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Background: Patients should be informed beforehand of the risk factors for exocrine
pancreatic insufficiency (ExoPI) after pancreatic surgery; however, there are no clear
identified risk factors for this condition. This study aimed to identify the preoperative,
perioperative and postoperative risk factors for ExoPI after pancreatic surgery.

Methods: We conducted a systematic search of PubMed, Scopus, SAGE, CINAHL
Plus and Taylor & Francis from inception to Mar. 7, 2021, for full-text articles that
included patients who had undergone pancreatic surgery. The primary outcome was
the number of ExoPI events and any risk factors evaluated. We used the Newcastle—
Ottawa Scale to assess study quality.

Results: Twenty studies involving 4131 patients (2312 [52.3%] male, mean age 60.12
[standard deviation 14.07] yr) were included. Of the 4131 patients, 1651 (40.0%) had
postoperative ExoPI. Among the 11 factors evaluated, the significant risk factors were
preoperative main pancreatic duct (MPD) diameter greater than 3 mm (odds ratio
[OR] 4.50, 95% confidence interval [CI] 1.06-19.05), pancreaticoduodenectomy (PD)
as the surgical treatment procedure (OR 3.31, 95% CI 1.92-5.68), pancreaticogas-
trostomy (PG) as the anastomotic procedure (OR 3.13, 95% CI 1.83-5.35), hard pan-
creatic texture (OR 2.93, 95% CI 1.99-4.32) and adjuvant chemotherapy (OR 2.50,
95% CI 1.54-4.04). Gender, history of diabetes mellitus or endocrine pancreatic
insufficiency (EndoPI), underlying diseases, de novo diabetes or EndoPI, pylorus-
preserving PD and postoperative pancreatic fistula were not risk factors for ExoPl
after pancreatic surgery.

Conclusion: Preoperative MPD diameter greater than 3 mm, PD, PG reconstruction,
hard pancreatic texture and adjuvant chemotherapy were risk factors for the develop-
ment of ExoPI after pancreatic surgery. The findings should provide useful informa-
tion for patients to reduce postoperative dissatisfaction and improve quality of life.

Contexte : Il faut informer a I'avance les patients des facteurs de risque d’insuffisance
pancréatique exocrine (IPEx) aprés une chirurgie pancréatique, mais ces facteurs
de risque n’ont pas été clairement identifiés. La présente étude visait a identifier
les facteurs de risque d’TPEx pré-, péri- et postopératoires en lien avec la chirurgie
pancréatique.

Méthodes : Nous avons procédé a une interrogation systématique des réseaux
PubMed, Scopus, SAGE, CINAHL Plus et Taylor & Francis, de leur mise en service
et jusqu’au 7 mars 2021, pour recenser les articles intégraux faisant mention de
patients soumis a une chirurgie pancréatique. Le parameétre principal était le nombre
de cas liés a une IPEx et tout facteur de risque identifié. Nous avons utilisé échelle de
Newcastle-Ottawa pour évaluer la qualité des études.

Résultats : Vingt études regroupant 4131 patients (2312 [52,3 %] hommes, dge
moyen 60,12 [écart-type 14,07] ans) ont été retenues. Parmi les 4131 patients, 1651
(40,0 %) ont présenté une IPEx. Des 11 facteurs de risque évalués, les plus significatifs
étaient les suivants : diamétre préopératoire du canal de Wirsung supérieur a 3 mm
(rapport des cotes [RC] 4,50, intervalle de confiance [IC] de 95 % 1,06-19,05), pan-
créatoduodénectomie (PD) comme intervention chirurgicale (RC 3,31, IC de 95 %
1,92-5,68), pancréatogastrostomie (PG) comme intervention anastomotique (RC
3,13, IC de 95 % 1,83-5,35), texture indurée du pancréas (RC 2,93, IC de 95 % 1,99-
4,32) et chimiothérapie adjuvante (RC 2,50, IC de 95 % 1,54-4,04). Le sexe, les
antécédents de diabéte sucré ou d’insuffisance pancréatique endocrine (IPEn), les
maladies sous-jacentes, le diabéte ou I'IPEn de novo, une PD avec conservation du
pylore et la fistule pancréatique postopératoire n’ont pas constitué des facteurs de
risque d’IPEx aprés la chirurgie pancréatique.
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Conclusion : Un diametre préopératoire du canal de Wirsung supérieur a 3 mm, la
PD, la PG de reconstruction, I'induration du pancréas et la chimiothérapie adjuvante
ont été les facteurs de risque a I’égard de 'IPEx apreés la chirurgie pancréatique. Ces
conclusions devraient fournir aux patients des renseignements utiles pour réduire leur
insatisfaction postopératoire et améliorer leur qualité de vie.

a condition of insufficient production of pancreatic

substances in the presence of partial or complete
deficit of acinar and ductal functions. The usual clinical
presentations of ExoPI include steatorrhea, abdominal
pain, flatulence and bloating.!” The condition is classified
as mild, moderate or severe, based on the fecal elastase-1
level ?

Surgical methods such as the Whipple procedure (pan-
creaticoduodenectomy [PD]) and distal (or left) pancrea-
tectomy (DP or LP) are considered safe for treating benign
or malignant pancreatic diseases.* The occurrence of
ExoPI after surgery is high, with a prevalence of about
19%-80% with DP and 56%-98% with the Whipple
procedure.!?

Several risk factors for postsurgery ExoPI considered to
be related to the surgical procedure itself have been identi-
fied.*> However, there are no clearly standardized and
established risk factors in these studies.* Moreover, the
quality of life of patients who undergo pancreatic resection
is affected soon after surgery. Although their quality of life
improves from time to time, Schniewind and colleagues®
found that they did not experience a better quality of life
than before surgery. Thus, in this study, we performed a
meta-analysis with the aim of identifying the preoperative,
perioperative and postoperative risk factors for ExoPI after
pancreatic surgery.

