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ABSTRACT

Background. Acute pancreatitis (AP) is a common inflammatory disease
with a mostly benign course of disease. For unknown reasons, 3—12% of
individuals impacted develop persistent organ failure (OF), namely, severe
acute pancreatitis (SAP), often coupled with necrosis of the pancreas and its
surrounding areas (necrotizing pancreatitis, NP). The mortality risk for SAP
ranges from 22-52%. Local necrotic complications increase the need for
invasive interventions, such as drainage and debridement (necrosectomy).
However, roughly two-thirds of necrotic collections remain sterile and rarely
require invasive intervention. Less than 5% of all patients with AP will require
an invasive intervention for complicated pancreatic necrosis. Traditionally,
invasive treatments were undertaken aggressively and early, whereas
contemporary management protocols favor downstaging and delaying
procedures until demarcation of necrotic collections (walled-off necrosis,
WON) occurrs. Moreover, indications for interventions have also changed,
with most interventions today directed towards infected pancreatic necrosis
(IPN). Furthermore, a fraction of patients with SAP experience multiple OFs
quite early. These patients are at risk of developing abdominal compartment
syndrome (ACS), which ultimately requires surgical decompression of the
abdomen (open abdomen [OA] treatment) if lowering the intra-abdominal
pressure (IAP) conservatively fails.

Aim. The primary aim of this study was to evaluate mortality in patients with
SAP. Secondarily, we analyzed patient outcomes following the surgical
treatment of local complications in NP. Thirdly, we investigated the risk
factors and related outcomes of infectious complications in necrotizing SAP,
and attempted to identify the risk factors for death following more than one
week of ICU treatment among patients with necrotizing SAP. Finally, we
examined the risk factors of OA treatment and the subsequent consequences
for patients with SAP.

Methods. This thesis comprises four clinical studies based on a retrospective
cohort of consecutively treated patients with SAP. Patients were treated at
Helsinki University Hospital (HUH) during a 20-year period. In study I, we
investigated the 9o-day (short-term) mortality and mortality for the entire
follow-up period (long-term) in 435 patients with SAP, focusing specifically on
short-term mortality risk factors and causes of death. Study II evaluated the
outcomes following open necrosectomy for complicated NP among 109
patients. In study III, we studied the risk factors and consequences of IPN in
163 patients with severe NP, and risk factors associated with death following
more than one week of ICU treatment. Study IV investigated the risk factors



of OA treatment in SAP comparing 47 patients who underwent OA treatment
with 47 conservatively treated matched peers, specifically analyzing factors
affecting outcomes following OA.

Results. The results of study I demonstrated that short-term survival after
SAP reached 90% in patients under 60 years of age, 60% in patients aged 60—
69, and 43% in patients =70 years. Independent short-term mortality risk
factors included an age of 60—69 years (odds ratio [OR] 5.1), age =70 (OR
10.4), female sex (OR 2.0), preexisting comorbidities (heart disease [OR 2.9]
and chronic liver failure [OR 12.3]), OA treatment (OR 4.4), and sterile
necrosectomy within four weeks (OR 14.7). The ten-year survival estimate
following SAP was 68% in paitents <60 years and 28% in patients =60 years.
Finally, the long-term causes of death were alcohol related in 57% of patients,
all of whom experienced alcoholic SAP.

The results from study II revealed that 9o-day mortality after open
necrosectomy was 23%, falling to 11% if necrotic collection was walled off and
an open necrosectomy could be postponed for four weeks. The multivariable
regression analysis identified the following risk factors for 9o-day mortality:
age =60 years (OR 19.4), preexisting comorbidities (OR 16.9), prolonged or
deteriorating OF as an indication for necrosectomy (OR 10.4), necrosectomy
within 28 days (OR 6.5), and multiple OF (MOF) (OR 12.2), or a white blood
cell (WBC) count >23 x 109/L (OR 21.4) at the time of the index open
necrosectomy. Open necrosectomy resulted in no mortality when at most one
of these risk factors was present. Conversely, any combination of these risk
factors resulted in a 90-day mortality risk exceeding 50%. Following the index
necrosectomy, new-onset persistent OF occurred within one week in 21% of
patients, pancreatic fistula in 39%, and 48% required a reoperation.

Study IIT demonstrated that a wider spread of necrotic collections (distant
from the pancreas [OR 5.7] or widespread [OR 21.8]), postinterventional
etiology of pancreatitis (OR 13.5), preceding bacteremia (OR 4.8), and OA
treatment (OR 3.6) increased the risk of IPN in necrotizing SAP. We found that
mortality in IPN and sterile necrosis were 15% and 19%, respectively. In IPN,
intensive care unit (ICU) and the overall length of a hospital stay were longer
(median 31 vs. 8 days, P < 0.001 and median 69 vs. 21 days, P < 0.001), the
use of necrosectomy increased (92% vs. 5%, P < 0.001), and ICU readmissions
were more common (33% vs. 1%, P < 0.001) when compared with patients
with sterile necrosis.

