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1. Preface and General Introduction

.1 Physiology of the pancreas and pathophysiology of acute pancreatitis

The pancreas is an organ which plays a crucial role in the digestive and endocrine
systems. The exocrine part of the pancreas (digestive system) secrets approximately 1.5 liters
of bicarbonate and enzyme-rich fluid into the duodenum where they break down carbohydrates,
lipids, and proteins. The endocrine part of the pancreas secrets hormones including insulin and
glucagon into the blood vessels to regulate the glucose homeostasis of the body.

Of course, derangement of either part of the organ can lead several diseases including
pancreatitis, diabetes or pancreatic cancer. In this thesis, we decided to focus on the sudden
inflammation of the pancreas namely acute pancreatitis (AP). We must state at the beginning
that AP is one of the most challenging gastrointestinal disorders for several reasons:

(1) its development is not fully understood®;

(2) it has no specific therapy’;

(3) its incidence rate is continuously increasing®; and

(4) it has an unacceptably high mortality®.

Our current understanding of pancreatitis is that toxic factors including bile acids, fatty
acids, and alcohol damage the function of both acinar and ductal cells leading to intrapancreatic
enzyme activation, cell death, and autodigestion of the organ. In recent years, our knowledge
of the cellular mechanisms that play a crucial role in the development of the disease has
improved. Until now, the following mechanisms have been proved in disease development:

(1) impaired autophagy®’

(2) trypsinogen activation®”’

(3) excessive Ca?* influx®’

(4) calcineurin activation®”’

(5) mitochondrial dysfunction®’

(6) cystic fibrosis transmembrane conductance regulator (CFTR) inhibition®’

Experimental data showed that direct administration of ATP into the cells restored their

functions including CFTR activity and prevented cell death. All in all, the results in basic

science have demonstrated the crucial role of energy breakdown in the early phase of AP.
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Therefore, targeting mitochondria and energy homeostasis may lead to the first specific therapy
in AP57,

1.2 Clinical features of acute pancreatitis

[11.2.1 Diagnosis

Concerning the clinical points, all patients with AP should be admitted to hospital. The
definition of AP is based on the 2/3 rules. At least two of the following criteria must be present
to diagnose AP8*:

(1) clinical feature (upper abdominal pain),

(2) laboratory measurement (serum amylase or lipase >3x upper limit of normal)

(3) imaging (CT, MRI, ultrasonography) alterations such as edema or intraabdominal

fluid

[11.2.2 Risk assessment

During the length of hospitalization continuous risk assessment is needed and when
indicated the patients must be transferred to an intensive care unit. The outcome of AP is largely
influenced by the comorbidities of the host, including but not restricted to metabolic syndrome,
liver, and cardiac diseases. Metabolic syndrome is characterized by the clustering of abdominal
obesity, hypertrigliceridemia, low levels of high-density lipoprotein, elevations in blood
pressure and fasting glucose, or diabetes. These comorbidities are associated with an increased
risk of development of severe AP and death from cardiovascular disease and chronic kidney
disease during AP suggesting that risk assessment must be included in the general investigations

at admission.

[11.2.3 Therapy and outcome

Concerning the therapy of AP, the situation is not optimal, since currently, we have no
specific drugs in pancreatitis. The general treatments are mainly supportive including fluid
replacement, pain management, enteral feeding, antibiotic treatment and when indicated
endoscopic, radiological or surgical interventions.

The hardest endpoint of AP has a variable severity ranging from mild and self-limited
to severe and fatal. The mortality of the disease ranges approximately from 2 to 5% and depends
on the development of organ failures and local complications, which are summarized in the

revised Atlanta classification.
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1.3 Motivation of this Ph.D. thesis

Unfortunately, gastrointestinal scientists are devoting ever less attention to AP, In the
last decades, it’s turned out that most of the deteriorating events happen in the first 24h, which
largely determine the outcome of the disease 112, Therefore, we must accept the fact that AP
is a “door to the needle” disease such as stroke or myocardial infarction. It is almost needless
to say that based on the literature data we must

(1) predict the severity of the disease on admission; and importantly

(2) start the treatment of the patients as early as we can.

Therefore, when | joined to Professor Hegyi’s workgroup in January 2016 and we
decided to focus on the above mentioned clinical challenges. During my Ph.D. period we not
only could make important discoveries, but | had a unique chance to learn the basics of
Translational Medicine including the modern clinical methodology. In Chapter I, we

concentrated on severity prediction, whereas in Chapter Il we focused on early management.

13



V. Chapter |

V.1 Introduction

Acute pancreatitis is an inflammatory

Life expectancy at birth (years) )
Ty disease mostly caused by alcohol

701 consumption or biliary  obstruction.

65 + . . N
Genetic alterations can also influence the
60 +

disease development, therefore, not

55 +

. — surprisingly, the disease is often called

t t t + t t + {
1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

Figure 1 Life expectancy at birth. There is a steadily rising average mUItlple hits on mUItlple targets disease.

life expectancy at birth. It has dramatically risen by 16 years (from 55.4
to 71.4y) in the last half-century. Data sources: between 1960 and 1999,
World Bank; between 20002015, WHO.

The annual incidence of acute
pancreatitis (AP) ranges from 10 to 100
cases per 100,000 persons 11, showing an increasing tendency throughout the past decades 2.
Multiple theories have been proposed to explain the increment: better diagnostics (e.g., general
access to the measurement of pancreatic enzymes) =3, lifestyle factors (e.g., obesity, alcohol
consumption, and tobacco use) 141° as well as ageing of the population ¢ have been implicated.

Life expectancy has dramatically risen by 16 years (from 55.4 yrs to 71.4 yrs) in the
last half-century, causing a number of changes and challenges to economies and healthcare
systems (Figure 1). Needless to say, healthcare professionals should focus more intensively on
the effects of ageing on the course and outcome of diseases.

Age is used as a predictive marker in different scoring systems for AP (Table 1). These
scoring systems show a great variety in the age group: in the (i) Bedside Index for Severity in
Acute Pancreatitis score (BISAP) 7, the topmost risk of age is above 60; (ii) in BALI (BUN,
Age, LDH, IL-6), it is over 65 ; (iii) in the Simplified Acute Physiology Score (SAPS I1), it

severity 48h 1971-1975
1982 severity 24h 45 1979-1981 62.9 -
1993 mortality last 24h 40 1991 65.6 57.2
2002 severity - 70 1995-1998 66.75 -
2006 mortality 48h 65 - - 61 +-16
2008 morality 24h 60 2000-2001 66.55 53

Table 1. Characteristics of the scoring systems. There is a slight elevation in the age of enrolled patients and cut-off values. (LEB: Life
expectancy at birth). Ranson 2°; APACHEII-Acute physiology and chronic health evaluation ?; SAPS 11-Simplified Acute Physiology
Score 1 JNP-Japanese Severity Score 22; BALI-BUN, Age, LDH, IL-6 *%; BISAP-Bedside Index for Severity in Acute Pancreatitis *’.
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is >40 1% (iv) in Ranson score, it is above 55 2°; (v) in Acute Physiology and Chronic Health
Evaluation (APACHE 1), it is over 45 2%; and (vi) in the Japanese Severity Score (JNP), it is
>70 22, The wide range of age limits suggests that a low number of patients, a selection bias or
a mathematical inaccuracy could have occurred. In addition, we can not exclude the possibility
that hidden factors associated with ageing such as comorbidities play an important role.

It has been shown that the risk of morbidities increases with age . Since the average
age of AP onset is around 55-70 years 1%%* most AP patients are exposed to the burden of
comorbidities 2°. Sporadic studies reported on how comorbidities affect the outcomes of AP:
they increase mortality 22° and the length of hospital stay, as well 22730 However, the
predictive role of comorbidities is underutilized regarding AP severity and the development of
complications.

It is also well reported that some of the

OXIDATIVE NON-OXIDATIVE
ALCOHOL diseases which develop based on the same

W / etiological background (for example alcohol)
90% % FAEE

are more frequent in AP. National cohort

acetaldehyde

analysis showed variable rates of liver

ﬂm }\5/ cirrhosis (LC) in alcoholic pancreatitis. The

o T Spanish cohort showed 2% 3!, the Czech one

CIRRHOSES \5:/_/ pANGREATITS 16.7% 32, the Indian one 8.4% % and the
20-25% 3-8%

H 34 ; 2
Figure 2. Comorbidities in pancreatitis. Pancreatic and liver Italian one 12.5% (Flgure 2) .

diseases are frequently associated with each other. Alcohol is 90%
metabolized via the oxidative pathway; liver cirrhosis is, therefore,
more frequent in alcoholics than pancreatitis (20-25% versus 3-8%,
respectively). In patients in which LC develops first, pancreatitis is

Generally, age is included in all, whereas comorbidities are in none of the scoring systems.
However, based on the summary described above this strong decision is more than

questionable.
V.2 Aims

We aimed to investigate (1) the effects of ageing and (2) comorbidities on the outcome

of AP. Moreover, we wished to understand which factors predict mortality or severity better.
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IV.3 Methods
IV.3.1 Methods to answer Aim 1V.2.1

We choose the most appropriate clinical methodologies to answer each question. To
answer Aim 1V.1.1 we needed a preliminary sample size calculation. The event rate of mortality
in AP is very low: 3/100. Therefore, it is not surprising that 10-50 thousand of patients would
be necessary to answer Aim IV.2.1 precisely. The only possible methodology which is feasible
to collect such a high amount of patients is meta-analyses. In this part of the study, we

systematically reviewed the literature and performed a detailed meta-analysis.

IvV.3.1.1 Study design, participants, interventions, comparators

The meta-analysis was performed using the preferred reporting items for systematic
review and meta-analysis statement (PRISMA) *°. We used the classical PICO format to form
a question applicable for search in databases: P: acute pancreatitis; |1 and C: different age
categories (under 20 (U20), 20-29, 30-39, 40-49, 50-59, 60-69 and above 70 (A70)); O:
mortality and severity. In order to provide the highest level of quality, the meta-analysis was
registered with the PROSPERO registry (CRD42017079253).

IV.3.1.2 Search strategy

A search was performed in three databases (E mbase, PubMed and Cochrane) in January
2017 using the following terms: PubMed: (acute[All Fields] AND ("pancreatitis"[MeSH
Terms] OR "pancreatitis"[All  Fields])) AND (cohort[All Fields] OR ("clinical
trial"[Publication Type] OR “clinical trials as topic"[MeSH Terms] OR “clinical trial"[All
Fields])) AND ("Age"[Journal] OR "age"[All Fields] OR "Age (Omaha)"[Journal] OR
"age"[All Fields] OR "Age (Dordr)"[Journal] OR "age"[All Fields] OR "Adv Genet

Eng"[Journal] OR "age"[All Fields]) Embase: acute pancreatitis and (cohort or clinical trial)
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and age; and Cochrane: acute AND

J

pancreatitis AN D (Cohort OR CI | nlcal) .§ Records identified tbrough Additional records identified
.g database searching through other sources
- 5 {n=1100 ) (n=11)
AND trial AND age. 5
— A 4 Y
S Records after duplicates removed
(n=826)
IvV.3.1.3 Data  sources, study |z
] v
selection, and data extraction 3 Recordssereened | | Records excluded
(n=826) (n=537)

Full-text articles assessed Full-text articles excluded,
for eligibility » with reasons

Two independent authors read

(n=289) (n=256)

4

Studies included in
qualitative synthesis
(n=33)

N

Studies included in
quantitative synthesis
(meta-analysis)
(n=33)

Eligibility

the articles for eligibility (age data from
cohort and pilot studies). The flow

)

diagram recommended by the PRISMA

Included

guidelines shows the article selection

procedure (Figure 3) 3. When conflicts — L "=
. . Figure 3. PRISMA flow diagram. The diagram for the study selection for this
arose, a third pal’tICIpant made the meta-analysis is based on the PRISMA-recommended flow chart *

decision. Two authors collected data in

an Excel file (Microsoft Corporation, Redmond, WA98052, USA) according to age (mean,
median, range, standard deviation (SD) and interquartile range (IQR), where possible), study

type, severity, mortality, and notes.

IvV.3.14 Data analysis

All meta-analytic calculations were performed with STATA software Version 11 (Stata
Corporation, College Station, TX, USA). In our meta-analysis, the pooled effect sizes (ES) were
the event rates with a 95% confidence interval (CI) for all outcomes. The random effect model
by DerSimonian and Laird was used in all cases . Heterogeneity was tested using Cochrane’s
Q and the I? statistics. I statistics represent the percentage of effect size heterogeneity, which
cannot be explained by random chance, but by other factors. I> values of 25, 50 and 75%
corresponded to low, moderate and high degrees of heterogeneity, based on the Cochrane
handbook ¥'. If the Q test is significant, it implies that the heterogeneity among effect sizes
reported in the observed studies is greater than could be explained only by random error. We
considered the Q test significant if p<0.1. The forest plot was evaluated to represent the data.
Publication bias was examined by visual inspection as asymmetry in the funnel plot and Egger’s

test 3. A significant test result (p<0.1) indicates the presence of bias.
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A meta-regression was used to consider the effect of ageing on mortality and severity.
In both cases, we tested the hypothesis that all coefficients are zero. The results are provided as
regression coefficients, 95% Cls, p-values and the explained variances of the models (R?
analogs).

A conventional regression analysis was also performed to confirm the results of the
meta-regression. In this case, we used the pooled event rates from the subgroup analyses and
the middle of the age subgroups as independent variables. We used the IBM SPSS Statistics

software for these calculations (IBM Corporation, Armonk, New York, USA, Version 24).

IV.3.1.5 Quality assessment
The quality of the articles was assessed by 3 main categories recommended by the

modified Newcastle-Ottawa scale (Table 2).
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IvV.3.2 Methods to answer Aim 1V.2.2

modified Newcastle-Ottawa Quality Assessment Scale
Sample Size Study type Selection Comparability Outcome
s2 S3 c1 1.1 01.2

s1 4 o011 02 03 m
156 5 14 Prospective o 6 0 o (1} 0O © 0 o EA
174 14 0 Retrospective @ @ @ © (1) 0O © © © KA
24 1 0 Retrospective @ @ @ @ (1) 0O 06 ¢ © EN
403 28 17 Prospective © © 0 © o 0 O O mEm
359 nd 13 Retrospective O 0 O o (1) o 0 o EN
128 nd 2 Retrospective o 06 0 o © 0 0 o KN
1367 nd 115 Retrospective O 0 0 o ( o 0 0 O
605 nd 30 Prospective o 0 0 o (1} © o © o Kkl
1058 210 a Prospective o 6 0 o ©O oo 06 © KN
55 13 1 opecive @ O O @ 2 2© 2 2© © ¢ © KN
102 20 5 Prospective o 0 0 0 o 0 0 ©
310 63 8 Prospective O © 0 0 (1] o 0 o © EN
211 nd 0 Retrospective o © © O o 0 ¢ o EN
91 nd 10 Retrospective @@ @ @ © ©O 0 © © El
2053 390 102 Retrospective o 6 0 © O 6 © © KNl
109 66 8 Prospective o © 0 © (1 o 06 o o EN
622 119 20 Prospective 0o o (1} (1B 5 |
854 140 nd Prospective o 0 (1] (1) 0O 0 0 © EN
55012 nd 509 Retrospective @ @ 0O © © EN
600 53 17 Prospective o 0 © 0 (1) o 0 © O Il
a1 2 8 Pospectve. @ @ O @ o 0 0o OEER
670 43 37 ProspandRetrosp @ @ @ @ (1] © 0 © 0 &N
78257 nd 9515 Retrospective o o (1) (1) o 0o o EA
1173 167 36 Prospective o 0 6 o o 0 ¢ 0 EN
40 14 6 Retrospective @ @ @ @ o 0 0 o EN
120 31 13 Retrospective o 6 0 © © 0 © o Il
12284 765 nd Retrospective 0O ®© 0 © (0} o o KN
346 21 12 Retrospective O 0 © © o 6 o © EN
36178 nd 569 Retospective @ @ © 0 o KN
a3 nd 1 Retrospective @ @ ) o o o KN
[ Weeetaizors  [NEETY 8 nd Pospectie. @ @ @ © © 0 © o N
974 223 58 Retrospective O © © 0 6O © 0 0 EN
64 1 3 Prospective o o o © 0 0 O Em

Table 2. The modified Newcastle-Ottawa Quality Assessment Scale. Ranks in three categories (green-1: low risk; red-0: high risk;
yellow-0: unclear risk) are shown. S1: non-selected etiology AP; S2: all participants have an AP diagnosis; S3: AP diagnosis is confirmed
using the latest guidelines; S4: non-selected severity cases. C1: comparability defined by exact age ranges in years. O1.1: severity assigned
according to the latest guidelines; O1.2: described mortality (in-hospital and pancreas-related); 02-03: adequate follow-up for outcome
occurrence morality and severity.

In order to understand the effects of comorbidities on the outcome of AP detailed
clinical data are necessary. We have performed a preliminary literature search which revealed
that unfortunately such clinical data are not provided in the articles. Therefore, performing a
meta-analysis is not feasible. To answer Aim 11.1.2 we needed to get access to a high-quality
AP cohort. Since one of the biggest international AP registries run by the Hungarian Pancreatic
Study Group, we had no difficulties to access the necessary clinical data.

IvV.3.2.1 Population of the cohort analysis

As mentioned above, we extracted data from the International AP Registry established
in 2011 by the Hungarian Pancreatic Study Group in order to advance clinical care and research
in Pancreatology ’. AP Registry contains data on consecutive cases of AP attending several
Hungarian centers between 2011 and 2017. Accuracy of data recorded is secured by a four-
level quality check system involving both medical administrative personnel and
gastroenterologist specialists.
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IVvV.3.2.2 Comorbidities

Registry forms of AP cases involve an admission form (A form) and follow-up forms
(B forms) covering the entire hospital stay, as well as the de-identified electronic discharge
files. All files were carefully reviewed by an author with a medical degree to aggregate Charlson
Comorbidity Index (CCI) * with the International Classification of Diseases 9/10 coding
algorithm #°. No search engines were used when reviewing charts. CCI items were dedicated to
rating common chronic pre-existing diseases along 19 health-related (groups of) conditions.
Every CCI item has a weight according to the severity of comorbidities covered *°. CCI of each
case was calculated by compiling the weighted items. Earlier studies proved that CCI is an

effective predictor of hard outcomes in several acute and chronic conditions *4,

IV.3.2.3 Eligibility criteria

To be included in analysis, the following criteria should be met; 1) diagnosis of AP
(‘Two out of three’) ** i) abdominal pain, ii) serum amylase and/or lipase greater than three
times the upper normal limit and iii) characteristic findings on abdominal cross-sectional

imaging, 2) age > 18 years and 3) available history for CCI *°.

IvV.3.24 Outcomes

Our AP-related outcomes included in-hospital mortality, severity, length of
hospitalization (LOH), local complications (including peripancreatic fluid collections,
pseudocysts, and pancreatic necrosis), and organ failure (including respiratory, renal, and
cardiac failure).

IV.3.2.5 Ethical approval
AP Registry has been approved by the Scientific and Research Ethics Committee of the
Medical Research Council (22254-1/2012/EKU).

IV.3.2.6 Statistical analysis

An expert biostatistician carried out the analysis with SPSS 19.0.0 (IBM Analytics, US).
Case numbers and percentages were calculated for categorical variables, medians with 25% and
75% quartiles (Q1 and Qs, respectively) and ranges were computed for numerical variables in
descriptive analysis (due to non-normal distribution of data indicated by the Kolmogorov—
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Smirnov test). In all analysis, a probability (p) <0.05 indicated a significant difference, whereas
a p-value between 0.05 and 0.10 indicated borderline significance.

Representativeness of the study population was tested by binomial, one sample median,
and Goodness-of-fit y2 tests.

In univariate analysis, Spearmann’s rho was calculated to explore correlations between
age, CCI, and LOH. Odds ratios (ORs) with 95% confidence intervals (Cls) were calculated
from 2x2 tables. If OR was not calculable, association were investigated with chi?- or Fisher’s
tests.

In multivariate analysis, binary logistic and multinominal regressions were used to
investigate the joint effect of age categories and CCI categories or that of age categories and
individual comorbidities. We used a three-level age-stratification (young-aged between 18 and
34 years of age, middle-aged between 35 and 64 years of age, and old-aged >65 years of age)
and a four-level comorbidity stratification (none if CCI=0, mild if CCI=1, moderate if CCI=2,
and severe if CCI>3).

V.4 Results

Our systematic search yielded 1100 articles (704, 379 and 17 in Embase, PubMed, and
Cochrane, respectively) (Figure 3). Eleven additional articles were found with potential data
eligibility for the meta-analysis in the references of the primarily selected articles. After
excluding duplicates and irrelevant articles, a total of 33 articles involving 194 702 patients met

the inclusion criteria (Table 2).

IV.4.1 The effects of ageing on the severity of AP

A total of 23 studies with 22451 patients
were suitable for analyzing severity (Table
3) 47 Two thousand four hundred eighty-
nine severe cases were found divided into

seven age groups with a low severity rate

under 30 years. There was a low incidence

Table 3. Data of patient’s number and severe cases in age groups. There  SEVere AP rate in patients under 30 and
was only one severe AP in patients under 30; however, the incidence of .
severe AP rose continuously between ages 30 and 70. rose continuously between ages 30 and 70

(Table 3).
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Firstly, a meta-regression was performed to investigate the relationship between age

and severity (Figure 4). The number of patients in each age group category was extremely

Logit event rate

Figure 4. Meta-regression of severity. The figure shows 29 data from 23
reports where x= age (mean), y=logit event rate: In(p/(1-p)), and circle
diameters show the weight of each study based on the random effect model.
The meta-regression shows a significant (p<0.001) relationship between age
and severity (r>=31.6), therefore the risk for developing severe cases is elevated

T T

T T T
0 20 40 60 80

Time point

by ageing.

diverse (between 24 and 11 933);
however, a significant relationship was
detected (coefficient: 0.035 CI: 0.019—
0.052, p<0.001; adjusted r?: 31.6%). A
conventional regression analysis was
also performed showing a linear
increase (0.193%/year) from ages U20
to A70 (Figure 5).

This continuous elevation was also
confirmed by forest plot (Figure 6).
There was 1 severe AP U20: 4.2%
(1/24; pooled event rate: 0.042 CI: -

0.077-0.161); 20-29: 0% (0/36; pooled event rate: 0.014 CI: 0.077-0.104); 30-39: 6.7% (5/75;
pooled event rate: 0.067 CI: -0.005-0.128); 40-49: 9.2% (726/7882; pooled event rate: 0.109
Cl: 0.046-0.172); 50-59: 11.3% (1352/11 933; pooled event rate: 0.201 CI: 0.158-0.245); 60—
69: 16.6% (390/2344; pooled event rate: 0.157 CI: 0.110-0.203); A70: 9.6% (15/157; pooled
event rate: 0.096 CI: 0.049-0.143). In sum, 11.1% (2489/22 451).

20%

15%

10%

5%

0%

Severity

*

y =0,0193x + 0,0052

>

U20 20-29 30-39 40-49 50-59 60-69 A70

Figure 5. Conventional regression of severity. The conventional regression,
which is independent of distortion from diverse numbers of patients, shows a linear

rise (0.193%/year) in severity from young to old age.
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Publication bias was tested by
inspection of funnel plot and Egger’s
test (Cl: 1.961-6.728; p=0.001). The
visible asymmetry (plots are mostly
concentrated on the right side) is most
probably due to the fact that authors
mostly present data with high volume

examinations (Figure 7).



Study % Sample
name ES (95% CI) Weight Events size
u20
Beltran et al 2013 — 0.04 (0.01, 0.24) 100.00 1 24
Subtotal (I-squared = .%, p=.) L= 0.04 (-0.08, 0.16) 100.00
20-29
Parniczky et al 2016 a — 0.01(0.00, 0.18) 100.00 0O 36
Subtotal (I-squared = .%, p=.) <> 0.01(-0.08, 0.10) 100.00
30-39
Parniczky et al 2016 b - 0.07 (0.03, 0.15) 100.00 5 75
Subtotal (I-squared = .%, p = .) < 0.07 (0.01,0.13) 100.00
40-49
Abou-Assi et al 2002 > 0.03 (0.01, 0.07) 16.80 5 156
WeiHo etal2015a * 0.06 (0.05, 0.07) 17.47 335 5617
Albulushi et al 2014 -* 0.08 (0.05,0.13) 16.26 14 174
Parniczky et al 2016 ¢ - 0.08 (0.04,0.15) 1546 9 107
Qcampo et al 2015 * 0.16 (0.14, 0.19) 17.03 140 854
Zhang et al 2016 * 0.23 (0.20, 0.26) 16.98 223 974
Subtotal (I-squared = 97.6%, p = 0.000) < 0.11 (0.05,0.17)  100.00
50-59
Weitz et al 2016 * 0.06 (0.04, 0.09) 7.14 21 346
Rashidi et al 2016 * 0.06 (0.05, 0.09) 7.22 43 670
WeiHo etal2015b * 0.06 (0.06,0.07) 7.31 430 6667
de-Madaria et al 2014 * 0.07 (0.05, 0.10) 7.15 28 403
Parniczky et al 2016 d - 0.10 (0.06, 0.17) 6.51 " 12
Zuidema et al 2014 —— 0.17 (0.10,0.28) 5.48 1 64
Mole et al 2016 * 0.19(0.17,0.21) 7.24 390 2053
Nijmeijer et al 2013 + 0.19(0.16, 0.22) 7.06 19 622
Karpavicius et al 2016 —— 0.20(0.13, 0.28) 5.95 20 102
Knoeplifi et al 2006 - 0.20(0.16, 0.25) 6.80 63 310
Gurleyiek et al 2005 —— 0.24(0.14,0.37) 4.94 13 55
Wang et al 2015 —— 0.26 (0.19, 0.34) 5.93 31 120
Radenkovic 2009 —— 0.26 (0.18, 0.36) 5.58 24 kel
Waele et al 2007 —— 0.35(0.22,0.51) 4.06 14 40
Yue et al 2015 —— 0.40 (0.33,0.48) 6.06 68 169
Muller et al 2006 —_—r— 0.61(0.51, 0.69) 5.55 66 108
Subtotal (l-squared = 97.2%, p = 0.000) < 0.20 (0.16, 0.24) 100.00
60-69
Parniczky et al 2016 e - 0.12 (0.07, 0.19) 24.51 13 113
Uomo et al 2007 * 0.14 (0.12,0.16) 38.32 167 173
Gornik et al 2013 * 0.20(0.18,0.22) 37.17 210 1058
Subtotal (I-squared = 86.6%, p = 0.001) < 0.16 (0.11,0.20) 100.00
aro
Parniczky et al 2016 f -~ 0.10(0.06, 0.15) 100.00 15 157
Subtotal (I-squared = .%, p=.) o 0.10(0.05, 0.14) 100.00
NOTE: Weights are from random effects analysis

I I I I I

Figure 6. Forest plot results for cut-off values for severity. Summary table of pooled effect with CI and
significance levels to detect cut off value.
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Figure 7. Funnel plot of severity in terms of publication bias. Funnel plots represent the standard
error (SE) plotted against event rates (ES) for each study. The dotted line shows the 95% confidence
limits. Plots are mostly on the right side showing that publication bias might present (Cl: 1.961-6.728;
p=0.001)
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The cut-off values in sorting articles to U20 and A20, U30 and A30, U40 and A40, U50 and
A50, U60 and A60, and U70 and A70 (Figure 8-9) resulted in significant differences
considering three comparison, respectively (U30 vs. A30 p=0.036; U40 vs. A40 p=0.009; U50

vs. A50 p=0.021) (Table 4).

Study % Sample Study % Sample
name ES (95% CI) Weight Evenls size name ES (95% CI) Weight  Events  sze
under 20 under 30
Beltran et al 2013 fe—— 004(0.01,024) 10000 1 24 Pamiczky et al 2016 a — 001(0.00,018) 6314 0 36
Subtotal (l-squared = %, p =) -_— 0.04 (-0.08, 0.16) 100.00 Beltrén et al 2013 o—— 004(001,024) 3686 1 24

Subtotal (1-squared = 0.0%, p =0.712) <> 0.02(-0.05,0.10) 100.00
above 20
Pamiczky et al 2016 a . 001(000,018) 278 0 6 above 30
Abou-Assi et al 2002 - 003(001,007) 405 5 156 Abou-Assi et al 2002 >~ 003(0.01,007) 417 5 156
WeiHo etal2015a * 006(005007) 430 335 5617 WeiHo etal 20152 . 0.06(0.05,007) 442 335 5617
Weitz el al 2018 * 0.08(0.04,008) 412 21 348 Weitz et al 2016 > 006(0.04,000) 424 21 346
Rashidi et al 2018 * 006(0.05009) 421 43 870 Rashidi et al 2016 > 006(0.05,000) 433 43 670
WeiHo etal 2015 b * 006(0.06,007) 430 430 6667 WeiHo etal 2015b * 006(008,007) 442 430 6667
Pamniczky et al 2016 b - 007(003,015 345 5 s Pamiczky et al 2016 b - 007(003,015 355 5 75
de-Madaria et al 2014 * 007(0.05010) 413 28 403 de-Madaria et al 2014 > 007(0.05,010) 425 28 403
Albulushi et al 2014 - 008(005013) 386 14 174 Abulushi et al 2014 - 008(0.05,013) 397 14 174
Pamiczky et al 2016 ¢ - 0.08 (0.04,015) 359 il 107 Parmiczky et al 2016 ¢ —— 008(004,015) 369 9 107
Pamiczky et al 2016 1 - 010(0.06,015) 375 15 157 Parmiczky et al 2016 f - 010(0.06,015 386 15 157
Pamiczky et al 2016 d —— 010(006,017) 355 11 12 Pamiczky et al 2016 d - 010(006,017) 385 11 112
Pamiczky et al 2016 & —— 012(007,018) 347 13 13 Pamiczky et al 2016 ¢ —— 012(007.019) 357 13 13
Uomo et al 2007 * 014(0.12,016) 419 167 1173 Uomo et al 2007 > 014(012,016) 431 167 1173
Ocampo et al 2015 - 016(014,018) 414 140 854 Ocampo et al 2015 - 016(0.14,019) 425 140 854
Zuidema et al 2014 — 017(010,028) 273 11 a4 Zuxlema et al 2014 — 017(0.10,028) 280 11 64
Mole et al 2016 * 018(0.17,021) 423 380 2053 Mole et al 2016 - 019(0.17,021) 435 390 2053
Nijmejer et o 2013 - 019(016,022) 405 119 622 Nijmeijer et al 2013 - 019(0.16,022) 416 119 622
Karpavicius et al 2016 — 020(013,028) 308 20 102 Karpavicius et al 2016 —— 020(0.13,028) 317 20 102
Gornik el al 2013 + 020(0.18,022) 415 210 1058 Gornik et al 2013 *> 020(0.18,022) 426 210 1058
Knoepiif et al 2006 -+ 020(0.16,025) 380 B3 310 Knoepii et al 2006 - 020(0.16,025) 391 63 310
Zhang et al 2016 - 023(0.20,026) 412 223 974 Zhang et al 2016 - 023(020,026) 423 223  9o74
Gurleyiek et al 2005 —— 024(0.14,037) 235 13 55 Gurleyiek et al 2005 — 024(0.14,037) 242 13 55
Wang et al 2015 —— 026(019,034) 306 31 120 Wang et al 2015 —— 026(0.19,034) 315 31 120
Radenkavic 2000 —— 026(0.18,036) 280 24 ai Radenkovic 2009 — 026(0.18,036) 288 24 91
Waele et al 2007 — 035(022,051) 181 14 40 Waele et al 2007 — 035(022,051) 186 14 40
Yue ot al 2015 — 040(0.33,048) 317 68 168 Yue et al 2015 —— 040(0.33,048) 326 68 169
Muler et al 2008 —&— 061(051,069) 278 66 108 Muller et al 2006 —&— 061(051,069) 286 66 100
Sublotal (lsquared = 87 0%, p = 0.000) < 016(0.13,0.18)  100.00 Subtotal (1-squared = 87.1%, p = 0.000) koS 016(0.13,019) 100.00
MOTE: Weights are from random effects analysis NOTE: Weights are from random effects analysis
LI L
a 1.2 3 4 5 e 3 2.3 4 8

C Study % Sample D Study % Sample
name ES(95%Cl)  Weight Events size name ES(95%Cl)  Weight Events size
under 40 under 50
Parmiczky et al 2016 a ~— 0.01(0.00,0.18) 2640 © 6 Pamiczky et al 2016 a »— 001(000,0.18) 942 0 %
Beltran et al 2013 - 004 (001,024) 1541 1 2 Abou-Assi et al 2002 > 003(001,007) 1219 5 156
Pamiczky et al 2016 b - 0.07(0.03,0.15) 5819 & 75 Beltran et al 2013 o——— 0.04(001,024) 759 1 24
Subtotal (I-squared = 0.0%, p = 0.631) > 0.05(0.00,0.10) 100.00 WeiHo etal 2015a * 006(0.05,007) 1271 335 5617

Pamiczky et al 2016 b - 007 (0.03,0.15) 1080 5 75
above 40 Albulushi et al 2014 - 0.08(0.05,0.13) 1176 14 174
Abou-Assi et al 2002 >~ 003(001,007) 432 5 156 Pamniczky et al 2016 ¢ - 0.08(0.04,0.15) 1113 9 107
Wei Ho etal 2015a * 006(0.05007) 458 335 5617 Ocampo et al 2015 -> 016(0.14,0.19) 1237 140 854
Weitz et al 2016 > 006(0.04,000) 440 21 346 Zhang et al 2016 - 023(020,026) 1233 223 974
Rashidi et al 2016 *> 0.06(005,009) 448 43 670 Subtotal (I-squared = 96.2%, p = 0.000) < 0.09 (0.04,0.14) 100.00
WeiHo etal 2015 b * 0.06(0.06,007) 458 430 6667
de-Madaria et al 2014 - 0.07(0.05,0.10) 440 28 403 above 50
Albulushi et al 2014 - 008(005,013) 412 14 174 Weitz et al 2016 > 0.06(0.04,009) 566 21 346
Parmiczky et al 2016 ¢ - 0.08(004,015) 383 9 107 Rashidi et al 2016 > 0.06(0.05,009) 573 43 670
Pamiczky et al 2016 { - 0.10(0.06,0.15) 400 15 157 Wei Ho etal 2015b . 0.06(0.06,007) 581 430 6667
Pamiczky et al 2016 d - 010(0.06,017) 378 11 12 de-Madaria et al 2014 - 007 (0.05,0.10) 567 28 403
Parniczky et al 2016 —— 0.12(0.07,0.19) 370 13 13 Pamiczky et al 2016 f - 0.10(0.06,0.15) 531 15 157
Uomo et al 2007 *> 0.14(0.12,0.16) 447 167 1173 Pamiczky et al 2016 d - 0.10(0.06.017) 511 11 12
Ocampo et al 2015 - 016(0.14,0.19) 441 140 854 Parmiczky et al 2016 e —-— 012(007,019) 503 13 13
Zuidema et al 2014 —— 017(0.10,028) 291 11 64 Uomo et al 2007 *> 014(012,016) 572 167 1173
Mole et al 2016 > 019(0.17,021) 450 390 2053 Zuidema et al 2014 —— 0.17(0.10,028) 422 11 64
Nijmeijer et al 2013 - 019(0.16,022) 431 119 622 Mole et al 2016 * 0.19(0.17.021) 575 390 2053
Karpavicius et al 2016 —— 020(0.13,028) 329 20 102 Nijmeijer et al 2013 - 019(016,022) 559 119 622
Gomik et al 2013 > 020(0.18,022) 442 210 1058 Karpavicius et al 2016 —— 020(0.13,028) 462 20 102
Knoeplif et al 2006 - 020(0.16,025) 405 63 310 Gomik et al 2013 L 4 020(0.18.022) 568 210 1058
Zhang et al 2016 - 023(020,026) 439 223 974 Knoeplifi et al 2006 - 020(0.16,0.25) 535 63 310
Gurleyiek et al 2005 —— 024(0.14,037) 252 13 55 Gurleyiek et al 2005 — 024(0.14,037) 377 13 55
Wang et al 2015 —— 026(0.19,0.34) 327 31 120 Wang et al 2015 —— 026(0.19,0.34) 460 31 120
Radenkovic 2009 — 026(0.18,0.36) 299 24 91 Radenkovic 2009 — 0.26(0.18,0.36) 430 24 91
Waele et al 2007 ——— 035(0.22,051) 193 14 40 Waele et al 2007 —— 035(0.22,051) 306 14 40
Yue et al 2015 —— 040(0.33,048) 338 68 169 Yue et al 2015 — 040(0.33,048) 471 68 169
Muller et al 2006 —— 061(051,069) 297 66 109 Muller et al 2006 —— 061(051,069) 428 66 109
Subtotal (I-squared = 97.2%, p = 0.000) kel 0.16 (0.14,0.19) 100.00 Subtotal (I-squared = 97.0%, p = 0.000) < 019 (0.15,022) 100.00

NOTE: Weights are from random effects analysis

NOTE: Weights are from random effects analysis

Figure 8. Forest plot of studies evaluating severity at A:

diamonds show the pooled results of severe cases. A significant difference can be observed in severity under 50 and above 50 (p=0.021).