E xocrine pancreatic insufficiency (ExoPI) is defined as

METHODS
Search strategy

"This systematic review and meta-analysis were conducted
in accordance with the PRISMA statement.” We searched
PubMed, Scopus, SAGE, the CINAHL Plus database in
EBSCOhost, and Taylor & Francis for articles that
included patients who had undergone pancreatic surgery.
Computerized data searching of the relevant studies was
conducted independently by all authors from inception to
Mar. 7, 2021. Keywords were constructed based on Med-
ical Subject Headings terms and other additional terms as
follows: ((“exocrine pancreatic insufficiency”) OR (“pan-
creatic exocrine insufficiency”) OR (“EPI”) OR (“PEI”)
OR (“ExoPI”) OR (“pancreatic exocrine dysfunction”) OR
(“pancreatic function”)) AND ((“pancreatic surgery”) OR
(“pancreatic resection”) OR (“pancreatectomy”) OR (“pan-
creaticoduodenectomy”) OR (“pancreatoduodenectomy”))
AND ((“risk factor”) OR (“risk factors”) OR (“predictive
factors”)). The search was limited to human participants;

there was no language restriction. The protocol of this
study was registered in the PROSPERO international pro-
spective register of systematic reviews (CRD42021252617).

Eligibility criteria, data extraction and quality
assessment

Studies were included if they were observational studies,
the study population consisted of patients undergoing any
pancreatic surgical procedure, and the measurable out-
come was the number of ExoPI events and any possible
risk factors evaluated. The exclusion criteria were irrele-
vant title or abstract, irretrievable full-text article, article in
a language other than English and incorrect study design
(review article, case report, case series, letter to the editor
or conference abstract). We extracted the author and year
of publication, study location, study design, ExoPI diag-
nostic method or definition, study population, surgical
procedure, sample size, age of patients, risk factors evalu-
ated and number of ExoPI events. We assessed the quality
of the selected studies using the Newcastle-Ottawa Scale.
Any disagreements were resolved through group discus-
sion involving all authors. For cohort studies, those with a
Newcastle-Ottawa Scale score of 7-9 were considered to
be of good quality, those with a score of 4-6, of moderate
quality, and those with a score of 3 or less, of poor quality.
The quality of cross-sectional studies with a Newcastle—
Ottawa Scale score of 9-10 was considered “very good,” a
score of 7-8 “good,” a score of 5-6 “satisfactory,” and a
score of 4 or less “unsatisfactory.”®

Statistical analysis

We performed all statistical analyses using RevMan 5.4
(The Cochrane Collaboration). Meta-analysis of ExoPI
events was performed in 3 phases: 1) preoperative factors
(gender, history of diabetes mellitus or endocrine pancreatic
insufficiency [EndoPl], underlying diseases and preopera-
tive main pancreatic duct [MPD] diameter), 2) periopera-
tive factors (surgical procedures, anastomotic reconstruc-
tion procedures and pancreatic texture) and 3) postoperative
factors (de novo diabetes mellitus or EndoPI, postoperative
pancreatic fistula and adjuvant chemotherapy).

We assessed heterogeneity among studies with the
x* test (Cochran Q statistic) and quantified it with the P
statistic. An I? value less than 25% was considered as low
heterogeneity, of 25%-75% as moderate heterogeneity,
and of greater than 75% as high heterogeneity. If the I
value was greater than 50%, we used a random-effect
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model for the meta-analysis; otherwise, a fixed-effect
model was used. We transformed median age (and inter-
quartile range) from the included studies into mean and
standard deviation (SD) using a standardized online calcu-
lator (http://www.math.hkbu.edu.hk/~tongt/papers/
median2mean.html) or manually using a standardized
mathematical formula if the study provided only mean,
minimum and maximum.”!® A p value < 0.05 was con-
sidered statistically significant. We assessed publication
bias using a funnel plot when there were more than
10 studies included in the meta-analysis. We performed a
sensitivity analysis to assess the influence of each individual
study on the pooled subgroup and the overall results using
the leave-one-out approach.

RESuULTS

The initial literature search yielded 282 studies obtained
from the databases searched and 6 studies obtained from
other sources (Figure 1). Of the 288 studies, 205 were
screened by title and abstract after duplicates were
removed. Thirty-six full-text articles were reviewed based
on the eligibility criteria, of which 16 were excluded owing
to unmeasured indicators (z = 4), no identified outcome of
interest (7 = 7), language other than English (z = 2) or
incorrect study method (z = 3). Twenty studies were thus
included for both qualitative and quantitative synthesis.

A summary of the included studies is provided in Table 1.
The 20 studies involved 4417 patients (2312 [52.3%] male,
mean age 60.12 [SD 14.07] yr) who underwent pancreatic
surgery. Of the 4417, 4131 (93.5%) were assessed for ExoPI;
1651 ExoPI events (40.0%) were identified. Of the included
studies, 18 were retrospective or prospective cohort studies,
and 2 were cross-sectional studies.>?® The studies were con-
ducted in various locations such as the United States, Asia
and Europe. The diagnostic methods or definitions of
ExoPI and therapeutic operative procedures varied across
studies. All included studies were considered as being of
good or very good quality (Table 2).

Risk factors for exocrine pancreatic insufficiency

Five factors were found to be risk factors for development
of ExoPI after pancreatic surgery: preoperative MPD diam-
eter, surgical procedure, anastomotic or reconstruction
procedure, pancreatic texture and adjuvant chemotherapy.

