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Abstract

Background: Survival rates after a total gastrectomy with
adequate lymphadenectomy are improving, leading to a
shift in outcomes of interest from survival to postoperative
outcomes and symptomes. In this systematic review, we in-
vestigate gastrointestinal symptoms that occur after a gas-
trectomy in relation to exocrine pancreatic insufficiency and
the effect of pancreatic exocrine enzyme supplementation
on these symptoms. Methods: Online databases PubMed,
Embase, and Cochrane Library were systematically searched
in accordance with the PRISMA guidelines. Studies that re-
searched gastrointestinal symptoms, exocrine pancreatic
function, and enzyme supplementation were identified and
assessed. Results: The search resulted in a total of 1,023 ar-
ticles after exclusion of duplicates. After performing a thor-
ough assessment, 4 studies were included for systematic re-
view. Exocrine pancreatic insufficiency was investigated by
2 studies; the results showed a significant decrease of total
exocrine pancreatic function of up to 76%. The other 2 stud-
ies investigated the effect of pancreatic enzyme supplemen-
tation and found minor improvement in fecal consistency
and a decrease in high-degree steatorrhea. No differences in
individual symptom scores were reported. Conclusion:
Gastrointestinal symptoms such as steatorrhea, bloating,
and dumping syndrome may be related to exocrine pancre-

atic function, initiated by total gastrectomy. Treatment with
pancreatic enzymes had a minor positive effect on patients.
It should be noted that these studies were of a small sample
size and low quality. New and larger RCTs are necessary to
either prove or disprove the benefit of pancreatic enzyme
replacement therapy in the treatment of the gastrointestinal
symptoms after total gastrectomy. ©2017 5. Karger AG, Basel

Introduction

Although survival rates are on the rise among patients
with gastric cancer especially after the implementation of
neoadjuvant therapy, gastrectomy with adequate lymph-
adenectomy remains the only curative treatment avail-
able [1, 2]. In up to 90% of patients following gastrectomy,
awide array of gastro-intestinal symptoms and complica-
tions is reported [3, 4]. A few frequently observed symp-
toms are diarrhea, steatorrhea, flatulence, loss of appetite,
and increased bowel movements, and these symptoms
occur most often in combination with each other and
may finally result in malnutrition and weight loss [5, 6].
Although gastric resections have been performed since
1881, the exact cause of these post-surgical symptoms is
still unclear [7].

Several hypotheses have been proposed to explain gas-
trointestinal symptoms following gastric resection, such
as bacterial colonization of the duodenum, low-calorie in-
take due to changed eating habits, pancreatic insufficiency
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due to a loss of stimulation of the pancreas, and a rapid
upper intestinal transit time [4, 5]. Frequently observed
symptoms such as diarrhea and steatorrhea have all been
described in relation to pancreatic insufficiency [8].

Loss of gastric pancreatic innervation and the loss of
release of hormones like cholecystokinine are hypothe-
sized to affect the pancreatic function. Whether these the-
ories, solely or in combination, may attribute to a de-
creased exocrine function of the pancreas is yet to be de-
termined [9].

As stated, many patients suffer from gastrointestinal
symptoms. It is unclear how many patients are affected
by exocrine pancreatic insufficiency after gastrectomy
and whether these patients could benefit from supple-
mentary therapy. We performed a systematic review of
the literature to assess the extent of patients who are af-
fected by exocrine pancreatic insufficiency after gastrec-
tomy for cancer and the effects of exocrine pancreatic en-
zyme supplementation.

Material and Methods

Literature Search

In order to identify all relevant publications, a systematic search
in the bibliographic databases PubMed, Embase and the Cochrane
Library was conducted from inception to November 21, 2015.
Search terms included controlled terms from Mesh in PubMed
and Emtree in Embase as well as free text terms. Free text terms
alone were used in the Cochrane Library. The main outcome mea-
surement was the incidence of gastrointestinal symptoms after en-
zyme supplementation.