24

age U20 compared to A20. Full diamonds show the weighted event rates for studies respectively, the
line represents the 95% confidence interval (Cl), and empty diamonds show the pooled results of severe cases. A non-significant difference can be observed in
severity under 20 and above 20 (p=0.188). B: age U30 compared to A30. Full diamonds show the weighted event rates for studies respectively, the line represents
the 95% confidence interval (Cl), and empty diamonds show the pooled results of severe cases. A non-significant difference can be observed in severity under 30
and above 30 (p=0.036). C: age U40 compared to A40. Full diamonds show the weighted event rates for studies respectively, the line represents the 95% confidence
interval (Cl), and empty diamonds show the pooled results of severe cases A significant difference can be observed in severity under 40 and above 40 (p=0.009). D:
age U50 compared to A50. Full diamonds show the weighted event rates for studies respectively, the line represents the 95% confidence interval (Cl), and empty



Study
name

under 60

Parniczky et al 2016 a
Abou-Assi et al 2002
Beltran et al 2013
Wei Ho etal 20152
Weitz et al 2016
Rashidi et al 2016
Wei Ho etal2015b
Pamiczky et al 2016 b
de-Madaria et al 2014
Albulushi et al 2014
Parniczky et al 2016 ¢
Parniczky et al 2016 d
Ocampo et al 2015
Zuidema et al 2014
Mole et al 2016
Nijmeijer et al 2013
Karpavicius et al 2016
Knoeplif et al 2006
Zhang et al 2016
Gurleyiek et al 2005
Wang et al 2015
Radenkovic 2009
Waele et al 2007

Yue et al 2015

Muller et al 2006
Subtotal (I-squared = 96.9%, p = 0.000)

above 60

Parniczky et al 2016

Pamiczky et al 2016 e

Uomo et al 2007

Gomik et al 2013

Subtotal (I-squared = 86.3%, p = 0.000)

NOTE: Weights are from random effects analysis
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0.06(0.05,007) 499
0.06(0.04,009) 4.78
0.06(0.05,0.09) 4.88
006 (0.06,007) 499
007(0.03,015) 397
007(0.05,0.10) 479
008 (0.05,013) 447
008 (0.04,0.15) 4.14
0.10(0.06,0.17) 409
0.16(0.14,0.19) 480
0.17(0.10,028) 3.12
0.19(0.17,021)
0.19(0.16,0.22)
020(0.13,0.28)
020(0.16,025) 439
023(020,026) 4.77
024 (0.14,037) 268
026 (0.19, 0.34)
026 (0.18, 0.36)
035(022,051)
0.40(0.33, 0.48)
0.61(0.51,0.69)
016 (0.13,0.18)

318

4.90
469
354

352
3.20
205
364
318
100.00

0.10 (0.06, 0.15)
0.12 (0.07,0.19)
0.14 (0.12,0.16)
020 (0.18,0.22)
0.14 (0.10, 0.19)

2288
1963
29.12
28.37
100.00

Weight  Events

Sample
size

36
156
24
5617
346
670
6667
75
403
174
107
12
854
64
2053
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310
974
55
120
91
40
169
100

157
"3

173
1058

Study %

name ES(95%Cl)  Weight Events
under 70

Parniczky et al 2016 a > 0.01(0.00,0.18) 2.83 0
Abou-Assi et al 2002 > 0.03(0.01,007) 4.11 5
Beltran et al 2013 —— 0.04(0.01,024) 226 1
WeiHo etal2015a * 006(0.05007) 436 335
Weitz et al 2016 > 006(0.04,009) 419 21
Rashidi et al 2016 *> 0.06(0.05,000) 427 43
WeiHo etal 2015b * 0.06 (0.06,0.07) 436 430
Parniczky et al 2016 b R 0.07 (0.03,0.15) 3.50 5
de-Madaria et al 2014 > 0.07 (0.05,0.10) 4.19 28
Albulushi et al 2014 - 008(005,013) 392 14
Pamniczky et al 2016 ¢ - 0.08 (0.04,0.15) 365 9
Pamiczky et al 2016 d —— 010(0.06,0.17) 360 11
Pamiczky et al 2016 e - 012(0.07,0.19) 353 13
Uomo et al 2007 > 014(0.12,0.16) 426 167
Ocampo et al 2015 - 016(0.14,0.19) 420 140
Zuidema et al 2014 —— 0.17(0.10,028) 277 11
Mole et al 2016 * 019(017,021) 429 390
Nijmeijer et al 2013 - 019(016,022) 411 119
Karpavicius et al 2016 —— 020(0.13,028) 313 20
Gomik et al 2013 -> 020(0.18,022) 421 210
Knoeplifi et al 2006 - 020(0.16,025) 386 63
Zhang et al 2016 - 023(020,026) 4.18 223
Gurleyiek et al 2005 — 024(0.14,037) 240 13
Wang et al 2015 —— 026(0.19,034) 312 31
Radenkovic 2009 —— 026(0.18,0.35) 285 24
Waele et al 2007 —_— 035(022,051) 184 14
Yue et al 2015 — 0.40(033,048) 322 68
Muller et al 2006 —— 061(051,069) 283 66
Subtotal (I-squared = 97.0%, p = 0.000) Lol 0.16 (0.13,0.18) 100.00
above 70

Pamiczky et al 2016 f - 0.10 (0.06,0.15) 100.00 15
Subtotal (I-squared = %, p =) < 0.10 (0.0, 0.14) 100.00
NOTE: Weights are from random effects analysis
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Figure 9. Forest plot of studies evaluating severity at A: age U60 compared to A60. Full diamonds show the weighted event rates for studies respectively, the
line represents the 95% confidence interval (CI), and empty diamonds show the pooled results of severe cases. A non-significant difference can be observed in
severity under 60 and above 60 (p=0.994). B: age U70 compared to A70. Full diamonds show the weighted event rates for studies respectively, the line represents
the 95% confidence interval (Cl), and empty diamonds show the pooled results of severe cases. A non-significant difference can be observed in severity under 70

and above 70 (p=0.133).

o

T T 1T T 177
2 3 4 5 8 7

Patient no.

181395

Table 4. Forest plot results for cut-off values for severity. Summary
table of pooled effect with Cl and significance levels to detect cut off value.
comparisons were significant,
examining severity only 3. An explanation might be that in young ages
there is a low event rate, in middle age groups there is a higher proportion,
therefore, the difference is equalized leading to a non-significant
difference. The same occurs in the aged versus middle-aged groups.

Concerning mortality, all

however

T 1T 17T 17T 77
0 1 2 3 4 5 6 7

In addition, we performed several sub-
group analysis in order to decrease the
heterogeneity in our study. Firstly, we used
articles only where severity was assessed by
the Atlanta or the revised Atlanta
classification. This additional analysis could
largely decrease the heterogeneity (1>= 40-49:
0%, 50-59:96.9%, 60-69:86.6% (data are
shown in supplementary figure 9 in article

No.1%). Secondly, we excluded the low quality

(NOS 4 and 5) studies from the analysis. This analysis also could improve the heterogeneity
(1>= 40-49: 96.3%, 50-59:96.5%, 60-69:86.6% (data are shown in supplementary figure 10 in

article No.1%). And finally, we excluded studies from the analysis where age ranges might

overlap between the groups because of given age ranges. We could also successfully decrease
the heterogeneity ((I>= 40-49: 98%, 50-59:97.1%, 60-69:86.6% (data are shown in

supplementary figure 11 in article No.1%). Importantly, none of them modified the outcome of

the study which decreases the overall limitations of our results.
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Fatal event | Patient no.

510 55290 0.9
5 1912 0.26
139 11527 1.2
202 3002 6.7
838 41790 2.0

25496 8.5

42378 17.3

181395

Table 5. Data of patient’s number and deceased cases in age
groups. The incidence of severe AP rose continuously between ages

30 and 70.

Mortality

18% T
¥=0,0765x - 0,3665
R?=0,99199

14% T

9% T

5% T
¥ =0,0086x - 0,0036
R?=0,27691

ry

0% t t t t t t
uU20 25 35 45 55 65 A70

Figure 10. Conventional regression of mortality. The conventional
regression shows a linear elevation until 59, however from this age
the mortality rate started elevating with 9 times higher rate until the
age of 70.

IvV.4.2
mortality in AP

The effects of ageing on the

30 studies involving 181,395 subjects
contained data on mortality (Table 2, 5) 1645
57606276 11 170 deceased cases were found
in the seven age groups with the highest rates
in groups 40-49 and A60 (Table 5). The
mortality rate was 0.9% in patients under 20
and demonstrated a continuous, linear
elevation until 59, however from this age the
mortality rate started elevating with 9 times
higher rate until the age of 70 (Figure 10).
The mortality rate grew 0.086%/year
between ages 20 and 59 and 0.765%/year
between 59 and 70 (Figure 10). Overall,

patients above 70 had a mortality rate 19

times higher than those under 20 (Table 5).

The mortality rate rising with age was also

confirmed by forest plot, showing a clear elevation from pediatric to elderly patients: U20:
0.9% (510/55 290; pooled event rate: 0.009 CI: 0.008-0.010); 20-29: 2.6% (5/1912; pooled
event rate: 0.009 CI: -0.011-0.029); 30-39: 1.2% (139/11 527; pooled event rate: 0.012 CI:
0.010-0.014); 40-49: 6.7% (202/3002; pooled event rate: 0.052 CI: 0.025-0.079); 50-59: 2%
(838/41 634; pooled event rate: 0.045 CI: 0.032-0.057); 60-69: 8.5% (2153/25 452; pooled
event rate: 0.052 CI: 0.015-0.088); and A70: 17.3% (7312/42 322; pooled event rate: 0.112 CI:
0.007-0.217) (Figure 11). In summary, 6.2% (11 170/181 395).
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Study
name

u20

Lautz et al 2011

Pant et al 2014

Beltran et al 2013

Yeung et al 1995

Subtotal (I-squared = 0.0%, p = 0.868)

20-29

Spanier et al 2013 a

Parniczky et al 2016 a
Gonzalez-Gonzalez et al 2012 a
Subtotal (I-squared = 51.1%, p = 0.129)

30-39

Spanier et al 2013 d
Gonzalez-Gonzalez et al 2012 b
Parniczky et al 2016 b

Subtotal (I-squared = 0.0%, p = 0.994)

40-49

Albulushi et al 2014

Gompertz et al 2012

Parniczky et al 2016 ¢

Zhang et al 2016

Gompertz et al 2013

Abou-Assi et al 2002
Gonzalez-Gonzalez et al 2012 ¢
Subtotal (I-squared = 87.8%, p = 0.000)

50-59

Wu et al 2008

Gurleyiek et al 2005

Knoeplifi et al 2006

Parniczky et al 2016 d

Nijmeijer et al 2013

Weitz et al 2016
Dombernowsky et al 2016
de-Madaria et al 2014
Gonzalez-Gonzalez et al 2012 d
Zuidema et al 2014

Karpavicius et al 2016

Mole et al 2016

Rashidi et al 2016

Muller et al 2006

Radenkovic 2009

Wang et al 2015

Milherio et al 1994

Waele et al 2007

Subtotal (I-squared = 86.1%, p = 0.000)

60-69

Parniczky et al 2016 e

Uomo et al 2007

Gornik et al 2013

Spanier et al 2013 b
Gonzalez-Gonzalez et al 2012 e
Subtotal (I-squared = 97.7%, p = 0.000)
a70

Parniczky et al 2016 f
Gonzalez-Gonzalez et al 2012 f

Spanier et al 2013 ¢

Subtotal (I-squared = 97.0%, p = 0.000)

NOTE: Weights are from random effects analysis

o

o
ES (95% ClI) Weight

0.00 (0.00, 0.04) 0.19
0.01(0.01, 0.01) 99.79
0.02 (0.00. 0.25) 0.00
0.02 (0.00, 0.15) 0.01
0.01 (0.01, 0.01) 100.00
0.00 (0.00, 0.00) 63.70
0.01 (0.00, 0.18) 4.47
0.03 (0.01, 0.06) 31.83
0.01 (-0.01, 0.03)100.00
0.01(0.01,0.01) 99.08
0.01(0.00, 0.05) 0.71
0.01 (0.00, 0.09) 0.22
0.01(0.01, 0.01) 100.00
0.00 (0.00, 0.04) 16.16
0.02 (0.00, 0.06) 15.14
0.04 (0.01, 0.10) 12.91
0.06 (0.05, 0.08) 17.09
0.08 (0.07, 0.10) 17.12
0.09 (0.05, 0.15) 11.97
0.09 (0.05, 0.17) 9.61
0.05 (0.02, 0.08) 100.00
0.02 (0.01,0.02) 9.71
0.02 (0.00, 0.12) 3.21
0.03 (0.01, 0.05) 7.99
0.03 (0.01, 0.08) 5.50
0.03 (0.02. 0.05) 8.65
0.03 (0.02, 0.06) 7.80
0.04 (0.02, 0.06) 7.80
0.04 (0.03,0.07) 7.78
0.05(0.01,0.13) 3.10
0.05 (0.02, 0.14) 3.04
0.05 (0.02, 0.11) 4.26
0.05 (0.04, 0.06) 9.22
0.06 (0.04, 0.08) 8.19
0.07 (0.04, 0.14) 3.73
0.09 (0.04, 0.17) 3.00
0.11(0.06, 0.18) 3.28
0.1 (0.06, 0.19) 2.66
0.15(0.07, 0.30) 1.10
0.04 (0.03, 0.06) 100.00
0.03 (0.01, 0.08) 19.59
0.03 (0.02, 0.04) 23.57
0.04 (0.03, 0.05) 23.41
0.09 (0.09, 0.09) 23.94
0.09 (0.03. 0.22) 9.49
0.05 (0.02, 0.09) 100.00
0.04 (0.02, 0.08) 35.04
0.13 (0.06, 0.24) 28.72
0.17 (0.17, 0.18) 36.24
0.11 (0.01, 0.22) 100.00

Events
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Figure 11. Forest plot of studies evaluating mortality in acute pancreatitis. Full diamonds show the weighted event rates for studies
respectively, the line represents the 95% confidence interval (Cl), and empty diamonds show the pooled results of mortality with a steadily

rising frequency from young to an older age.
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A meta-regression analysis on mortality

" showed a significant difference (coefficient:
. 0.037 CI: 0.006-0.068, p=0.022; adjusted r?:
:v 13.8%, Figure 12). Publication bias was tested
E”QA . P by funnel plot and Egger’s test (CI: -0.901-

9.234; p=0.104) and showed mild asymmetry,

% _ . . | but based on Egger’s test publication bias was

age unlikely (Figure 13). Forest plot analyses

Figure 12. Meta-regression of mortality. The figure shows 43 data .
from 30 reports where x= age (mean), y=logit event rate: In(p/(L-p)), ~comparing U20 to A20, U30 to A30, U40 to
and circle diameters show the random size of each study. The meta-

regression shows a significant relationship (p=0.022) between age ~ A40 and U50 vs AS50 showed Significant
and mortality.

differences, respectively (U20 vs. A20

Funnel plot with pseudo 95% confidence limits

°7 -7\. . . p<0.001; U30 vs. A30 p=0.001; U40 vs. A40
” : ‘ ' p<0.001; U50 vs. A50 p=0.018; U60 vs. ABO

. | £ Ehw 0=0.028, and U70 vs A70 p=0.038) (Figure 14
hg . ) g and 15). Forest plot results are summarized in
. . ‘ Table 6. We excluded the low quality (NOS

g . 4 and 5) studies from the analysis to lower the
E > . T 2 heterogeneity (I>= 40-49: 96.3%, 50-

Figure 13. Forest plot results for cut-off values for mortality. 59:96.5%, 60-69:86.6% (data are shown in
Forest plot results from studies evaluating the cut-off values for

mortality in acute pancreatitis with significant results in each of four supplementary figure 19 in article No 11)).
groups. All comparisons showed a significant difference. '

B

'w‘ T

Figure 14. Forest plot of studies evaluating mortality at A: age U20 compared to A20. Full diamonds show the weighted event rates (ER) for studies
respectively, the line represents the 95% confidence interval (CI), and empty diamonds show the pooled results of severe cases. A significant difference can
be observed in mortality under and above 20 (p<0.001). B: age U30 compared to A30. Full diamonds show the weighted ER for studies respectively, the
line represents the 95% confidence interval (CI), and empty diamonds show the pooled results of severe cases. A significant difference can be observed in
mortality under and above 30 (p=0.001).
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Sty % Sample Study % Sample
name ES(85%Cl)  Weight Events size name ES(95%Cl)  Weght Events size
unider 40 under 50
Lautz et al 2011 = 000(000,004) 556 0 a1 Lautz et 2011 — 000(000,004) 722 0O 211
Spanier etal 2013 8 L. 000(0.00,000) 2782 © 1684 Spanier et al 2013 & 4 000(0.00,000) 1531 © 1684
Pantstal 2014 001(001.001) 2050 509 55012 Albulushi et al 2014 — 000(000,004) 58 0 174
Spanier et al 20134 001(001,001) 2632 136 11300 Pant et &l 2014 001(001,001) 1557 509 55012
Gonzilez-Gonzilez et al 2012 b p— 001(000.005) 350 2 152 Spanier et al 20134 001{001,001) 1539 136 11300
Pamiczky st al 2016 b — 001 (000,008 116 1 5 Gonzalez-Gonzalez et al 2012 b — 001(000,005) 520 2 152
Parmiczhy et ol 2016 o 001(000,018) 027 0O 38 Parniczky et 8 2016 b — 001(000,008) 205 1 75
Boltran ot al 2013 002(000.025) D14 0 2 Parmiczky ot al 2016 3 001(000,018) 052 0 %
Yeung et &l 1985 T 002 (0.00,0.15) 043 1 43 Gompertz et al 2012 — 002(0.00,006) 412 2 128
Gonzilez.Gonzalez et al 2012 & 003(001,006) 321 5 192 Betran et al 2013 002(000,025 028 © 2
Sublotal {1-squared = B5.9%, p = 0.000) ] 0.01(0.60,001) 100.00 Yeung et al 1995 002(000,015) 081 1 a
" Gonzélez-Gonzslez et al 2012 3 > 003(0.01,006) 487 5 192

Parniczky et al 2016 ¢ - 004(001,010) 230 4 107
Albulushi et al 2014 — 000(060,004) 323 0 17 Znang etal 2016 > 006{005,008) 873 58 974
Gompenz e al 2012 >— 002 (0.00,006) 318 2 128 Gompentz et al 2013 L 3 008(007,010) B84 15 1367
Wu etal 2008 - 002(001.002) 33 569 38178 Abou-Assi et al 2002 —— 009{005,015) 185 14 156
Gureyiek ef al 2005 Y 002(000,012) 284 1 58 Gonzalez Gonzslez et al 2012 ¢ —— 009{005,017) 113 9 %
Knowpif ot al 2006 *> 003 (001,005 325 8 310 Subtotal (I-squared = 93.0%, p = 0.000) 0 002(002,003) 10000
Pamiczky etal 2016 & -— 003(001.008) 312 3 113
Parmicthy et ol 2016 -— 003(001,008) 311 3 112 above 50
Uomo at al 2007 :_ 003(002.004) 328 38 1173 Wu ot al 2008 > 002(001,002) 421 569 36178
Nimeljer ot al 2013 003 (002,005 327 20 622 Gureywek et al 2005 H— 002(000,012) 365 1 55
Weitz et al 2016 + 003(002.006) 324 12 34 Knoepii et al 2006 > 003{001,005) 414 8 310
Dombernowsky et al 2016 - 004(002,006) 324 13 359 Parmiczky etal 2016 & — 003(001,008) 398 3 13
Parmiczhy et ol 2016 ¢ - 004(001,010) 306 4 107 Pamiczky ot al 2016 — 003(001,008) 398 3 12
Parmiczky et al 2018 f - 004(002,008) 314 6 157 Uomo et al 2007 > 003(0.02,004) 419 36 173
Gonmik et al 2013 p 004(003,005 328 41 1058 Nimeijer et al 2013 > 003(002,005) 417 20 622
de-Wadaria et al 2014 - 004(003,007) 324 17 403 Wotz ot 3l 2016 > 003(002,006) 413 12 346
Gonzslez Gonzdlez et al 2012 o —— 005(001,013) 282 3 &5 Dombermowsky et al 2016 > 004(002,006) 413 13 359
Zudema et al 2014 —— 005(002.014) 281 3 64 Parmiczky et al 2016 1 — 004(002,008) 401 6 157
Karpavicius ot sl 2016 —— 005(002.041) 300 5 i0z Gomik etal 2013 > 004(003,005) 419 41 1058
Mole et al 2016 * 005 (0.04,006) 328 102 2053 de-Madaria et al 2014 R o 004(0.03,007) 413 17 403
Rashiii of al 2016 *> 006(004,008) 326 37 670 Gonzalaz-Gonzalez et al 2012 d 005(001,013) 362 3 6
Zhang et &l 2016 * 006(005,008) 327 S8 974 Zuidema et al 2014 005(002,014) 361 3 64
Mulor ot al 2008 —— 007(0.04.0.14) 293 8 109 Karpavicius ot al 2016 - 005(002,011) 384 5 102
Gompertz et al 2013 »> 00B(067.010) 327 115 1367 Mole et al 2016 > 005(004,006 419 102 2053
Radenkovic 2008 —4 008(004.017) 280 8 1 Rashdi et 3 2016 > 006{004,008) 415 37 670
Spanier tal 2013 b * 009(0.09.009) 330 2073 23108 Muler ot al 2006 —— 007(004,014) 375 8 109
Abou-Assi et &l 2002 —— 008(005,015) 300 14 156 Radenkovic 2009 —— 009(004,017) 360 8 9
Gonzélez-Gonzdlez et al 2012 ¢ —y— 009(003,022) 234 4 a4 Spanier et al 2013 b * 009(009,009) 421 2073 23108
Gonzslez-Gonzilez etal 2012 ¢ —— 009(005.047) 280 9 % Gonzalez-Gonzalez et al 2012 & —_— 009(003.022) 302 4 44
Wang et al 2015 —— 0.11(0.06,018) 285 13 120 Wang et 8l 2015 —— 011(006,018) 366 13 120
Wherio et al 1994 —— 011(006,019) 272 10 91 Miherio et al 1994 — 0.11(006,0.19) 350 10 9
Gonzélez-Gonzalez et al 20121 — 013(0.06,024) 237 7 56 Gonzélez Gonzélez et al 2012 1 — 013(006,024) 307 7 56
Waele et al 2007 —_— 0.15(0.07.030) 203 40 Waclo et al 2007 —_— 015(007.030) 264 6 a0
Spanier et al 2013 ¢ * 017(017.018) 330 706 42186 Spanier et al 2013 ¢ * 017(017,018) 421 7306 42165
Sublotal (-squared = B9.6%, g = 0.000) < 0.06 (0.03,008) 100,00 Sublotal (I-squared = 99.7%, p = 0,000} Leg 0,06 {0.03,009) 100.00
HOTE: Waights are from random effects analysis NOTE: Weights are from random offects analysis
T T T T T T
0 i 2 3 0 1 2 3
Study % Sample Study Sample
name ES(@%Cl)  Weight Events sze name ES(95%Cl)  Weight Events sze
under 60 under 70
Lautz et al 2011 — 000(000,004) 392 0O 211 Lautz et a1 2011 )— 000(000,004) 344 0O 211
Spanier ot al 2013 a b 000(000,000) 836 0O 1684 Spanier et al 2013 a L 0.00(000,000) 431 0 1684
Albulushi et al 2014 — 000(000,004) 316 0 174 Albulushi et al 2014 — 000(000,004) 315 0 174
Pant et 2014 001(001,001) 851 509 55012 Pant et 1 2014 001(001,001) 432 509 55012
Spaner et al 2013 d 001(001,001) 841 136 11300 Spanver et al 2013 d 001(001,001) 431 136 11300
Gorzélez-Ganzalez et 812012 b p— 001(000,005) 282 2 182 Gorzélez Ganzalez et 81 2012 b — 001(000,005) 300 2 182
Parniczky et al 2016 b — 001(000,009) 111 1 75 Parniczky et al 2016 b — 001(000,009) 176 1 75
Parmiczky et 8l 2016 8 001(000,018) 028 0 3% Parniczky et 8l 2016 8 001(000,0.18) 058 0 3%
Gompertz et al 2012 — 002(000,006) 223 2 128 Gompertz et al 2012 — 002(000,006) 268 2 128
Wu etal 2008 0 002(001,002) 848 569 36178 Wu et al 2008 | 002(001,002) 432 569 36178
Gurleyiek ot 2 2005 002(000,0.12) 066 1 55 Gurleyiek ot 3 2005 002(000,012) 121 1 55
Belran etal 2013 002(000,025) 015 0 2% Bolran et af 2013 002(000,025) 033 0 %
Yeung et 3 1995 002(000,015) 044 1 4 Yeung et o 1995 002(000,015) 086 1 )
Knoepif et al 2006 - 003(001,005) 376 8 310 Knoepif et al 2006 > 003(001,005) 339 8 310
Gonzalez-Gonzalez et al 2012 a > 003(001,006) 264 5 192 Gonzélez-Gonzdlez et &l 2012 a > 003(001,006) 291 5 192
Parniczky ot al 2016 d — 003(001,008) 156 3 12 Parniczky et al 2016 — 003(001,008) 220 3 13
Nimaijer et al 2013 - 003(002,005) 496 20 622 Parniczky et al 2016 d — 003(001,008) 218 3 112
Weitz et al 2016 b ol 003(002,006) 350 12 346 Uomo et al 2007 003(002,004) 401 36 173
Dombermansky ot al 2016 > 004(002,006) 350 13 359 Nimaijer et al 2013 > 003(002,005) 374 20 622
Parniczky et al 2016 ¢ -— 0.04(001,010) 124 4 107 Weitz et al 2016 E o 003(002,006) 329 12 346
do-Madaria ot al 2014 - 004(003,007) 348 17 403 Dombernowsky et al 2016 - 004(002,006) 328 13 359
Gonzélez Gonzdlez et 8l 2012 d —— 005(001,013) 063 3 65 Parmiczky et 8l 2016 ¢ - 004(001,010) 190 4 107
Zuidoma et al 2014 —— 005(002,0.14) 062 3 64 Gornik ot af 2013 > 004(003,005) 391 41 1058
Karpavicius et al 2016 -4;— 005(002,011) 101 5§ 102 de-Madaria et al 2014 > 004(003,007) 328 17 403
Wole ot a1 2016 005(004,006) 648 102 2053 Gonzalez-Ganzlez ot al 2012.d - 005(001,013) 116 3 65
Rashidi et al 2016 > 006(004,008) 408 37 670 Zuidema et 3l 2014 - 005(002,014) 114 3 64
Zhang et 212016 > 006(005008) 475 58 974 Karpavicius et 21 2016 - 005(002,011) 164 5 102
Mullr et al 2006 —— 007(004,014) 082 8 109 Nole et al 2016 > 005(004,006) 405 102 2053
Gompertz et al 2013 <> 008(007,010) 481 115 1367 Rashidi et al 2016 > 006(0.04,008) 343 37 670
Radenkovic 2009 —r 009(004,017) 061 8 91 Zhang et al 2016 > 006(005,008) 368 58 974
Abou-Assi et al 2002 —— 009(005,015) 100 14 156 Muler et al 2006 —— 007(004,014) 142 8 109
Gorzélez Gonzlez et 31 2012 ¢ —— 009(005,017) 061 9 % Gompertz et al 2013 K 008(007,010) 370 115 1367
Wang et 2015 —— 0.11(006,0.18) 068 13 120 Radenkovic 2009 — 009(004,047) 112 8 1
Miherio et al 1994 —— 0.11(006,019) 052 10 91 Spanver et 8l 2013 b 4 008(009,009) 428 2073 23108
Waele et ai 2007 —_—— 0.15(007.030) 018 6 40 Abou-Assi et al 2002 — 009(005,015) 164 14 156
Subtotal (-squared = 92 8%, p = 0.000) 0 003(003,004) 10000 Gonzélez-Gonzalez et 812012 & ——— 009(003,022) 057 4 “
Gonzalez-Gonzalez et al 2012 ¢ — 009(005017) 113 9 %
above 60 Wang et al 2015 —— 0.11(0.06,0.18) 123 13 120
Parniczky ot al 2016 & -— 003(001,008) 1294 3 13 Miherio ot al 1994 — 0.11(0.06,019) 093 10 91
Uomo et al 2007 * 003(002,004) 1386 36 173 Waele et ai 2007 —_—— 015(007,030) 039 6 40
Parniczky et al 2016 1 - 004(002,008) 1308 & 157 Subtotal (I-squared = 98.2%, p = 0.000) 0 0.04(003,005) 10000
Gork et al 2013 > 004(003,005) 1383 41 1058
Sparver et 81 2013 b * 009(009,008) 1384 2073 23108
Gonzalez-Gonzalez et al 2012 & —_—— 009(003,022) 912 4 4 Parniczky et al 2016 f - 004(002,008) 3504 6 157
Gonzélez-Gonzalez et al 2012 0.13(006,024) 929 7 Gonzélez-Gonzalez et &l 2012 —_— 0.13(006,024) 2872 7 56
Sparver atal 2013 ¢ * 017(017,018) 1394 7306 42165 Spanver atal 2013 ¢ * 017(017,0.18) 3624 7306 42165
Subtotal (I-squared = 99.6%, p = 0.000) - 007 (0.03,0.12) 100.00 Subtotal (I-squared = 97.0%, p = 0.000) B ——— 0.11(0.01,0.22) 100.00
NOTE: Weights are from random effects analysis NOTE: Weights are from random effects analysis
T T T T T T
0 1 2 3 0 1 2 3

Figure 15 Forest plot of studies evaluating mortality at A: age U40 compared to A40. Full diamonds show the weighted event rates for studies respectively, the
line represents the 95% confidence interval (Cl), and empty diamonds show the pooled results of severe cases. A significant difference can be observed in mortality
under 40 and above 40 (p<0.001). B: age U50 compared to A50. Full diamonds show the weighted event rates for studies respectively, the line represents the 95%
confidence interval (Cl), and empty diamonds show the pooled results of severe cases. A significant difference can be observed in mortality under 50 and above 50
(p=0.018). C: age U60 compared to A60. Full diamonds show the weighted event rates for studies respectively, theline represents the 95% confidence interval (Cl),
and empty diamonds show the pooled results of severe cases. A significant difference can be observed in mortality under 60 and above 60 (p=0.028). D: age U70
compared to A70. Full diamonds show the weighted event rates for studies respectively, the line represents the 95% confidence interval (Cl), and empty diamonds

show the pooled results of severe cases. A significant difference can be observed in mortality under 70 and above 70 (p=0.038).
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IV.4.3 Risk of bias and

quality assessment of papers used

Mortality Significancy
ES 95% Cl ES 95% Cl

0.01 0.01-0.01 0.05  0.03-0.07 in the meta-ana|y3is
0.01 -0.00-0.01 0.05  0.03-0.07

001 0.00-0.01 0.06  0.03-0.09 The risk of bias was
UEEEY. SR 0.02  0.02-0.03 0.06  0.03-0.09 )
(I 002 001002 007  0.02-0.12 examined by funnel plot and
U70 vs A70 0.04  0.03-0.05 0.11  0.01-0.22
Table 6. Forest plot results for cut-off values for mortality. Forest plot results from

studies evaluating the cut-off values for mortality in acute pancreatitis with significant
results in each of four groups. All comparisons showed a significant difference.