Preoperative main pancreatic duct diameter

Four studies with a total of 359 patients who had under-
gone therapeutic pancreatic surgery were included in the
analysis of preoperative MPD diameter. Evidence of high
heterogeneity was detected (2 = 81%); therefore, we used a
random-effect model for the analysis. The pooled odds
ratio (OR) indicated that patients who had a dilated preop-
erative MPD greater than 3 mm had about 4.5 times the

E772 can J Surg/J can chir 2022;65(6)

risk for postoperative ExoPI compared to patients without
MPD dilation (MPD < 3 mm) (OR 4.50, 95% confidence
interval [CI] 1.06-19.05) (Figure 2).

Surgical procedure

The pooled OR of PD versus DP involving 2764 patients
in 11 studies showed that, compared to patients who had
DP, those who had therapeutic PD had 4 times the risk
of developing ExoPI postoperatively (OR 4.06, 95% CI
2.37-6.97), with high heterogeneity (I’ = 73%) (Figure 3A).
A subgroup meta-analysis of PD versus non-PD involv-
ing 3759 patients in 15 studies showed that PD was a risk
factor for the development of postoperative ExoPI in the
neoplasm subgroups (OR 4.49, 95% CI 1.34-15.08) and

Records identified through
database searching
n= 282

CINAHL Plus database n= 15
Taylor & Francis n = 40
SAGE n =58

PubMed n =70

Scopus n =99

Additional records
identified through
other sources
n==6

Records after duplicates
removed
n= 205

Records screened
n=205

Excluded n= 169
e |nappropriate title n= 153
® |nappropriate abstract n= 13
e No full text available n=3

Full-text articles assessed for
eligibility
n=36

Excluded n=16

e Unmeasured indicator n=4

* No outcome of interest n=7

e |anguage other than English n=2
e Incorrect study design n=3

Studies included in qualitative
synthesis
n=20

Studies included in quantitative
synthesis (meta-analysis)
n=20

Fig. 1. Flow diagram showing study selection.
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Total no. of
patients (ExoPI Age,
Main surgical event/no ExoPl mean
Study Country Design  ExoPI diagnostic method/definition  Pancreatic disease/disorder procedure event) + SD, yr
Ke etal., V! China RCS ExoPI defined as fecal elastase level  Chronic pancreatitis PD, PPPD, Beger 297 (36/58) 47.00
2018 < 200 ug/g, or presence of procedure, Berne +12.40
steatorrhea, or need for pancreatic procedure, Frey
enzyme replacement therapy (> 1-yr procedure,
history; overt steatorrhea without Partington—Rochelle
treatment). procedure
Hallac et al.,> USA PCS De novo postoperative ExoPI Chronic pancreatitis, IPMN, ~ DP 324 (38/264) 60.60
2020 defined as development of MCN, paraganglioma, PDAC, +13.40
symptoms (steatorrhea, bloating, PNET, SPEN
colicky abdominal pain, weight loss)
after resection, and commencement
of pancreatic enzyme replacement
therapy leading to resolution of
symptoms.
Hirono et Japan PCS Exocrine function evaluated with Chronic pancreatitis, PD, PPPD, PrPD 189 (92/97) 65.85
al.,'? 2015 3C-labelled mixed triglyceride breath pancreatic cancer, bile duct +11.22
test. ExoPI defined as cumulative cancer, IPMN, PNET, SPEN,
dosage of *CO, at 7 h < 5%, gallbladder cancer, duodenal
calculated from time course of *CO, cancer, metastatic pancreatic
excretion. cancer, SCN, stomach
cancer, malignant lymphoma,
bile duct dysplasia
Kusakabe et USA BCS ExoPI defined as need for new Chronic pancreatitis, PD, DP 1717 (622/1095)  62.62
al.,’® 2019 pharmacologic intervention in form  malignant tumour, benign +12.79
of supplemental pancreatic enzymes tumour
in patients with excessive gas,
bloating and steatorrhea on clinical
judgment.
Riedigeret ~ Germany PCS ExoP!I defined as presence of Chronic pancreatitis PD, DPPHR, DP 224 (75/149) 44.58
al.,'* 2007 steatorrhea and/or need for oral +9.38
pancreatic enzyme supplementation
without any routine measurements
of exocrine function parameters
(e.g., stool elastase level).
Mackay et The RCS ExoPI defined as presence of NF-pNET, insulinoma, PD, enucleation, 112 (51/53) 53.90
al.,’52018 Netherlands steatorrhea and/or pancreatic gastrinoma, glucagonoma, central +12.40
enzyme supplementation at least vipoma pancreatectomy, DP,
1 mo after (partial) pancreatic central and distal
resection or enucleation. pancreatectomy, total
pancreatectomy
Nordback et Finland PCS Pancreatic exocrine function Chronic pancreatitis, PDAC,  PrPD, PD with 26 (26/0) 62.00
al.,'8 2007 measured by fecal elastase-1 assay  bile ductal adenocarcinoma,  antrectomy, Beger +11.75
with ELISA; ExoPl considered to be  duodenal adenocarcinomain  procedure
present if fecal elastase-1 papilla, pancreatic islet cell
concentration < 200 pg/g carcinoma, mucinous
cystadenoma, serous
cystadenoma
Falconi et Italy PCS ExoP!I defined as presence of Ampullary adenoma, serous  PD, AR, LP 162 (26/109) 51.37
al.,'7 2008 steatorrhea and weight loss, and cystadenoma, mucinous + 19.56
positive result of 72-h stool cystadenoma, IPMN, SPEN,
chymotrypsin test (< 6 U/g) in endocrine and other
absence of tumour recurrence. neoplasms
Rault et al.,'® France PCS Clinical steatorrhea defined as Pancreatic neoplasm PD 52 (22/30) 59.63
2005 > 3 stools/d, > 200 g/d fecal output +11.51
for > 3 consecutive d, nauseating
smell, pale or yellow stools, and
appearance of stools as pasty or
greasy.

mixed-patient groups (OR 3.23, 95% CI 2.02-5.16), as
well as in the overall pooled analysis (OR 3.31, 95% CI
1.92-5.68), but not in the chronic pancreatitis groups
(OR 1.80, 95% CI 0.87-3.74) (Figure 4A). The random-
effect model was applied since there was high overall het-
erogeneity (I? = 85%). The test for subgroup differences
suggested that there was no statistically significant sub-

group effect (p = 0.3). The funnel plot showed asymmet-
ric distribution, indicating potential publication bias
(Figures 3B and 4B).