For each database, search terms were included expressing
“stomach neoplasms” in combination with terms comprising “sur-
gery” and “pancreatic enzymes/function/insufficiency” along with
their synonyms or abbreviations. Full search is displayed in Figure
1. For Embase and PubMed, a fourth selection criteria “publication
type” was used. Case reports, interviews, and letters were not in-
cluded in the search. A systematic review was performed in accor-
dance with the PRISMA guidelines for systematic reviews and me-
ta-analysis; no review protocol was used [10].

Selection Criteria and Definitions

Two authors assessed the search findings for potential eligibil-
ity (J.W. and J.S.) using the articles of the 3 bibliographic databas-
es. The articles were screened for title and abstract, taking into ac-
count the predefined inclusion and exclusion criteria. Inclusion
criteria comprised (1) stomach cancer, (2) gastrectomy, (3) exo-
crine pancreatic function, and (4) pancreatic enzyme supplemen-
tation. Exclusion criteriaincluded (1) non-English, Dutch, German
or Spanish articles, (2) case reports, (3) endocrine pancreatic insuf-
ficiency, (4) non-original databases, and (5) pancreatitis. The ref-
erence lists of included articles were crosschecked for additional
articles of interest. Figure 1 summarizes the search result and selec-
tion process in a flowchart.

Review: Pancreatic Insufficiency after
Gastrectomy
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Fig. 1. A flowchart of the article selection.

Quality Assessment

The quality of the identified studies was assessed using the
Newcastle-Ottawa assessment scale for observational studies and
the Jadad score for randomized controlled clinical trials [11, 12].
The level of evidence was rated by the Centre for Evidence-Based
Medicine (CEBM) levels of evidence score [13].

Results

Data Extraction and Quality Assessment

A total 0f 1,310 studies were identified as a result of the
search carried out on the PubMed, Embase, and Cochrane
databasesfromthetime ofinception ofthisstudy to August
30, 2015. One thousand twenty-three articles were select-
ed after excluding duplicates. The remaining studies were
examined based on their title and abstract. Nine hundred
ninety-nine were discarded because they did not match
the predefined selection criteria. The full texts of the re-
maining 16 articles were assessed, after which 3 articles
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Search

Query

Items found

NOT (animals[mh] NOT humans[mh])

#5 Search #4 NOT ("addresses"[publication type] OR "biography"[publication type] OR "case reports" [publication type] OR 650
"case report"[ti] OR "comment"[publication type] OR "directory"[publication type] OR "editorial"[publication type] OR
"festschrift"[publication type] OR "interview"[publication type] OR "lectures"[publication type] OR "legal cases"
[publication type] OR "legislation"[publication type] OR "letter"[publication type] OR "news"[publication type] OR
"newspaper article"[publication type] OR "patient education handout"[publication type] OR "popular works"
[publication type] OR "congresses”[publication type] OR "consensus development conference"[publication type]

OR "consensus development conference, nih"[publication type] OR "practice guideline"[publication type])

#4 Search #1 AND #2 AND #3

678

function*[tiab] OR insufficien*[ot] OR function*[ot]))

#3 Search "exocrine pancreatic insufficiency"[Mesh] OR ((pancrea*[tiab] OR pancreas*[ot]) AND (insufficien*[tiab] OR

41,455

#2 Search "surgical procedures, operative"[Mesh: no exp] OR "anastomosis, surgical"[Mesh] OR "digestive system surgical
procedures”[Mesh] OR "surgical procedures, elective"[Mesh] OR "gastrectomy”[Mesh] OR "surgery"[tiab] OR
"operation”[tiab] OR "resection"[tiab] OR "surgery"[ot] OR "operation”[ot] OR "resection"[ot]

1,603,815

gastric*[ot] OR cardia[ot] OR fundus[ot]

#1 Search "stomach"[Mesh] OR stomach*[tiab] OR gastric*[tiab] OR cardia[tiab] OR fundus[tiab] OR stomach*[ot] OR

340,467

Fig. 2. Search hits in the online databases PubMed, Embase, and Cochrane.

were identified for this review. An extra article was identi-
fied by cross-checking the references of relevant papers. A
flowchart for article selection is displayed in Figure 2.