In study IV, we found that oliguria (OR 5.0) and ACS (OR 4.6)
independently associated with OA treatment in SAP. Mortality following OA
treatment was 43%, compared with 17% in matched controls (P = 0.012).
Moreover, 34% of patients who underwent OA treatment eventually presented
with visceral ischemia (6% in matched controls, P = 0.002), associated with



63% mortality. Post-hoc evaluation identified no clinically meaningful
variables that could have predicted the development of ischemia in these
patients.

Conclusions. Young and previously healthy patients experience a good
short-term survival after SAP. Beyond patient age, an early open necrosectomy
for sterile necrosis, OA treatment, female sex, and comorbidities appear to
increase the short-term mortality risk. Due to alcohol-related deaths, long-
term survival remains poor even among young patients following SAP.
Moreover, preoperative risk factors determine mortality following an open
necrosectomy. When no more than one preoperative risk factor is present, an
open necrosectomy can be performed without an increasing risk for mortality.
In addition, the postinterventional etiology of AP, bacteremia, a wider spread
of necrotic collections, and OA treatment increase the risk of IPN in severe NP.
A significantly higher likelihood of a morbid outcome associates with IPN
compared with sterile necrosis. Finally, oliguria and ACS independently
predict OA treatment in SAP, and intra-abdominal ischemia is common in OA-
treated patients with SAP. No predictive clinical parameters of ischemia were
identified among this group of patients.



TIIVISTELMA

Tausta. Akuutti haimatulehdus on tavallinen ja yleensi itsestdan parantuva
tulehdustila haimassa. Vaikea taudinkuva kehittyy epéselviasta syystd 3—12 %:
lle  akuuttiin  haimatulehdukseen  sairastuneista. = Siihen liittyy
mairitelmaillisesti pysyva elinhiirio, ja padsaiantoisesti kyseessa on haiman ja
sen ympariston kuoliota aiheuttava (nekrotisoiva) tautimuoto. Kuolleisuus
vaikeaan akuuttiin haimatulehdukseen on huomattavaa (22—52 %). Paikalliset
nekroottiset kertymit lisdavat toimenpiteiden, kuten nekroosikertymén
kanavoinnin (eli dreneerauksen) ja poiston (nekrosektomia) tarvetta. Noin
kahdella kolmasosalla nekroosikertyma ei infektoidu, jolloin toimenpiteita ei
yleensi tarvita. Kaikista akuuttiin haimatulehdukseen sairastuneista vain noin
5% tarvitsee kajoavan toimenpiteen komplisoituneen nekroosin vuoksi.
Kajoavat toimenpiteet olivat aiemmin yleisid ja niihin paadyttiin jo hoidon
varhaisvaiheessa. Nykyisin kaikkia toimenpiteitd pyritddn vilttdmaan ja
viivastyttaimadn, kunnes nekroosikertymid on rajautunut ymparistostaan.
Tarkein syy kajoaville toimenpiteille on haimanekroosin infektio. Osalla
vaikeaan haimatulehdukseen sairastuneista kehittyy taudin alkuvaiheessa
monielinhdirié. Erityisesti niilld potilailla on riski vatsaontelon
ylipaineoireyhtyméan kehittymiselle, joka voi vaatia vatsaontelon aukaisun ja
avomahahoidon, mikili konservatiiviset vatsaontelopaineen hoitomuodot
eivit ole tehonneet.

Tarkoitus. Tutkimuksen péatarkoitus oli tutkia vaikean akuutin
haimatulehduksen kuolleisuutta. Toisena tarkoituksena oli tutkia
haimanekroosin kirurgisen hoidon tuloksia. Kolmantena tarkoituksena oli
analysoida infektoituneen haimanekroosin kehittymisen riskitekijoita ja
verrata steriilin ja infektoituneen haimanekroosin vaikutusta sairastuvuuteen.
Lisdksi selvitettiin ensimmaiisen tehohoitoviikon jélkeistd kuolleisuutta
nekrotisoivassa vaikeassa akuutissa haimatulehduksessa. Neljanneksi
selvitettiin avomahahoidon riskitekijoitd ja tuloksia vaikeassa akuutissa
haimatulehduksessa.