Anastomotic or reconstruction procedure
A total of 334 patients from 4 studies were evaluated in the
analysis of anastomotic or reconstruction procedure.
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Table 1 (part 2 of 2). Basic characteristics of included studies

Total no. of
patients (ExoPI Age,
Main pancreatic event/no ExoPl mean
Study Country Design  ExoPI diagnostic method/definition  Pancreatic disease/disorder surgical procedure event) + SD, yr
Nakamura et Japan PCS Exocrine function evaluated by IPMN, ampullary carcinoma,  PPPD, PD with 61 (38/23) 67.47
al.,’? 2009 13C-labelled mixed triglyceride breath pancreatic carcinoma, distal  antrectomy +10.53
test. ExoPI defined as cumulative cholangioma, carcinoma of
dosage of °CO, at 7h < 5%, gallbladder, SCN/MCN
calculated from time course of '*CQO,
excretion.
Neophytou France PCS ExoPI defined as new onset of Adenoma, cyst, endocrine PD, LP, enucleation 92 (54/38) 58.52
etal.* 2018 steatorrhea > 3 times/d, 3 d/wk, tumour, IPMN, pancreatic +14.03
with weight loss or malabsorption hamartoma, SPEN
signs, excluding other causes or
pharmacologic requirement of
pancreatic enzymes that persists
beyond discharge after initial
surgery.
Okano et Japan RCS Exocrine function evaluated by Chronic pancreatitis, PD, LP 227 (128/99) 65.91
al. 2 2016 3C-labelled mixed triglyceride breath pancreatic carcinoma, IPMN, + 13.69
test. ExoPl| defined as cumulative ampullary carcinoma, distal
dosage of °CO, at 7h < 5%, cholangioma, MCN, SPEN
calculated from time course of '*CQO,
excretion.
Maignan et France PCS ExoPI defined as fecal elastase level Adenocarcinoma, IPMN, PD, LP, Whipple 91 (63/20) 64.53
al.,?' 2018 < 200 g per gram of stool. ampulloma, degenerated procedure, pyloric +13.40
ampulloma, SPEN, endocrine preservation
tumour, cholangiocarcinoma,
benign tumour
Kachare et USA PCS ExoPI defined as any subjective Chronic pancreatitis, Whipple procedure, 161 (44/117) 64.10
al., 22014 symptoms of steatorrhea, pancreatic adenocarcinoma,  DPS +12.65
postprandial abdominal pain, pancreatic neuroendocrine
unexplained weight loss and carcinoma, benign pancreatic
diarrhea that improve with enzyme  tumour, ampullary tumour,
replacement therapy or reappear duodenal mass, metastatic
with cessation of enzyme disease, cholangiocarcinoma,
replacement therapy. accessory spleen
Limetal, 2 USA PCS ExoPI defined as need for new Benign neoplasm PD, DP, enucleation 227 (94/120) 62.00
2016 pharmacologic intervention such as  (e.g., IPMN, serous +11.00
pancreatic enzyme replacement cystadenoma, mucinous
therapy. cystadenoma, GIST) and
malignant neoplasm (PDAC,
ampullary adenocarcinoma,
neuroendocrine carcinoma,
cholangiocarcinoma,
duodenal adenocarcinoma,
metastasis)
Miyamoto et Japan RCS NA PDAC DP 61 (23/38) 62.10
al.,?* 2020 +11.80
Sikkens et The PCS ExoP!I defined as fecal elastase-1 Pancreatic cancer, ampullary  PD, DP 29 (24/5) 60.70
al.2 2014 Netherlands level < 0.2 ug per gram of feces. carcinoma, bile duct +12.10
carcinoma
Yuasa et al.,2 Japan Cross- Exocrine function evaluated with Chronic pancreatitis, IPMN,  PD, DP 110 (60/45) 66.70
2012 sectional  '®C-labelled mixed triglyceride breath pancreatic carcinoma, +11.10
test. ExoPl defined as cumulative ampullary carcinoma, distal
dosage of *CO, at 7 h < 5%, cholangiocarcinoma, SCN/
calculated from time course of *CO, MCN
excretion.
Belyaev et Germany RCS ExoP!I defined as fecal elastase-1 Chronic pancreatitis, PD, DP, total 221 (102/119) 60.50
al., 2013 level < 200 pg per gram of feces pancreatic malignant tumour, pancreatectomy +11.90
and/or serum B-carotene level benign lesion
< 50 pg/dL.
Jang etal,,?® South Cross- ExoPI defined as fecal elastase-1 Bile duct cancer, ampulla of ~ PD 34 (33/1) 57.80
2002 Korea sectional level <200 ug/g. Vater cancer, pancreas head +11.25
cancer
AR = atypical resection; BCS = bidirectional cohort study; DP = distal pancreatectomy; DPPHR = duodenum-preserving pancreatic head resection; DPS = distal pancreatectomy with
splenectomy; ELISA = enzyme-linked immunosorbent assay; ExoP| = exocrine pancreatic insufficiency; GIST = gastrointestinal stromal tumour; IPMN = intraductal papillary mucinous
neoplasm; LP = left pancreatectomy; MCN = mucinous cystic neoplasm; NA = not available; NF-pNET = nonfunctional pancreatic neuroendocrine tumour; PCS = prospective cohort study;
PD = pancreaticoduodenectomy; PDAC = pancreatic ductal adenocarcinoma; PNET = primitive neuroectodermal tumour; PPPD = pylorus-preserving pancreaticoduodenectomy; PrPD =
pylorus-resecting pancreaticoduodenectomy; RCS = retrospective cohort study; SCN = serous cystic neoplasm; SD = standard deviation; SPEN = solid pseudopapillary epithelial neoplasm.
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Table 2. Assessment of quality of included studies with the Newcastle-Ottawa Scale®