Egger’s test. The quality of the
included articles was assessed by
using the modified Newcastle—
Ottawa scale as described earlier 7"-"°.

Two independent investigators have evaluated the articles and classified using clear
guidance described in Table 2. The following three main categories were applied: (i) selection
of study groups (including four subgroups: S1: non-selected etiology AP; S2: all participants

have an AP diagnosis; S3: AP diagnosis is confirmed using the latest guidelines; S4: non-

selected severity cases); (ii) comparability of the groups (C1: comparability defined by exact

age ranges in years); and (iii) outcome of interest (including four subgroups: O1.1: severity

assigned by the latest guidelines; O1.2 described mortality (in-hospital and pancreas-related);
and 02-03: adequate follow-up for outcome occurrence, morality, and severity). Each item
was marked: green-1: low risk; red-0: high risk and yellow-0: unclear risk of bias. A total of 9
points was the maximum that could be assigned (Table 2) 16:45-58.60-7173-768081 "\whenever

different points were given by the investigators a third member of the team made the final

Age, median (Q-03) ss@o— decision.
Sex, Nyate (Yoynae) 670 (55.7)
Etiolqu (pure)

Biliary, n (%) 528 (43.9)

Alcoholic, n (%) 269 (22.4)

Hypertriglyceridemic, n (%) 69 (5.7) V.44 Demography of the AP cohort
Mortality, n (%) 28 (2.3) . .
Severity nffir;creamls 25656 In order to understand the relationship

ild, n (% 1

Moderate, n (%) 313 (26.0) H R H :

Severe, n (%) 65 (5.4) between ageing, comorbidity, severity, and
Length of hospitalization, median (Q-Qs) 9(7-14) . . . .

Local complications, n (%) 358 (29.8) mortality we used the high-quality International AP

Fluid collection, n (%) 303 (25.2)

Pseudocyst, n (%) 120 (10.0) H H

Necrosi, n (%) 1110.2) Registry run by the HPSG. It contained 1241 cases,
Systemic complications, n (%) 92 (7.7) ..

' Rcspiramrs failure, n (%) 55 (4.6) of them 1203 (96.9%) from 18 centers were eligible

Heart failure, n (%) 19 (1.6)

Renal failure, n (%) 33(2.7) 1 1 1
Chariann Comorbidits Index. median (000 3 (03) for inclusion. Demography of the study population
Severity of comorbidities . .

No comorbidities, n (%) 444 (36.9) and that of AP Registry are presented in Table 7,

Mild comorbidities, n (%) 345(28.7)

Moderate comorbidities, n (%) 190 (15.8) I i i 1 1 1 1

SO Palee Figure 16. Distribution of sites of recruitment is

presented in Figure 17. Study population proved to
Table 7. Demography of study population including a total

of 1203 cases of acute pancreatitis. be representative to that of AP Registry regarding
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AP registry Study population
(A) Age n=1241 n=1203

(D) Sex

90

Age (y)

70
50

30

n=1241 n=1203
58y (44-70y) vs. 58 y (44-70 y)
(B) Length of hospitalization

25
20
15
10
5

Length (d)

n=1241 n=1203 (G) Severity of AP

9d (6-14 d) vs. 9d (7-14 d)

(C) Complications \(d
2,3%

X
25
20
15
10
.! me  HE
Lc?ca|. F'”’q Pseuodcyst Necrosis Svsl.emfc Resp.xra(ory Heart failure Renal failure
complications  collection complications failure
mn=1241 29,6% 24,9% 9,9% 9,2% 7,7% 4,6% 1,5% 2,7%
®n=1203 29,8% 25,2% 10,0% 9,2% 7,7% 4,6% 1,6% 2,7%

Figure 16. Demography and representativeness of the study population. Analysis of representativity showed no difference between the features
of the population in AP Registry (n=1241) and that included in Study Population (n=1203), p>0.05 for all comparisons. Representativeness of the
included population was tested by binomial (sex, etiology, mortality, and complications), one sample median (age and length of hospitalization),

and Goodness-of-fity2 tests (severity of AP).

demography and disease outcomes (p>0.05 for all variables analyzed) (Table 7). Data quality

for all variables was >99% in the study population (Table 8).
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City Center N of patients

Bajesy-Zsilinszky Hospital 137

Budapest Joint Saint Istvan and Saint Laszlo Hospitals 4
Heim Pal National Institute of Pediatrics 1

Békéscsaba Dr. Réthy Pil Hospital 53
Debrecen Second Department of Medicine, University of Debrecen 76
Institute of Surgery, University of Debrecen 7

Gyula Péndy Kélmén Hospital of County Békés 26
Kecskemét Bics-Kiskun County Hospital 11
Maké Healthcare Center of County Csongrad 10
Miskole Borsod-Abatj-Zemplén County Hospital and University Teaching Hospital 11

Pécs First Department of Medicine, University of Pecs 360

First Department of Medicine, University of Szeged 198

Second Department of Medicine, University of Szeged 74

Steged Emergency Unit, University of Szeged 10
Department of Surgery, University of Szeged 4

Szentes Department of Gastroenterology, Dr. Bugyi Istvan Hospital 10
Szombathely Markusovszky University Teaching Hospital 8

Seékesfehérvar  Szent Gybrgy University Teaching Hospital of Fejér County 199

Total N of patients

Figure 17 Distribution of centers recruiting the study population.
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30

10
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Died Survived Severe Non-severe

Figure 18. Ageing and acute pancreatitis. A: age-distribution of the
study population, the red arrow indicates the median age of the
population (that is, 58 years of age). B: mortality and age (Mann-

Whitney

test). C: severity and age (Mann-Whitney test).

Variable Data quality (%)
Age at the time of admission 100
Sex 100
Etiology 100
Mortality 100
Severity of pancreatitis 100
Length of hospitalization 100
Charlson Comorbidity Index 100
Local complications 99.5
Fluid collections 99.5
Pseudocyst 99.6
Necrosis 99.6
Systemic complications 99.3
Respiratory failure 99.2
Heart failure 99.3
Renal failure 99.3
Overall data quality 99.7

Table 8. Data Quality. 99.7% overall data quality shows that
the prospectively collected data is extremely good quality and

suitable for analysis.

IV.4.5 Association between ageing and
comorbidities in AP

The median age on admission was
58 y (Q:-Qs: 44-70 vy, range: 18-95 vy)
(Figure 18A). Deceased were older than
survivors (65 y [Q1-Q3: 56-78 y] vs. 58 y
[Q1-Qs: 44-70 y], p=0.017, respectively)
(Figure 18B). The age difference between
severe and non-severe cases was of
borderline significance (61 y [Q1-Q3: 48-
71y] vs. 58 y [Q1-Qs: 43-70 y], p=0.076)
(Figure 18C), as well as the detected
weak positive correlation between age
and LOH (r=0.055, p=0.058) (Figure 19)
Interestingly, patients developing local
complications were younger than those
not doing so (56 y [Q1-Qs: 43-68 y] vs. 59
y [Q:1-Qs 44-71 ],
p=0.028). The association is true for

respectively,

necrosis (p=0.049) and fluid collections

(p=0.095), unlike for pseudocysts (p=0.839) (Figure 20). On the contrary, patients developing

systemic complications were older than those not doing so (62 y [Q1-Q3: 50.5-74 y] vs. 58 y
[Q1-Qs: 43-70 y], respectively, p=0.008).
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Figure 19. Correlation between age and LOH (A panel), and CCl and LOH (B panel)
(A)i) __p=0.028 (B)\ZJ p=0.095 (C) %\ o pzo.st (D) ? _ p=0.049
cn cn
70 70 70 70
50 50 50 50
30 30 30 30
—— e 10
19 Yes No 10 Yes No Yes No H Yes No
(E)%‘ ~ p-0.008 (F) % o001 (G)%} p-0.009 ) ;:T. p=0.215
A Y o0
::D 90 ;:D 90 Z 90 3:0 90
70 70 70 70
50 50 50 50
30 30 30 30
10 10 10 10
Yes No Yes No Yes No Yes No
Table 1 Total Age p-value
n, (%) median (IQR)
e , Yes 358 (29.9) 56 (43-68) .
Local complications (Figure A) No 839 (70.1) 59 (44-71) 0.028
. . . Yes 303 (25.3) 56 (43-68)
Fluid collection (Figure B) No 894 (74.7) 59 (44-71) 0.095
3 Yes 120 (10.0) 58.5 (43.5-68)
Pseudocyst (Figure C) No 1078 (90.0) 58 (44-70) 0.839
o Yes 111 (9.3) 53 (43-65) A
Necrosis (Figure D) No 1087 (90.7) 59 (44-71) 0.049
” s : Yes 92(7.7) 62 (50.5-74) "
Systemic complications (Figure E) No 1103 (92.3) 58 (43-70) 0.008
. . ) Yes 55 (4.6) 65 (53-74) X
Respiratory failure (Figure F) No 1139 (95.4) 58 (43-70) 0.001
. . Yes 19 (1.6) 65 (61-78) 5
Heart failure (Figure G) No 1176 (98.4) 58 (44-70) 0.009
. ; Yes 33(2.8) 62 (48-72)
Renal failure (Figure H) No 1162 (97.2) 58 (44-70) 0.215

Figure 20. Ageing and complications in acute pancreatitis. A any local complication. B pancreatic fluid collection. C pseudeocyst. D
pancreatic necrosis. E any systemic complication. F respiratory failure. G heart failure. H renal failure. Groups were compared with the
Mann-Whitney test. Tablel shows the data which the figures rely on.* represents a significant difference between groups.
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Specifically, respiratory (p=0.001) and heart failure (p=0.009) were age-dependent (Figure 20).
These data suggest that ageing strongly influences the outcomes of AP in univariate models.
Concerning comorbidity, Median

£ 400 R CCl was 2 (Q1-Qs: 0-2, range: 0-10)
%300 (Figure 21A). Deceased had higher
£ 200 CClI than survivals (3 [Qi-Qs: 1-4]
% 100 vs. 1 [Qe-Qs 0-2], p=0.001,
05 5 y : 2 T respectively), as well as those with
cd severe AP (1 [Q1-Qs: 0-3] vs. 1 [Q1-

S B p-oont S C  poon Qs: 0-2], p=0.024) compared to
8 8 those  with  non-severe AP,

6 6 respectively (Figure 21B-C). A

4 4 weak, significant, positive

2 2 correlation was detected between
e E— o C— age and CCIl (r=0.073, p=0.012)

Figure 21. Charlson Comorbidity Score and acute pancreatitis. A distribution (Figure 19). Local complications
of CCI in the study population, the red arrow indicates the median CClI of the
population. B mortality and CCI (Mann-Whitney test). C severity and CCl (Mann-  seemed independent of CCI

Whitney test). CCI: Charlson Comorbidity Index.
(p=0.259), as were fluid collections
(p=0.515), pseudocysts (p=0.456), and necrosis (p=0.558) (Figure 22). Systemic complications
were associated with higher CCI (p<0.001). This association applies to respiratory failure
(p<0.001), as well (Figure 22). These data suggest that CCI strongly influences the outcomes
of AP in univariate models.

Furthermore, bivariate analysis of age and CCl revealed a moderate, positive correlation
between the variables (r=0.334, p<0.001) (Figure 23). Importantly, patients with previous
myocardial infarction, co-existing congestive heart failure, peripheral arterial disease, and
cerebrovascular disease were significantly older than those without these conditions (p<0.001
for each). These associations applied to chronic pulmonary diseases and dementia (p<0.001 for
both), as well as to peptic ulcers/erosions (p=0.015). Both diabetes with and without
complications were associated with older age (p<0.001).

Patients with malignant tumors were older (p<0.001) but we failed to detect this
association regarding metastatic tumors (p=0.112), probably due to low event rates. The latter

may apply to autoimmune diseases (p=0.961).
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p=0.259 p=0.515 p=0.456 p=0.558
P ki e S

(A) 5 (B) 5 A (¢ I 7 D3
g5 35 35 35
4 4 4 4
3 3 3 3
2 2 2 2
1 1 1 1
0 0 0 0
p<0.001 p<0.001 p=0.904 p=0.870
E 5 M 5 6) 5 H 5
“6 Y6 6 “6
4 4 4 4
2 2 2 2
0 0 0 0
Total CCl p-value
n, (%) median (IQR)
o ) Yes 358 (29.9) 1(0-2)
Local complications (Figure A) No 839 (70.1) 1(0-2) 0.259
. e Yes 303 (25.3) 1(0-2)
Fluid collection (Figure B) NG 894 (74.7) 1(0-2) 0.515
; Yes 120 (10.0) 1(0-2)
4
Pseudocyst (Figure C) No 1078 (90.0) 1(02) 0.456
o Yes 111 (9.3) 1(0-2)
Necrosis (Figure D) No 1087 (90.7) 1(0-2) 0.558
. = s ; Yes 92(7.7) 2(1-3) ”
Systemic complications (Figure E) No 1103 (92.3) 1(0-2) <0.001
. . . Yes 55 (4.6) 2(1-3) .
Respiratory failure (Figure F) No 1139 (95.4) 1(02) <0.001
s i Yes 19 (1.6) 2 (1-4)
Heart failure (Figure G) No 1176 (98.4) 1(0-2) 0.904
. ; Yes 33(2.8) 2 (0-4)
Renal failure (Figure H) No 1162 (97.2) 1(0-2) 0.870

shows the data which the figures rely on.* represents a significant difference between groups.
Figure 22. Ageing and complications in acute pancreatitis. A any local complication. B pancreatic fluid collection. C pseudeocyst. D

pancreatic necrosis. E any systemic complication. F respiratory failure. G heart failure. H renal failure. Groups were compared with the
Mann-Whitney test Table.
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Figure 23. Correlation between age and Charlson Comorbidity Index. Spearman’s
correlation established a significant positive correlation of moderate strength (r=0.334,

Age (y)

Interestingly, patients with mild

liver disease were younger than

their

healthy

(p<0.001);

difference disappeared regarding

moderate
diseases (p=0.555).

Summaries of multivariate

counterparts

however,

and

Severe

this

liver

analysis are presented in Figure

22 and Table 9, raw data are

p<0.001) between age on admission and Charlson Comorbidity Index. CCI: Charlson presented in Table 10. The
Comorbidity Index.
. Deceased vs. survivors Severe vs mild AP LOH<9 daysvs. LOH>9 days
Variables B OR (95% CI) p-value B OR(95% Cl) p-value B OR (95% CI) p-value
Age categories
18-34 y (young-aged) NA*® NA* 0961 0 1 (reference) 0 1 (reference)
35-64 y (middle-aged) 0.76 0.76 (0.35-1.67) 0.493 200  740(0.99-5531)  0.051 | 0.62 1.86 (1.22-2.83) 0.004 |
> 65 y (old-aged) 0 1 (ref) 193 692(091-52.70)  0.062 = 040  1.50(096-233) 0073
Comorbidity categories
CCI=0 (none) 0 1 (reference) 0 1 (reference) 0 1 (reference)
CCI=1 (mild) 0.11 1.12 (0.32-3.90) 0.863 0.04 1.04 (0.52-2.08) 0911  0.00 1.00 (0.75-1.34) 0.983
CCI=2 (moderate) 0.09 1.10 (0.26-4.68) 0.900 -0.02 0.98 (0.45-2.24) 0.960 0.30 1.35 (0.95-1.92) 0.092
CCI>2 (severe) I 1.50  4.48 (1.57-12.80) 0.005 I 0.74  2.10(1.08-4.09) 0.029 I 0.15 1.16 (0.83-1.62) 0.387

Table 9. The joint effect of ageing and comorbidities on the outcomes of acute pancreatitis. Red highlights indicate p<0.05, orange highlights
indicate p<0.10 but >0.05. AP: acute pancreatitis; Charlson Comorbidity Index; CI: confidence interval; LOH: length of hospitalization; NA:
not applicable; OR: odds ratio. “analysis is impossible due to zero events.

Local complications® Fluid collection® Pseudocyst® Necrosis®
B OR (95% CI) p-value 3 OR (95% CI) p-value B OR (95% Cl) p-value 3 OR (95% CI) p-value

Age categories

18-34 y (young adults) V] 1 (ref) 0 1 (ref) 1 (ref) 0 1 (ref)

35-64 y (middie-aged adults) [075 2127 (1300-34807  0.003 |[ 063 1874 (1.124-3124] 0.016" | [120 33113058504y 0012] [1.47  3209(12578191) 0015

> 65y (old adults) 029 1.332(0.790-2.244) 0282 023 1258(0.731-2164) 0407 | 091  2486(09386500) 0067* 053 1707 (0.633-4605)  0.201
Comorbidity categories |

CCI=0 (none) 1] 1 (ref) 0 1 (ref) ] 1 (ref) 0 1 (ref)

CCI=1 (mild) 020  1.226 (0.895-1.678) 0.204 0.03  1.033(0.742-1.429) 0.847 -0.24 0.787 (0.489-1.267) 0.325 0.15 1.163 (0.722-1.875) 0.534

CCI=2 (moderate) 0.1 1.116 (0.758-1.644) 0579 005 1.056(0.705-1.582) 0.791 0.1 0.894 (0.510-1.569) 0696 -0.03  0.973(0.531-1.785) 0.930

CCI>2 (severe) 024  1.267 (0.881-1.823) 0.202 0.16  1.169 (0.800-1.709) 0.420 -0.30 0.741 (0.423-1.298) 0.295 -0.20  0.819(0.447-1.501) 0.519

Systemic complications® Respiratory failure” Heart failure® Renal failure
B OR (95% CI) p-value B OR (95% CI) p-value B OR (95% CI) p-value B OR (95% CI) p-value

Age categories

18-34 y (young adults) 0 1 (ref) NA® NA® 0964  NA® NA® 0.867  NA® NA® 0.972

35-64 y (middle-aged adults) | 219 7824 (1.059-57.788) 0033 | -0.37 0688 (0.395-1.197) 0.188 -0.31 0.731 (0.289-1.847) 0.508 -0.09  0.919(0.450-1.875) 0.815

> 65 y (old adults) | 206 8933 (1.19566.794)  0.044° | 0 1 (ref) 0 1 (ref) 0 1 (ref)
Comorbidity categories

CCI=0 (none) 0 1 (ref) 0 1 (ref) 0 1 (ref) 0 1 (ref)

CCI=1 (mild) 020  1.217 (0.664-2.232) 0525 002 1.023(0.444-2.354) 0.958 0.18 0.835 (0.185-3.765) 0814 0.88  0.877(0.323-2.386) 0.797

CCI=2 (moderate) 037  1.452 (0.738-2.856) 0.280 063 1.870(0.818-4.275) 0.138 0.32 1.378 (0.302-6.278) 0.679 042 0.416(0.089-1.957) 0.267

CCI>2 (severe) [092 2505 (139644947 0002 |[ 098 2658 (126056055 00107 | [126 3522 (1.054-11.770) 00417 [278 _27e7e6557 0020

“p<0.05, *p<0.10 but 20.05. CCl: Charlson Comorbidity Index, ®not applicable due to zero event number, *n=1197, ®n=1998, ®n=1995, "n=1994, Cl: confidence interval, OR: odds ratio.

Table 10. The joint effect of ageing and comorbidities on local and systemic complications of AP.

36



Variables Mortality ~ Severe LOH>9d Local Fluid collection Pseudocyst  Necrosis Systemic Respiratory Heart Renal

n (%) AP n (%) complication  n (%) n (%) n (%) complication  failure failure failure
n (%) n (%) n (%) n (%) n (%) n (%)
Age categories
18-34 y (young adults) 0(0.0) 1(0.8) 40 (33.3) 23(19.2) 21(17.5) 5(4.2) 5(4.2) 1(0.8) 0(0.0) 0(0.0) 0(0.0)
35-64 y (middle-aged adults) 13 (2.0) 36 (5.6) 320 (49.7) 223 (34.6) 186 (28.9) 76 (11.8) 77 (12.0) 49 (7.6) 26 (4.0) 9(1.4) 18 (2.8)
> 65 y (old adults) 14(3.2) 28(6.4) 198 (45.1) 112 (25.5) 96 (21.9) 39(8.9) 29 (6.6) 42(9.6) 29 (6.6) 10 (23) 15(3.4)
Comorbidity categories
CCI=0 (none) 5(L.1) 19(4.3) 194 (43.7) 120 (27.0) 107 (24.1) 48 (10.8) 40 (9.0) 22(5.0) 12(2.7) 4(0.9) 2(0.5)
CCI=1 (mild) 5(1.5) 16 (4.6) 155(44.9)  110(31.9) 87(25.2) 32(93) 37(10.7) 23(6.7) 11(3.2) 3(0.9) 2(0.6)
CCI=2 (moderate) 3(1.6) 9(4.7) 100(52.6) 56 (29.5) 48 (25.3) 20 (10.5) 17 (9.0) 16 (8.4) 12 (6.3) 3(1.6) 2(L1)
CCI>2 (severe) 14(63)  21(94) 109(48.7)  72(32.1) 61(27.2) 20 (8.9) 17(7.6) 31(13.8) 20 (8.9) 9 (4.0) 2(0.9)

AP: acute pancreatitis, CCI: Charlson Comorbidity Index, LOH: length of hospitalization

Table 11. Data used in multivariate analysis

Systemic complications LOH Mortality

B OR (95% C1) p B OR (95% C1) p B OR (95% C1)
Age categories Age categories
18-34 y (young adults) 0 1 {ref) 0 1 (ref) 18-34 y (young adults) 1251 NA
3564 y (middle-aged adults) [215 8.55 (1.16-63.03) 0035 | 062 185(1.22281) 0004 | 35-64 y (middle-aged adults) 042 066 (0.30-1.46)
> 65y (old adults) 203 7.60 (1.02-56.93) 0048 | 043 153(0.98239)  0.061 >65 y (old aduits) 0 Liref)
Comorbidity categories Comorbidity categories !
Myocardial infarction 0.00 1.00 (0.40-2.51) 0.998 080 2.24(1.224.10) 0005 | Ol S L TELS S
. . Moderate or severe liver disease 2.09 8.12(2.13-20.96
Congestive heart failure 0.34 1.40 (0.61-3.21) 0.422 0.21 1.28 (0.69-2.21) 0.472 Metastatic tumors o3 Go0(13c3558
Peripheral vascular disease 0.39 1.48 (0.80-2.72) 0.214 0.02 1.02 (0.68-1.54) 0.926
Cerebrc‘vascular disease 0.83 2.29 (1.29-4.07) 0.005" | 0.09 1.10(0.73-1.66) 0.662 Severity
Dementia - 078 046(0.15137) 0162 8 OR (95% CI)
(Chronic pulmonary disease 0.35 1.42(0.77-2.63) 0.265 -0.39 0.68 (0.45-1.01) 0.057* Age categories
Connective tissue disease = -0.77 0.47 (0.16-1.38) 0.168 18-34 y (young adults) 0 1 (ref)
Peptic ulcer/erosion - 0.0 1.00 (0.66-1.51) 0.984 3564 y (middle-aged adults) 009 0.2 (0.53-1.59)
Mild liver disease . 0.17 1.18 (0.92-1.53) 0.198 > 85y (old adults) 182 6.20 (0.81-47.18
Diabetes without complication - 0.18 1.20(0.86-1.69) 0.287 Comorbidity categories
Hemiplegia - -0.19 0.83(0.13-5.13) 0.839 Malignant tumors -0.68 0.51 (0.25-1.04)
Moderate or severe renal disease 0.51 1.66 (0.65-4.27) 0.292 0.12 1.13(0.57-2.26) 0.728 Liver diseases 0.55 1.73(0.96-3.12)
Diabetes with complication - 0.15 1.16 (0.59-2.30) 0.666 Diabetes -0.30 0.74(0.42-1.39)
Malignant tumor - 0.09 1.09 (0.68-1.77) 0.714 Cardiovascular diseases -0.27 0.77 (0.42-1.39)
Lymphoma - -12.32 NA 0.978 Pulmonary diseases -0.20 0.82 (0.39-1.74)
Leukemia - 119 3.06(0.31-30.04)  0.337
Moderate or severe liver disease - -0.12 0.89(0.36-2.17) 0.795
Metastatic solid tumor - -0.62 0.54 (0.16-1.79) 0312
Any tumors 0.40 1.49(0.77-2.89) 0.240 -
Liver disease at any stage -0.33 0.72 (0.44-1.17) 0.180 -
Diabetes with or without 0.20 0.470 -

- 1.22(0.72-2.09)
complications

Table 12. Results of multivariate analysis on the effects of individual comorbidities on the outcomes of acute pancreatitis

exclusive predictor of mortality was a CCI>3
(8=1.50; OR=4.48; CI: 1.57-12.80); in

Myocardial infarction —e————

Congestive heart failure *
. _ accordance, the main predictor of severe AP
Peripheral vascular disease |—e———— %
Cerebrovascular disease i . was a CCI>3 (8=0.74; OR=2.10, CI: 1.08-
Pepic ulcer/erosion —e——— 409), thOUgh the middle- and 0|d-8.99d were
Chronic pulmonary disease -#——— exposed to a severe episode with a high OR

Mild liver disease = of borderline significance. Unexpectedly,

Diabetes without complication ~ —e———— A )
the middle-aged were more likely to spend
Moderate/severe renal disease *

>9 days in the hospital. Along with this, the

Malignant tumor (solid)

only predictors of local complications

Modreate/severe liver disease . %

Metastatic tumor * (including pancreatic necrosis) was to be
Z)ddsim,-o middle-aged (6=1.17; OR=3.21, CI: 1.26-

Figure 24. Forest plot on the effect of individual comorbidities on 8.]_9). On the contrary the middle- and old-
mortality. 95% confidence intervals did not cross the boundary of '

significance (red, vertical line at an odds ratio of 1) regarding six
comorbid conditions: congestive heart failure, peripheral vascular
disease, cerebrovascular disease, moderate/severe renal disease, . . . .
moderate/severe liver disease, and metastatic tumor (asterisks indicate a d9V9|0p SyStemIC Comphcatlons than their
p-value less than 0.05). These comorbidities were associated with higher

mortalitv. younger counterparts (p=2.19, OR=7.82, CI:

—
(5]
A

aged were about eight times more likely to
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1.06-57.79 and p=2.06, OR=8.93, CI: 1.20-66.79, respectively), though comorbidities were
important determinants, as well.

Summaries of univariate and multivariate statistics of individual comorbidities, together
with raw data, are presented in Table 11-12. In univariate analysis, out of the six comorbidities
associated with higher mortality, moderate/severe liver diseases and metastatic solid tumors
proved to be the strongest predictors (OR=8.04, Cl: 2.22-29.13 and OR=8.47, Cl: 1.78-40.23,
respectively) (Figure 24). Peripheral vascular diseases, cerebrovascular diseases, and diabetes
without complications predicted severe AP. Patients with mild liver diseases were two times
more likely to develop local complications, including necrotizing pancreatitis (OR=1.86, CI:
1.25-2.75). Congestive heart failure, peripheral vascular diseases, cerebrovascular diseases,
chronic pulmonary diseases, and diabetes without complications were associated with a higher
rate of systemic complications. Preexisting cardiovascular, renal, and pulmonary diseases
predicted the development of respiratory, heart, and renal decompensation, respectively.
Interestingly, pre-existing moderate/severe liver diseases and malignant tumors were strongly
associated with cardiac decompensation (OR=7.16, Cl: 1.55-33.21 and OR=4.09, CI: 1.32-
12.64, respectively). The multivariate analysis only minimally changed the direction of the

main associations.

IV.5. Discussion

Here we provide the first detailed meta-analysis on the effects of ageing on AP. Ageing
has been demonstrated to play an important role in AP; however, due to the lack of detailed
mathematical analysis, there is a great difference between the cut-off values used in predictive
scoring systems 722,

With regard to severity, unfortunately, we only have two articles in which severity was
one of the outcome parameters in youth. In one of these studies, Parniczky et al. found no severe
cases in the 36 patients under 30 yrs of age ‘. Similarly, Beltran et al found only a single severe
case in a cohort of 24 patients suggesting a low incidence rate of severe AP in youth . Our
situation was far easier regards mortality as data from large nationwide cohorts were available.
In a large epidemiology study involving 55 012 patients under 20 yrs in the USA, Pant et al.
showed that mortality is only 0.92% . Others have also described low mortality in smaller
cohorts. Lautz et al. found 0% (0/211 patients) mortality under 20 yrs, while Yeung et al.
reported 2.33% (1/43 patients) "2, In contrast, no mortality was found among 1720 patients
between the ages of 20 and 29 in a Hungarian and a Dutch cohort "®. Middle-aged patients
(30-59y) had a mortality rate more than two times higher 4550525567,
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Our second main observation was that up until 59 yrs (this cut-off value was
mathematically calculated), both severity and mortality rise linearly (Figure 5 and 10). The rate
of severity increases 0.193%/year, and mortality grows 0.086%/year. It has been documented
that almost all death cases come from the severe AP group; therefore, we can assume that
although the number of severe cases rises every year, the risk for mortality in severe AP remains
constant at around 20% .

Thirdly, we found that above 59 yrs the mortality rate rapidly increases; meanwhile, the
rate of severe pancreatitis follows the earlier, slightly elevated pattern (Figure 5 and 10). These
data clearly suggest that additional factors which are lacking or rare below 59 yrs also affect
mortality in AP. One of the best candidates responsible for the increased elevation of mortality
in the elderly is definitely co-morbidity. It has been shown that the burden of co-morbidities
increases with age 2>2°. In addition, it has been also reported that the outcome of AP is worsened
by severe co-morbidities 273, Therefore, we can hypothesize that the elevation of severity and
mortality with age is attributed to co-morbidity rather than ageing.

The incidence of severe AP in patients, however, showed a continuous, linear rise
between the ages of 20 and 70 (0.193%/year) of up to 16.6%. The mortality rate was 0.9% in
patients under 20 and demonstrated a continuous increase until the age of 70. The mortality rate
between 20 and 59 grew 0.086%/year and 0.765%/year between 59 and 70. Overall, patients
above 70 had a mortality rate 19 times higher than patients under 20. The rise of mortality rate
with age was thus also confirmed.

In adults, the severity of AP clearly increases with age. With regard to mortality, it
follows a similar linear rise until 59 yrs; however, after that, a nine-fold change is observed in
its steepness. This result completely confirms the observation of Ranson et al. that age is
associated with a significantly increased risk of death over 55 yrs. 284 Imrie et al. 85 modified
the scoring system; however, they still considered age above 60 as a valuable parameter.
Balmey et al. 2° evaluated a prospective study with 347 patients in a seven-year period to
simplify the system and to improve its accuracy. With regard to age, they also found the cut-
off point at 55 yrs.

The BISAP scoring system was established as the first population-based prognostic
scoring system in order to evaluate the risk of in-hospital mortality prior to the onset of organ
failure Y. The CART analysis identified age above 60 years for prediction of in-hospital
mortality based on parameters collected in 2000-2001 in the first 24 h from a patient population
of 17 922 suffering from AP %7,
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Figure 25. Model for the joint effect of ageing and comorbidities on mortality and severity. A The excess in mortality in the elderly is
likely to be explained by the increment in comorbidities with ageing. B In contrast, age seems to be the strongest predictor of the severity of
acute pancreatitis, whereas comorbidities have a less prominent effect.

In summary, the predictive scoring systems correspond with our results that mortality
rises quickly above 59 years of age. These data suggest that other factors such as comorbidity
may be associated with older age and can elevate the mortality in AP. Importantly, our analysis
showed that severe comorbidities (CCI>3) predict mortality (OR=4.48; Cl: 1.57-12.80) much

better than age, suggesting that comorbidity is an important additional predictor for mortality
(Figure 25).
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V. Chapter 11

V.1 Introduction

Despite the extensive research in the field, no specific therapy is available to treat AP
46, With regard to the pathomechanism of the disease, it is clear that mitochondrial injury and
ATP depletion play key roles in the early phase of AP almost irrespectively of the etiology of
the disease 8%, Bile acids, ethanol, and fatty acids were shown to be responsible for around
80% of the etiological factors initiating AP °*. All of these factors were shown to induce a toxic
calcium signal and severe mitochondrial damage in both acinar and ductal cells 12909295
Importantly, direct administration of ATP (i.e., energy) into the cells restored their functions
and prevented cell death °6%. Therefore, if we take a translational approach, it is more than
likely that patient energy intake would be beneficial. Not surprisingly, enteral nutrition (EN)
has almost been the only therapeutic change in recent decades to be highly beneficial and to be
widely utilized in severe AP (SAP)%. However, in mild and moderate AP (MAP), the primary
therapy is still the nil per os diet (NPO) *°. Since the results in basic science have demonstrated
the crucial role of energy breakdown in the early phase of AP, in this chapter we focused on

providing evidence whether early enteral feeding is beneficial in AP.

V.2 Aim
The major aim of this chapter is to understand whether enteral feeding should be the
primary therapy in the early phase of AP.

V.3 Materials and Methods
A randomized controlled trial (RCT) is the only type of clinical scientific methods
which can reduce selection bias when testing a new treatment. However, before performing a
time consuming, expensive RCT a meta-analysis is crucially important.
(i) If the meta-analysis is decisive, no RCT is needed. The intervention can be
used in clinical practice directly.
(it) If the meta-analysis suggests a significant difference but has several
limitations, RCT should be performed.
In this chapter firstly we performed a meta-analysis and then we developed a prestudy

protocol for an RCT.
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V.3.1 Article Search for the meta-analysis

A meta-analysis was performed using the preferred reporting items for systematic
review and meta-analysis (PRISMA)*’. An article search was performed in the PubMed,
EMBASE, and Cochrane databases in February 2016. The PICO process was used to frame and

answer our clinical questions.