A quality assessment of the included articles was per-
formed using the Newcastle-Ottowa assessment scale for
observational studies and the Jadad score for randomized
clinical trials [11, 12]. The quality of the studies varied
between levels 2, 3, and 4 on CEBM levels of evidence
[13]. No further studies were excluded. Characteristics of
the included studies are displayed in Table 1, the quality
assessment is depicted in Table 2.

The articles were assessed and results were described
based on exocrine pancreatic insufficiency after total gas-
trectomy and enzyme supplementation after gastrectomy.

Pancreatic Insufficiency

Exocrine pancreatic insufficiency as a cause for gastro-
intestinal symptoms post-gastrectomy was examined by
2 studies. Both prospective studies used the decrease in ex-
cretion of exocrine pancreatic enzymes such as chymo-
trypsin, lipase, and bicarbonate as a measure for exocrine
pancreatic insufficiency; Gullo et al. [14] compared pan-
creatic secretion of patients who underwent gastrectomy
with controls in contrast to Friess et al. [15] who measured
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pre- and postoperative pancreatic secretion in gastrectomy
patients. Gullo et al. [14] found a mean decrease in bicar-
bonate, lipase, and chymotrypsin of 47.9, 38.7, and 24.2%
in 12 patients respectively. A stimulation test with secretin
and cerulein did not produce anyadditional increase. Eight
out of 12 patients had a measured fecal fat excretion over
7 g/24h. No significant correlation between fecal fat excre-
tion and lipase excretion was found [14]. The stimulation
testwith secretinand cerulein resulted in the study of Friess
et al. [15] in a mean decrease of 92% of bicarbonate (p <
0.01),47% amylase (p < 0.05), and 91% chymotrypsin (p <
0.01) in 15 patients. The total amount of pancreatic secre-
tion was after secretin and cerulein stimulation decreased
with 76% (p < 0.01). Gastrectomy did not only influence
the pancreatic enzyme output; gastrointestinal hormone
blood levels were also altered. Gastrin levels were signifi-
cantly reduced by 43%, and pancreatic polypeptide (PP)
levels were decreased by 61%. Three months later, PP was
still reduced by 42% in comparison to preoperative levels.

Enzyme Supplementation

Two studies investigated the effects of enzyme supple-
mentation on gastro-intestinal symptoms in patients
with exocrine pancreatic insufficiency after total gastrec-
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Table 1. Study characteristics

References Date Type of research Number of Age, years Men, % Time postoperatively,
patients mean (range) median (range)

Exocrine pancreatic insufficiency

Gullo et al. [14] 1979 Prospective observational 12 42 (29-74) 50 10 (7-76)

Friess et al. [15] 1996 Prospective observational 15 62 (-)* 80 3(-)

Enzyme suppletion

Armbrecht et al. [16] 1988 Double blind cross-over 15 64 (47-83) 66 20 (4-156)

Brigelmann et al. [17] 1999 RCT 52 57 (50-65)* 73 13 (placebo)

4 (intervention)

* Mean instead of median.

Table 2. Quality assessment: Newcastle-Ottawa assessment for observational studies, Jadad score for RCTs

References Representativeness  Selection non Ascertainment  Outcome of  Adjusted for ~ Reliable Adequate Adequately Level of
exposed cohort exposed cohort  of exposure interest not  confounders  outcome long-term dealt with loss  evidence
present at assessment  follow-up?  of follow-up?
start?
Newcastle-Ottawa
Gullo et al. [14] 1 0 1 1 1 1 1 1 4
Friess et al. [15] 1 0 1 1 0 1 1 1 3
Armbrecht et al. [16] 1 1 1 1 0 1 1 1 3
Mentioned Appropriate Mentioned Appropriate  Account all
randomization randomization  blinding blinding patients
Jadad score for RCT
Brigelmann etal. [17] 1 0 1 1 1 2

tomy [16, 17]: one randomized controlled trial and one
crossover trial.