Component; score
Selection Exposure Study quality
Demonstration ~ Comparability Enough
that outcome of  of cohorts on follow-up
Selection of interest not basis of time length  Adequacy
Representativeness nonexposed Ascertainment present at start of design or Assessment for outcome  of follow-up  Total
Study of exposed cohort cohort of exposure study analysis of outcome to occur of cohorts  score Interpretation
Cohort
Ke etal., 1 1 1 1 2 1 1 1 9 Good
Hallac et al.,® 1 1 1 1 2 1 1 1 9 Good
Hirono et al.,”? 1 1 1 1 2 1 1 1 9 Good
Kusakabe et 1 1 1 1 2 1 1 1 9 Good
a|.’13
Riediger et al., " 1 1 1 1 2 1 1 0 8 Good
Mackay et al., ' 1 1 1 1 2 1 1 0 8 Good
Nordback et 1 1 1 1 2 1 1 1 9 Good
al.,1
Falconi et al.,"” 1 1 1 1 2 1 1 0 8 Good
Rault et al.,’® 1 1 1 1 2 1 1 0 8 Good
Nakamura et 1 1 1 1 2 1 0 0 7 Good
al.*
Neophytou et 1 1 1 1 2 1 1 1 9 Good
a|.l19
Okano et al.,?® 1 1 1 1 2 1 1 1 9 Good
Maignan et al.,?' 1 1 1 1 2 1 1 1 9 Good
Kachare et al.,?? 1 1 1 1 2 1 1 1 9 Good
Limetal.,? 1 1 1 1 2 1 1 1 9 Good
Miyamoto et 1 1 1 1 2 1 1 1 9 Good
a|.’24
Sikkens et al.,® 1 1 1 1 1 1 1 1 8 Good
Belyaev et al.,® 1 1 1 1 2 1 1 1 9 Good
Selection Comparability Exposure Study quality
of subjects in

different

outcome

groups on

basis of

Representativeness Non- Ascertainment of design or Assessment  Statistical Total
of sample Sample size  respondents exposure analysis of outcome test score Interpretation
Cross-sectional
Yuasa et al.,? 1 1 1 2 1 2 0 8 Good
Jang et al.,?® 1 1 1 2 1 2 1 9 Very good
There was no evidence of heterogeneity across studies (> =  Adjuvant chemotherapy

0%); therefore, a fixed-effect model was applied for the
analysis. The pooled analysis showed that, compared to
pancreaticojejunostomy, pancreaticogastrostomy (PG) as
the anastomotic reconstruction procedure was a significant
risk factor for postoperative development of ExoPI (OR
3.13,95% CI 1.83-5.35) (Figure 5).

Pancreatic texture

Five studies with a total of 564 patients who had undergone
therapeutic pancreatic surgery were included in the analysis
of pancreatic texture. Evidence of low heterogeneity was
detected (P = 0%); therefore, a fixed-effect model was used
for the analysis. The pooled OR (2.93, 95% CI 1.99-4.32)
indicated that patients who had hard pancreatic texture were
at about 2-3 times higher risk for postoperative ExoPI com-
pared to patients with soft pancreatic texture (Figure 6).

A total of 774 patients from 5 studies were included in the
analysis of adjuvant chemotherapy. Evidence of high het-
erogeneity was detected (I = 51%); therefore, a random-
effect model was applied for the analysis. The pooled OR
indicated that patients who received postoperative adjuvant
chemotherapy had about 2.5 times the risk for developing
postoperative ExoPI compared to patients who did not
receive adjuvant chemotherapy (OR 2.50, 95% CI 1.54-
4.04) (Figure 7).

Factors that were not risk factors for exocrine
pancreatic insufficiency

Six factors were found not to be risk factors for develop-
ment of ExoPI after pancreatic surgery: gender, history
of diabetes or EndoPI, underlying diseases, de novo

Can J Surg/J can chir 2022;65(6) E775



RECHERCHE

>3 mm <3 mm
Study or subgroup Events Total Events Total Weight, %  OR (95% Cl) OR, M-H, random (95% Cl)
Hirono et al.,?2015 60 108 37 81 39.4 1.49 (0.83-2.65) -
Maignan et al.,'®2018 42 45 21 38 31.0 11.33 (2.98-43.04) —a—
Miyamoto et al.,?* 2020 9 12 14 49 29.6 750 (1.77-31.85) —_—
Nordback et al.,’#2007 17 17 9 9 9 NE
Total 182 177 100.0 4.50 (1.06-19.05) el
Total events 128 81
Heterogeneity: 72 = 1.29, x? = 10.28, df = 2 (p = 0.006), > = 81% ' ' ' '
Test for overall effect: Z=2.04 (p = 0.04) 0.01 0.1 10 100

<3mm >3 mm

Fig. 2. Odds ratio (OR) of preoperative main pancreatic duct diameter greater than 3 mm versus 3 mm or less in patients with exo-
crine pancreatic insufficiency events after pancreatic surgery (359 patients). Cl = confidence interval; M-H = Mantel-Haenszel; NE =

not estimable.