V.3.2 PICO (Problem, Intervention, Comparison, Outcome) for the meta-analysis
PICO was broken down as follows: P: nutrition in AP; I enteral nutrition; C: nil per os
diet; and O: outcome. We split our data into two groups: SAP and MAP. In SAP, only three
primary endpoints were checked (mortality, multi-organ failure, and intervention), whereas in
MAP, due to the low amount of data, 14 secondary endpoints were collected besides the primary
endpoints: length of hospital stay (LOH), inflammatory parameters (C-reactive protein (CRP),
white cell count (WCC), and presence of SIRS (systemic inflammatory response syndrome)),
complications (necrosis, infection, hospital readmission, and progression of severity),
intervention, necessity of antibiotic, pain relapse, visual analogue scale (VAS)-pain, opiate-free

treatment, start of oral intake, and clinical symptoms (nausea and vomiting).

V.3.3 Database search for the meta-analysis
A search was made using the following terms: in PubMed: (acute (All Fields) and
“pancreatitis” (MeSH Terms) or “pancreatitis” (All Fields)) and (“clinical trial” (Publication

Type) or “clinical trials as topic” (MeSH Terms) or “clinical trials” (All Fields)) and (“loattrfull

- Mild / moderate (MAP) - 12 articles

- Acute pancreatitis

: ::]UE’:] aTiSh Enteral feeding (EN) 9 articles
g z i Nil per os (NPO) 9 articles
Embase | - Controlled, randomized | 717 articles
PubMed 831 articles Enteral versus NPO 6 articles—+|6 RCT|
Cochrane 10 articles -Severe (SAP) - 21 articles
Enteral feeding (EN) 15 articles
- At least one group with no intervention | : Nitper as (NPO) 14 articles
- Relevant data in the treatment of AP Enteral versus NPO 8 articles—»|7 RCT|
- Early phase of pancreatitis 3
re P . ENDPOINTS
26 articles .
. First - Mortality
27 articles - Multi Organ Failure
3 articles 3 - Intervention
- Except duplicates - CRP - VAS pain
P P -Wcc - Pain relapse
- SIRS - Nausea/vomiting
i - Necrosis - Antibiotics
33 articles 14 - Infection - Opiate-free treatment
-Hospital readmission - Start of oral intake
- Progression - Length of Hospitalization (LOH)

Figure 26. Organogram of article search in PubMed, EMBASE, and Cochrane databases. RCT, randomized and controlled trial;
CRP, C-reactive protein; WCC, white cell count; SIRS, systemic inflammatory response syndrome; VAS, visual analog scale.
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text” (sb) and “humans” (MeSH Terms)

Article MAP SAP EN NPO RTC . .
and English (lang)) in EMBASE: “acute
Abou-assi et al 2002 v v v v
Eckerwall et al 2007 v v v Y pancreatitis” and  (humans)/lim  and
Hetel 2o v v v (English)/lim and (abstracts)/lim and
Ma et al 2016 v v Vv Vv
McClave et al 1997 v v v v ((controlled  clinical  trial)/lim  or
gtenga a0z “: ” : : (randomized controlled trial)/lim) and in
Olah et al 2002
Pandey et al 2004 v v v Cochrane: “acute pancreatitis”: ti,ab,kw
P I v v v v . . .
sroveraIzos and “human” and “English” in Trials (the
Pongratz et al 2013 v v Vv
Sathiaraj et al 2008 v v v search included various forms of the
Wu et al 2011 v v v C. . .
terms). “Acute pancreatitis” in Title,
Andersson et al 2006 v v
Bakker OJ et al 2014 v ooV v Abstract, and Keywords and “human” and
Besselink et al 2008 v v v C e = . .
Doty ot a1 2008 P y v English” in Trials (the search included
Eatock et al 2005 v ooV v various forms of the terms). Altogether,
Eckerwall et al 2006 v v v v
Kalfarentzos ot i 1607 . y v 1634 articles (EMBASE: 717; PubMed:
Karakan et al 2007 v oV v 831; Cochrane: 10) were found (Figure
Kumar et al 2006 v v v
Kyhala et al. 2012 v v v 26)
Modena et al 2006 v v v
Pearce et al 2006 v v v
Petila ot al 2010 v v v V.3.4 Inclusions and Exclusion
SHEh SRt v ol criteria of the meta-analysis
Sun et al 2004 v v v v
Sun etal 2013 v v v v A manual search was performed to
Vege etal. 2015 v VoY find the relevant articles. Only articles in
Wang et al 2013 v v v Vv
W etal 2010 v v v v English and with relevant data in the early
Xamietal200d v oo phase treatment of AP were included.
Zhao et al 2013 v v v

_ _ Duplications were excluded. Thirty-three
Table 13. Articles with data on the early phase of AP. SAP:

severe acute pancreatitis; MAP: mild and moderate AP; EN: articles (21 articles Containing patients
enteral nutrition; NPO: nil per os diet; RCT: randomized

controlled clinical trial. suffering from SAP as well as 12 articles
with MAP patients) were selected. They contained two non-randomized and 31 randomized
controlled clinical trials (Table 13) 47190-131 Finally, statistical analyses were performed on data
from articles where both EN and NPO groups were presented, the trial was randomized, and

the relevant data were available. Altogether, seven SAP and six MAP articles met these criteria.

V.3.4 Statistical Analyses
In SAP, forest plots were used to illustrate the mortality, multi-organ failure, and

intervention. In the case of mortality and multi-organ failure, the pooled estimates were
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Mortality

Organ Failure

Intervention

Points ©%) %) %) CRP (mg/L) WCC (109/L) SIRS (%)
0 0-0.9 0-0.09 0-0.09 0-19.9 4000-9999.9 0-0.09
1 129 0.1-0.19 0.1-0.19 20-39.9 10,000-11,999 0.1-0.14
2 349 0.2-0.29 0.2-0.29 40-59.9 12,000-13,999 0.15-0.19
3 5-6.9 0.3 0.3-0.39 60-79.9 14,000-15,999 0.2-0.24
4 7-89 0.4-049 80-99.9 16,000-17,999 0.25-0.29
5 9- 0.5- 100~ 18,000~ 03—
Points LOH Necrosis (%) Infection Hospital Progression of Pain
(Days) (%) Readmission (%) Severity (%) Relapse (%)
0 049 0-0.09 0-0.09 0-0.04 0-0.04 0-0.09
1 599 0.1-0.19 0.1-0.19 0.05-0.06 0.05-0.06 0.1-0.19
2 10-12.4 0.2-0.29 02- 0.07-0.08 0.07-0.08 0.2-0.29
3 12.5-14.9 0.3~ - 0.09-0.10 0.09-0.10 0.3-0.39
4 15-19.9 - - 0.11- 0.11- 04-
5 20~ - = - - =
Points VAS-Pain Nausea/nVomiting Anti?iolics Opia(e-FreﬂE Start of Oral Intake (%)
(%) (%) Treatment (%)
0 0-1 0-0.18 0-0.09 0-0.09 0-0.04
1 2-4 0.2-0.39 0.1-0.19 0.1-0.19 0.05-0.09
2 5-7 0.4-0.59 0.2-0.29 0.2-0.29 0.1-0.14
3 89 0.6-0.79 0.3-0.39 0.3-0.39 0.15-0.19
4 = 0.8- 0.4~ 0.4-0.49 0.2-0.24
5 - - - 0.5~ 0.25-

Table 14. Uniform point system. CRP, C-reactive protein; WCC, white cell count; SIRS, systemic inflammatory response syndrome; LOH,
length of hospitalization; VAS, visual analog scale.

calculated with a random-effects model; in the case of intervention, a fixed-effects model was
applied as described earlier *2. Analyses were performed with the Comprehensive Meta-
Analysis Software (Biostat, Inc., Englewood, NJ, USA). In the case of binary variables, the
differences between EN and NPO were expressed as risk differences or odds ratios with a 95%
confidence interval (CI). Heterogeneity was tested between trials with two methods. First, we
employed the Q homogeneity test statistic, which exceeds the upper-tail critical value of chi-
square on n - 1 degree of freedom (DF), with a p-value of less than 0.050 considered suggestive
of significant heterogeneity. Second, we used the inconsistency (I%) index. 12 is the proportion
of total variation contributed by between-study variability. An 1°> value of more than 0.5
suggests a considerable heterogeneity. Heterogeneity was verified using a funnel plot to reduce
publication bias. Whenever considerable heterogeneity was observed, random- or fixed-effects
models were applied.

In MAP, only two (mortality and multi-organ failure) of the three primary endpoints
could be analyzed. With regard to the second endpoints, no forest plot analyses could be
calculated due to insufficient data. A uniform point system was developed to make the data
analyzable (Table 14). Results were also weighted based on the number of patients in the
articles. The Mann—-Whitney U test was used to detect significant differences between the
pooled weighted scores. SPSS Statistical Software (version 20, IBM Corporation, Armonk, NY,
USA) facilitated this analysis. A p-value less than 0.05 was considered as statistically

significant, whereas a p-value between 0.1 and 0.05 was seen as a trend.

44



Statistics for each study mortality / Total Risk difference and 95% CI

Risk Lower Upper

difference limit  limit p-Value EN  NPO

Doley et al., 2009(16] 0.040 -0.173 0253 0712 5/25 4/25
Eckerwall et al., 2006(17] 0.042 -0.064 0.148 0441 1/24 0/26
Kalfarentzos et al., 1997(18] -0.044 -0213  0.124 0606 1/18 2/20
Sun et al., 2004 [19] -0.060 -0.207  0.087 0423 7/50 10/50
Sun et al., 201320 0.033 -0.077 0.143 0552 2/30 1/30
Wang et al., 2013(21] -0.067 -0.165 0.030 0.176 3/61 7/60
Wu et al,, 2010(22] -0.313  -0470 -0.156 0000 6/53 23/54 —.-—
-0.050 -0.134  0.035 0.249

EN NPO

Figure 27. Forest plot of studies evaluating mortality data in severe acute pancreatitis (SAP).
Risk differences and confidence interval (Cl) were calculated to compare the enteral nutrition
(EN) with the nil per os diet (NPO). Black squares and lines represent the results for individual
studies, the diamond shows the pooled result of the meta-analysis.

Study Statistics for each study mortality / Total Risk difference and 95% CI

Risk Lower Upper

difference limit  limit p-Value EN NPO
Doley et al., 2009(16] 0.040 -0.173 0253 0712 5/25 4/25
Eckerwall et al., 200617} 0.042 -0.064 0.148 0441 1/24 0/26
Kalfarentzos et al., 1997(18] -0.044 -0213 0.124 0606 1/18 2/20
Sun et al., 2004[19] -0.060 -0.207 0.087 0423 7/50 10/50
Sun et al., 2013(20] 0.033 -0.077 0143 0552 2/30 1/30
Wang et al., 2013(21] -0.067 -0.165 0.030 0176 3/61 7/60
Wu et al.,, 2010(22] <0313 -0470 -0.156  0.000 6/53 23/54 ——

-0.050 -0.134  0.035 0.249

EN NPO
Figure 28. Forest plot of studies evaluating multi-organ failure (MOF) in severe acute
pancreatitis (SAP). Odds ratio (OR) and confidence interval (CI) were calculated to compare

the enteral nutrition (EN) with the nil per os diet (NPO). Black squares and lines represent the
results for individual studies, the diamond shows the pooled result of the meta-analysis.

Study Statistics for each study Events / Total Odds ratio and 95% CI

Odds Lower Upper

ratio limit limit p-Value EN NPO
Eckerwall et al., 2006(17]  1.087  0.064 18.402 0954 1/24 1/26
Kalfarentzos et al., 1997081 0.500  0.080 3.127 0459 2/18 4/20
Sun et al., 2013120 0.464 0.078 2.751 0398 2/30 4/30
Wuet al., 2010122) 0.075 0.030 0.188  0.000 12/53 43/54

0.162 0.079 0.334 0.000

0.01 0.1 1 10 100
EN NPO

Figure 29 Forest plot of studies evaluating the intervention in severe acute pancreatitis (SAP).
Odds ratio (OR) and confidence interval (CI) were calculated to compare the enteral nutrition
(EN) with the nil per os diet (NPO). Black squares and lines represent the results for individual
studies, the diamond shows the pooled result of the meta-analysis.

V.3.5 Developingan RCT

The SPIRIT (Standard
Protocol Items:
Recommendations for
Interventional Trials)

guideline'®® was used to

develop our RCT °,
V.4 Results
V.41 The effects of early

enteral feeding in severe AP

Seven out of seven articles
contained analyzable data on
mortality 100,106,109,117,119,126, 127.
Risk differences and CI were
calculated in each article to
analyze the effects of EN
the NPO

calculated

compared to
The
average risk difference (RD)
was —0.050 (lower limit (LI):
—0.134; upper limit (Ul):
0.035; 0.249)
(Figure 27). Because of the

nutrition.

p-value:

considerable
(Q = 16.488; DF: 6; p =
0.011; I° = 63.61%) random-

effect model was applied.

heterogeneity

Four out of seven articles

contained analyzable data on multi-organ failure (MOF). With regard to MOF, the calculated
odds ratio (OR) was 0.258 (LI: 0.072; Ul: 0.930; p-value: 0.038; heterogeneity: Q = 13.833;
DF: 3; p =0.003; 1> = 78.31%) in favor of EN (Figure 28). With regard to interventions, a fixed-
effect model was used. The calculated average odds ratio (OR) was 0.162 (LI: 0.079; Ul: 0.334;
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p-value: <0.001; Q = 7.221; DF: 3; p = 0.065; 1% = 58.45%) also in favor of EN (Figure 29).
Because of the moderate heterogeneity, the random-effect model was applied as well (OR was
0.274 (LI: 0.073; Ul: 1.025; p = 0.054)). These data clearly suggest that EN is beneficial and

should be the primary therapy in SAP.

V.4.2 The effects of early enteral feeding in mild and moderate AP

Unfortunately, there is much less research activity in patients suffering from MAP than

from SAP. Moreover, the frequency of death and MOF are also much less common in the MAP

group vs the SAP group. Not surprisingly, analyses of low amounts of data in which the

mortality and MOF are close to zero could not reveal any significant difference between the

two groups. With regard to mortality, five out of six articles contained proper data 4711301103124

Study Statistics for each study Risk difference
Risk Lower Upper and 957 Cl
difference limit limit p-Value EN NPO
Abou-assi etal., 2002(23)  0.085 -0.151 0.322 0479
Eckerwall et al., 2007(2¢]  0.000 -0.064  0.064 1.000
McClave etal., 19971251 0.000 -0.114 0.114  1.000
Olah et al., 2002 (26] -0.035 -0.137  0.068 0.508
Petrov et al., 2013(27) 0.000 -0.105 0.105 1.000
-0.003 -0.047 0.040  0.879

S N o © ®
=N

S &+ o o o
>

-0.50 -0.25 0.00 0.25 0.50
EN NPO

Figure 30 Forest plot of studies evaluating mortality data in mild and moderate acute
pancreatitis (MAP). Risk differences and confidence interval (Cl) were calculated to compare
the enteral nutrition (EN) with the nil per os diet (NPO). Black squares and lines represent the
results for individual studies, the diamond shows the pooled result of the meta-analysis.

Study Statistics for each study Odds ratio and 95% CI

Odds Lower Upper
ratio  limit limit p-Value EN NPO

Abou-assi et al., 2002(23) 0.875 0.264 2.897  0.827 7/26 8/27
Eckerwall et al., 20071241 2.148 0.184 25.069  0.542 2/29 1/30
Olah et al., 2002126] 0.441 0.081 2405 0344 2/41 5/48
Petrov et al., 201327 1.067 0.133  8.561 0952 2/17 2/18
0.849 0.369 1952  0.700
0.01 0.1 1 10 100
EN NPO

Figure 31 Forest plot of studies evaluating multi-organ failure (MOF) in mild and moderate
acute pancreatitis (MAP). Odds ratio (OR) and confidence interval (CI) were calculated to
compare the enteral nutrition (EN) with the nil per os diet (NPO). Black squares and lines
represent the results for individual studies, the diamond shows the pooled result of the meta-
analysis.

0.00% for Figure 31), the fixed-effect model was applied.
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Risk differences and CI were
calculated in the articles. The
calculated average  risk
difference (RD) was —0.003
(LI: —0.047; Ul: 0.040; p-
value: 0.879) (Figure 30). As
predicted, we also saw no
significant difference in the
frequency of MOF, where we
only had four items. Forest
plots of OR and CI were
calculated. The odds ratio
(OR) was 0.849 (LI: 0.369;
Ul: 1.952; p-value: 0.700)
(Figure 31). Because of the

Q and I?> tests showed

negligible heterogeneity (Q
0.916; DF: 4; p = 0.922; I?
0.00% for Figure 30 and Q
1.169; DF: 3; p = 0.760; I?
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Figure 32. Summary of the uniform data-point system in MAP. EN versus NPO. Due to the low amount of data, 3 primary endpoints and
14 secondary endpoints were collected for MAP. The uniform data point system was then developed (Table 1). Results were weighted based
on the number of patients in the articles. CRP, C-reactive protein; WCC, white cell count; SIRS, systemic inflammatory response syndrome;

VAS, visual analog scale.
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Figure 33. Summary of the uniform data point system in MAP. EN versus
NPO. The Mann-Whitney U test was used to detect significant differences
between the pooled weighted scores (see Figure 6). 0 = p < 0.05 vs EN

However, the five articles
contained several other secondary
parameters (see Methods).
Unfortunately, each study group
concentrated on different parameters,
resulting in the fact that almost none of
the parameters had a complete data set
(data are shown in supplementary figure
1 in article No.4%. Figure 32
demonstrates the differences between
EN and NPO. Due to the low n number,

statistical analyses could not be

calculated separately. Importantly, pooling the data from the 17 parameters (3 primary and 14

secondary endpoints) showed a significant difference in favor of EN (Figure 33).

These data strongly suggest that early enteral feeding is beneficial in AP. However, due

to the several limitations of our meta-analysis we had to develop an RCT (see V.5) to answer

our question decisively. Until the submission of this thesis 278 patients were already recruited

by four centres (Pécs, Székesfehérvar, Gyula, Debrecen). We plan to finish the study in 2022.
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V.5 The GOULASH trial - Prestudy protocol of a randomized controlled double-

blind clinical trial

V.51 Design

This is a randomized controlled two-arms double-blind multicentre trial. Patients
suffering from acute pancreatitis will be randomly assigned to groups A (high energy
administration starting within 24h of hospital admission) and B (no energy administration after

24h of hospital admission). The study was designed using the SPIRIT guideline (Figure 34).

V.5.2 Trial organization, committees and boards
GOULASH is designed and coordinated by the Centre for Translational Medicine at the

University of Pécs and

STUDY PERIOD .
Enrolment | Allocation Post-allocation Close-out the Hunga“an
TIMEPOINT* |  <24n 0 day1 | day2 | day3 | dayx | discharge dz;’::;:‘;e Pancreatic Study
ENROLMENT:

Group (HPSG). HPSG

Eligibility screen X . .
was established in

Informed consent X
2011 in order to
Laboratory test X
CT examination X StlmUIate I’eseal’Ch in
Allocation X pancreatic  diseases.
INTERVENTIONS: Until now HPSG
High energy b 4 .
administration M M pUbI ished the relevant
Low energy #‘ :

administration gU | del | nes Of

ASSESSMENTS: . . .
Gantlannaibei . pancreatlc diseases in
Questionnaire B X X X X X Order tO improve
Questionnaire C X patient care in the field
Figure 34 shows the flow chart of participants according to the SPIRIT 2013 statement of pancreato|ogy and

has initiated four prospective clinical trials (EASY, PREPAST, APPLE, and PINEAPPLE).

The following committees and boards will be involved:

Steering committee (SC): The committee will be led by PH (gastroenterologist, internal

medicine specialist). The members will be KM (medical doctor, full time employee on the

project), AV (gastroenterologist, internal medicine specialist), ZM (intensive care specialist),
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TM (clinical research specialist) AS (multidisciplinary unit specialist), MP (gastroenterologist,
internal medicine specialist), NF (radiologist), DK (surgeon), IB (interventional radiologist).
SC will make decisions concerning all relevant questions including the dropouts during the
study.

International translational advisory board (ITAB): The committee will include
gastroenterologist (MML), surgeon (JPN) and basic scientists (MST, OHP). ITAB will
continuously monitor the progress of the study and will give advice to the SC.

The  study  was

All adult patients with an episode of acute
pancreatitis (AP)

designed by SC and
ITAB. The study is

financially sponsored

by the University of
Pécs, the Hungarian

Academy of Sciences,

and the National

X patients to be

randomized
Research,
/ Development and
X Assigned to start high energy enteral X Assigned to start low energy enteral
nutrition < 24 hours after randomization nutrition < 24 hours after randomization Innovation Office

X Analysed | X Analysed | Neither sponsors were

Figure 35 shows the schedule of enrolment, interventions, and assessments according to the SPIRIT . . .
2013 statement involved in the design

of the study, and they
will have no access to the database management or to the randomization code.

V.53 Study population

All patients diagnosed with AP will be informed of the possibility of taking part in the
GOULASH study. After the consent form is signed, a computer using a block randomization
protocol will randomize the patients (Figure 35).
Inclusion criteria: (1) Patients over 18y of age, (2) diagnosed AP on the base of the “2 out of
3” criteria of the IAP/APA guideline: (a) upper abdominal pain; (b) serum amylase or lipase
>3x upper limit of normal range; (c) characteristic findings on pancreatic imaging; however
those patients without abdominal pain will be excluded because the onset of AP cannot be

determined, (3) written informed consent form is signed.
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Exclusion criteria: (1) Hospitalization 72 hours before admission, (2) abdominal pain >120
hours (5 days), (3) delirium tremens, (4) Child-Pugh C stage liver cirrhosis, (5) AP due to
malignancy, (6) already on artificial nutrition (EN or PN), (7) pregnancy, (8) BMI above 40 or
below 18, (9) age above 80, (10) ketoacidosis, (11) whenever CT with contrast is
contraindicated.

Sample size: Sample size calculation was based on the National Hungarian Registry operated
by the Hungarian Pancreatic Study Group. Our recent analyses indicated that MOF existing
more than 48h arises in 9%, whereas mortality is in 2.8% of all patient suffering from AP [34].
Altogether they represent around 10% of all AP patients. In order to detect a treatment effect
of at least 50% of the early treatment, a sample size of 957 subjects will be necessary to be
recruited using a 10% drop-out rate, 80% power, and 95% significance level. The calculation
was performed by the Independent data management and biostatistics provider company
(IDMB, Adware Research LTD, Balatonfiired, Hungary).

Randomization: In each centre participants will be divided into 2 groups receiving one of the
two study treatments. The allocation of participants to the different groups will be carried out
based on predefined randomization lists created separately for each recruiting centre. The

randomization lists will be prepared with a block size of 4 and with an allocation ratio of 1:1.

V.54 Duration
The planned starting date of the study is; 1 January 2017, and the planned finishing date
of the study is; 1 January 2022.

V.55 Blinding

The medical staff (e.g., taking the measurements such as blood pressure, examining
health records for events such as abdominal pain, reviewing and interpreting examination
results such as X-ray or CT) and the patient receiving the intervention will be blinded to the
knowledge of treatment assignment. The person providing the intervention cannot be blinded
in this study. Sealed envelopes ensure the allocation sequence. Nutritional support equipment
will be covered until the fourth day to ensure that only who made the randomization will know

which group the patient was enrolled into.

V.5.6 Intervention
Based on the currently available guidelines enteral feeding can be started at any time

for the patients suffering from AP. In addition, no calorie restriction/order has been described.
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Therefore both groups can be regarded as being treated within accepted practice
recommendations.
In this study, early high energy administration will be the intervention. Patients will be

randomized to group A or B: see Figure 2.

Groups: In group A, high energy will be delivered after admission. Patients will receive a 10
Ch nasogastric (NG) or nasojejunal (NJ) feeding tube on admission. EN will be immediately
started as follows: On Day 0 (from admission until the start of EN (can vary from 2-24 h)):
calorie intake will be 0 kcal/kg/day. From Day 1 high energy enteral tube feed 30 kcal/kg/day
will be provided until the oral feeding starts. In group B, low energy administration after
hospital admission. Patients will receive a NG or NJ feeding tube at admission as described
above. On Day 0 (from admission until the start of EN): calorie intake will be 0 kcal/kg/day.
On day 1 0 kcal/kg/day, on day 2 10 kcal/kg/day, on day 3 20 kcal/kg/day and from day 4 30
kcal/kg/day calorie will be delivered until the oral feeding starts. However, between groups A
and B, only the amount of calories administered will be different. Patients will receive the same

amount of fluid and ions during EN (see below).

Ingredients of enteral tube feed: High Energy Enteral Tube Feed (100ml):
Energy: 150 kcal (630 KJ), Protein 6g (16%E), Carbohydrate: 18.3g (49%E), Fat: 5.8g
(35%E) + Minerals: 134mg Sodium, 201mg Potassium, 108mg Calcium, 108mg Phosphorus,

34mg Magnesium, 100mg Chloride (0%E). In this study, we will use Nutrison Energy (Numil
Ltd, Budapest, Hungary), which is a registered product in Hungary (reg. number: 1217).

Zero Energy Enteral Tube Feed (100ml):

Energy: 0 kcal (0 KJ), Protein 0g, Carbohydrate: Og, Fat: 0g + Minerals: 134mg Sodium,

201mg Potassium, 108mg Calcium, 108mg Phosphorus, 34mg Magnesium, 5.562g Chloride
(0%E) (in this study the local institutional pharmacy will provide it in accordance with the
Hungarian regulations). Whenever 10 or 20 kcal/kg/day calories will be delivered, the mixture

of the above-mentioned two solutions will be used.

Type of enteral tube: Patients neither vomiting nor having gastric fluid retention >250 ml will
receive primarily NG tube. Patients either vomiting or having gastric fluid retention >250 ml
will receive NJ tube (placement will be done either endoscopically or radiologically). In the
case of GCS 14 or lower in a patient who is not intubated, NG tube will be replaced by NJ tube

(risk of aspiration). Abdominal X-ray will be used to check the tube’s position.
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Start of mixed feeding (around 2620 kcal): Mixed feeding (1000 ml tap water distributed for
24 h and 300 g (around 1900 kcal) biscuits/toasts/low-fat meal (at least 75% CHO containing
ones) orally plus enteral tube feed (480ml, 720 kcal/day) will be started on the day when: (1)
abdominal pain has been ceased for at least 6 h before the new day started, (2) CRP level has

started decreasing and (3) amylase or lipase level has started decreasing

Start of total feeding (around 2000kcal): If the patients have no symptoms during the mixed
oral/enteral feeding and the CRP, amylase or lipase levels are not rising again. Total feeding

(according to local policy) can be started.

Other issues: The speed of EN will be different for the patients (depends on the body weight),
however, the maximum speed of EN cannot exceed 65ml/h. In case of difficulties reaching the
30 kcal/kg/day calories intake (if the patient’s body weight is above 75 kg) additional
intravenous calorie will be added using Sterofundin G. Maximum of 2000 ml (= 400 kcal) can
be delivered in this way. If NG feeding is not tolerated, NG tube will be replaced to NJ tube as
described above. If NJ feeding is not tolerated, EN will be reduced by 50% and increased again
gradually until tolerated. If the re-increasing process is still not tolerated total parenteral
nutrition (TPN) will be started to reach the required energy target. In the case of SAP, TPN has

to be delivered via central venous catheter.

V.5.7 Other treatment of subjects
General treatment indicated by the IAP/APA guideline will be utilized®.

V.58 Discharge of patients

Uniformization of the length of hospital stay is necessary to avoid bias concerning LOH.
Re-admission within one week after discharge has to be considered as the same hospital
admission. Patients have to be counted as discharged from hospital/from the study when (1)
oral feeding was tolerated for 24h, (2) no amylase/lipase level are elevated after total enteral
feeding, (3) CRP level is less than 50 mg/L, (4) abdominal pain has completely resolved (5) no
other pancreatitis-related complication requiring hospitalization is detected.

52



V.5.9 Endpoints

The following primary endpoints will be calculated: A combination of MOF more than
48h and Mortality. The following secondary endpoints will be analyzed: (1) pancreatic necrosis,
(2) nutrition-related complications: diarrhea, aspiration pneumonia, pneumothorax due to
central TPN catheter placement, (3) need for conversion from NG to NJ feeding tube (4) need
for conversion from EN to TPN, (5) days until the start of total feeding, (6) use of antibiotics,
(7) pain relapse, (8) CRP, (9) WBC, (10) PCT, (11) infection, (12) length of hospital stay, (13)
need for ICU admission, (14) length of ICU therapy, (15) organ failure, (16) complications,
(17) costs calculation. Notably, only direct costs will be calculated that include all medications,

services, salaries of healthcare professionals, equipment and daycare costs.

V.5.10 Monitored parameters during hospitalization

There will be a large variety of parameters monitored during the study (e.g. medical
history, physical examination, laboratory tests, diagnostic imaging, therapy, interventions).
Form A will contain the parameters collected on admission (Supplementary figure 1). Form B
will contain parameters collected every day during hospitalization (Supplementary figure 2).
Form C will contain parameters collected 1 month after hospital discharge (Supplementary
figure  3). For  details see  supplementary  materials or web  page

(http://www.pancreas.hu/en/studies/goulash), which will be available from February 2017.

Data collection on the case report form (CRF) will be done electronically (see data

management).

V.5.11 Data management and statistical analyses

Data handling: Data will be handled by IDMB. Electronic CRF (eCRF) will be used. The
Investigator will ensure that the data in the eCRF are accurate, complete and legible. Detailed
data flow will be described in the Data Management Plan (DMP). Data from completed eCRFs
will be validated under the direction of the Data Manager at IDMB according to Data Cleaning
Plan (DCP). Any missing, implausible, or inconsistent recordings in the eCRFs will be referred
back to the Investigator using a data query form (DQF), and be documented for each individual
subject before clean file status is declared. All changes to eCRF will be recorded. Before Data
Base Lock Data Review Meeting will decide and document necessary steps related to any issue
in the database and define the analysis sets. Member of the data review meeting are delegated
investigator, biostatistician and data manager. Adverse events (AEs) will be coded using
MedDRA. AdWare Research Ltd., who will act as IDMB, works according to GCP, GLP, FDA
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21CFR PART11, and other relevant regulatory requirements. AdWare Ltd. has GLP and 1ISO
9001 certificates.

Study populations:

Three analysis populations will be defined:

Safety Analysis Set (SAS): all patients enrolled in the study.

Per Protocol Set (PPS): all enrolled patients who finished the study conforming to
the requirements of the Study Protocol.

Intention to Treat (ITT) all randomized participants who start on a treatment,

excluding consent withdrawals.

Withdrawal of a subject from PPS: Any participants/investigators and IDMB can submit
recommendation for dropouts from the PPS group with reasons given to SC. All
recommendations will be filed. SC will discuss all the information and if the alteration in the
protocol would be expected to have any bearing on the interventions and outcomes of the study,
the patient will not be included in the final per-protocol analysis. Automatic dropout from the
per-protocol group shall be ordered if: (1) any of the exclusion criteria diagnosed during the
course of AP, (2) at least 50% of the energy requirement is not achieved on any days during the
study, (3) parameters required for answering the primary endpoints are missing or (4) serious

medical reasons not related to pancreatitis (i.e. accidents, stroke) occur.

Applied softwares: Statistical analysis will be performed using SAS 9.2 or SPSS 19 (or later)
statistical packages; Microsoft MSWord will be used for reporting.

Statistical Methods: Baseline patient and disease characteristics will be analyzed by using
descriptive analysis. Demographic and baseline characteristics will be summarized for the
overall study population. Continuous variables will be described by mean, median, standard
deviation, and ranges and categorical variables will be described by absolute and relative
frequencies. A graphical presentation of efficacy variables will be prepared, if applicable.
Descriptive statistics for both the primary and secondary parameters will be analyzed similarly.
Mean changes (and their 95% CI) from baseline to end-of-study visit will be presented as well.
Chi-squared tests will be applied to compare proportions between the different groups.
Mortality/extended MOF will be investigated using the Kaplan-Meier analysis method; while

subgroup comparisons will be performed using the Chi-squared or Fisher’s exact test, as
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appropriate. For safety data, descriptive statistics and individual listings of adverse events will

be also presented.

Subgroups: The following subgroups will be made during statistical analyses: (1) ages (under
40y, 40y-59y, 60y-80y), (2) BMI (below 20, 20-24, 25-29, 30-35, above 35), (3) the start of
abdominal pain before admission (<24h, 24-48h, >48h), (4) severity of the disease SAP and
MAP. All subgroup analyses, (5) etiologies will be done descriptively. No confirmatory
statistical testing will be applied. Hence, statistical tests and the p-values attached to them will
be regarded as descriptive and not as tests of hypotheses.

Details of the applied statistical tests will be described in the Statistical Analysis Plan.

V.5.12 Early quality assessment

Early quality assessment check will be performed on the first 100 patients. IDMB
(AdWare Ltd.) will perform an independent assessment of the trial related documents and
activities, with the aim of ensuring the respect of subject’s right, safety, and well-being and to
guarantee the plausibility of clinical data. The similarity of groups at baseline will be also
checked. IDMB will report to SC. SC will discuss all the information and if the differences
would be expected to have any bearing on the interventions and outcomes of the study or the
overall dropout rate from PPS is above 20 percent of all participants who were randomized or
allocated into each group or the differential dropout rate is above 15 percent between the arms,
the study needs to be reassessed and IDMB will make recommendations regarding either
reevaluation of power calculation, extension of recruitment period, extension of number of

study centers or termination of trial.