Armbrecht et al. [16] performed the double blind cross-
over study with 15 patients in which every patient under-
went a 7 days intervention period, followed or after a 7 days
long placebo period. It was found that the stool consistency
improved significantly in patients after total gastrectomy
(p < 0.05). Also, the median fecal fat excretion in patients
with high-degree steatorrhea reduced significantly from
643 to 501 mmol/72 h (p < 0.05). The degree of steatorrhea
of the total group did not significantly decline after Kreon
substitution. The 5 symptoms - bloating, nausea, vomiting,
dumpingand pain - did not change in a significant manner.

Brdgelmann et al. [17] performed a prospective paral-
lel, randomized, placebo-controlled, double blind trial on
pancreatic enzyme supplementation after total gastrec-
tomy on 52 patients. Although the symptoms - dyspep-
sia, bloating, early satiety, reflux, and postprandial vomit-

Review: Pancreatic Insufficiency after
Gastrectomy

ing - did not differ in the enzyme-treated group in com-
parison with the placebo group, the patients who had had
the pancreas enzyme supplementation reported a signifi-
cantimprovement in the quality oflife (p = 0.006). Fifteen
out of 23 treated patients experienced an improvement of
symptoms, while only 6 out of 24 placebo-treated patients
experienced an improvement. Bragelmann et al. [17] did
not find any significant decrease in the median fecal fat
output in the enzyme-treated patients (p = 0.1).

Discussion

Gastrointestinal symptoms are reported in up to 90%
of patients following gastrectomy for cancer. The exo-
crine pancreatic function can be impaired in these pa-
tients. Supplementation of pancreatic enzymes showed
minor improvements in low-quality studies.
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Table 3. Outcome intervention studies

Intervention Intervention Total Duration Stool Bowel Abdominal  Faecal fat
consistency movements symptoms  excretion
Armbrecht  Lipase: 10,000 FIP 12 capsules  Lipase: 120,000 FIP 717 placebo/ + +/- +/- Overall:
etal. [16] amylase: 10,000 FIP amylase: 120,000 FIP  Creon +/->350
protease 650 FIP protease 7,800 FIP mmol: +
Brigelmann Lipase: 36,000 FIP 9 sachets Lipase: 324,000 FIP 14 days Creon  +/- +/- +/-* +/-
etal. [17] amylase: 27,000 FIP amylase: 243,000 FIP
protease: 2,400 FIP protease: 21,600 FIP
+ = improvement; +/- = no change; - = worsened; FIP, federation international pharmaceutique. * Abdominal symptoms did not differ in control and

intervention group, but the intervention group had a significant improvement in the overall well-being.

A majority of patients reported after total gastrectomy
one or more symptoms, such as steatorrhea, reflux, dys-
phagia, and early satiety, in combination with a lowered
overall well-being score [3, 4]. The exact etiology of these
symptoms is unclear. Literature reports different poten-
tial causes, of which small intestinal bacterial overgrowth,
rapid oro-cecal transit time, and exocrine pancreatic in-
sufficiency are the most commonly reported [18-20].
This review examined whether pancreatic insufficiency is
present after total gastrectomy, and as an extension to
this, whether exocrine pancreatic insufficiency could be
responsible for gastrointestinal symptoms reported after
gastrectomy, and whether this necessitates the prescrip-
tion of supplementation of pancreatic enzymes.

The exocrine pancreatic output differs greatly inter-
individually; EPI is therefore mainly a clinical diagnosis
and the treatment is based on clinical symptoms such as
diarrhea, steatorrhea, weight loss, and flatulence [3].

Exocrine pancreatic enzymes were significantly de-
creased following total gastrectomy in comparison to pre-
operative outcomes [14, 15]. Friess et al. [15] only used
direct testing methods for assessing exocrine pancreatic
insufficiency. The gold standard for indirect testing is the
72-h fecal fat collection, expressed as the coefficient of fat
absorption [8, 21]. Ideally, both measurements are per-
formed in the assessment of exocrine pancreatic function
to possibly correlate the amount of dysfunction of the
pancreas to the effect of enzyme supplementation. Gullo
et al. [14] performed the 72-h fecal fat collection and did
find that out of 8 patients with fecal fat excretion per 24 h,
6 had reduced lipase output, but with numbers as small as
this, it is difficult to interpret these results. Comparing the
2 studies is difficult because of the variation in their study
design. Gullo et al. [14] compared the pancreatic function
between healthy controls and patients post-surgery, while
Friess et al. [15] compared the function pre- and post-
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surgery, which may alter the level of decrease in the pan-
creatic function because of the possible inter-individual
difference in pancreatic baseline function. Studies de-
scribe that impaired fat digestion occurs only when the
pancreatic output is less than 10% of the normal output.
Whether the measured decrease in pancreatic function of
76% found by Friess et al. [15] is sufficient to cause gastro-
intestinal symptoms is therefore debatable [22].