Heterogeneity: 2 = 0.51, x? = 36.76, df = 10 (p < 0.001), /* = 73%

A PD DP
Study or subgroup Events Total Events Total Weight, % OR, 95% ClI OR, M-H, random (95% ClI)
Belyaev et al.,?® 2013 26 49 12 20 9.5 0.75 (0.26-2.17) T—
Falconi et al.,”” 2008 17 51 9 50 10.4 2.28 (0.90-5.76) T
Kachare et al.,?? 2014 35 109 9 52 1.1 2.26 (0.99-5.15) —
Kusakabe et al.,® 2019 537 1296 65 421 14.3 3.87 (2.91-5.16) -
Mackay et al.,”® 2018 30 39 5 18 8.2 8.67 (2.43-30.93) —_—
Maignan et al.,?' 2018 39 44 14 41 9.0 15.04 (4.85-46.70) e —
Neophytou et al.,* 2018 58 59 5 24 4.3 220.40 (24.21-2006.41) _—
Okano et al.,° 2016 ma 174 14 53 12.0 5.29 (2.67-10.51) —
Riediger et al.,'* 2007 17 109 3 21 78 1.11 (0.29-4.18) _—
Sikkens et al.,*> 2014 22 26 2 3 3.3 2.75 (0.20-38.01) R
Yuasa et al.,? 2012 52 77 8 28 10.2 5.20 (2.01-13.43) P
Total 2033 731 100.0 4.06 (2.37-6.97) <
Total events 947 146

Test for overall effect: Z=5.10 (p < 0.001) 0.001 0.1 1 10 1000
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Fig. 3. Odds ratio (OR) of therapeutic surgical procedures in patients with exocrine pancreatic insufficiency events after pancreatic
surgery. (A) Pancreaticoduodenectomy (PD) v. distal pancreatectomy (DP); (B) funnel plot of PD v. DP. Cl = confidence interval; M-H =

Mantel-Haenszel; SE = standard error.

diabetes or EndoPI, pylorus-preserving PD and postop-
erative pancreatic fistula.

A total of 1621 patients from 11 studies were included
in the analysis of gender. We used a fixed-effect model for
the analysis since there was no evidence of heterogeneity in
the data (> = 0%). The pooled analysis showed that male
gender was not a risk factor for development of ExoPI
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after pancreatic surgery (OR 1.09, 95% CI 0.88-1.36)
(Appendix 1, Figure SI1A, available at www.canjsurg.ca/
lookup/doi/10.1503/¢js.010621/tab-related-content). The
funnel plot showed an asymmetric distribution, suggesting
potential publication bias (Appendix 1, Figure S1B).

A total of 1001 patients in 6 studies were included in the
analysis of history of diabetes or EndoPI. Heterogeneity
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A PD Non-PD
Study or subgroup Events Total Events Total Weight, % OR (95% Cl) OR, M-H, random (95% Cl)
Chronic pancreatitis
Ke et al.," 2018 7 28 29 269 6.9 2.76 (1.08-7.05) —
Riediger et al.,'* 2007 17 109 14 113 75 1.31 (0.61-2.80) T
Subtotal 137 382 144 1.80 (0.87-3.74) >
Total events 24 43
Heterogeneity: 2 = 0.09, x?> = 1.49, df =1 (p=0.2), P=33%
Test for overall effect: Z= 1.58 (p = 0.11)
Benign and malignant neoplasms
Falconi et al.,'”” 2008 17 51 9 50 7.0 2.28 (0.90-5.76) —
Hirono et al.,'? 2015 30 72 67 17 79 0.53 (0.29-0.97) —
Lim et al.,® 2016 80 151 14 132 78 9.50 (5.01-18.00) -
Mackay et al.,'® 2018 30 39 21 65 7.0 6.98 (2.82-17.32) e
Maignan et al.,?' 2018 58 59 5 24 3.6 220.40 (24.21-2006.41) e E—
Nakamura et al.," 2009 4 9 34 52 5.4 0.42 (0.10-1.78) e
Neophytou et al.,* 2018 39 44 15 48 6.4 17.16 (5.64-52.24) —_—
Sikkens et al.,® 2014 22 26 2 3 2.9 2.75(0.20-38.01) e
Subtotal 451 491  48.0 4.49 (1.34-15.08) -
Total events 280 167
Heterogeneity: 2 = 2.568, x? = 80.08, df = 7 (p < 0.001), 1 =91%
Test for overall effect: Z=2.43 (p = 0.02)
Mixed (chronic pancreatitis and neoplasms)
Belyaev et al.,?® 2013 26 49 19 39 72 1.19 (0.51-2.76) B
Kachare et al.,?2 2014 35 109 9 52 73 2.26 (0.99-5.15) —
Kusakabe et al.,’* 2019 537 1296 65 421 8.5 3.87 (2.91-5.16) -
Okano et al.,” 2016 M4 174 14 53 77 5.29 (2.67-10.51) —_
Yuasa et al.,2 2012 52 77 8 28 6.9 5.20 (2.01-3.43) —_—
Subtotal 1705 593 376 3.23 (2.02-5.16) <&
Total events 764 115
Heterogeneity: t? = 0.16, x?= 9.91, df = 4 (p = 0.04), 1? = 60%
Test for overall effect: Z=4.91 (p < 0.001)
Total 2293 1466  100.0 3.31(1.92-5.68) <&
Total events 1068 325
Heterogeneity: 12 = 9.87, x?=96.24,df =14 (p < 0.001), /?2=85% =0.001 0{1 150 10005
Test for overall effect: Z=4.33 (p < 0.001) Non-PD PD
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Fig. 4. Odds ratio (OR) of therapeutic surgical procedures in patients with exocrine pancreatic insufficiency events after pan-
creatic surgery. (A) Disease-based subgroup analysis of pancreaticoduodenectomy (PD) v. non-PD, (B) funnel plot of PD v.
non-PD. Cl = confidence interval; M-H = Mantel-Haenszel; SE = standard error.

across the studies was detected (I* = 53%); thus, a random-
effect model was used for the analysis. The pooled analysis
showed that a history of diabetes or EndoPI was not a risk
factor for ExoPI after pancreatic surgery (OR 1.56, 95%
CI 0.90-2.69) (Appendix 1, Figure S2).