V.5.13 Interim analyses and premature termination of the study

IDMB can also recommend to stop the trial early for ethical reasons if one of the groups
clearly shows evidence of a significant benefit. An interim analysis will be performed on the
primary endpoint when 50% of patients have been randomized and discharged from the
hospital. The interim analysis will be performed by the IDMB. IDMB will report to SC.
The Haybittle—Peto boundary approach will be used. If the interim analysis shows a probability
of equal to, or less than 0.001 that a difference as extreme between the treatments is found,
given that the null hypothesis is true, then the trial will be stopped early.
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V.5.14 Centres

The trial will start in two centres (University of Debrecen and University of Pécs), after
which the study is open for other centres. In all cases, IDMB will make an audit of the centre
and will report to the SC. SC keeps the right to decide whether the centre meets the required
quality to join the study. Compulsory requirements for a centres: (1) it needs to treat at least 50
AP patients a year, (2) it needs to have all the equipment required for the study, (3) besides the
regular medical team the centre has to appoint at least one doctor and one nurse/administrator
fully available for the trial with no additional commitments which can interfere with her/his
duty when her/his availability is required, (4) the blinding described above can be fully utilized,
(5) all persons need to attend a preliminary meeting where all the details concerning the studies
are discussed fully and have qualified as investigators in a GCP course. Centres wish to join

need to send a letter of intent to the corresponding author by e-mail.

V.5.15 Publication policy
Centres providing more than 25 patients can provide two authors to the authorship list.

Every additional 25 patients will give the opportunity to nominate an additional author.

V.5.16 Feasibility

As a general protocol for the treatment of AP at the Centre for Translational Medicine
at the University of Pécs, patients suffering from AP receive early EN (using nasogastric tube).
Patients receive 50 ml Nutrison Energy per hour starting immediately when they arrive to the
ward from the Emergency Department. Patients data between the period of 1 January — 31 May
2016 were analyzed and the following observations were noted: (1) In 85% of all AP admission
early EN could have been started within 24 h. In 15% of the cases, it was not achievable due to
the delayed transfer of the patients to the ward or vomiting. In these cases, patients received
NG tube later or they received NJ tube whenever X-ray assistance was available. (2) around
80% of NG-fed patients tolerated NG feeding without any complications. The rest of the
patients who had gastric retention or vomiting NG feeding was stopped and they received NJ
tube whenever X-ray assistance was available. (3) Comparing the outcome (rate of severity,
mortality, necrosis, intervention, etc.) of this treatment protocol with the nil per os protocol
utilized in most of the Hungarian hospitals revealed that patients enjoy benefits with no risk of
early enteral feeding which data confirm the literature data described in the introduction.

Concerning the number of patients at the University of Pécs around 250 and at the University
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of Debrecen around 150 patients are admitted annually. Therefore, if no other Institution would

join the study it can be completed within 3 years.

V.5.17 Safety

Since no unknown drugs/therapy are used in the study no adverse and serious adverse
events (SAE) are expected/interpretable that would be attributable to the intervention during
the trial. In this trial, IDMB will examine safety variables after every 16 patients have
completed. Moreover, investigators will report AE or SAE via a separate form which has to be
sent to IDMB and SC. SC will discuss and if the adverse effect is confirmed it will be reported

to the relevant institutional and national ethical committee http://www.ett.hu/tukeb.htm.

V.5.18 Additional information and future plan.

Blood samples (serum and plasma) will be stored from all patients in order to study
laboratory parameters later if required (e.g. the laboratory could not measure it), and in order
to build up a biobank for later clinical studies to which all participants will be given informed
consent. The samples will be stored on -80°C. A follow-up study (called GOULASH PLUS)
is under preparation in order to follow the patients for up to 5 years after the study. The study

protocol will also be published.

V.5.19 Ethics and dissemination.

The trial is registered at the ISRCTN registry (ISRCTN63827758) and got the relevant
ethical approval with the reference number of 55961-2/2016/EKU issued by The Scientific and
Research Ethics Committee of the Medical Research Council. It is almost needless to say that
at the end of the project we will disseminate our results in the medical community. We will

publish our results in an open access way.

V.6 Discussion

There are different therapeutic approaches available with regard to nutrition in acute
pancreatitis. The recently published I1AP/APA (International  Association of
Pancreatology/American Pancreatic Association) guidelines recommend that enteral tube
feeding be the primary therapy in patients with predicted severe and severe acute pancreatitis
who require nutritional support (recommendation G. Nutritional support 21-GRADE 1B, strong
agreement)*, whereas point K22 in the Japanese guidelines states that enteral nutrition can

reduce the incidence of complications in the early phase of SAP and can contribute to an
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increased rate of survival **. However, neither of the guidelines provides recommendations on
MAP. The reason is understandable. (1) Strong endpoints are missing. The mortality rate is less
than 1% in mild AP and 10% in moderate AP, whereas almost no MOF can be detected; (2)
since there is a better outcome of the milder disease, researchers have had much less interest in
MAP than SAP.

First, we wanted to systematically review the current literature to understand the
beneficial effects of early enteral nutrition versus the nil per os diet both in SAP and MAP.
Interestingly, there were not many articles in which analyzable data could be found on the two
treatments of AP. However, in SAP, the amount of data was sufficient to prove the beneficial
effects of enteral feeding. Early enteral feeding was clearly beneficial for MOF and intervention
and showed a beneficial tendency for mortality. Nevertheless, as predicted, MAP data analyses
revealed no significant difference between enteral nutrition and a nil per os diet. However,
analyses of the secondary endpoints in the articles demonstrated that enteral feeding could be
beneficial compared to a nil per os diet in mild and moderate AP as well.

The six MAP studies applied different methods for enteral feeding. Eckerwall et al.
employed immediate oral feeding!!®, Abou-Assi et al. 47, Olah et al. 1%, and McClave et al.
administered nasojejunal feeding!®, and Petrov et al. and Ma et al. used nasogastric
feeding!®13L, Immediate oral feeding (EN) significantly cut the length of hospital stay without
any adverse events 3. Nasogastric feeding starting within 24 h of hospital admission was not
only well tolerated, but also reduced the intensity and duration of abdominal pain, decreased
the necessity of opiates, and almost totally eliminated the risk of oral food intolerance 24,
Moreover, patients in the nasogastric feeding group had significantly improved appetite vs. the
NPO group 3. Nasojejunal feeding lowers the stress response to AP %! associated with a lower
complication rate 1% and cuts the length of hospital stay. Importantly, the fact that all of the
studies found merit in early enteral feeding in MAP suggests that it is not the way of feeding
that is important, but the feeding itself, i.e., energy. Therefore, finally, we went further and
developed the GOULASH trial, which is a randomized controlled two-arm double-blind
multicentre trial. It will provide the first evidence concerning the necessity of early energy
supply for patients suffering from acute pancreatitis.

In summary, this study provides the first and type A evidence concerning the necessity
of energy intake for patients suffering from AP. Please note that this protocol is the first version
of the trial completed on 24" May 2017. The latest protocol can be read at https:/tm-

centre.org/en/trials/goulash/
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VI. Limitations

All kind of scientific methodology has its own limitations. The quality of the included
articles and the published data in a meta-analysis is questionable. However, in a prospectively
collected cohort population the quality of data is much better but on the other hand, the number
of recruited patients is significantly less. Concerning the clinical usability of the results of
investigations the well designed randomized controlled trials are the most reliable, however,

the arrangement of the study requires financial, human resources and valuable time support.

Limitation 1 Concerning the meta-analysis about ageing! the included articles
presented age of the patients in median, mean or IQR; therefore, the results of this meta-analysis
should be interpreted with caution.

Limitation 2 The severity scoring guidelines have changed considerably over the
years; therefore, there might be cases in the meta-analysis of ageing where severities have been
misclassified in the studies under analysis compared to our current knowledge.

Limitation 3 The large variety of studies caused high heterogeneity which may
indicate hidden distorting factors in the meta-analysis about ageing®.

Limitation 4 We could not explain the reason why the mortality of the 50-59-year age
group is lower than that of the 40-49-year age group. Therefore, it can not exclude the
possibility that the mortality rate is monophasic and the cutoff A70 is better than the cut off of
591,

Limitation 5 Despite the high case number, event numbers concerning some outcomes
limited the analysis. To overcome this, we merged similar items of CCI (e.g., malignant tumors)
when imputing them in multivariate models, as seen in other works (Murata et al., 2015)°.
Limitation 6 The non-normal distribution of age and CCI forced us to set up age and
comorbidity categories in multivariate analysis®.

Limitation 7 Despite the four-level data checking system in the Pancreas Registry,
imprecision of data recording cannot be excluded?®.

Limitation 8 Distribution of continuous variables proved to be non-normal so that
multivariate regression was not performed in terms of LOH. Instead, a dichotomized logistic
regression model was used®.

Limitation 9 The biggest limitation concerning the meta-analysis about enteral

feeding is the small number of studies included (especially in MAP) which caused higher
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heterogeneity. The low amount of extracted data from the articles caused further difficulties. In
MAP, a uniform point system had to be developed to make the data analyzable®.

Limitation 10 In the Goulash study to detect a treatment effect of at least 50% of the
early treatment, a sample size of 957 subjects will be necessary to be recruited which delay the

final conclusion of the study®.
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VII. Conclusions - new observations — clinical benefits

1)  Pancreatitis-associated mortality is more common with advanced age.

2) The rapid elevation of mortality above the age of 59 suggests the involvement of
additional deteriorating factors such as co-morbidity in the elderly. Changing age to
comorbidity might be reasonable in predicting scoring systems.

3) Comorbidities determine mortality whereas both comorbidities and ageing predict
severity of AP.

4)  Enteral feeding is beneficial compared to a nil per os diet not only in severe but also in
mild and moderate AP.

5)  Development of the GOULASH trial.

The results written in Chapter 1 change the thinking on severity prediction. Until now only
ageing is included in the scoring systems. However, based on our results it is obvious that
comorbidity should be included as well. This may lead to the development of more sensitive
and specific risk stratification in AP.

The results written in Chapter 2 change our understanding concerning the nutrition in AP.
Based on the meta-analysis showing that early enteral feeding is beneficial not only in severe
but also in mild AP we started early enteral nutrition in our Gl division. Within 1 year we could
decrease the mortality from 30 to 10% in severe AP, in addition, we could decrease the length

of hospitalization with around 400 days/year.

VIILI. My own work

Article Nol

| was involved in: i) the study design, ii) article search, iii) data extraction, iv) risk of
bias and quality assessment, v) consultation with biostatisticians, vi) developing the data
interpretation with biostatisticians and the PI and in vii) developing the publication strategy. |
wrote version Nol of the article and took part in developing the final version as well. I also

prepared v1 of the ,answers to the reviewers’ and the revision.
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Article No2

In this knowledge publication, |1 was involved in the literature search for relevant
publications and helped to develop publication strategy. | wrote the version 1 of the article, and
| took part in developing the final version. | prepared the version 1 of the, answers to the

reviewers’ and the revision.

Article No3
During the three years, | recruited patients suffering from AP to the registry
(approximately 50 to 70 patients). | was also actively involved in the monitoring of data quality.

| also helped in data interpretation.

Article No4

| was involved in: i) the study design, ii) article search, iii) data extraction, iv) risk of
bias and quality assessment, v) consultation with biostatisticians, vi) developing the data
interpretation with biostatisticians and the PI, vii) publication strategy plan. | wrote the version
1 of the article, and | took part in developing the final version. I prepared the version 1 of the

,answers to the reviewers’ and the revision.

Article No5

| was involved in: i) the study design, ii) sample size calculation, iii) randomization
plan. | wrote the version 1 of the article, and | took part in developing the final version. |
prepared the version 1 of the ,answers to the reviewers’ and the revision. | was involved in: iv)
the development of the local protocol, v) I coordinated the patient recruitment, vi) | recruited
approximately 40 patients in Pécs, vii) | educated and later controlled Székesfehérvar, Debrecen

and Gyula centers. | was involved in the safety analysis of the study.

IX. Future carrier plan

During my Ph.D. work, I learned several clinical methodologies such as study designs,
retrospective and prospective data analysis, observational and interventional clinical trials,
meta-analysis, network meta-analysis, case report, EBM guideline. I also had a chance to be
involved in the clinical management of the patients from admission until the discharge of the
patients. However, | am also interested in the basic science part of the translational medicine,
therefore, | spent 6 months in a high-quality basic science research group focusing on
pathomechanism of the pancreatitis at the University of Szeged.
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| would like to continue my personal development in basic science, therefore I moved to the
USA and joined to one of the best research groups (MITOCARE) led by Professor Gyorgy
Hajnoczky. After my USA training, | want to bring knowledge back to Hungary and wish to be
an independent scientist. 1 wish to continue my clinical development as a trainee

gastroenterologist and wish to be a translational gastroenterologist.
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Background: Acute pancreatitis (AP) is one of the most common cause of hospitalization
among gastrointestinal diseases worldwide. Although most of the cases are mild,
approximately 10-20% of patients develop a severe course of disease with higher
mortality rate. Scoring systems consider age as a risk factor of mortality and severity
(BISAP; >60 years, JPN>70 years, RANSON; >55 years, APACHE Il >45 years). If there
is a correlation between aging and the clinical features of AP, how does age influence
mortality and severity?

Aim: This study aimed to systematically review the effects of aging on AP.

Methods: A comprehensive systematic literature search was conducted in the
Embase, Cochrane, and Pubmed databases. A meta-analysis was performed using the
preferred reporting items for systematic review and meta-analysis statement (PRISMA).
A total of 1,100 articles were found. After removing duplicates and articles containing
insufficient or irrelevant data, 33 publications involving 194,702 AP patients were
analyzed. Seven age categories were determined and several mathematical models,
including conventional mathematical methods (linear regression), meta-analyses (random
effect model and heterogeneity tests), meta-regression, funnel plot and Egger’s test
for publication bias were performed. Quality assessment was conducted using the
modified Newcastle-Ottawa scale. The meta-analysis was registered in the PROSPERO
database (CRD42017079253).

Results: Aging greatly influences the outcome of AP. There was a low severe AP
incidence in patients under 30 (1.6%); however, the incidence of severe AP showed
a continuous, linear increase between 20 and 70 (0.193%/year) of up to 9.6%. The
mortality rate was 0.9% in patients under 20 and demonstrated a continuous linear
elevation until 59, however from this age the mortality rate started elevating with 9 times
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higher rate until the age of 70. The mortality rate between 20 and 59 grew 0.086%/year
and 0.765%/year between 59 and 70. Overall, patients above 70 had a 19 times higher
mortality rate than patients under 20. The mortality rate rising with age was confirmed
by meta-regression (coefficient: 0.037 Cl: 0.006-0.068, p = 0.022; adjusted r?: 13.8%),
and severity also (coefficient: 0.035 Cl: 0.019-0.052, p < 0.001; adjusted r?: 31.6%).

Conclusion: Our analysis shows a likelihood of severe pancreatitis, as well as,
pancreatitis-associated mortality is more common with advanced age. Importantly, the
rapid elevation of mortality above the age of 59 suggests the involvement of additional
deteriorating factors such as co-morbidity in elderly.

Keywords: acute pancreatitis, aging, mortality, severity, co-morbidity

INTRODUCTION

Rationale

Life expectancy has dramatically risen by 16 years (from 55.4
years to 71.4 years) in the last half century, causing a number
of changes and challenges to economies and healthcare systems
(Figure 1). Needless to say, healthcare professionals should focus
more intensively on the effects of aging on the course and
outcome of diseases.

Acute pancreatitis (AP) is one of the most challenging
gastrointestinal disorders: (1) its development is not fully
understood (Sahin-Toth and Hegyi, 2017) and it has no specific
therapy (Hegyi and Petersen, 2013); (2) its incidence rate
is continuously increasing (Peery et al., 2015); and (3) it
has an unacceptably high mortality (Parniczky et al, 2016).
Unfortunately, gastrointestinal scientists are devoting ever less
attention to AP (Szentesi et al., 2016). One of the best examples of
this is that mathematical analysis on the effects of aging on many
diseases, such as neurophysiological and liver disorders, have
been performed (Mizuguchi et al., 2015) but no systematically
collected information is available on AP.

Objectives

Age is used as a predictive marker in different scoring systems
for AP (Table 1). These scoring systems show a great variety in
the age group: in the (i) Bedside Index for Severity in Acute
Pancreatitis score (BISAP) (Wu et al., 2008), the topmost risk of
age is above 60; (ii) in BALI (BUN, Age, LDH, IL-6), it is over 65
(Spitzer et al., 2006); (iii) in the Simplified Acute Physiology Score
(SAPS II), it is >40 (Legall et al., 1993); (iv) in Ranson score, it
is above 55 (Blamey et al., 1984); (v) in Acute Physiology and
Chronic Health Evaluation (APACHE II), it is over 45 (Wagner
and Draper, 1984); and (vi) in the Japanese Severity Score (JNP),
it is >70 (Hirota et al., 2006). The wide range of age limits
suggests that a low number of patients, a selection bias and/or
a mathematical inaccuracy could have occurred.

Abbreviations: A70, above 70 years; ABP, acute biliary pancreatitis; AP, acute
pancreatitis; APACHE II, Acute Physiology and Chronic Health Evaluation; BALI,
BUN, Age, LDH, IL-6; BISAP, Bedside Index for Severity in Acute Pancreatitis
score; CI, confidence interval; ES, effect sizes; IQR, interquartile range; JNP,
Japanese Severity Score; OR, odd’s ratio; U20, under 20 years; PRISMA, preferred
reporting items for systematic review and meta-analysis statement; SAPS II,
Simplified Acute Physiology Score; SD, standard deviation.

Research Question

In order to minimize these distorting factors, we aimed to (i)
comprehensively search and select articles in which all AP cases
have been included and (ii) use several mathematical models to
understand the effects of aging on the outcome of AP.

METHODS

Study Design, Participants, Interventions,

Comparators

The meta-analysis was performed using the preferred reporting
items for systematic review and meta-analysis statement
(PRISMA) (Moher et al., 2009). We used the classical PICO
format to form a question applicable for search in databases: P:
acute pancreatitis; I and C: different age categories [under 20
(U20), 20-29, 30-39, 40-49, 50-59, 60-69, and above 70 (A70)];
O: mortality and severity. In order to provide the highest level
of quality, the meta-analysis was registered with the PROSPERO
registry (CRD42017079253).

Search Strategy

A search was performed in three databases (Embase, PubMed and
Cochrane) in January 2017 using the following terms: PubMed:
facute[All Fields] AND (“pancreatitis‘{MeSH Terms] OR
“pancreatitis”[All Fields])} AND {cohort[All Fields] OR (“clinical
trial”[Publication Type] OR “clinical trials as topic’[MeSH

Life expectancy at birth (years)

50 } t t t t t t t t t i

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

FIGURE 1 | Life expectancy at birth. There is a steadily rising average life
expectancy at birth. It has dramatically risen by 16 years (from 55.4 to 71.4 y)
in the last half century. Data sources: between 1960 and 1999, World Bank;
between 2000-2015, WHO.
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TABLE 1 | Characteristics of the scoring systems.

Score system Publ. (year) Outcome Time at measurement Age cutoff Patient enrolment LEB Age

Med. Mean
Ranson 1974 Severity 48h 55 1971-1975 60.12 42 50
APACHE Il 1982 Severity 24h 45 1979-1981 62.9 -
SASP I 1993 Mortality last 24 h 40 1991 65.6 57.2
JPN 2002 Severity - 70 1995-1998 66.75 -
BALI 2006 Mortality 48h 65 - - 61+16
BISAP 2008 Morality 24h 60 2000-2001 66.55 53

There is a slight elevation in the age of enrolled patients and cut-off values (LEB: Life expectancy at birth). Ranson (Blamey et al., 1984); APACHEII-Acute physiology and chronic health
evaluation (Wagner and Draper, 1984); SAPS lI-Simplified Acute Physiology Score (Legall et al., 1993); JNP-Japanese Severity Score (Hirota et al., 2006); BALI-BUN, Age, LDH, IL-6
(Spitzer et al., 2006); BISAP-Bedside Index for Severity in Acute Pancreatitis (Wu et al., 2008).

Terms] OR “clinical trial”[All Fields])} AND (“Age”[Journal]
OR “age”[All Fields] OR “Age (Omaha)”[Journal] OR “age”[All
Fields] OR “Age (Dordr)”[Journal] OR “age”[All Fields] OR
“Adv Genet Eng”[Journal] OR “age”[All Fields]) Embase: acute
pancreatitis and (cohort or clinical trial) and age; and Cochrane:
acute AND pancreatitis AND (cohort OR clinical) AND trial
AND age.

Data Sources, Study Selection, and Data

Extraction

Two independent authors read the articles for eligibility (age
data from cohort and pilot studies) (A-ML, KM). The flow
diagram recommended by the PRISMA guidelines shows the
article selection procedure (Figure 2) (Moher et al., 2009). When
conflicts arose, a third participant (PH) made the decision. Two
authors collected data in an Excel file (Microsoft Corporation,
Redmond, WA98052, USA) according to age (mean, median,
range, standard deviation (SD) and interquartile range (IQR),
where possible), study type, severity, mortality, and notes
(A-ML, KM).

Data Analysis

All meta-analytic calculations were performed with STATA
software Version 11 (Stata Corporation, College Station, TX,
USA). In our meta-analysis, the pooled effect sizes (ES) were the
event rates with a 95% confidence interval (CI) for all outcomes.
The random effect model by DerSimonian and Laird was used
in all cases (DerSimonian and Laird, 1986). Heterogeneity was
tested using Cochrane’s Q and the I? statistics. I? statistics
represent the percentage of effect size heterogeneity, which
cannot be explained by random chance, but by other factors. I-
values of 25, 50, and 75% corresponded to low, moderate and
high degrees of heterogeneity, based on the Cochrane handbook
(Higgins, 2011). If the Q test is significant, it implies that the
heterogeneity among effect sizes reported in the observed studies
is greater than could be explained only by random error. We
considered the Q test significant if p < 0.1. The forest plot was
evaluated to represent the data. Publication bias was examined by
visual inspection as asymmetry in the funnel plot and Egger’s test
(Sterne et al., 2001). A significant test result (p < 0.1) indicates
the presence of bias.

A meta-regression was used to consider the effect of aging on
mortality and severity. In both cases, we tested the hypothesis
that all coeflicients are zero. The results are provided as regression
coefficients, 95% ClIs, p-values and the explained variances of the
models (R? analogs).

A conventional regression analysis was also performed to
confirm the results of the meta-regression. In this case, we used
the pooled event rates from the subgroup analyses and the middle
of the age subgroups as independent variables. We used the IBM
SPSS Statistics software for these calculations (IBM Corporation,
Armonk, New York, USA, Version 24).

Quality Assessment

The quality of the articles was assessed by 3 main categories
recommended by the modified Newcastle-Ottawa scale (Table 2,
Supplementary Figure 1).

RESULTS

Flow Diagram of Studies Retrieved for the
Review, Study Selection, and

Characteristics

Our search yielded 1,100 articles (704, 379, and 17 in
Embase, PubMed, and Cochrane, respectively) (Figure 2). Eleven
additional articles were found with potential data eligibility for
the meta-analysis in the references of the primarily selected
articles. After excluding duplicates and irrelevant articles, a
total of 33 articles involving 194,702 patients met the inclusion
criteria (Table 2).

Synthetized Findings

Severity

A total of 23 studies with 22,451 patients were suitable
for analyzing severity (Tables2, 3) (Abou-Assi et al, 2002;
Girleyik et al., 2005; Muller et al., 2006; De Waele et al.,
2007; Knoepfli et al, 2007; Uomo et al., 2007; Radenkovic
et al, 2009; Gomez Beltran et al,, 2013; Gornik et al., 2013;
Nijmeijer et al, 2013; Albulushi et al., 2014; de-Madaria
et al,, 2014; Zuidema et al., 2014; Ho et al., 2015; Ocampo
et al, 2015; Wang et al., 2015; Yue et al.,, 2015; Karpavicius
et al., 2016; Mole et al., 2016; Parniczky et al., 2016; Rashidi
and Rokke, 2016; Weitz et al., 2016; Zhang et al., 2016).
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FIGURE 2 | PRISMA flow diagram. The diagram for the study selection for this meta-analysis is based on the PRISMA-recommended flow chart (Moher et al., 2009).

Two thousand Four Hundred Eighty Nine severe cases were
found divided into seven age groups with a low severity rate
under 30 years. There was a low incidence severe AP rate in
patients under 30 and rose continuously between ages 30 and
70 (Table 3).

Firstly, a meta-regression was performed to investigate the
relationship between age and severity (Figure 3). The number
of patients in each age group category was extremely diverse
(between 24 and 11,933); however, a significant relationship was
detected (coefficient: 0.035 CI: 0.019-0.052, p < 0.001; adjusted

r2:31.6%). A conventional regression analysis was also performed
showing a linear increase (0.193%/year) from ages U20 to
A70 (Figure 4).

This continuous elevation was also confirmed by forest plot
(Figure 5). There was 1 severe AP U20: 4.2% (1/24; pooled
event rate: 0.042 CI: —0.077-0.161); 20-29: 0% (0/36; pooled
event rate: 0.014 CL 0.077-0.104); 30-39: 6.7% (5/75; pooled
event rate: 0.067 CL: —0.005-0.128); 40-49: 9.2% (726/7882;
pooled event rate: 0.109 CI: 0.046-0.172); 50-59: 11.3% (1352/11
933; pooled event rate: 0.201 CI: 0.158-0.245); 60-69: 16.6%
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TABLE 2 | The modified Newcastle-Ottawa quality assessment scale.

Study Sample size Severe case Mortality Study type

Modified Newcastle-Ottawa quality assessment scale

Selection Comparability Outcome Sum
S1 S2 S3 sS4 01.1 01.2 02 O3

Abou-Assi et al., 2002 156 5 14 Prospective 7
Albulushi et al., 2014 174 14 0 Retrospective 6
Gomez Beltran et al., 2013 24 1 0 Retrospective 8
de-Madaria et al., 2014 403 28 17 Prospective 7
Dombernowsky et al., 2016 359 nd 13 Retrospective 8
Gompertz et al., 2012 128 nd 2 Retrospective O 6
Gompertz et al., 2013 1367 nd 115 Retrospective 7
Gonzalez-Gonzalez et al., 605 nd 30 Prospective 9
2012

Gornik et al., 2013 1058 210 41 Prospective 6
Gurleyik et al., 2005 55 13 1 Prospective 9
Karpavicius et al., 2016 102 20 5 Prospective 7
Knoepfli et al., 2007 310 63 8 Prospective 8
Lautz et al., 2011 211 nd 0 Retrospective 8
Milheiro et al., 1995 91 nd 10 Retrospective 5
Mole et al., 2016 2053 390 102 Retrospective 6
Muller et al., 2006 109 66 8 Prospective 9
Nijmeijer et al., 2013 622 119 20 Prospective 0 0 0 5
Ocampo et al., 2015 854 140 nd Prospective 0 _ - 7
Pant et al., 2014 55012 nd 509 Retrospective 0 O 0 0 4
Parniczky et al., 2016 600 53 17 Prospective [ 9
Radenkovic et al., 2009 91 24 8 Prospective 0 7
Rashidi and Rokke, 2016 670 43 37 Prosp and Retrosp 8
Spanier et al., 2013 78257 nd 9515 Retrospective - 7
Uomo et al., 2007 1173 167 36 Prospective 0 8
De Waele et al., 2007 40 14 6 Retrospective 0 7
Wang et al., 2015 120 31 13 Retrospective 0 5
Hoetal, 2015 12284 765 nd Retrospective 0 4
Weitz et al., 2016 346 21 12 Retrospective 0 8
Wu et al., 2008 36178 nd 569 Retrospective O 4
Yeung et al., 1996 43 nd 1 Retrospective 0 6
Yue et al., 2015 169 68 nd Prospective 5
Zhang et al., 2016 974 223 58 Retrospective I 8
Zuidema et al., 2014 64 11 3 Prospective 0 5

Ranks in three categories (green-1: low risk; red-0: high risk, yellow-0: unclear risk) are shown. S1, non-selected etiology AP; S2, all participants have an AP diagnosis; S3, AP diagnosis is
confirmed using the latest guidelines; S4, non-selected severity cases. C1: comparability defined by exact age ranges in years. O1.1, severity assigned according to the latest guidelines;
01.2, described mortality (in-hospital and pancreas-related); O2-03, adequate follow-up for outcome occurrence morality and severity.

(390/2344; pooled event rate: 0.157 CI: 0.110-0.203); A70: 9.6%
(15/157; pooled event rate: 0.096 CI: 0.049-0.143). In sum, 11.1%
(2489/22 451).

Publication bias was tested by inspection of funnel plot and
Egger’s test (CI: 1.961-6.728; p = 0.001). The visible asymmetry
(plots are mostly concentrated to the right side) is most probably
due to the fact that authors mostly present data with high volume
examinations (Supplementary Figure 2).

The cut-off values in sorting articles to U20 and A20, U30 and
A30, U40 and A40, U50 and A50, U60 and A60, and U70 and A70
(Supplementary Figures 3-8) resulted in significant differences
considering three comparison, respectively (U30 vs. A30 p =
0.036; U40 vs. A40 p = 0.009; U50 vs. A50 p = 0.021) (Figure 6).

In addition, we performed several sub-group analysis in
order to decrease the heterogeneity in our study. Firstly,
we used articles only where severity was assessed by the
Atlanta or the revised Atlanta classification. This additional
analysis could largely decrease the heterogeneity [I> = 40-
49: 0%, 50-59:96.9%, 60-69:86.6% (Supplementary Figure 9)].
Secondly, we excluded the low quality (NOS 4 and 5) studies
from the analysis. This analysis also could improve the
heterogenity [(I> = 40-49: 96.3%, 50-59:96.5%, 60-69:86.6%
(Supplementary Figure 10)].

And finally, we excluded studies from the analysis where
age ranges might overlap between the groups because of
given age ranges. We could also successfully decrease the
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TABLE 3 | Data of patient’s number and severe cases in age groups.

Age Severe AP Patient no. %

u20 1 24 4.2
20-29 0 36 0.0
30-39 5 75 6.7
40-49 726 7882 9.2
50-59 1352 11933 1.3
60-69 390 2344 16.6
A70 15 157 9.6
Sum 2489 22451 1141

There was only one severe AP in patients under 30; however, the incidence of severe AP
rose continuously between ages 30 and 70.

heterogeneity [(I2 = 40-49: 98%, 50-59:97.1%, 60-69:86.6%
(Supplementary Figure 11)].

Importantly, none of them modified the outcome of the study
which decrease the overall limitations of our results.

Mortality

Thirty studies involving 181,395 subjects contained data on
mortality (Milheiro et al., 1995; Yeung et al.,, 1996; Abou-Assi
et al., 2002; Giirleyik et al., 2005; Muller et al., 2006; De Waele
et al., 2007; Knoepfli et al., 2007; Uomo et al., 2007; Wu et al.,
2008; Radenkovic et al., 2009; Lautz et al., 2011; Gompertz et al.,
2012, 2013; Gonzalez-Gonzalez et al., 2012; Gomez Beltran et al.,
2013; Gornik et al., 2013; Nijmeijer et al., 2013; Spanier et al.,
2013; Albulushi et al., 2014; de-Madaria et al., 2014; Pant et al,,
2014; Zuidema et al., 2014; Wang et al,, 2015; Dombernowsky
et al., 2016; Karpavicius et al., 2016; Mole et al., 2016; Parniczky
et al,, 2016; Rashidi and Rekke, 2016; Weitz et al., 2016; Zhang
et al., 2016) (Tables 2, 4). Eleven thousand one hundred and
seventy deceased cases were found in the seven age groups with
the highest rates in groups 40-49 and A60 (Table 4). Considering
that a severe course of AP increases the risk for mortality,
we expected a similar regression to severity (Figure4). The
mortality rate was 0.9% in patients under 20 and demonstrated
a continuous, linear elevation until 59, however from this age
the mortality rate started elevating with 9 times higher rate until
the age of 70 (Figure 7). The mortality rate grew 0.086%/year
between ages 20 and 59 and 0.765%/year between 59 and 70
(Figure 7). Overall, patients above 70 had a mortality rate 19
times higher than those under 20 (Table 4). The mortality rate
rising with age was also confirmed by forest plot, showing a
clear elevation from pediatric to elderly patients: U20: 0.9%
(510/55 290; pooled event rate: 0.009 CI: 0.008-0.010); 20-29:
2.6% (5/1912; pooled event rate: 0.009 CI: —0.011-0.029); 30—
39: 1.2% (139/11 527; pooled event rate: 0.012 CI: 0.010-0.014);
40-49: 6.7% (202/3002; pooled event rate: 0.052 CI: 0.025-0.079);
50-59: 2% (838/41 634; pooled event rate: 0.045 CI: 0.032-0.057);
60-69: 8.5% (2153/25 452; pooled event rate: 0.052 CI: 0.015-
0.088); and A70: 17.3% (7312/42 322; pooled event rate: 0.112 CI:
0.007-0.217) (Figure 8). In summary, 6.2% (11 170/181 395).

A meta-regression analysis on mortality showed a significant
difference (coefhicient: 0.037 CI: 0.006-0.068, p = 0.022; adjusted
r%: 13.8%, Figure 9). Publication bias was tested by funnel plot
and Egger’s test (CI: —0.901-9.234; p = 0.104) and showed
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FIGURE 3 | Meta-regression of severity. The figure shows 29 data from 23
reports where x = age (mean), y = logit event rate: In[p/(1-p)], and circle
diameters show the weight of each study based on the random effect model.
The meta-regression shows a significant (o < 0.001) relationship between age
and severity (r2 = 31.6), therefore the risk for developing severe cases is
elevated by aging.
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FIGURE 4 | Conventional regression of severity. The conventional regression,

which is independent of distortion from diverse numbers of patients, shows a
linear rise (0.193%/year) in severity from young to old age.

mild asymmetry, but based on Egger’s test publication bias was
unlikely (Supplementary Figure 12).

