There
are non-porcine enzyme products, which are expen-
sive, not currently available on prescription and have
unknown efficacy. A new non-porcine PERT (Sollpura)
is in the advanced stages of clinical trials the results of
which are awaited.

One major complication associated with PEI is fat-
soluble vitamin deficiency. Routine checking of at
least vitamin D should be undertaken and replaced if
deficient. Patients with chronic pancreatitis, coeliac
disease and IBD should be offered a dual energy X-ray
absorbtiometry (DEXA) scan to assess for metabolic
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Table 1 Commercially available formulations of PERT in the UK
Product and

formulation Producer Active ingredients
Creon 10000 Mylan Amylase 8000 unit
capsules Lipase 10000 unit

Protease 600 unit

Creon 25000 Amylase 18000 unit

capsules Lipase 25000 unit
Protease 1000 unit

Creon microgranules Amylase 3600 unit
Lipase 5000 unit

Protease 200 unit
Amylase 19800 unit
Lipase 22000 unit
Protease 1100 unit
Amylase 22 500 unit
Lipase 25000 unit
Protease 1250 unit
Amylase 30000 unit
Lipase 25000 unit
Protease 1400 unit

Nutrizym 22 capsules  Merck Serono

Pancrease HL capsules Janssen Cilag

Pancrex V oral powder Essential
Pharmaceuticals

Pancrex V 125mg Amylase 3300 unit

capsules Lipase 2950 unit
Protease 160 unit

Pancrex V capsules Amylase 9000 unit
Lipase 8000 unit

Protease 430 unit

PERT, pancreatic enzyme replacement therapy.

bone disease as per national guidelines. It is unknown
whether other causes of secondary PEI lead to reduced
bone mineral density, and therefore, assessment using
the fracture risk assessment tool (FRAX) score and rele-
vant National Osteoporosis guideline group (NOGG)
guidance should be sought.**

Modifiable risk factors such as alcohol intake and
smoking should be addressed to reduce the risk of
further deterioration in exocrine pancreatic function.
Management of the underlying disease in secondary
PEI is also important as some forms of secondary PEI
may improve over time.** Patients with any type of PEI
should be followed up with assessment of treatment
on symptoms, weight and other nutritional markers,
micronutrients, support with risk factor management
and metabolic bone health monitoring.

SUMMARY

Low Fel-1 results are commonly found in routine
gastroenterology practice, but this alone does not
confirm a diagnosis of PEIL. Further investigation
to determine the cause of a low Fel-1 including risk
factor assessment, cross-sectional imaging and classi-
fication of whether there is primary or secondary PEI
is required. Management includes the use of PERT,
screening for metabolic bone disease and treatment of
associated disorders. Early diagnosis is important as
treatment with PERT alleviates symptoms, improves
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quality of life and helps prevent long-term complica-
tions related to fat malabsorption.
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