Recent RCTs supported the supplementation of pan-
creatic enzymes in patients with exocrine pancreatic in-
sufficiency due to chronic pancreatitis or pancreatic sur-
gery [23, 24]. Based on these findings, the findings of de-
creased pancreatic function after total gastrectomy
supplementation with pancreatic enzymes to help reliev-
ing of the symptoms is on trial. When assessing the results
thoroughly, the studies only reported minor improve-
ments as shown in Table 3. The individual symptom
scores did not significantly change and the fecal fat excre-
tion did not change overall. Bragelmann et al. [17] found
an improvement in the overall well-being, whereas no
differences in individual symptom scores were observed.
It should be noted that both studies used very different
dosages, with one study only substituting one third of the
proposed necessary levels [16, 24]. Whether this is suffi-
cient enough to reach functional levels is unclear; the
minimum doses of lipase that are considered are in the
range of 25,000-50,000 units of lipase/meal [25]. Neither
of the 2 studies reported the correlation between exocrine
pancreatic function and gastrointestinal symptoms.
Although previous studies suggested that the secretion of
pancreatic enzymes are reduced following gastrectomy;, it
has not been established whether all of the patients in-
cluded in these 2 studies suffered from decreased pancre-
atic output.

The results of improved overall well-being, without
differences in the symptom scores, may be explained by
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the small sample size, thus masking the differences in
subscores. The rapid oral-cecal transit time, which inhib-
its the proper mixing of food and pancreatic enzymes,
could also play a role [4].

The quality of the included studies was assessed using
the Jadad score and Newcastle-Ottawa scale for observa-
tional studies, as displayed in Table 2. In addition, the Bias
Detection Tool from the Cochrane group was used to
identify the different sorts of biases that existed. Selection
bias could easily be present in the studies investigating
pancreatic insufficiency because of the lack of a proper
description of patient selection [14, 15]. Performance and
detection bias are most likely little or completely absent in
the 2 studies investigating the supplementation of pancre-
atic enzymes because the study design included the dou-
ble-blinding of both the patients and the researchers [16,
17]. There was no evidence that attrition or reporting bias
could influence the results in all 4 of the included studies.

An important limitation of this review is the lack of
high-level evidence studies. A meta-analysis was not
deemed appropriate since the studies were found to be
heterogeneous. The reported studies were small and un-
derpowered with only one randomized study. The me-
dian time between surgery and measurement of exocrine
pancreatic function varied widely between studies, pos-
sibly altering the symptoms and quality of life scores [26].
Surgical techniques and fast-track care have improved
patient outcomes over time [1, 27]. Taking all this infor-
mation into account, the results found in these studies

should be carefully interpreted. New, large prospective
studies are necessary to investigate the correlation be-
tween the decrease in exocrine pancreatic output and
pancreatic insufficiency, and to what extent the supple-
mentation of pancreatic enzymes helps in the improve-
ment of the quality of life after total gastrectomy.

Conclusion

Exocrine pancreatic function is impaired after total
gastrectomy. Pancreatic enzyme supplementation has
been applied pragmatically, with minor improvements
reported in small, heterogeneous studies. Future research
should aim to assess the extent of exocrine pancreatic in-
sufficiency after total gastrectomy, the relation with gas-
tro-intestinal symptoms, and the indication for enzyme
supplementation. Large-scale RCTs are necessary to in-
vestigate the potential future role of pancreatic enzyme
supplementation in the effort of finding relief from gas-
trointestinal symptoms.
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