Forest plot analyses comparing U20 to A20, U30 to A30,
U40 to A40 and U50 vs. A50 showed significant differences,
respectively (U20 vs. A20 p < 0.001; U30 vs. A30 p = 0.001; U40
vs. A40 p < 0.001; U50 vs. A50 p = 0.018; U60 vs. A60 p = 0.028,
and U70 vs. A70 p = 0.038) (Supplementary Figures 13-18).
Forest plot results are summarized in Figure 10.

We excluded the low quality (NOS 4 and 5) studies from
the analysis to lower the heterogeneity [I? = 40-49: 96.3%,
50-59:96.5%, 60-69:86.6% (Supplementary Figure 19)].

Risk of Bias and Quality Assessment

The risk of bias was examined by funnel plot and
Egger's test (see above severity and mortality). The
quality of the included articles were assessed by using
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Study
name

u20
Beltran et al 2013
Subtotal (I-squared =.%, p =) <

20-29
Parniczky et al 2016 a
Subtotal (I-squared =.%, p =.) <

30-39
Parniczky et al 2016 b
Subtotal (I-squared =.%, p =)

40-49

Abou-Assi et al 2002

Wei Ho etal 2015 a

Albulushi et al 2014

Parniczky et al 2016 ¢

Ocampo et al 2015

Zhang et al 2016

Subtotal (I-squared = 97.6%, p = 0.000)

50-59

Weitz et al 2016
Rashidi et al 2016
Wei Ho etal 2015 b
de-Madaria et al 2014
Parniczky et al 2016 d
Zuidema et al 2014
Mole et al 2016
Nijmeijer et al 2013
Karpavicius et al 2016
Knoeplifi et al 2006
Gurleyiek et al 2005
Wang et al 2015
Radenkovic 2009
Waele et al 2007

Yue et al 2015

Muller et al 2006
Subtotal (I-squared = 97.2%, p = 0.000)

60-69

Parniczky et al 2016 e

Uomo et al 2007

Gornik et al 2013

Subtotal (I-squared = 86.6%, p = 0.001)
a70

Parniczky et al 2016 f

Subtotal (I-squared =.%, p =.)

NOTE: Weights are from random effects analysis

% Sample

ES (95% CI) Weight Events size

0.04 (0.01,0.24) 100.00 1 24
0.04 (-0.08, 0.16) 100.00

0.01 (0.00, 0.18) 100.00 0 36
0.01 (-0.08, 0.10) 100.00

0.07 (0.03,0.15) 100.00 5 75
0.07 (0.01, 0.13) 100.00

0.03 (0.01,0.07) 16.80 5 156
0.06 (0.05,0.07) 17.47 335 5617
0.08 (0.05,0.13) 16.26 14 174
0.08 (0.04,0.15) 1546 9 107
0.16 (0.14,0.19) 17.03 140 854
0.23(0.20,0.26) 16.98 223 974
0.1 (0.05, 0.17) 100.00

0.06 (0.04,0.09) 7.14 21 346
0.06 (0.05,0.09) 7.22 43 670
0.06 (0.06,0.07) 7.31 430 6667
0.07 (0.05,0.10) 7.15 28 403
0.10(0.06,0.17) 651 11 112
0.17(0.10,0.28) 548 11 64
0.19(0.17,0.21) 7.24 390 2053

0.19 (0.16, 0.22) 7.06 119 622

0.20(0.13,0.28) 595 20 102
0.20 (0.16,0.25) 6.80 63 310
0.24 (0.14,0.37) 4.94 13 55
0.26 (0.19,0.34) 593 31 120
0.26 (0.18,0.36) 558 24 91
0.35(0.22,0.51) 4.06 14 40
0.40(0.33,0.48) 6.06 68 169
—— 0.61(0.51,0.69) 555 66 109
0.20 (0.16, 0.24) 100.00
0.12(0.07,0.19) 2451 13 113
0.14 (0.12,0.16) 38.32 167 1173
0.20 (0.18,0.22) 37.17 210 1058
0.16 (0.11,0.20) 100.00
0.10 (0.06, 0.15) 100.00 15 157
0.10 (0.05, 0.14) 100.00

the studies, then AB0 remains stable.

FIGURE 5 | Forest plot of studies evaluating severity in acute pancreatitis in age groups. Full diamonds show the weighted event rates for studies, respectively, line
represents the 95% confidence interval (Cl), and empty diamonds show the pooled results of severe cases with a steadily rising frequency from young to older age.
Wideness of the empty diamond represents the confidence limits. Under 40 there is a slight elevation concerning severe cases, from 40 to 60 severity rates differs in

the modified Newcastle-Ottawa scale as described earlier
(Deeks et al., 2003; Mata et al., 2015; Rotenstein et al., 2016).
Two independent investigators have evaluated the
articles and classified using a clear guidance described in
Supplementary Figure 1. The following three main categories
were applied: (i) selection of study groups (including four
subgroups: S1: non-selected etiology AP; S2: all participants have

an AP diagnosis; S3: AP diagnosis is confirmed using the latest
guidelines; S4: non-selected severity cases); (ii) comparability
of the groups (C1: comparability defined by exact age ranges in
years); and (iii) outcome of interest (including four subgroups:
O1.1: severity assigned by the latest guidelines; O1.2 described
mortality (in-hospital and pancreas-related); and 02-03:
adequate follow-up for outcome occurrence, morality and
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Age groups

ES  95%Cl
0.04 —0.08-0.16
0.02 —0.05-0.10
0.05 0.02-0.10
0.09 0.04-0.14
0.16 0.13-0.18
0.16 0.13-0.18

U20 vs A20
U30 vs A30
U40 vs A40
U50 vs A50
U60 vs A60
U70 vs A70

Severity

Significancy
ES
0.16
0.16
0.16
0.19
0.14
0.10

95% ClI
0.13-0.18
0.13-0.19
0.14-0.19
0.15-0.22
0.10-0.19
0.05-0.14

FIGURE 6 | Forest plot results for cut-off values for severity. Summary table of pooled effect with Cl and significance levels to detect cut off value. Concerning
mortality all comparisons were significant, however examining severity only three. Explanation might be that in young ages there is a low event rate, in middle age
groups there is a higher proportion therefore the difference is equalized leading to a non-significant difference. The same occur in the aged vs. middle aged groups.

TABLE 4 | Data of patient’s number and deceased cases in age groups.

Age Fatal event Patient no. %
u20 510 55290 0.9
20-29 5 1912 0.26
30-39 139 11627 1.2
40-49 202 3002 6.7
50-59 838 41790 2.0
60-69 2157 25496 8.5
A70 7319 42378 17.3
Sum 11170 181395 6.2

The incidence of severe AP rose continuously between ages 30 and 70.

Mortality
18% T
y=0,0765x - 0,3665
R?=0,99199
14% T
9% T
5% T
y =0,0086x - 0,0036
R?=0,27691
0% T T L T . T . T L : L :

u20 25 35 45 55 65 A70

FIGURE 7 | Conventional regression of mortality. The conventional regression
shows a linear elevation until 59, however from this age the mortality rate
started elevating with 9 times higher rate until the age of 70.

severity). Each item was marked: green-1: low risk; red-0: high
risk and yellow-0: unclear risk of bias. A total of 9 points was the
maximum that could be assigned (Table 2) (Milheiro et al., 1995;
Yeung et al., 1996; Abou-Assi et al., 2002; Giirleyik et al., 2005;
Muller et al., 2006; De Waele et al., 2007; Knoepfli et al., 2007;
Uomo et al., 2007; Wu et al., 2008; Radenkovic et al., 2009; Lautz
et al., 2011; Gompertz et al., 2012, 2013; Gonzalez-Gonzalez
et al, 2012; Gomez Beltran et al., 2013; Gornik et al., 2013;
Nijmeijer et al., 2013; Spanier et al., 2013; Albulushi et al., 2014;
de-Madaria et al., 2014; Pant et al., 2014; Zuidema et al., 2014;

Ho et al,, 2015; Ocampo et al., 2015; Wang et al., 2015; Yue et al.,
2015; Dombernowsky et al., 2016; Karpavicius et al., 2016; Mole
et al.,, 2016; Parniczky et al., 2016; Rashidi and Rekke, 2016;
Weitz et al., 2016; Zhang et al., 2016).

Whenever different points were given by the investigators a
third member of the team made the final decision.

DISCUSSION

Summary of Main Findings

Here we provide the first detailed meta-analysis on the effects of
aging on AP. Aging has been demonstrated to play an important
role in AP; however, due to the lack of detailed mathematical
analysis, there is a great difference between the cut-off values used
in predictive scoring systems (Blamey et al., 1984; Wagner and
Draper, 1984; Legall et al., 1993; Hirota et al., 2006; Spitzer et al.,
2006; Wu et al., 2008).

With regard to severity, unfortunately we only have two
articles in which severity was one of the outcome parameters in
youth. In one of these studies, Parniczky et al. found no severe
cases in the 36 patients under 30 years of age (Parniczky et al.,
2016). Similarly, Beltran et al. found only a single severe case in
cohort of 24 patients suggesting a low incidence rate of severe AP
in youth (Gomez Beltran et al., 2013). Our situation was far easier
regards mortality as data from large nationwide cohorts were
available. In a large epidemiology study involving 55,012 patients
under 20 years in the USA, Pant et al. showed that mortality
is only 0.92% (Pant et al., 2014). Others have also described
low mortality in smaller cohorts. Lautz et al. found 0% (0/211
patients) mortality under 20 years, while Yeung et al. reported
2.33% (1/43 patients) (Yeung et al., 1996; Lautz et al., 2011). In
contrast, no mortality was found among 1,720 patients between
the ages of 20 and 29 in a Hungarian and a Dutch cohort (Spanier
et al,, 2013; Parniczky et al., 2016). Middle-aged patients (30-59
y) had a mortality rate more than two times higher (Abou-Assi
et al., 2002; Gtrleyik et al., 2005; Muller et al., 2006; De Waele
et al., 2007; Knoepfli et al., 2007; Wu et al., 2008; Radenkovic
et al., 2009; Nijmeijer et al., 2013; Spanier et al., 2013; Albulushi
et al., 2014; de-Madaria et al., 2014; Zuidema et al., 2014; Wang
et al,, 2015; Dombernowsky et al., 2016; Karpavicius et al., 2016;
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Study % Sample
name ES (95% Cl) Weight Events size
u20
Lautz et al 2011 0.00 (0.00, 0.04) 0.19 0 211
Pant et al 2014 0.01(0.01,0.01) 99.79 509 55012
Beltran et al 2013 0.02 (0.00, 0.25) 0.00 0 24
Yeung et al 1995 0.02 (0.00, 0.15) 0.01 1 43
Subtotal (I-squared = 0.0%, p = 0.868) | 0.01 (0.01, 0.01) 100.00
20-29
Spanier et al 2013 a 0.00 (0.00, 0.00) 63.70 0 1684
Parniczky et al 2016 a 0.01(0.00, 0.18) 4.47 0 36
Gonzalez-Gonzalez et al 2012 a — 0.03 (0.01,0.06) 31.83 5 192
Subtotal (I-squared =51.1%, p = 0.129) 0.01 (-0.01, 0.03)100.00
30-39
Spanier et al 2013 d 0.01(0.01,0.01) 99.08 136 11300
Gonzélez-Gonzalez et al 2012 b 0.01 (0.00, 0.05) 0.71 2 152
Parniczky et al 2016 b 0.01 (0.00, 0.09) 0.22 1 5
Subtotal (I-squared = 0.0%, p = 0.994) 0.01 (0.01, 0.01) 100.00
40-49
Albulushi et al 2014 o o— 0.00 (0.00,0.04) 16.16 0 174
Gompertz et al 2012 — 0.02 (0.00, 0.06) 15.14 2 128
Parniczky et al 2016 ¢ -— 0.04 (0.01,0.10) 12.91 4 107
Zhang et al 2016 < 0.06 (0.05, 0.08) 17.09 58 974
Gompertz et al 2013 L & 0.08 (0.07,0.10) 17.12 115 1367
Abou-Assi et al 2002 x 0.09 (0.05,0.15) 11.97 14 156
Gonzélez-Gonzalez et al 2012 ¢ 0.09 (0.05, 0.17) 9.61 9 96
Subtotal (I-squared = 87.8%, p = 0.000) <> 0.05 (0.02, 0.08) 100.00
50-59
Wau et al 2008 z 0.02 (0.01, 0.02) 9.71 569 36178
Gurleyiek et al 2005 0.02 (0.00, 0.12) 3.21 1 55
Knoeplifi et al 2006 0.03 (0.01, 0.05) 7.99 8 310
Parniczky et al 2016 d 0.03 (0.01, 0.08) 5.50 3 112
Nijmeijer et al 2013 0.03 (0.02, 0.05) 8.65 20 622
Weitz et al 2016 0.03 (0.02, 0.06) 7.80 12 346
Dombernowsky et al 2016 0.04 (0.02, 0.06) 7.80 13 359
de-Madaria et al 2014 0.04 (0.03, 0.07) 7.78 17 403
Gonzalez-Gonzalez et al 2012 d 0.05 (0.01, 0.13) 3.10 3 65
Zuidema et al 2014 0.05 (0.02, 0.14) 3.04 3 64
Karpavicius et al 2016 0.05 (0.02,0.11) 4.26 5 102
Mole et al 2016 0.05 (0.04, 0.06) 9.22 102 2053
Rashidi et al 2016 - 0.06 (0.04, 0.08) 8.19 37 670
Muller et al 2006 —— 0.07 (0.04, 0.14) 3.73 8 109
Radenkovic 2009 —— 0.09 (0.04, 0.17) 3.00 8 91
Wang et al 2015 :z: 0.11(0.06, 0.18) 3.28 13 120
Milherio et al 1994 0.11 (0.06, 0.19) 2.66 10 91
Waele et al 2007 —_— 0.15(0.07, 0.30) 1.10 6 40
Subtotal (I-squared = 86.1%, p = 0.000) Lo 0.04 (0.03, 0.06) 100.00
60-69
Parniczky et al 2016 e -‘— 0.03 (0.01,0.08) 19.59 3 113
Uomo et al 2007 0.03 (0.02, 0.04) 23.57 36 1173
Gornik et al 2013 & 0.04 (0.03, 0.05) 23.41 41 1058
Spanier et al 2013 b 3 0.09 (0.09, 0.09) 23.94 2073 23108
Gonzélez-Gonzalez et al 2012 e 0.09 (0.03, 0.22) 9.49 4 44
Subtotal (I-squared = 97.7%, p = 0.000) > 0.05 (0.02, 0.09) 100.00
ar0
Parniczky et al 2016 f -— 0.04 (0.02,0.08) 35.04 6 157
Gonzélez-Gonzaélez et al 2012 f —_— 0.13(0.06,0.24) 28.72 7 56
Spanier et al 2013 ¢ & 0.17 (0.17,0.18) 36.24 730 42165
Subtotal (I-squared = 97.0%, p = 0.000) — 0.11 (0.01, 0.22) 100.00
NOTE: Weights are from random effects analysis
| | I |
0 1 82 3 4

FIGURE 8 | Forest plot of studies evaluating mortality in acute pancreatitis. Full diamonds show the weighted event rates for studies, respectively, line represents the
95% confidence interval (Cl), and empty diamonds show the pooled results of mortality with a steadily rising frequency from young to older age. Wideness of the
empty diamond represents the confidence limits. The diamonds show a steadily rising frequency in mortality from youth to old age.

Mole et al., 2016; Parniczky et al., 2016; Rashidi and Rokke, 2016;  and mortality rise linearly (Figures4, 7). The rate of severity
Weitz et al., 2016; Zhang et al., 2016). increases 0.193%/year, and mortality grows 0.086%/year. It

Our second main observation was that up until 59 years  has been documented that almost all death cases come from
(this cut-off value was mathematically calculated), both severity ~ the severe AP group; therefore, we can assume that although
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the number of severe cases rises every year, the risk for
mortality in severe AP remains constant at around 20%
(Parniczky et al., 2016).

Thirdly, we found that above 59 years the mortality rate
rapidly increases; meanwhile, the rate of severe pancreatitis
follows the earlier, slightly elevated pattern (Figures 4, 7). These
data clearly suggest that additional factors which are lacking or
rare below 59 years also affect mortality in AP. One of the best
candidates responsible for the increased elevation of mortality
in elderly is definitely co-morbidity. It has been shown that the
burden of co-morbidities increases with age (Vasilopoulos et al.,
2014; Murata et al., 2015). In addition, it has been also reported
that the outcome of AP is worsen by severe co-morbidities (Frey
et al., 2007; Murata et al., 2011). Therefore, we can hypothesize
that the elevation of severity and mortality with age is attributed
to co-morbidity rather than aging.

The incidence of severe AP in patients, however, showed
a continuous, linear rise between the ages of 20 and 70
(0.193%/year) of up to 16.6%. The mortality rate was 0.9%
in patients under 20 and demonstrated a continuous increase
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FIGURE 9 | Meta-regression of mortality. The figure shows 43 data from 30
reports where x = age (mean), y = logit event rate: In[p/(1-p)], and circle
diameters show the random size of each study. The meta-regression shows a
significant relationship (p = 0.022) between age and mortality.

until the age of 70. The mortality rate between 20 and 59
grew 0.086%/year and 0.765%/year between 59 and 70. Overall,
patients above 70 had a mortality rate 19 times higher than
patients under 20. The rise of mortality rate with age was thus
also confirmed.

In adults, the severity of AP clearly increases with age. With
regard to mortality, it follows a similar linear rise until 59 years;
however, after that a 9-fold change is observed in its steepness.
This result completely confirms the observation of Ranson et al.
that age is associated with a significantly increased risk of death
over 55 years (Ranson and Pasternack, 1977; Blamey et al., 1984).
Imrie et al. (1978) modified the scoring system; however, they still
considered age above 60 as a valuable parameter. Blamey et al.
(1984) evaluated a prospective study with 347 patients in a seven-
year period to simplify the system and to improve its accuracy.
With regard to age, they also found the cut-off point at 55 years.

The BISAP scoring system was established as the first
population-based prognostic scoring system in order to evaluate
the risk of in-hospital mortality prior to the onset of organ failure
(Wu et al., 2008). The CART analysis identified age above 60
years for prediction of in-hospital mortality based on parameters
collected in 2000-2001 in the first 24 h from a patient population
of 17,922 suffering from AP (Wu et al., 2008).
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FIGURE 11 | Factors that may prepossess mortality and severity in AP. Our
data show that age linearly correlates to higher risk of developing severe AP.
Concerning mortality other factors may elevate the risk of decease cases
above 59 years of age.
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FIGURE 10 | Forest plot results for cut-off values for mortality. Forest plot results from studies evaluating the cut-off values for mortality in acute pancreatitis with
significant results in each of four groups. All comparisons showed a significant difference.
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In summary, the predictive scoring systems correspond with
our results, which suggests that mortality rises quickly above
59 years of age. Our data suggest that other factors which are
associated with older age elevate the mortality in AP (Figure 11).

One of the candidates is definitely comorbidity. Fan et al.
in 1988 also raised the question and found that concomitant
medical and surgical diseases were responsible for the higher
in-hospital mortality rate in elderly rather that consequences
of AP (Fan et al., 1988). However, they also observed a higher
incidence of not local, but systemic complications in older age.
They concluded that, if concomitant diseases were ignored,
the difference in mortality rate between young and elderly
disappeared (Fan et al., 1988). Charlson et al. (1994) validated
an Age-Adjusted Charlson comorbidity index (CCI) showing the
absent of age from CCI index. Forty years of age have the lowest
risk of comorbid death, moreover each decade of age over 40
adds 1 extra point to the risk which is added to the calculated
CClI score.

A currently revealed propensity score-matched analysis
examined the mortality and severity in the elderly in ABP
(Patel et al., 2018). They grouped 184,763 patients in two age
groups (<65 years of age vs. >65 years) and found that the
index admission mortality rate for the elderly was significantly
higher (0.32% (n = 356) vs. 1.96% (n = 1473); p < 0.001).
The odds of mortality increased progressively in patients aged
75 to 84 years (OR 1.39; 95% CI: 1.06-1.82) and 85 years or
older (OR 2.21; 95% CI: 1.70, 2.86). Further, increasing age
was also associated with higher odds of severe AP (75 to 84
years: OR 1.20; 95% CI: 1.12, 1.30; 85 y or older: OR 1.28; 95%
CI: 1.17, 1.40). However, elderly patients in this analysis had
significantly higher >3 co-morbidities (based on an Elixhauser
score of <3 and > 3) (OR 4.59; 95% CI: 4.33, 4.87; p < 0.001),
they concluded that age independently contributes to increased
mortality in ABP.

However, in order to prove the influence of comorbidity
on survivals, we wanted to extend our study with comparing
comorbidities at different age categories. Since the articles in
this study did not contain sufficient amount of information
on comorbidities we have performed a large multinational
cohort analysis on a prospective high quality database (Szakacs
et al.,, 2018). The analysis of a total of 1,203 patients showed
that severe comorbidities (CCI>3) predict mortality (OR =
4.48; CI: 1.57-12.80) much better than age, suggesting that
comorbidity is an important additional predictor for mortality.
More details of this investigation can be found in the forthcoming
article in Frontiers Physiological Sciences entitled: “Aging and
comorbidities in acute pancreatitis II: A cohort-analysis based
on 1 203 prospectively collected cases from 12 countries”
(DOI: 10.3389/fphys.2018.01776).

Strengths and Limitations
Strength 1 This systematic review and meta-analysis is based
on a database which is at least 10 times greater in volume than
the database used to develop the largest scoring system
Strength 2 Patients were included independently of etiologies,
nationalities, severities and ages, without any limitations in
this study.

Strength 3 Aging has serious impact on the healthcare
systems worldwide; therefore, scientists’ attention must focus
on geriatrics.

Limitation 1 In most of the articles, the age of the patients
was published in median, mean or IQR; therefore, distortion
was alerted.

Limitation 2 The severity scoring guidelines have changed
considerably over the years; therefore, there might be cases in
which severities have been misclassified in the studies under
analysis compared to our current knowledge.

Limitation 3 The co-morbidities of patients involved in
the analysis are unknown; therefore, the decisive question
as to whether age or age-associated co-morbidity plays an
aggravating role remains unanswered in this meta-analysis.
Limitation 4 The large variety of studies caused high
heterogeneity which may indicate hidden distorting factors in
this analysis.

Limitation 5 We could not explain the reason why the
mortality of the 50-59-year age group is lower than that of
the 40-49-year age group. Therefore, it cannot exclude the
possibility that the mortality rate is monophasic and the cut
off A70 is better than the cut off of 59.

CONCLUSIONS

In conclusion, our analysis shows that age has an effect
on AP. Both severity and mortality rise linearly, however
the rate of elevation in mortality is 9 times higher above
59 than below. Our results rise an important question
whether a restorative role is played by aging or other factors
like co-morbidity.

CORE TIP

There has been a dramatic increase in life expectancy over
the last few centuries. In addition, the incidence rate of
one of the most common gastrointestinal disorders, acute
pancreatitis (AP), is also growing. Here we provide a detailed
mathematical analysis of the effects of aging on AP. Our data
clearly shows that (1) younger age has a protective effect in
AP, (2) aging raises both the severity and mortality of AP,
and, importantly, (3) the mortality rate for patients above
59 years rises with 9 times greater intensity than that in
younger patients.

AUTHOR’S NOTE

The results of this article suggested clearly that additional
factors play a crucial role in mortality above 59 years of
age (Figures7, 11). There is a Part II of this publication in
which a detailed analysis of a 1,203 prospectively collected
cases showed that comorbidity is the key factor (Figure5
- https://www.frontiersin.org/articles/10.3389/fphys.2018.01776/
full; doi: 10.3389/fphys.2018.01776).
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Chand et al. recently reported the frequency of liver diseases
(LD) in pancreatitis. In an analysis of 20,931 patients, it was con-
cluded that the incidence rate of LD in chronic pancreatitis (CP) is
approximately 5%, whereas that of the end-stage liver disease, liver
cirrhosis (LC), is around 2% [1]. Since more than 50% of CP develops
due to alcohol consumption [2], we can estimate an incidence rate
of LD and LC that is no more than two times higher in alcoholic CP.

Although the rate of LC is variable in each published national
cohort of alcoholic CP (2% in a Spanish cohort [3], 16.7% in a Czech
one [4], 8.4% in an Indian one [5] and 12.5% in an Italian one [6]),
the incidence rate of LC is approximately 10-20%. Further, the inci-
dence of CP is even lower in LC. It was 2.5% in the Czech cohort [4]
and 5.3% in the Spanish one [3]. Since the proportion of CP in LC is
lower than that of LC in CP and patients with CP are younger than
those with LC[6,7], it seems more than likely that alcohol damages
the pancreas earlier than it does the liver.

90% of alcohol is metabolized via the oxidative pathway by
acetaldehyde dehydrogenase (ADH), whereas 10% is metabolized
via the non-oxidative pathway mostly by fatty acid ethyl ester syn-
thase and carboxyl ester lipase. The end product of the oxidative
pathway, acetaldehyde, is rather toxic to the liver; however, the
end product of the non-oxidative pathway, fatty acid ethyl ester
(FAEE), is rather toxic to the pancreas [8-10]. Pharmacological sup-
pression of the oxidative pathway exacerbates ethanol-induced
mitochondrial dysfunction and acute pancreatitis, while pharma-
cological inhibition of the non-oxidative pathway prevents FAEE
formation and ameliorates exocrine pancreatic damage and the
outcome of acute pancreatitis in experimental models [9]. The
same outcomes were observed in genetically altered conditions.

DOI of original article: https://doi.org/10.1016/j.d1d.2018.11.001.
* Corresponding author at: Institute for Translational Medicine,University of Pécs,
Medical School, Janos Szentagothai Research Centre, Pécs, Hungary.
E-mail address: hegyi.peter@med.u-szeged.hu (P. Hegyi).

https://doi.org/10.1016/j.d1d.2018.12.023

In ADH-deficient mice, alcohol administration causes severe pan-
creatic injury [11]; moreover, mutations of carboxyl ester lipase
in humans also increases the risk for alcoholic chronic pancreatitis
[12].

Therefore, we hypothesize that in patients in whom alcohol is
mostly metabolized via the oxidative pathway, LC develops first
and pancreatitis presents in only a minority of patients. This may
be due to the fact that (1) non-oxidative metabolism is suppressed
and the formation of FAEE is low or (2) since mortality is high in LC,
there is no time for CP to develop. Conversely, in patients in whom
alcohol is mostly metabolized via the non-oxidative pathway, CP
develops first and in some patients LC occurs later. (1) This may
be due to the lower activity of oxidative metabolism or (2) since
mortality is lower in CP, LC has time to develop (Fig. 1).

All in all, we have at least three independent mechanisms play-
ing a role in the rare incidence of concurrent LC and CP: (1) a
patient’s genotype does not change during his or her lifetime;
therefore, the characteristics of alcohol metabolism remain simi-
lar with aging; (2) after one of the diseases develops, the patient’s
alcohol consumption decreases; and (3) the patient’s survival is
diminished if comorbidities occur.
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Fig. 1. (A) Alcohol is 90% metabolized via the oxidative pathway; liver cirrhosis
is therefore more frequent in alcoholics than chronic pancreatitis (20-25% versus
3-8%, respectively). In patients in which LC develops first, CP is less frequent,
whereas the chance for LCis higher in patients where CP develops first. (B) If the non-
oxidative pathway is stimulated or the oxidative pathway is inhibited, the pancreas

damage is greater, while if inhibited it is less severe.
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Introduction: Our meta-analysis indicated that aging influences the outcomes of acute
pancreatitis (AP), however, a potential role for comorbidities was implicated, as well.
Here, we aimed to determine how age and comorbidities modify the outcomes in AP in
a cohort-analysis of Hungarian AP cases.

Materials and Methods: Data of patients diagnosed with AP by the revised Atlanta
criteria were extracted from the Hungarian Registry for Pancreatic Patients. Outcomes
of interest were mortality, severity, length of hospitalization, local, and systemic
complications of AP. Comorbidities were measured by means of Charlson Comorbidity
Index (CCI) covering pre-existing chronic conditions. Non-parametric univariate and
multivariate statistics were used in statistical analysis. Odds ratios (ORs) with 95%
confidence intervals (Cls) were calculated.

Results: A total of 1203 patients from 18 centers were included. Median age at
admission was 58 years (range: 18-95 years), median CCIl was 2 (range: 0-10). Only
severe comorbidities (CCI > 3) predicted mortality (OR = 4.48; Cl: 1.57-12.80). Although
severe comorbidities predicted AP severity (OR = 2.10, Cl: 1.08-4.09), middle (35—
64 years) and old age (=65 years) were strong predictors with borderline significance,
as well (OR = 7.40, Cl: 0.99-55.31 and OR = 6.92, Cl: 0.91-52.70, respectively).
Similarly, middle and old age predicted a length of hospitalization >9 days. Interestingly,
the middle-aged patients (35-64 years) were three times more likely to develop
pancreatic necrosis than young adults (OR = 3.21, Cl: 1.26-8.19), whereas the old-
aged (>65 years) were almost nine times more likely to develop systemic complications
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than young adults (OR = 8.93, Cl: 1.20-66.80), though having severe comorbidities
(CCI > 3) was a predisposing factor, as well.

Conclusion: Our results proved that both aging and comorbidities modify the outcomes
of AP. Comorbidities determine mortality whereas both comorbidities and aging predict
severity of AP. Regarding complications, middle-aged patients are the most likely to
develop local complications; in contrast, those having severe comorbidities are prone
to develop systemic complications. Studies validating the implementation of CCl-based
predictive scores are awaited.

Keywords: acute pancreatitis, comorbidities, mortality, severity, length of hospitalization, complications,
prediction, Charlson Comorbidity Index

INTRODUCTION

The annual incidence of AP ranges from 10 to 100 cases per
100,000 persons (Roberts et al,, 2013), showing an increasing
tendency throughout the past decades (Yadav and Lowenfels,
2013). Multiple theories have been proposed to explain the
increment: better diagnostics (e.g., general access to the
measurement of pancreatic enzymes) (Yadav et al., 2011), lifestyle
factors (e.g., obesity, alcohol consumption, and tobacco use)
(Alsamarrai et al., 2014; Samokhvalov et al., 2015) as well as aging
of the population (Spanier et al., 2013) have been implicated.

Aging not only increases the risk of AP (Yadav and Lowenfels,
2013) but also may change the clinical course of it, resulting
in higher mortality (Fan et al, 1988; Spanier et al, 2013)
and longer hospitalization (Murata et al., 2011; McNabb-Baltar
et al., 2014), thereby increases the cost for care in the elderly
(Fagenholz et al., 2007; Murata et al., 2012). Accordingly, widely
accepted predictive scores and severity indices, such as Ranson
criteria (age > 55 years) (Ranson et al, 1974), APACHE II
(age > 44 years) (Larvin and McMahon, 1989), and BISAP
(age > 60 years) (Wu et al, 2008) consider age as a risk
factor of worse clinical outcomes, where the potential impact of
comorbidities is omitted from these.

Risk of morbidities increases with age (Vasilopoulos et al.,
2014). Since the average age of AP onset is around 55-70 years
(Yadav and Lowenfels, 2013; Hamada et al.,, 2014), most AP
patients are exposed to the burden of comorbidities (Murata et al.,
2015). Sporadic studies reported on how comorbidities affect the
outcomes of AP: they increases mortality (Singla et al., 2009;
Murata et al., 2011, 2015; Akshintala et al., 2013; McNabb-Baltar
etal.,, 2014) and the length of hospital stay, as well (Murata et al,,
2011, 2015; Francisco et al., 2013). However, the predictive role
of comorbidities is underutilized regarding AP severity and the
development of complications.

Results of the meta-analysis by Marta et al. (under revision)
published in the previous issue of Frontiers Science suggested
that both mortality and severity of AP are age-dependent, but age
alone does not explain the increment of mortality in the elderly.
This increment might be attributed to comorbidities, as shown

Abbreviations: AP, acute pancreatitis; APACHE, Acute Physiology and Chronic
Health Evaluation; BISAP, Bedside Index of Severity in Acute Pancreatitis;
CCI, Charlson Comorbidity Index; CI, confidence interval; LOH, length of
hospitalization; OR, odds ratio.

in Figure 11 by Marta et al. (under revision). These findings
inspired us to conduct a cohort-analysis of AP cases to provide
a comprehensive assessment on how aging and comorbidities
alter outcomes of AP including mortality, severity, LOH, and
complications; and to decide whether the burden of aging or
comorbidities is decisive for determining hard outcomes.

MATERIALS AND METHODS

Population

We extracted data from the Hungarian Registry for Pancreatic
Patients (AP Registry) established in 2011 by the Hungarian
Pancreatic Study Group in order to advance clinical care
and research in Pancreatology (Parniczky et al, 2016). AP
Registry contains data on consecutive cases of AP attending
several Hungarian centers between 2011 and 2017. Accuracy
of data recorded is secured by a four-level quality check
system involving both medical administrative personnel and
gastroenterologist specialists.

Comorbidities

Registry forms of AP cases involve an admission form (A form)
and follow-up forms (B-forms) covering the entire hospital stay,
as well as the de-identified electronic discharge files. All files
were carefully reviewed by an author with a medical degree
to aggregate CCI (Charlson et al., 1987) with the International
Classification of Diseases 9/10 coding algorithm (Quan et al,,
2005). No search engines were used when reviewing charts. CCI
items were dedicated to rating common chronic pre-existing
diseases along 19 health-related (groups of) conditions. Every
CCI item has a weight according to the severity of comorbidities
covered (Charlson et al., 1987). CCI of each case was calculated
by compiling the weighted items. Earlier studies proved that
CCI is an effective predictor of hard outcomes in several acute
and chronic conditions (Ng et al., 2013; Frenkel et al., 2014;
Marventano et al., 2014).

Eligibility Criteria
To be included in analysis, the following criteria should be met:

(1) Diagnosis of AP (“Two out of three”) (Working Group
Tap/Apa Acute Pancreatitis Guidelines, 2013):
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(i) Abdominal pain
(ii) Serum amylase and/or lipase greater than three times the
upper normal limit
(iii) Characteristic findings on abdominal cross-sectional
imaging

(2) Age > 18 years
(3) Available history for CCI (Charlson et al., 1987)

Outcomes

Our AP-related outcomes included in-hospital mortality,
severity, LOH, local complications (including peripancreatic
fluid collections, pseudocysts, and pancreatic necrosis), and
organ failure (including respiratory, renal, and cardiac failure).