A total of 595 patients from 4 studies and 625 patients
from 5 studies were included in the analysis of underlying

diseases as potential risk factors: neoplasms versus chronic
pancreatitis, and malignant versus benign neoplasms,
respectively. Both analyses showed high heterogeneity (I =
90% and 68%, respectively); therefore, random-effect
models were applied. The pooled analysis showed that,
compared to chronic pancreatitis, the presence of neo-
plasms was not a risk factor for the development of ExoPI
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Pancreatico- Pancreatico-
gastrostomy Jejunostomy

Events Total Events Total Weight, %

Study or subgroup

OR (95% ClI) OR, M-H, fixed (95% Cl)

Hirono et al.,'?2015 59 90 38 99 80.9
Jang et al., 62002 14 14 19 20 3.5
Maignan et al.,2' 2018 11 1 47 48 5.1
Rault et al.,’®2005 8 " 14 41 10.5
Total 126 208 100.0
Total events 92 118

Heterogeneity: x? = 1.25, df =3 (p=0.7), 7 = 0%
Test for overall effect: Z=4.16 (p < 0.001)

3.06 (1.69-5.53)
2.23 (0.08-58.81) —i
0.73 (0.03-19.01)
5.14 (1.18-22.49) -
3.13 (1.83-5.35) -
0.02 01 1 10 50

Pancreaticojejunostomy Pancreaticogastrostomy

Fig. 5. Odds ratio (OR) of anastomotic or reconstruction procedure in patients with exocrine pancreatic insufficiency events after pan-
creatic surgery (334 patients). Cl = confidence interval; M-H = Mantel-Haenszel.

Hard Soft

Study or subgroup  Events Total Events Total Weight, % OR (95% Cl) OR, M-H, fixed (95% Cl)

Hirono et al.,’ 22015 45 66 52 123 375 2.93 (1.66-5.49) =

Miyamoto et al.,?42020 7 10 16 51 5.1 5.10 (1.17-22.34)

Nakamura et al.,’2009 15 17 23 44 4.9 6.85 (1.40-33.57)

Nordback et al.,"®2007 14 14 12 12 NE

Okano et al.,?* 2016 60 87 68 140 52.5 2.35 (1.34-4.13) ——

Total 194 370 100.0 2.93 (1.99-4.32) ‘

Total events 141 171

Heterogeneity: x> = 2.22, df =3 (p=0.5), P = 0% ' ' ' '

Test for overall effect: Z=5.43 (p < 0.001) 0.05 0.2 1 5 20
Soft Hard

Fig. 6. Odds ratio (OR) of hard versus soft pancreatic texture in patients with exocrine pancreatic insufficiency events after pancreatic
surgery (564 patients). Cl = confidence interval; M-H = Mantel-Haenszel; NE = not estimable.

Adjuvant No adjuvant
chemotherapy chemotherapy
Study or subgroup Events Total Events Total Weight, % OR (95% Cl) OR, M-H, random (95% ClI)
Hirono et al.,”?2015 50 83 47 106 375 1.90 (1.06-3.41) - .
Lim et al.,”*2016 62 102 32 12 5.1 3.88 (2.19-6.86) [
Maignan et al.,?' 2018 49 57 14 26 4.9 5.25 (1.79-15.36) - .
Miyamoto et al.,? 2020 22 57 1 4 1.89 (0.18-19.29)
Okano et al.,?°2016 68 110 60 17 52.5 1.54 (0.91-2.61) B I
Total 409 365 100.0 2.93 (1.99-4.32) >
Total events 251 154 ; ; ; ;
Heterogeneity: ©2 = 0.14, x> =8.11, df =4 (p = 0.09), * =51% 0.05 0.2 1 5 20
Test for overall effect: Z=3.71 (p < 0.001) No adjuvant Adi ;
juvan
chemotherapy chemotherapy

Fig. 7. Odds ratio (OR) of postoperative adjuvant chemotherapy in patients with exocrine pancreatic insufficiency events after pan-
creatic surgery (774 patients). Cl = confidence interval; M-H = Mantel-Haenszel.

after pancreatic surgery (OR 0.92, 95% CI 0.18-4.86)
(Appendix 1, Figure S3A). Similar results were found for
malignant neoplasms compared to benign neoplasms (OR
1.06, 95% CI 0.50-2.22) (Appendix 1, Figure S3B).

A total of 975 patients from 5 studies were included in
the analysis of de novo diabetes or EndoPI. A fixed-effect
model was used for the analysis since heterogeneity in
the data was not detected (I = 0%). The pooled analysis
showed that having de novo diabetes or EndoPI post-
operatively was not a risk factor for ExoPl after pancreatic
surgery (OR 1.16, 95% CI 0.85-1.57) (Appendix 1,
Figure S4).
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"The pooled analysis of 309 patients in 3 studies showed
that, compared to standard PD, pylorus-preserving PD
was not a risk factor for postoperative development of
ExoPI (OR 1.59, 95% CI 0.97-2.63), with low heteroge-
neity (I = 33%) (Appendix 1, Fig. S5).

Five studies involving 491 patients were included in the
analysis of postoperative pancreatic fistula. A fixed-effect
model was used for the analysis since low heterogeneity in
the data was detected (I? = 28%). The pooled analysis
showed that having postoperative pancreatic fistula was not a
risk factor for the development of ExoPI after pancreatic sur-
gery (OR 0.77, 95% CI 0.42-1.42) (Appendix 1, Figure S6).