Ethical Approval

AP Registry has been approved by Scientific and Research Ethics
Committee of the Medical Research Council, Hungary (22254-
1/2012/EKU). All subjects gave written informed consent in
accordance with the Declaration of Helsinki.

Statistical Analysis

An expert biostatistician carried out the analysis with SPSS 19.0.0
(IBM Analytics, United States). Case numbers and percentages
were calculated for categorical variables, medians with 25%
and 75% quartiles (Q; and Qj3, respectively) and ranges were
computed for numerical variables in descriptive analysis (due to
non-normal distribution of data indicated by the Kolmogorov-
Smirnov test). In all analysis, a probability (p) < 0.05 indicated
a significant difference, whereas a p-value between 0.05 and 0.10
indicated borderline significance.

Representativeness of study population was tested by
binomial, one sample median, and Goodness-of-fit x 2 tests.

In univariate analysis, Spearmann’s rho was calculated to
explore correlations between age, CCI, and LOH. ORs with 95%
CIs were calculated from 2 x 2 tables. If OR was not calculable,
association were investigated with x 2 - or Fisher tests.

In multivariate analysis, binary logistic and multinominal
regressions were used to investigate the joint effect of age
categories and CCI categories or that of age categories and
individual comorbidities. We used a three-level age-stratification
(young-aged between 18 and 34 years of age, middle-aged
between 35 and 64 years of age, and old-aged > 65 years of age)
and a four-level comorbidity stratification (none if CCI = 0, mild
if CCI = 1, moderate if CCI = 2, and severe if CCI > 3).

RESULTS

Demography

AP Registry contained 1241 cases, of them 1203 (96.9%) from
18 centers were eligible for inclusion. Demography of study
population and that of AP Registry are presented in Table 1
and Supplementary Appendix 1, respectively. Distribution of
sites of recruitment is presented in Supplementary Appendix 1.
Study population proved to be representative to that of AP
Registry regarding demography and disease outcomes (p > 0.05

TABLE 1 | Demography of study population including a total of 1203 cases of
acute pancreatitis (AP).

Age, median (Q1-Qg) 58 (44-70)
Sex, Nmate (Yomale) 670 (65.7)
Etiology (pure)
Biliary, n (%) 528 (43.9)
Alcoholic, n (%) 269 (22.4)
Hypertriglyceridemic, n (%) 69 (5.7)
Mortality, n (%) 8 (2.3)
Severity of pancreatitis
Mild, n (%) 825 (68.6)
Moderate, n (%) 313 (26.0)
Severe, n (%) 65 (5.4)
Length of hospitalization, median (Q1—Qg) 9 (7-14)
Local complications, n (%) 358 (29.8)
Fluid collection, n (%) 303 (25.2)
Pseudocyst, n (%) 120 (10.0)
Necrosis, n (%) 111(9.2)
Systemic complications, n (%) 92 (7.7)
Respiratory failure, n (%) 55 (4.6)
Heart failure, n (%) 19 (1.6)
Renal failure, n (%) 33(2.7)
Charlson Comorbidity Index, median (Q1—Q3) 2(0-2)
Severity of comorbidities
No comorbidities, n (%) 444 (36.9)
Mild comorbidities, n (%) 345 (28.7)
Moderate comorbidities, n (%) 190 (15.8)
Severe comorbidities, n (%) 224 (18.6)

Continuous variables are presented in median with quartiles (Q;—Qg), categorical
variables are presented in frequencies (n) with percentages of total (%).

for all variables analyzed) (Supplementary Appendices 2, 9).
Data quality for all variables was >99% in study population
(Supplementary Appendix 3).

Association Between Aging and

Comorbidities in AP

Aging Strongly Influences the Outcomes of AP in
Univariate Models

Median age on admission was 58 years (Q;-Q3z: 44-70 years,
range: 18-95 years) (Figure 1A). Deceased were older than
survivors [65 years (Q;-Qjz: 56-78 years) vs. 58 years (Q;-
Q3: 44-70 years), p = 0.017, respectively] (Figure 1B). The age
difference between severe and non-severe cases was of borderline
significance [61 years (Q;-Qs: 48-71 years) vs. 58 years (Q;-
Qj3: 43-70 years), p = 0.076] (Figure 1C), as well as the detected
weak positive correlation between age and LOH (r = 0.055,
p = 0.058) (Supplementary Appendix 4). Interestingly, patients
developing local complications were younger than those not
doing so [56 years (Q;-Q3: 43-68 years) vs. 59 years (Q;-Qs:
44-71 years), respectively, p = 0.028]. The association is true
for necrosis (p = 0.049) and fluid collections (p = 0.095), unlike
for pseudocysts (p = 0.839) (Supplementary Appendix 5). On
the contrary, patients developing systemic complications were
older than those not doing so [62 years (Q;-Q3: 50.5-74 years)
vs. 58 years (Q;-Qsz: 43-70 years), respectively, p = 0.008].
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FIGURE 1 | Aging and acute pancreatitis (AP). (A) age-distribution of the study population, the red arrow indicates the median age of the population (that is,
58 years of age). (B) mortality and age (Mann-Whitney test). (C) severity and age (Mann-Whitney test).
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Specifically, respiratory (p = 0.001) and heart failure (p = 0.009)
were age-dependent (Supplementary Appendix 5).

Comorbidities (CCI) Strongly Influences the
Outcomes of AP in Univariate Models

Median CCI was 2 (Q;-Qs: 0-2, range: 0-10) (Figure 2A).
Deceased had higher CCI than survivors [3 (Q;-Qj3: 1-4) vs. 1
(Q1-Q3:0-2), p=0.001, respectively], as well as those with severe
AP [1 (Q1-Qs: 0-3) vs. 1 (Q;-Q3: 0-2), p = 0.024] compared to
those with non-severe AP, respectively (Figures 2B-C). A weak,
significant, positive correlation was detected between age and
CCI (r = 0.073, p = 0.012) (Supplementary Appendix 4).
Local complications seemed independent of CCI (p = 0.259),
as were fluid collections (p = 0.515), pseudocysts (p = 0.456),
and necrosis (p = 0.558) (Supplementary Appendix 6). Systemic
complications were associated with higher CCI (p < 0.001). This
association applies to respiratory failure (p < 0.001), as well
(Supplementary Appendix 6).

Age Correlates With CCl in a Univariate Model
We observed a moderate, positive correlation between age and
CCI (r=0.334, p < 0.001) (Figure 3).

Analyzing the association between the individual
comorbidities (i.e., the components of CCI) and age, patients

with previous myocardial infarction, co-existing congestive
heart failure, peripheral arterial disease, and cerebrovascular
disease were significantly older than those without these
conditions (p < 0.001 for each). These associations applied
to chronic pulmonary diseases and dementia (p < 0.001 for
both), as well as to peptic ulcers/erosions (p = 0.015). Both
diabetes with and without complications were associated with
older age (p < 0.001).

Patients with malignant tumors were older (p < 0.001) but
we failed to detect this association regarding metastatic tumors
(p=0.112), probably due to low event rates. The latter may apply
to autoimmune diseases (p = 0.961).

Interestingly, patients with mild liver disease were younger
than their healthy counterparts (p < 0.001); however, this
difference disappeared regarding moderate and severe liver
diseases (p = 0.555).

Aging and Comorbidities (CCI) Affect the Outcomes
of AP Discrepantly in Multivariate Models

Summaries of multivariate analysis are presented in Table 2
and Supplementary Appendix 7, raw data are presented in
Supplementary Appendix 8. The exclusive predictor of mortality
was a CCI > 3 (8 = 1.50; OR = 4.48; CI: 1.57-12.80); in
accordance, the main predictor of severe AP was a CCI > 3
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(B) mortality and CCI (Mann-Whitney test). (C) severity and CCI (Mann-Whitney test). CCI, Charlson Comorbidity Index.
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FIGURE 3 | Correlation between age and Charlson Comorbidity Index (CCl).
Spearman’s correlation established a significant positive correlation of
moderate strength (- = 0.334, p < 0.001) between age on admission and CCI.
CCl, Charlson Comorbidity Index.

(8 = 0.74; OR = 2.10, CI: 1.08-4.09), though the middle- and
old-aged were exposed to a severe episode with a high OR
of borderline significance. Unexpectedly, the middle-aged were

more likely to spend >9 days in hospital. Along with this, the only
predictors of local complications (including pancreatic necrosis)
was to be middle-aged (8 = 1.17; OR = 3.21, CI: 1.26-8.19). On
the contrary, the middle- and old-aged were about eight times
more likely to develop systemic complications than their younger
counterparts (f = 2.19, OR = 7.82, CI: 1.06-57.79 and P = 2.06,
OR = 8.93, CI: 1.20-66.79, respectively), though comorbidities
were important determinants, as well.

Individual Comorbidities Are Important Predictors of
the Outcomes of AP in Univariate and Multivariate
Models

Summaries of univariate and multivariate statistics of individual
comorbidities, together with raw data, are presented in
Supplementary Appendices 8-10. In univariate analysis, out
of the six comorbidities associated with higher mortality,
moderate/severe liver diseases and metastatic solid tumors
proved to be the strongest predictors (OR = 8.04, CL: 2.22-
29.13 and OR = 8.47, CI: 1.78-40.23, respectively) (Figure 4).
Peripheral vascular diseases, cerebrovascular diseases, and
diabetes without complications predicted severe AP. Patients
with mild liver diseases were two times more likely to
develop local complications, including necrotizing pancreatitis
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TABLE 2 | Joint effect of aging and comorbidities on the outcomes of AP.

Variables Deceased vs. survivors

Severe vs. mild AP LOH <9 days vs. LOH >9 days

B OR (95% CI) p-value B OR (95% CI) p-value B OR (95% CI) p-value

Age categories

18-34 years (young-aged) NA2 NA2 0.961 0 1 (reference) 0 1 (reference)

35-64 years (middle-aged)  0.76  0.76 (0.35-1.67) 0.493 200  7.40(0.99-5531) 0051  [062] |1.86(1.22-2.83)| |0.004]

65 years (old-aged) 0 1 (re) 1.93 6.92 (0.91-52.70) 0062 [040| [1.50(096-2.33) | [0.073]
Comorbidity categories

CCl =0 (none) 0 1 (reference) 0 1 (reference) 0 1 (reference)

CCl =1 (mid) 0.11 1.12 (0.32-3.90) 0.863 0.04 1.04 (0.52-2.08) 0.911 0.00 1.00 (0.75-1.34) 0.983

CCl = 2 (moderate) 0.09 1.10 (0.26-4.68) 0.900  -0.02 0.98 (0.45-2.24) 0.960 0.30 1.35 (0.95-1.92) 0.092

CCl > 2 (severe) (150 |4.48(1.57-12.80)| [0.005| [074] |2.10(1.08-4.09) l0.029] 0.15 1.16 (0.83-1.62) 0.387

Red highlights indicate p < 0.05, orange highlights indicate p < 0.10 but >0.05. AR, acute pancreatitis; Charlson Comorbidity Index; Cl, confidence interval; LOH, length
of hospitalization; NA, not applicable; OR, odds ratio. 2analysis is impossible due to zero events.

(OR = 1.86, CI: 1.25-2.75). Congestive heart failure, peripheral
vascular diseases, cerebrovascular diseases, chronic pulmonary
diseases, and diabetes without complications were associated
with a higher rate of systemic complications. Preexisting
cardiovascular, renal, and pulmonary diseases predicted the
development of respiratory, heart, and renal decompensation,
respectively. Interestingly, pre-existing moderate/severe liver
diseases and malignant tumors were strongly associated with
cardiac decompensation (OR = 7.16, CI: 1.55-33.21 and
OR = 4.09, CI: 1.32-12.64, respectively). Multivariate analysis
only minimally changed the direction of main associations.

DISCUSSION

Summary of Findings

We aimed to clarify whether aging or comorbidities are decisive
for determining the outcomes of AP. All the outcomes, except for
local complications, proved to be dependent on both age and CCI
in univariate analysis. As opposed to this, multivariate analysis
revealed that patients suffering from severe comorbidities were
about 4.5 times more likely to have a fatal episode of AP and about
two times more likely to develop severe AP than those having no
comorbidities, whereas age predicted these outcomes with high
OR and borderline significance. In contrast, the middle- and old-
aged (but not those with severe comorbidities) were more likely
to spend at least 9 days in hospital, as compared to their young
counterparts. Moreover, aging and comorbidities influenced the
development of local and systemic complications in a completely
different manner.

Frequency of comorbidities and distribution of age were
similar in our cohort of AP cases to that of the large series in the
literature (Frey et al., 2007; Singla et al., 2009; Murata et al., 2011,
2015; Akshintala et al., 2013; McNabb-Baltar et al., 2014).

Although mortality of populations is widely reported, studies
on the effect of aging yielded controversial results. Some indicated
that each year increase in age may result in an OR = 1.01-1.04
(p < 0.05) increase in mortality (Singla et al., 2009; Akshintala
etal., 2013; McNabb-Baltar et al., 2014); however, the detection of
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Congestive heart failure *
Peripheral vascular disease =~ }|—e————— *
Cerebrovascular disease —_———————— *
Pepic ulcer/erosion —er——
Chronic pulmonary disease -e—4——
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Diabetes without complication — +—e———

Moderate/severe renal disease *
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FIGURE 4 | Forest plot on the effect of individual comorbidities on mortality.
95% confidence intervals did not cross the boundary of significance (red,
vertical line at an odds ratio of (1) regarding six comorbid conditions:
congestive heart failure, peripheral vascular disease, cerebrovascular disease,
moderate/severe renal disease, moderate/severe liver disease, and metastatic
tumor (asterisks indicate a p-value less than 0.05). These comorbidities were
associated with higher mortality.

this statistically significant but probably clinically less prominent
increment might have been attained due to large sample sizes.
High mortality of older age groups is frequently reported (Frey
etal., 2007; Murata et al., 2011; Mendez-Bailon et al., 2015), as are
the effects of severe comorbidities: they are strong, independent
predictors of mortality in AP (Frey et al., 2007; Singla et al,
2009; Murata et al,, 2011, 2015; Akshintala et al., 2013; McNabb-
Baltar et al., 2014; Mendez-Bailon et al., 2015; Lee et al., 2016),
as confirmed by our study, as well. Our results are in line with
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previous findings in a cohort of patients over 70 years stating
that pre-existing cardiovascular, malignant, and renal diseases
predicted mortality (Murata et al., 2015).

No studies investigated the effects of comorbidities on AP
severity graded by the revised Atlanta criteria (Sarr, 2013). In our
study, patients with severe AP were older and had higher CCI
than those developing moderate AP. Besides that a CCI > 3 is an
independent predictor of severe AP, middle and old age should be
considered a strong risk factor in multivariate analysis (including
age and CCI categories).

The middle- and old-aged patients were more likely to
stay >9 day in hospital as compared to younger counterparts.
We found no association between LOH and comorbidities,
which may oppose previous research (Murata et al., 2011, 2015;
Francisco et al., 2013). A possible explanation for this discrepancy
may be that we handled LOH as a dichotomous variable in
multivariate analysis due to non-normal distribution of data. No
studies have analyzed the effect of individual comorbidities on
LOH; in our cohort of patients myocardial infarction, mild liver
diseases as well as middle and old age predisposed to longer LOH.

Interestingly, patients with local complications and necrosis
were younger but do not have higher CCI than those not
developing them. Only being middle-aged was an independent
predictor of local complications and necrosis. Two small studies
reported non-significant associations between comorbidities and
local complications (Uomo et al, 1998; Weitz et al, 2016).
One study reported on 2-week organ failure, which found
that only the number of comorbidities, but not age, was a
significant predictor (Frey et al, 2007). On the contrary in
our study, the strongest predictor of organ failure was aging:
the middle- and old aged were about 8 times more likely to
develop organ failure than their younger counterparts, while
having severe comorbidities proved to be a weak but significant
predictor, as well.

Strengths and Weaknesses

Our study has several strengths. First of all, this is the first
report analyzing the joint effect of aging and comorbidities on AP
severity and local complications in a non-selected cohort of AP
cases with multivariate statistics. Secondly, manual assessment of
CCI by a trained investigator provides a sufficient accuracy and
might be superior in homogeneity over claims data (Kieszak et al.,
1999) upon which most population-based studies rely. Third,
precise data collection and consistent data management of the
AP Registry with uniform recording of diagnosis, severity, and
complications across centers improve the reliability of data and,
therefore, strengthen our conclusions (Sarr, 2013).

However, authors must acknowledge that the study is limited
by the number of reasons. Data collected are limited to adult
(18-95 years). Despite the high case number, event numbers
concerning some outcomes limited the analysis. To overcome
this, we merged similar items of CCI (e.g., malignant tumors)
when imputing them in multivariate models, as seen in other
works (Murata et al., 2015). Distribution of continuous variables
proved to be non-normal so that multivariate regression was
not performed in terms of LOH. Instead, a dichotomized
logistic regression model was used. Similarly, the non-normal
distribution of age and CCI forced us to set up age and
comorbidity categories in multivariate analysis. Despite the
four-level data checking system, imprecision of data recording
cannot be excluded.

CONCLUSION

Our results confirm that both aging and comorbidities modify
the outcomes of AP, however, discrepantly. The increment in
mortality associated with an older age in the meta-analysis
of Marta et al. might be explained by the additive effects of
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comorbidities (Figure 5). Taken together, these results support
that CCI, together with age, should be incorporated into the
predictive scores in AP to increase the accuracy of prediction.
Studies validating the implementation of CCI-based predictive
scores are awaited.

AUTHOR’S NOTE

There is a Part I of this publication in which a meta-
analysis of 194702 cases showed that additional factors play a
crucial role in mortality of acute pancreatitis above 59 years
of age (Figures 7, 11 - https://www.frontiersin.org/articles/
10.3389/fphys.2019.00328/full; doi: 10.3389/fphys.2019.00328).
The results of this article proved that mortality of acute
pancreatitis is rather determined by the presence of comorbid
conditions (Figure 5 and Table 2).
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Abstract: The recently published guidelines for acute pancreatitis (AP) suggest that enteral
nutrition (EN) should be the primary therapy in patients suffering from severe acute pancreatitis
(SAP); however, none of the guidelines have recommendations on mild and moderate AP (MAP).
A meta-analysis was performed using the preferred reporting items for systematic review and
meta-analysis protocols (PRISMA-P). The following PICO (problem, intervention, comparison,
outcome) was applied: P: nutrition in AP; I: enteral nutrition (EN); C: nil per os diet (NPO); and
O: outcome. There were 717 articles found in Embase, 831 in PubMed, and 10 in the Cochrane
database. Altogether, seven SAP and six MAP articles were suitable for analyses. In SAP, forest plots
were used to illustrate three primary endpoints (mortality, multiorgan failure, and intervention).
In MAP, 14 additional secondary endpoints were analyzed (such as CRP (C-reactive protein), WCC
(white cell count), complications, etc.). After pooling the data, the Mann—Whitney U test was used to
detect significant differences. Funnel plots were created for testing heterogeneity. All of the primary
endpoints investigated showed that EN is beneficial vs. NPO in SAP. In MAP, all of the six articles
found merit in EN. Analyses of the primary endpoints did not show significant differences between
the groups; however, analyzing the 17 endpoints together showed a significant difference in favor of
EN vs. NPO. EN is beneficial compared to a nil per os diet not only in severe, but also in mild and
moderate AP.
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1. Introduction

Acute pancreatitis (AP) is a severe inflammatory disease with high mortality [1]. Despite the
extensive research in the field, no specific therapy is available to treat AP [2]. With regard to the
pathomechanism of the disease, it is clear that mitochondrial injury and ATP depletion play key roles
in the early phase of AP almost irrespectively of the etiology of the disease [3-5]. Bile acids, ethanol,
and fatty acids were shown to be responsible for around 80% of the etiological factors initiating AP [6].
All of these factors were shown to induce a toxic calcium signal and severe mitochondrial damage
in both acinar and ductal cells [3,7-11]. Importantly, direct administration of ATP (i.e., energy) into
the cells restored their functions and prevented cell death [12,13]. Therefore, if we take a translational
approach, it is more than likely that patient energy intake would be beneficial. Not surprisingly,
enteral nutrition (EN) has almost been the only therapeutic change in recent decades to be highly
beneficial and to be widely utilized in severe AP (SAP) [14]. However, in mild and moderate AP
(MAP), the primary therapy is still the nil per os diet (NPO) [15]. Since the results in basic science
have demonstrated the crucial role of energy breakdown in the early phase of AP, in this study we
performed a systemic review of the literature followed by a meta-analysis to understand whether
enteral feeding should be the primary therapy not only in severe AP, but in mild and moderate AP
as well.

2. Results

2.1. Severe Acute Pancreatitis (SAP) Group

Seven out of seven articles contained analyzable data on mortal [16-22] Risk differences and
CI were calculated in each article to analyze the effects of EN compared to the NPO nutrition. The
calculated average risk difference (RD) was —0.050 (lower limit (LI): —0.134; upper limit (UI): 0.035;
p-value: 0.249) (Figure 1). Because of the considerable heterogeneity (Q = 16.488; DF: 6; p = 0.011;
I? = 63.61%) random-effect model was applied. Four out of seven articles contained analyzable data on
multiorgan failure (MOF). With regard to MOF, the calculated odds ratio (OR) was 0.258 (LI: 0.072; UI:
0.930; p-value: 0.038; heterogeneity: Q = 13.833; DF: 3; p = 0.003; 1> = 78.31%) in favor of EN (Figure 2).
With regard to interventions, a fixed-effect model was used. The calculated average odds ratio (OR)
was 0.162 (LI: 0.079; UL 0.334; p-value: <0.001; Q =7.221; DF: 3; p = 0.065; 2= 58.45%) also in favor of
EN (Figure 3). Because of the moderate heterogeneity, the random-effect model was applied as well
(OR was 0.274 (LI: 0.073; UI: 1.025; p = 0.054)). These data clearly suggest that EN is beneficial and
should be the primary therapy in SAP.

Study Statistics for each study mortality / Total Risk difference and 95% CI

Risk Lower Upper
difference limit  limit p-Value EN NPO

Doley et al., 2009[16] 0.040 -0.173  0.253 0712 5/25 4/25
Eckerwall et al., 2006 [17] 0.042 -0.064 0.148 0441 1/24 0/26
Kalfarentzos et al., 1997[18] -0.044 -0213  0.124 0.606 1/18 2/20
Sun et al., 2004 [19] -0.060 -0.207  0.087 0423 7/50 10/50
Sun et al., 2013 [20] 0.033  -0.077 0.143 0552 2/30 1/30
Wang et al.,, 2013[21] -0.067 -0.165  0.030 0.176 3/61 7/60
Wu et al., 2010(22] -0.313  -0470 -0.156 0.000 6/53 23/54 —.-—
-0.050 -0.134  0.035 0.249

-0.50 -0.25 0.00 0.25 0.50

EN NPO

Figure 1. Forest plot of studies evaluating mortality data in severe acute pancreatitis (SAP). Risk
differences and confidence interval (CI) were calculated to compare the enteral nutrition (EN) with the
nil per os diet (NPO). Black squares and lines represent the results for individual studies, the diamond
shows the pooled result of the meta-analysis.
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Figure 2. Forest plot of studies evaluating multiorgan failure (MOF) in severe acute pancreatitis (SAP).
Odds ratio (OR) and confidence interval (CI) were calculated to compare the enteral nutrition (EN)
with the nil per os diet (NPO). Black squares and lines represent the results for individual studies,
the diamond shows the pooled result of the meta-analysis.
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Figure 3. Forest plot of studies evaluating intervention in severe acute pancreatitis (SAP). Odds ratio
(OR) and confidence interval (CI) were calculated to compare the enteral nutrition (EN) with the nil
per os diet (NPO). Black squares and lines represent the results for individual studies, the diamond
shows the pooled result of the meta-analysis.

2.2. Mild and Moderate Acute Pancreatitis (MAP) Group

Unfortunately, there is much less research activity in patients suffering from MAP than from SAP.
Moreover, the frequency of death and MOF are also much less common in the MAP group vs. the SAP
group. Not surprisingly, analyses of low amounts of data in which the mortality and MOF are close
to zero could not reveal any significant difference between the two groups. With regard to mortality,
five out of six articles contained proper data [23-27]. Risk differences and CI were calculated in the
articles. The calculated average risk difference (RD) was —0.003 (LI: —0.047; UI: 0.040; p-value: 0.879)
(Figure 4). As predicted, we also saw no significant difference in the frequency of MOF, where we only
had four items. Forest plots of OR and CI were calculated. The odds ratio (OR) was 0.849 (LI: 0.369;
UL 1.952; p-value: 0.700) (Figure 5). Because of the Q and I? tests showed negligible heterogeneity
(Q = 0.916; DF: 4; p = 0.922; 1?> = 0.00% for Figure 4 and Q = 1.169; DF: 3; p = 0.760; 1? = 0.00% for

Figure 5), the fixed-effect model was applied.
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Study Statistics for each study Risk difference
and 95% CI

Risk Lower Upper
difference limit limit p-Value EN NPO

Abou-assi et al., 2002[231  0.085 -0.151  0.322 0.479 8/26 6/27 —

Eckerwall et al., 20071241 0.000 -0.064  0.064 1.000 0/29 0/30

McClave et al., 1997(25] 0.000 -0.114 0.114 1.000 0/16 0/16

Olah et al., 2002 (26] -0.035 -0.137 0.068 0.508 2/41 4/48

Petrov et al., 2013(27] 0.000 -0.105 0.105 1.000 0/17 0/18
-0.003 -0.047  0.040 0.879
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Figure 4. Forest plot of studies evaluating mortality data in mild and moderate acute pancreatitis
(MAP). Risk differences and confidence interval (CI) were calculated to compare the enteral nutrition
(EN) with the nil per os diet (NPO). Black squares and lines represent the results for individual studies,
the diamond shows the pooled result of the meta-analysis.

Study Statistics for each study Odds ratio and 95% CI

Odds Lower Upper
ratio  limit limit p-Value EN NPO

Abou-assi et al., 20021231 0.875  0.264  2.897 0.827 7/26 8/27

Eckerwall et al., 20071241 2.148  0.184 25.069 0.542 2/29 1/30 —

Olah et al., 2002126] 0.441 0.081 2.405 0.344 2/41 5/48 .

Petrov et al., 201327 1.067 0.133  8.561 0952 2/17 2/18
0.849 0369 1.952 0.700

0.01 0.1 1 10 100

EN NPO

Figure 5. Forest plot of studies evaluating multiorgan failure (MOF) in mild and moderate acute
pancreatitis (MAP). Odds ratio (OR) and confidence interval (CI) were calculated to compare the
enteral nutrition (EN) with the nil per os diet (NPO). Black squares and lines represent the results for
individual studies, the diamond shows the pooled result of the meta-analysis.

However, the five articles contained several other secondary parameters (see Methods).
Unfortunately, each study group concentrated on different parameters, resulting in the fact that almost
none of the parameters had a complete data set (Figure S1). Figure 6 demonstrates the differences
between EN and NPO. Due to the low n number, statistical analyses could not be calculated separately.
Importantly, pooling the data from the 17 parameters (3 primary and 14 secondary endpoints) showed
a significant difference in favor of EN (Figure 7). The significant difference was also observed when
different powers (when primary endpoints were double weighted) of the endpoints were applied.

The supplementary data sheet contains all the data used for the statistical analyses.
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Figure 6. Summary of the uniform data-point system in MAP. EN vs. NPO. Due to the low amount
of data, 3 primary endpoints and 14 secondary endpoints were collected for MAP. The uniform data
point system was then developed (Table 1). Results were weighted based on the number of patients in
the articles. CRP, C-reactive protein; WCC, white cell count; SIRS, systemic inflammatory response
syndrome; VAS, visual analogue scale.
o
0,50
. —
£ 0404
g
g
=
=)
@
=
10.204
0.00- ==
T T
EN NPO
Figure 7. Summary of the uniform data point system in MAP. EN vs. NPO. The Mann-Whitney
U test was used to detect significant differences between the pooled weighted scores (see Figure 6).
0=p<0.05vs. EN.
Table 1. Uniform point system. CRP, C-reactive protein; WCC, white cell count; SIRS, systemic
inflammatory response syndrome; LOH, length of hospitalization; VAS, visual analogue scale.
Points M"(f,ja)l“y Orga‘(‘o/F;“l“re fnterention  CRP (mg/1) WCC (109/L) SIRS (%)
0 0-0.9 0-0.09 0-0.09 0-19.9 4000-9999.9 0-0.09
1 129 0.1-0.19 0.1-0.19 20-39.9 10,000-11,999 0.1-0.14
2 3-4.9 0.2-0.29 0.2-0.29 40-59.9 12,000-13,999 0.15-0.19
3 5-6.9 0.3- 0.3-0.39 60-79.9 14,000-15,999 0.2-0.24
4 7-8.9 0.4-0.49 80-99.9 16,000-17,999 0.25-0.29
5 9- 0.5- 100- 18,000- 0.3-
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Table 1. Cont.

Points LOH Necrosis (%) Infection Hospital Progression of Pain
(Days) (%) Readmission (%) Severity (%) Relapse (%)
0 049 0-0.09 0-0.09 0-0.04 0-0.04 0-0.09
1 5-9.9 0.1-0.19 0.1-0.19 0.05-0.06 0.05-0.06 0.1-0.19
2 10-12.4 0.2-0.29 0.2- 0.07-0.08 0.07-0.08 0.2-0.29
3 12.5-14.9 0.3— - 0.09-0.10 0.09-0.10 0.3-0.39
4 15-19.9 - - 0.11- 0.11- 0.4-
5 20— - - - - -
Points VAS-Pain Nausea/Vomiting  Antibiotics Opiate-Free Start of Oral Intake (%)
(%) (%) Treatment (%)
0 0-1 0-0.18 0-0.09 0-0.09 0-0.04
1 2-4 0.2-0.39 0.1-0.19 0.1-0.19 0.05-0.09
2 5-7 0.4-0.59 0.2-0.29 0.2-0.29 0.1-0.14
3 89 0.6-0.79 0.3-0.39 0.3-0.39 0.15-0.19
4 0.8- 0.4- 0.4-0.49 0.2-0.24
5 - - - 0.5- 0.25-

3. Discussion

There are different therapeutic approaches available with regard to nutrition in acute pancreatitis.
The recently published IAP/APA (International Association of Pancreatology/American Pancreatic
Association) guidelines recommend that enteral tube feeding be the primary therapy in patients with
predicted severe and severe acute pancreatitis who require nutritional support (recommendation G.
Nutritional support 21-GRADE 1B, strong agreement), whereas point K22 in the Japanese guidelines
states that enteral nutrition can reduce the incidence of complications in the early phase of SAP
and can contribute to an increased rate of survival [2,28]. However, neither of the guidelines
provides recommendations on MAP. The reason is understandable. (1) Strong endpoints are missing.
The mortality rate is less than 1% in mild AP and 10% in moderate AP, whereas almost no MOF can
be detected; (2) since there is a better outcome of the milder disease, researchers have had much less
interest in MAP than SAP.

Here, we wanted to systematically review the current literature to understand the beneficial
effects of early enteral nutrition vs. the nil per os diet both in SAP and MAP. Interestingly, there were
not many articles in which analyzable data could be found on the two treatments of AP. However,
in SAP, the amount of data was sufficient to prove the beneficial effects of enteral feeding. Early
enteral feeding was clearly beneficial for MOF and intervention and showed beneficial tendency for
mortality. Nevertheless, as predicted, MAP data analyses revealed no significant difference between
enteral nutrition and a nil per os diet. However, analyses of the secondary endpoints in the articles
demonstrated that enteral feeding could be beneficial compared to a nil per os diet in mild and
moderate AP as well.

The six MAP studies applied different methods for enteral feeding. Eckerwall et al. [24] employed
immediate oral feeding, Abou-Assi et al. [23], Olah et al. [26], and McClave et al. [25] administered
nasojejunal feeding, and Petrov et al. [27] and Ma et al. [29] used nasogastric feeding. Immediate oral
feeding (EN) significantly cut the length of hospital stay without any adverse events [24]. Nasogastric
feeding starting within 24 h of hospital admission was not only well tolerated, but also reduced
the intensity and duration of abdominal pain, decreased the necessity of opiates, and almost totally
eliminated the risk of oral food intolerance [27]. Moreover, patients in the nasogastric feeding group
had significantly improved appetite vs. the NPO group [29]. Nasojejunal feeding lowers the stress
response to AP [25] associated with a lower complication rate [26] and cuts the length of hospital stay.
Importantly, the fact that all of the studies found merit in early enteral feeding in MAP suggests that it
is not the way of feeding that is important, but the feeding itself, i.e., energy.
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4. Materials and Methods

4.1. Article Search

A meta-analysis was performed using the preferred reporting items for systematic review and
meta-analysis protocols (PRISMA-P) [30]. An article search was performed in the PubMed, EMBASE,
and Cochrane databases in February 2016. The PICO process was used to frame and answer our
clinical questions.

4.1.1. PICO (Problem, Intervention, Comparison, Outcome)

PICO was broken down as follows: P: nutrition in AP; I: enteral nutrition; C: nil per os diet; and O:
outcome. We split our data into two groups: SAP and MAP. In SAP, only three primary endpoints were
checked (mortality, multiorgan failure, and intervention), whereas in MAP, due to the low amount of
data, 14 secondary endpoints were collected besides the primary endpoints: length of hospital stay
(LOH), inflammatory parameters (C-reactive protein (CRP), white cell count (WCC), and presence
of SIRS (systemic inflammatory response syndrome)), complications (necrosis, infection, hospital
readmission, and progression of severity), intervention, necessity of antibiotic, pain relapse, visual
analogue scale (VAS)-pain, opiate-free treatment, start of oral intake, and clinical symptoms (nausea
and vomiting).

4.1.2. Search

A search was made using the following terms: in PubMed: (acute (All Fields) and “pancreatitis”
(MeSH Terms) or “pancreatitis” (All Fields)) and (“clinical trial” (Publication Type) or “clinical trials as
topic” (MeSH Terms) or “clinical trials” (All Fields)) and (“loattrfull text” (sb) and “humans” (MeSH
Terms) and English (lang)) in EMBASE: “acute pancreatitis” and (humans)/lim and (English)/lim
and (abstracts)/lim and ((controlled clinical trial)/lim or (randomized controlled trial)/lim) and in
Cochrane: “acute pancreatitis”: ti,ab,kw and “human” and “English” in Trials (the search included
various forms of the terms). “Acute pancreatitis” in Title, Abstract and Keywords and “human”
and “English” in Trials (the search included various forms of the terms). Altogether, 1634 articles
(EMBASE: 717; PubMed: 831; Cochrane: 10) were found (Figure 8).

» - Mild / moderate (MAP) - 12 articles

- Acute pancreatitis

: |I'||1ug1ar[1i5h » Enteral feeding (EN) 9 articles
g . - Nil per os (NPO) 9 articles
Embase | - Controlled, randomized | 717 articles
PubMed 831 articles Enteral versus NPO 6 articles—>
Cochrane 10 articles » -Severe (SAP) - 21 articles

Enteral feeding (EN) 15 articles

- At least one group with no intervention | Wi per os (8P0) " am,des
- Relevant data in the treatment of AP Enteral versus NPO Barticles a"t'c'es_'

- Early phase of pancreatitis

ENDPOINTS

26 artl.cles First - Mortality
27 articles endpoints - Multi Organ Failure
3 articles 3 - Intervention
- Except duplicates - CRP - VAS pain
p p - WCC - Pain relapse

SIRS - Nausea/vomiting

i - Necrosis - Antibiotics
33 articles 14 - Infection - Opiate-free treatment

-Hospital readmission - Start of oral intake
- Progression - Length of Hospitalization (LOH)

Figure 8. Organogram of article search in PubMed, EMBASE, and Cochrane databases. RCT,
randomized and controlled trial; CRP, C-reactive protein; WCC, white cell count; SIRS, systemic
inflammatory response syndrome; VAS, visual analogue scale.
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4.1.3. Inclusions and Exclusions

A manual search was performed to find the relevant articles. Only articles in English and
with relevant data in the early phase treatment of AP were included. Duplications were excluded.
Thirty-three articles (21 articles containing patients suffering from SAP as well as 12 articles with MAP
patients) were selected. They contained two nonrandomized and 31 randomized controlled clinical
trials (Table 2) [16-27,29,31-50]. Finally, statistical analyses were performed on data from articles
where both EN and NPO groups were presented, the trial was randomized, and the relevant data were
available. Altogether, seven SAP and six MAP articles met these criteria.

Table 2. Articles with data on the early phase of AP. SAP: severe acute pancreatitis; MAP: mild and
moderate AP; EN: enteral nutrition; NPO: nil per os diet; RCT: randomized controlled clinical trial.

Article MAP SAP

Doley et al. 2009 [16] -
Eckerwall et al. 2006 [17] -
Kalfarentzos et al. 1997 [18] -
Sun et al. 2004 [19] -
Sun et al. 2013 [20]
Wang et al. 2013 [21]
Wu et al. 2010 [22]
Abou-assi et al. 2002 [23]
Eckerwall et al. 2007 [24]
McClave et al. 1997 [25]
Ol4h et al. 2002 [26]
Petrov et al. 2013 [27]
Ma et al. 2016 [29]
Li et al. 2013 [39]
Ockenga et al. 2002 [41]
Pandey et al. 2004 [42]
Pongratz et al. 2013 [45]
Sathiaraj et al. 2008 [46]
Wu et al. 2011 [49]
Andersson et al. 2006 [31] -
Bakker OJ et al. 2014 [32] -
Besselink et al. 2008 [33] -
Eatock et al. 2005 [34] -
He et al. 2004 [35] -
Karakan et al. 2007 [36] -
Kumar et al. 2006 [37] -
Kyhala et al. 2012 [38] -
Modena et al. 2006 [40] -
Pearce et al. 2006 [43] -
Pettila et al. 2010 [44] -
Singh et al. 2012 [47] -
Vege et al. 2015 [48] -
Zhao et al. 2013 [50] -
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4.1.4. Statistical Analyses

In SAP, forest plots were used to illustrate the mortality, multiorgan failure and intervention. In the
case of mortality and multiorgan failure, the pooled estimates were calculated with a random-effects
model; in the case of intervention, a fixed-effects model was applied as described earlier [51]. Analyses
were performed with the Comprehensive Meta-Analysis Software (Biostat, Inc., Englewood, NJ, USA).
In the case of binary variables, the differences between EN and NPO were expressed as risk differences
or odds ratios with a 95% confidence interval (CI). Heterogeneity was tested between trials with two
methods. First, we employed the Q homogeneity test statistic, which exceeds the upper-tail critical
value of chi-square on n — 1 degrees of freedom (DF), with a p-value of less than 0.050 considered
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suggestive of significant heterogeneity. Second, we used the inconsistency (I?) index. I? is the
proportion of total variation contributed by between-study variability. An I? value of more than
0.5 suggests a considerable heterogeneity. Heterogeneity was verified using a funnel plot to reduce
publication bias. Whenever considerable heterogeneity was observed, random- or fixed-effects models
were applied.

In MAP, only two (mortality and multiorgan failure) of the three primary endpoints could be
analyzed. With regard to the second endpoints, no forest plot analyses could be calculated due to
insufficient data. A uniform point system was developed to make the data analyzable (Table 1). Results
were also weighted based on the number of patients in the articles. The Mann—-Whitney U test was
used to detect significant differences between the pooled weighted scores. SPSS Statistical Software
(version 20, IBM Corporation, Armonk, NY, USA) facilitated this analysis. A p-value less than 0.05 was
considered as statistically significant, whereas a p-value between 0.1 and 0.05 was seen as a trend.

5. Conclusions

Unfortunately, there are several limitations of this study, therefore, the results of this meta-analysis
should be interpreted with caution. The biggest limitation is the small number of studies included
(especially in MAP) which caused higher heterogeneity. The low amount of extracted data from the
articles caused further difficulties. In MAP, a uniform point system had to be developed to make the
data analyzable. Since these limitations attenuate the strength of this meta-analysis, more high-quality
randomized controlled clinical trials (RCTs) are still needed to propound more evidence on treatment
decisions in MAP.

In conclusion, enteral feeding is beneficial compared to a nil per os diet not only in severe, but
also in mild and moderate AP. Additional studies should be performed to understand whether energy
supply or enteral passage is more important.

Supplementary Materials: Supplementary materials can be found at www.mdpi.com/1422-0067/17/10/1691/s1.
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ABSTRACT

Introduction Acute pancreatitis (AP) is an inflammatory
disease with no specific treatment. Mitochondrial

injury followed by ATP depletion in both acinar and

ductal cells is a recently discovered early event in its
pathogenesis. Importantly, preclinical research has

shown that intracellular ATP delivery restores the
physiological function of the cells and protects from cell
injury, suggesting that restoration of energy levels in the
pancreas is therapeutically beneficial. Despite several
high quality experimental observations in this area, no
randomised trials have been conducted to date to address
the requirements for energy intake in the early phase of AP.
Methods/design This is a randomised controlled two-
arm double-blind multicentre trial. Patients with AP

will be randomly assigned to groups A (30 kcal/kg/day
energy administration starting within 24 hours of hospital
admission) or B (low energy administration during the first
72hours of hospital admission). Energy will be delivered
by nasoenteric tube feeding with additional intravenous
glucose supplementation or total parenteral nutrition if
necessary. A combination of multiorgan failure for more
than 48 hours and mortality is defined as the primary
endpoint, whereas several secondary endpoints such as
length of hospitalisation or pain will be determined to
elucidate more detailed differences between the groups.
The general feasibility, safety and quality checks required
for high quality evidence will be adhered to.

Ethics and dissemination The study has been approved
by the relevant organisation, the Scientific and Research
Ethics Committee of the Hungarian Medical Research
Council (55961-2/2016/EKU). This study will provide
evidence as to whether early high energy nutritional
support is beneficial in the clinical management of AP. The
results of this trial will be published in an open access way

Strengths and limitations of this study

» Strength 1: This is a randomised controlled two-arm
double-blind multicentre trial which provides the
first type A evidence concerning the necessity of
early energy intake for patients with AP.

» Strength 2: The study enjoys continuous support
from an International Translational Advisory Board
(ITAB) including several well established experts.

» Strength 3: Data will be separately handled by an
Independent Data Management Board (IDMB).

» Strength 4: There are no unknown drugs/therapy
used in the study, therefore no adverse and serious
adverse events are expected.

» Limitation 1: In order to detect a treatment effect of
at least 50% of the early treatment, a sample size of
957 subjects will be necessary to be recruited which
will delay the final conclusion of the study.

» Limitation 2: The double-blind arrangement of the
study requires many staff members working on
the project which may limit the number of joining
centres.

BACKGROUND

Acute pancreatitis (AP) is an inflammatory
disease of the exocrine pancreas which is life
threatening in its severe form. Unfortunately,
while the overall mortality of AP is around
2-5%, and in its severe form 25-57%, no
specific treatment is available. Besides the
limited interest of pharmacological compa-
nies, the main reasons are (1) the small
number of research teams in the field and

and disseminated among medical doctors.
Dr Péter Hegyi; Trial registration The trial has been registered at the (2) the lack of collaboration between basic
p.hegyi@tm-pte.org ISRCTN (ISRTCN 63827758). and clinical scientists. Importantly, many new
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therapeutic targets were identified in the last decade with
clear translational merits.'"™ One of the main highlights
among them is the discovery of energy depletion in the
early phase of AP.' * 717

It has been shown that, almost independently of the
aetiological factors, the early phase of AP is almost the
same. Bile acids, ethanol, fatty acids and the latter’s
metabolite fatty acid ethyl esters cause mitochondrial
damage and ATP depletion in pancreatic ductal and
acinar cells, driving the cells to death and causing pancre-
atic necrosis.! * * 1% 131 Very importantly, restoration of
ATP levels in both cell types prevented cell death and at
least partially restored their function.'? In experimental
pancreatitis models the same observations have been
revealed.'”" Although these experimental observations
clearly suggest that restoration of the energy level could
be a therapeutic tool in AP, this has not been translated
into clinical trials.

One of the best and most physiological way of deliv-
ering energy to a patient is enteral nutrition (EN). Not
surprisingly, besides fluid resuscitation this is almost
the only way to significantly reduce mortality in AP.**™*
Recent analyses of prospectively collected data from 600
patients with AP showed that the mortality is 27% with
EN and 57% without EN in the severe form (SAP).*
Importantly, EN decreases mortality but also reduces the
frequency of multiorgan failure and the need for inter-
ventions in patients with SAP.””> No data are available on
whether early or on-demand nutrition/energy supply is
beneficial in SAP. The recently published Dutch PYTHON
study suggests that there is no difference between early
and on-demand enteral tube feeding in SAP, but patients
may have received an insufficient amount of energy at
the early phase of the disease.”®*” In the early EN group,
patients received over 20 kcal/kg/day only from day 3
onwards whereas, in the on-demand group, they received
energy supplementation only from day 6.%” In mild and
moderate AP (MAP) much less information is available
concerning the usefulness of EN. There is a large variety
of protocols on EN in MAP. Immediate oral feeding,”
nasojejunal feeding®™*' and nasogastric feeding® ** have
all been used. Notably, immediate oral feeding signifi-
cantly decreased the length of hospital stay.” Early
(within 24hours) nasogastric EN was well tolerated and
reduced the intensity and duration of abdominal pain,
decreased the necessity for opiates and almost completely
eliminated the risk of oral food intolerance.” In order
to obtain stronger evidence of the usefulness of early EN
in MAP and SAP, we performed a systematic review and
meta-analysis which showed that early EN can be benefi-
cial in both MAP and SAP.*® However, we also realised the
lack of multicentre randomised control trials addressing
energy intake in the early phase of AP.

The main objective of this trial is to determine whether
early energy supplementation is beneficial to patients
with AP. Our hypothesis is that early energy supplemen-
tation will prevent the cells from death or decrease the
size of necrosis if it occurs. This will decrease the systemic

immune response that will result in a lower frequency of
multiorgan failure and mortality. To prove this concept,
a randomised clinical trial involving all patients with AP
is needed.

METHODS

Design

This is a randomised controlled two-arm double-blind
multicentre trial. Patients with AP will be randomly
assigned to groups A (high energy administration starting
within 24 hours of hospital admission) and B (no energy
administration after 24 hours of hospital admission).

Trial organisation, committees and boards

GOULASH is designed and coordinated by the Centre
for Translational Medicine at the University of Pécs and
the Hungarian Pancreatic Study Group (HPSG). HPSG
was established in 2011 in order to stimulate research
in pancreatic diseases. To date, HPSG has published the
relevant guidelines of pancreatic diseases in order to
improve patient care in the field of pancreatology*™*’
and has initiated four prospective clinical trials (EASY,
PREPAST, APPLE and PINEAPPLE).**!

The following committees and boards will be involved:

Steering committee (SC)

The Steering committee (SC) will be led by PH (gastro-
enterologist, internal medicine specialist). The members
will be KM (medical doctor, full time employee on the
project), AV (gastroenterologist, internal medicine
specialist), ZM (intensive care specialist), TM (clin-
ical research specialist), AS (multidisciplinary unit
specialist), MP (gastroenterologist, internal medicine
specialist), NF (radiologist), DK (surgeon) and IB
(interventional radiologist). SC will make decisions
concerning all relevant questions including the drop-
outs during the study.

International translational advisory board (ITAB)

The committee will include a gastroenterologist (MML),
a surgeon (JPN) and basic scientists (MST, OHP). ITAB
will continuously monitor the progress of the study and
will give advice to the SC.

The study was designed by the SC and ITAB. The
study is financially sponsored by the University of Pécs,
the Hungarian Academy of Sciences and the National
Research, Development and Innovation Office. Neither
sponsors were involved in the design of the study, and
they will have no access to the database management or
to the randomisation code.

Study population

All patients diagnosed with AP will be informed of the
possibility of taking partin the GOULASH study. After the
consent form is signed, a computer using a block rando-
misation protocol will randomise the patients (figure 1).
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All adult patients with an episode of acute
pancreatitis (AP)

Exclusions
Not meeting inclusion criteria
- (1) Patients above 18y
- (2) diagnosed AP on the basis of the “2 out of 3” rule
of IAP/APA guideline
- (3) written informed consent form is signed
Meeting exclusion criteria

- Hospitalization >72 hours before admission
- Abdominal pain >120 hours (5 days)

- Delirium tremens

- Child-Pugh C stage liver cirrhosis

- AP due to malignancy

- Already on artificial nutrition (EN or PN)
- Pregnancy

- BMI above 40 or below 18

- Age above 80

- Ketoacidosis

- Contrast enhaced CT is contraindicated

X patients to be
randomized

X Assigned to start high energy enteral
nutrition < 24 hours after randomization

X Analysed

Figure 1

Inclusion criteria

The inclusion criteria are: (1) patients over 18 years of
age; (2) diagnosed AP on the base of the ‘2 out of 3’
criteria of the IAP/APA guideline’®: (a) upper abdom-
inal pain; (b) serum amylase or lipase >3x upper limit of
normal range; (c) characteristic findings on pancreatic
imaging; however those patients without abdominal pain
will be excluded because the onset of AP cannot be deter-
mined; (3) signed written informed consent form.

Exclusion criteria

The exclusion criteria are: (1) hospitalisation 72hours
before admission; (2) abdominal pain >120hours (5
days); (3) delirium tremens; (4) Child-Pugh C stage liver
cirrhosis; (5) AP due to malignancy; (6) already on artifi-
cial nutrition (EN or PN); (7) pregnancy; (8) BMI >40 or
<18; (9) age >80 years; (10) ketoacidosis; and (11) when-
ever CT with contrast is contraindicated.

Sample size

Sample size calculation was based on the Hungarian
National Registry operated by the HPSG. Our recent
analyses indicated that multiorgan failure existing for
more than 48hours arises in 9%, whereas mortality
occurs in 2.8% of all patients with AP.>* Altogether they
represent around 10% of all AP patients. In order to
detect a treatment effect of at least 50% of the early treat-
ment, a sample size of 957 subjects will be necessary to
be recruited using a 10% drop-out rate, 80% power and
95% significance level. The calculation was performed

\

X Assigned to start low energy enteral
nutrition < 24 hours after randomization

X Analysed

Flow chart of participants according to the SPIRIT 2013 statement.®®

by the independent data management and biostatistics
provider company (IDMB, Adware Research Ltd, Bala-
tonflired, Hungary).

Randomisation

In each centre participants will be divided into two groups
receiving one of the two study treatments. The allocation
of participants to the different groups will be carried out
based on predefined randomisation lists created sepa-
rately for each recruiting centre. The randomisation lists
will be prepared with a block size of 4 and with an alloca-
tion ratio of 1:1.

Duration

The planned starting date of the study is 1 January 2017
and the planned finishing date of the study is 1 January
2020.

Blinding

The medical staff (eg, those taking the measurements
such as blood pressure, examining health records for
events such as abdominal pain, reviewing and interpreting
examination results such as X-ray or CT) and the patient
receiving the intervention will be blinded to knowledge
of treatment assignment. The person providing the inter-
vention cannot be blinded in this study. Sealed envelopes
ensure the allocation sequence. Nutritional support
equipment will be covered until the fourth day to ensure
that only the person who made the randomisation will
know into which group the patient was enrolled.
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STUDY PERIOD

Enrolment | Allocation

Post-allocation Close-out

TIMEPOINT** <24h 0

day1

1m after

e discharge

day3 | dayx | discharge

ENROLMENT:

Eligibility screen

Informed consent

Laboratory test

X | X | X | X

CT examination

Allocation X

INTERVENTIONS:

High energy

L 4

administration

-

administration

Low energy —

ASSESSMENTS:

Questionnaire A X

Questionnaire B X

Questionnaire C

X

Figure 2 Schedule of enrolment, interventions and assessments according to the SPIRIT 2013 statemen

t.5% Patients will be

randomised to group A (high energy) or B (low energy). Online supplementary figure 1 Form A contains the parameters collected
on admission. Online supplementary figure 2 Form B contains parameters collected every day during hospitalisation. Online
supplementary figure 3 Form C contains parameters collected 1 month after hospital discharge.

Intervention
Based on the currently available guidelines, enteral
feeding can be started at any time for patients with AP. In
addition, no calorie restriction/order has been described.
Therefore, both groups can be regarded as being treated
within accepted practice recommendations.

In this study, early high energy administration will be
the intervention. Patients will be randomised to group A
or B (see figure 2).

Groups

In group A, high energy will be delivered after admission.
Patients will receive a 10 Ch nasogastric (NG) or nasojejunal
(N]) feeding tube on admission. EN will be immediately
started as follows: on day 0 (from admission until the start
of EN, which can vary from 2 to 24hours): calorie intake
will be 0 kcal/kg/day; from day 1, high energy enteral tube
feed 30 kcal/kg/day will be provided until the oral feeding
starts. In group B, low energy administration will be deliv-
ered after hospital admission. Patients will receive a NG or
NJ feeding tube at admission as described above. On day 0
(from admission until the start of EN): calorie intake will
be 0 kcal/kg/day; on day 1, 0 kcal/kg/day; on day 2, 10
kcal/kg/day, on day 3, 20 kcal/kg/day and from day 4, 30
kcal/kg/day will be delivered until the oral feeding starts.

However, between groups A and B only the amount of calo-
ries administered will be different. Patients will receive the
same amount of fluid and ions during EN (see below).

Ingredients of enteral tube feed: high energy enteral tube feed
(100 mL)

Energy

150 keal (630K]), protein 6g (16%E), carbohydrate 18.3 g
(49%E), fat 5.8g (35%E) + minerals: 134mg sodium,
201 mg potassium, 108 mg calcium, 108 mg phosphorus,
34mg magnesium, 100mg chloride (0%E). In this study
we will use Nutrison Energy (Numil Ltd, Budapest,
Hungary), which is a registered product in Hungary (reg.
number: 1217).

Zero energy enteral tube feed (100mL)

Energy

0 kcal (0kJ), protein Og, carbohydrate: Og, fat 0 g +
minerals: 134mg sodium, 201 mg potassium, 108 mg
calcium, 108 mg phosphorus, 34 mg magnesium, 5.562¢g
chloride (0%E). In this study the local institutional phar-
macy will provide it in accordance with the Hungarian
regulations. Whenever 10 or 20 kcal/kg/day calories are
to be delivered, a mixture of the abovementioned two
solutions will be used.
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Type of enteral tube

Patients neither vomiting nor having gastric fluid reten-
tion >250mL will receive a NG tube. Patients either
vomiting or having gastric fluid retention >250 mL will
receive a NJ tube (placement will be done either endo-
scopically or radiologically). In case of Glasgow Coma
Score (GCS) 14 or lower in a patient who is not intubated,
the NG tube will be replaced by a NJ tube (risk of aspira-
tion). Abdominal X-ray will be used to check the position
of the tube.

Start of mixed feeding (around 2620 kcal): 1000mL
tap water distributed for 24 hours and 300g (around 1900
kcal) biscuits/toasts/low fat meal (containing at least
75% carbohydrate) orally plus enteral tube feed (480 mL,
720 kcal/day) will be started on the day when: (1) abdom-
inal pain has ceased for at least 6 hours before the new
day started; (2) the Creactive protein (CRP) level has
started decreasing; and (3) the amylase or lipase level has
started decreasing.

Start of total feeding (around 2000 kcal): if the patient
has no symptoms during the mixed oral/enteral feeding
and the CRP, amylase or lipase levels are not rising again,
total feeding (according to local policy) can be started.

Other issues

The speed of EN will be different for patients depending
on the body weight, however, the maximum speed of
EN cannot exceed 65 mlL/hour. In case of difficulties
reaching an intake of 30 kcal/kg/day calories (if the
patient’s body weight is >75kg), additional intravenous
calories will be added using Sterofundin G. A maximum
of 2000 mL (400kcal) can be delivered in this way. If NG
feeding is not tolerated, the NG tube will be replaced by a
NJ tube as described above. If NJ feeding is not tolerated,
EN will be reduced by 50% and increased again gradu-
ally until tolerated. If the re-increasing process is still not
tolerated, total parenteral nutrition (TPN) will be started
to reach the required energy target. In patients with SAP,
TPN must be delivered via a central venous catheter.

Other treatment of subjects
General treatment indicated by the IAP/APA guideline
will be utilised.”

Discharge of patients

Uniformisation of the length of hospital stay is necessary
to avoid bias concerning length of hospital stay. Readmis-
sion within 1week after discharge has to be considered
as the same hospital admission. Patients will be counted
as discharged from hospital/from the study when (1)
oral feeding is tolerated for 24 hours; (2) amylase/lipase
levels are not elevated after total enteral feeding; (3) CRP
level is <60mg/L; (4) abdominal pain has completely
resolved; and (5) no other pancreatitis-related complica-
tion requiring hospitalisation is detected.

Endpoints
The following primary endpoints will be calculated:
a combination of multiorgan failure for more than

48hours and mortality. The following secondary
endpoints will be analysed: (1) pancreatic necrosis; (2)
nutrition-related complications (eg, diarrhoea, aspira-
tion pneumonia, pneumothorax due to central TPN
catheter placement); (3) need for conversion from NG
to NJ feeding tube; (4) need for conversion from EN to
TPN; (5) days until the start of total feeding; (6) use of
antibiotics; (7) pain relapse; (8) CRP; (9) white blood
cells; (10) procalcitonin; (11) infection; (12) length of
hospital stay; (13) need for ICU admission; (14) length
of ICU therapy; (15) organ failure; (16) complications;
(17) costs calculation. Notably, only direct costs will be
calculated that include all medications, services, salaries
of healthcare professionals, equipment and day care
costs.

Monitored parameters during hospitalisation

There will be a large variety of parameters monitored
during the study (eg, medical history, physical examina-
tion, laboratory tests, diagnostic imaging, therapy, inter-
ventions). Form A will contain the parameters collected
on admission (online supplementary figure 1). Form B
will contain parameters collected every day during hospi-
talisation (online supplementary figure 2). Form C will
contain parameters collected Imonth after hospital
discharge (online supplementary figure 3). For details
see supplementary materials or web page (http://www.
pancreas.hu/en/studies/goulash), which will be avail-
able from February 2017. Data collection on the case
report form (CRF) will be done electronically (see data
management).

Data management and statistical analyses

Data handling

Data will be handled by the IDMB. Electronic CRF (eCRF)
will be used. The Investigator will ensure that the data
in the eCRF are accurate, complete and legible. Detailed
data flow will be described in a Data Management Plan
(DMP). Data from completed eCRFs will be validated
under the direction of the Data Manager at IDMB
according to a Data Cleaning Plan (DCP). Any missing,
implausible or inconsistent recordings in the eCRFs will
be referred back to the Investigator using a data query
form (DQF), and be documented for each individual
subject before clean file status is declared. All changes
to eCRFs will be recorded. Before Data Base Lock the
Data Review Meeting will decide and document necessary
steps related to any issue in the database and define the
analysis sets. Members of the Data Review Meeting are a
delegated investigator, biostatistician and data manager.
Adverse events will be coded using MedDRA (AdWare
Research Ltd), who will act as IDMB, works according to
GCP, GLP, FDA 21CFR PART11 and other relevant regu-
latory requirements. AdWare Ltd.has GLP and ISO 9001
certificates.

Study populations
Three analysis populations will be defined:
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Safety Analysis Set (SAS): all patients enrolled in the
study.

Per Protocol Set (PPS): all enrolled patients who
finished the study conforming to the requirements of the
study protocol.

Intention to Treat (ITT): all randomised participants
who start on a treatment, excluding consent withdrawals.

Withdrawal of a subject from PPS

Any participants/investigators and the IDMB can submit
recommendations for dropouts from the PPS group with
reasons given to the SC. All recommendations will be
filed. The SC will discuss all the information and, if the
alteration in the protocol would be expected to have any
bearing on the interventions and outcomes of the study,
the patient will not be included in the final per-protocol
analysis. Automatic dropout from the per-protocol group
shall be ordered if: (1) any of the exclusion criteria are
diagnosed during the course of AP; (2) at least 50%
of the energy requirement is not achieved on any days
during the study; (3) parameters required for answering
the primary endpoints are missing; or (4) serious medical
reasons not related to pancreatitis occur (eg, accidents,
stroke).

Applied software

Statistical analysis will be performed using SAS 9.2 or
SPSS 19 (or later) statistical packages; Microsoft MS Word
will be used for reporting.

Statistical methods

Baseline patient and disease characteristics will be anal-
ysed using descriptive analysis. Demographic and base-
line characteristics will be summarised for the overall
study population. Continuous variables will be described
by mean, median, SD and ranges and categorical vari-
ables will be described by absolute and relative frequen-
cies. A graphical presentation of efficacy variables will
be prepared, if applicable. Descriptive statistics for both
the primary and secondary parameters will be analysed
similarly. Mean changes (with 95% CI) from baseline to
end-ofstudy visit will also be presented. x’tests will be
applied to compare proportions between the different
groups. Mortality/extended multiorgan failure will be
investigated using the Kaplan—-Meier analysis method,
while subgroup comparisons will be performed using the
x* or Fisher’s exact test, as appropriate. For safety data,
descriptive statistics and individual listings of adverse
events will also be presented.

Subgroups

The following subgroups will be made during statis-
tical analyses: (1) ages (<40 years, 40-59 years, 60-80
years); (2) BMI (<20, 20-24, 25-29, 30-35, >35); (3)
start of abdominal pain before admission (<24 hours,
24-48 hours, 248 hours); (4) severity of the disease SAP
and MAP. In all subgroup analyses, aetiologies will be
done descriptively. No confirmatory statistical testing will

be applied. Hence, statistical tests and p values attached
to them will be regarded as descriptive and not as tests of
hypotheses.

Details of the applied statistical tests will be described in
the Statistical Analysis Plan.

Early quality assessment

Early quality assessment check will be performed on the
first 100 patients. The IDMB (AdWare Ltd) will perform
an independent assessment of the trial-related docu-
ments and activities, with the aim of ensuring the respect
of subjects' rights, safety and well-being and to guarantee
the plausibility of the clinical data. The similarity of the
groups at baseline will also be checked. The IDMB will
report to the SC. The SC will discuss all the information
and, if the differences would be expected to have any
bearing on the interventions and outcomes of the study
or the overall dropout rate from PPS is >20% of all partic-
ipants who were randomised or allocated into each group
or the differential dropout rate is >15% between the
arms, the study needs to be reassessed and the IDMB will
make recommendations regarding either re-evaluation
of power calculation, extension of recruitment period,
extension of number of study centres or termination of
trial.

Interim analyses and premature termination of the study

The IDMB can also recommend to stop the trial early
for ethical reasons if one of the groups clearly shows
evidence of a significant benefit. An interim analysis
will be performed on the primary endpoint when 50%
of patients have been randomised and discharged from
hospital. The interim analysis will be performed by the
IDMB, who will report to the SC.

The Haybittle-Peto boundary approach will be used. If
the interim analysis shows a probability of <0.001 that a
difference as extreme between the treatments is found,
given that the null hypothesis is true, then the trial will be
stopped early.

Centres

The trial will start in two centres (University of Debrecen
and University of Pécs), after which the study is open for
other centres. In all cases the IDMB will make an audit of
the centre and will report to the SC. The SC has the right
to decide whether the centre meets the required quality
to join the study. Compulsory requirements for a centre
are: (1) it needs to treat at least 50 patients with AP a year;
(2) it needs to have all the equipment required for the
study; (3) besides the regular medical team, the centre
has to appoint at least one doctor and one nurse/admin-
istrator fully available for the trial with no additional
commitments which can interfere with her/his duty when
her/his availability is required; (4) the blinding described
above can be fully utilised; (5) all persons need to attend
a preliminary meeting where all the details concerning
the studies are discussed fully and have qualified as inves-
tigators in a GCP course. Centres wishing to join need
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to send a letter of intent to the corresponding author by
email.

Publication policy

Centres providing more than 25 patients can provide
two authors to the authorship list. Every additional 25
patients will give the opportunity to nominate an addi-
tional author.

Feasibility

As a general protocol for the treatment of AP at the
Centre for Translational Medicine at the University
of Pécs, patients with AP receive early EN (using a NG
tube). Patients receive 50 mL Nutrison Energy per hour
starting immediately when they arrive to the ward from
the Emergency Department. Patient data between the
period 1 January 2016 to 31 May 2016 were analysed and
the following observations were noted. (1) In 85% of all
AP admissions early EN could have been started within
24 hours; in 15% of cases it was not achievable due to
delayed transfer to the ward or vomiting. In these cases,
patients received a NG tube later or they received a NJ
tube whenever X-ray assistance was available. (2) Around
80% of NG-fed patients tolerated NG feeding without any
complications. For the rest of the patients who had gastric
retention or vomiting, NG feeding was stopped and they
received a NJ tube whenever X-ray assistance was available.
(3) Comparing the outcome (rate of severity, mortality,
necrosis, intervention, etc) of this treatment protocol
with the nil per os protocol used in most Hungarian
hospitals showed that patients enjoyed benefits with no
risk of early enteral feeding, which data confirm the liter-
ature described in the introduction. About 250 patients
at the University of Pécs and about 150 patients at the
University of Debrecen are admitted annually. Therefore,
if no other institution joins the study, it can be completed
within 3 years.

Safety

Since no unknown drugs/therapy are used in the study,
no adverse or serious adverse events are expected/inter-
pretable that would be attributable to the intervention
during the trial. In this trial the IDMB will examine safety
variables after every 16 patients have completed. More-
over, investigators will report adverse or serious adverse
events on a separate form which has to be sent to the
IDMB and SC. The SC will discuss and, if the adverse
effect is confirmed, it will be reported to the relevant
institutional and national ethical committee (http://
www.ett.hu/tukeb.htm).

Additional information and future plan

Blood samples (serum and plasma) from all patients will
be stored in order to study laboratory parameters later if
required (eg, the laboratory could not measure it), and
in order to build up a biobank for later clinical studies
to which all participants will be given informed consent.
The samples will be stored at —80°C. A follow-up study
(called GOULASH PLUS) is under preparation in order

to follow the patients for up to 5 years after the study. The
study protocol will also be published.

DISCUSSION

Here we report the protocol of a prospective double-blind
randomised controlled trial to study the effects of early
energy restoration in AP. The preclinical studies' ? and
meta-analyses suggest that early energy supplementation
should be beneficial. Our main hypothesis is that elevating
the energy level of acinar and ductal cells will prevent
these cells from injury, therefore decreasing the extent
of necrosis during AP. Since both the local and systemic
complications (immune response) largely depend on the
extent of the necrosis, we propose that this intervention
will reduce multiorgan failure and mortality in AP as well.
Although nutritional interventions for patients with mild
pancreatitis are probably not needed, we must involve
all patients with AP in the study. It has to be highlighted
that the main aim of the study is not to find new treat-
ments for MAP or SAP but to prevent the development of
SAP. This is the reason why severity cannot be a selection
criterion but has to be the primary endpoint. Concerning
ethical issues, this study has very low risk for patients. The
enteral solution (Nutrison Energy) used in this study is
widely used in several diseases related to malnutrition in
patients and has almost no contraindications, therefore
no adverse events are expected during the trial.

ETHICS AND DISSEMINATION
The trial is registered at the ISRCTN registry
(ISRCTN63827758) and received relevant ethical

approval with the reference number 55961-2/2016/EKU
issued by the Scientific and Research Ethics Committee of
the Medical Research Council. At the end of the project
we will disseminate our results to the medical community
and will publish our results via open access.

CONCLUSION

This study provides the first type A evidence concerning
the necessity of energy intake for patients with AP. This
protocol is the first version of the trial completed on 24
May 2017.
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