Sensitivity analysis

The results of the sensitivity analysis suggested that the
statistical significance of pooled subgroups and overall
point estimates in several meta-analyses were not affected
by any single study. However, when we excluded several
studies (that by Maignan and colleagues’' or Miyamoto
and colleagues? in the meta-analysis of preoperative MPD
diameter, that of Belyaev and colleagues® in the meta-
analysis of neoplasms v. chronic pancreatitis, that of Ke
and colleagues'! in the meta-analysis of pylorus-preserving
PD v. PD, and that of Hirono and colleagues'? in the
meta-analysis of anastomotic or reconstruction procedure),
the pooled ORs were changed, from significant to nonsig-
nificant, or from nonsignificant to significant. The latter
sensitivity analysis indicated that the statistical significance
of pooled ORs was affected by several studies.

Discussion

In this meta-analysis, preoperative MPD diameter greater
than 3 mm, PD, PG reconstruction, hard pancreatic tex-
ture and adjuvant chemotherapy were found to be risk fac-
tors for the development of ExoPI after pancreatic surgery.

In more than half of the patients with pancreatic cancer,
the mass was located in the head of the pancreas. In addi-
tion, other neoplasms growing in the lumen of the duct
had the potential to occlude the duct and develop fibrosis,
thus resulting in exocrine insufficiency.” With a similar
outcome, chronic pancreatitis cases also contribute to a
high prevalence of de novo exocrine insufficiency owing to
the process of necrosis, apoptosis, inflammation and duct
obstruction. Ultimately, these conditions cause the
destruction of secretory parenchyma and a reduction in
exocrine or endocrine production.”” These possible occur-
rences may predict long-term pancreatic obstruction after
surgery, especially in early pancreatic duct obstruction.”®
Our findings indicate that patients with chronic pancrea-
titis were at slightly higher risk for developing de novo
ExoPI than patients with neoplasms. This may be due to
the possibility of fibrosis development in the former.”

We found that a dilation process greater than 3 mm
adds to the risk of developing ExoPI. Diffuse dilation of the
MPD is often related to atrophy and fibrosis of the glandu-
lar parenchyma.’® Dilated MPD with a diameter greater
than 3 mm is associated with a hard-textured pancreas,
which reflects a higher fibrosis ratio; this may play a role in
the development of exocrine insufficiency after surgery.’!

Pancreaticoduodenectomy involves removal of the pan-
creatic head, common bile duct, gallbladder, duodenum
and proximal jejunum, which may anatomically disrupt the
flow of pancreatic enzymes, causing an insufficiency.*
Nakamura and colleagues' also reported atrophy of the
pancreatic remnants after surgical intervention, which
suggests that PD indirectly reduced the function of the
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pancreas. This may be mediated by the reduced serum
gastrin level because of the duodenal resection.

Hard pancreatic texture may be attributed to fibrosis.
Pancreatic fibrosis is also known to cause parenchymal
atrophy and duct dilation, thus causing exocrine insuffi-
ciency.’® Nakamura and colleagues'? also suggested that
pre-existing pancreatic obstruction and duct dilation cause
the pancreas to become harder and contribute to ExoPI.

Patients with PG are more vulnerable to ExoPI because
of the process of enzyme degradation by the gastric con-
tents, as lipase is easily destroyed by the acid.”* Gastric
juice may also cause chronic inflammation of the anasto-
motic site tissue in patients who undergo PG.** This con-
dition induces pancreatic tissue atrophy or stenosis, and
further contributes to the development of ExoPL.**

During the last decades, much progress has been made
in adjuvant treatments for pancreatic cancer. As a result,
the median postsurgical survival has more than doubled.*
Interestingly, we found that adjuvant chemotherapy was a
risk factor for postsurgery ExoPI. Although the evidence
explaining the relation between the two is still unclear, we
found a hypothesis suggesting that it is probably related to
burnout of the pancreas owing to the underlying disease.”
Alternatively, adjuvant chemotherapy may induce a fibrotic
reaction in the pancreas and further cause a decrease in the
pancreatic remnant function.?

We recognize that most of the risk factors identified in
this study cannot be greatly modified. Nevertheless, our
findings may help clinicians deliver clearer and more com-
prehensive explanations to patients before surgery regard-
ing which factors may present risk for the development of
ExoPI. Early detection of and regular examination for
MPD dilation and hard pancreatic texture are encouraged
so that they can be closely monitored. In addition, chronic
pancreatitis is associated with progressive development of
fibrosis, which ultimately results in a harder pancreatic tex-
ture.”**® Hence, we suggest that surgical intervention for
patients with chronic pancreatitis should be performed as
early as possible to prevent further risk of ExoPl. Further-
more, since we also found adjuvant chemotherapy to be a
risk factor, we suggest that its use should be carefully con-
sidered by weighing the benefits and risks for the individ-
ual patient. If the benefits outweigh the risks, adjuvant
chemotherapy may be used.

Limitations

The pooled number of patients included in each analysis
was relatively sufficient, supported by the high quality of
the included studies and a wide range of geographic areas.
Limitations include the fact that the underlying pancreatic
disease and the type of neoplasms were varied in and
among studies. Subgroup analyses based on the disease
could not be conducted for most of the risk factors.
Second, the definitions of ExoPI were heterogeneous
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between the studies, and the condition was not clearly
defined in 1 study.?* Third, publication bias was observed
in our study. This may have been due to the fact that stud-
ies are more likely to be published if they present signifi-
cant findings. Fourth, only English-language articles were
included, and pertinent research published in other lan-
guages may not have been identified. This may be another
cause of the observed publication bias, since studies with
nonsignificant findings are also more likely to be published
in a local journal in a language other than English.’¢

CONCLUSION

We found risk factors for postoperative ExoPI at each
phase of pancreatic surgery. A wide diameter (> 3 mm) of
the main pancreatic duct was a risk factor in the preopera-
tive phase. Pancreaticoduodenectomy compared to DP,
PG compared to pancreaticojejunostomy reconstruction,
and hard pancreatic texture were perioperative risk factors,
and adjuvant chemotherapy was a risk factor in the postop-
erative phase. We hope that the findings provide useful
information for patients to reduce postoperative dissatis-
faction and improve quality of life.
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