Potilaat ja menetelmdat. Tutkimukset perustuvat taannehtivaan
potilasaineistoon 20 vuoden ajalta  Helsingin  yliopistollisessa
keskussairaalassa hoidetuista potilaista. Ensimmaéisessd osatyossa tutkittiin
lyhyen aikavilin (9o vuorokautta) ja pitkan aikavilin (seuranta-ajan keskiarvo
6 vuotta) kuolleisuutta 435 potilaalla, joita oli hoidettu teho-osastolla vaikean
akuutin haimatulehduksen vuoksi. Tutkimme lyhyen aikavilin kuolleisuuden
riskitekijoita seka pitkdn aikavilin kuolinsyitd. Toisessa osatyoOssa selvitettiin
hoidon tuloksia 109 nekrosektomialla hoidetun potilaan aineistossa.
Kolmannessa  osatyossid  tutkittiin  infektoituneen  haimanekroosin
riskitekijoitd ja seurauksia 163 potilaalla, joilla oli nekrotisoiva vaikea akuutti



haimatulehdus. Lisdksi analysoitiin ensimmaisen tehohoitoviikon jilkeisen
kuolleisuuden riskitekijoitd. Neljannessi osatyossa tutkittiin avomahahoidon
riskitekijoitd vaikeassa akuutissa haimatulehduksessa vertaamalla 47
avomahahoidettua potilasta 47 kaltaistettuun verrokkipotilaaseen.

Tulokset. Ensimmaiisen osatyon tulokset osoittivat, ettd 9o vuorokauden
eloonjaamisennuste on 90% alle 60-vuotiailla, 60% 60-69-vuotiailla ja 43% >
70-vuotiailla potilailla vaikean akuutin haimatulehduksen jilkeen. Lyhyen
aikavilin kuolleisuuden riskitekijoita oli 60-69 vuoden ika (vetosuhde [odds
ratio, OR] 5.1), = 70 vuoden ikd (OR 10.4), naissukupuoli (OR 2.0),
syddnsairaus (OR 2.9), maksakirroosi (12.3), avomahahoito (OR 4.4) ja
nekrosektomia ei-infektoituneen haimanekroosin vuoksi (OR 14.7).
Kymmenen vuoden eloonjadmisennuste < 60-vuotiailla oli 68 % ja > 60-
vuotiailla 28%. Pitkdn aikavilin seurannassa menehtyneilld potilailla perus-,
valiton- tai myotavaikuttava kuolinsyy liittyi alkoholin haitalliseen kaytt6on
57% potilaista, ja kaikilla niilla potilailla oli taustalla sairastettu
alkoholiperdinen vaikea haimatulehdus.

Toisessa osatyossd selvisi, ettd 9o-vuorokauden kuolleisuus avoimen
nekrosektomian jilkeen oli 23%. Kuolleisuus oli 11%, mikali nekrosektomiaa
tehtiin vasta neljan viikon kuluttua taudin alusta rajautuneen
nekroosikertymidn  vaiheessa. = Monimuuttujamallissa  kuolleisuuden
riskitekijoitd olivat > 60 vuoden ikd (OR 19.4), perussairaudet (OR 16.9),
mikéli leikkauksen indikaatio oli pitkittynyt tai vaikeutunut elinhiiriGtilanne
(OR 10.4), nekrosektomia < 28 vuorokautta taudin alusta (OR 6.5),
monielinvaurio (OR 12.2) ja leukosytoosi > 23x109/L (OR 21.4). Mikaili naita
riskitekij6ita oli korkeintaan yksi, ei kuolleisuutta ollut seurannassa. Jos taas
riskitekijoitd oli useampia, yli puolet potilaista kuoli 90 vuorokauden
seurannassa. Avoimen nekrosektomian jilkeen 21% kehittyi pysyvd uusi
elinhairié viikon sisilld toimenpiteestd, 39% haimafisteli ja 48% tarvitsi
jonkin uusintaleikkauksen puolen vuoden sisalla.

Kolmannessa osaty6ssa havaittiin, ettd nekroosikertymian laajuus
(haimasta etddlld oleva kertyma [OR 5.7] ja laaja-alaisesti levinnyt kertyma
[OR 21.8]), endoskooppisen tai kirurgisen toimenpiteen jilkeinen taudin
etiologia (OR 13.5), bakteremia (OR 4.8) ja avomahahoito (OR 3.6) lisasivit
infektoituneen haimanekroosin riskia nekrotisoivassa vaikeassa akuutissa
haimatulehduksessa.  Steriilin  nekroosikertymian ollessa  kyseessa,
mortaliteetti oli 19%, ja infektoituneessa haimanekroosissa 15%. Potilailla,
joilla oli infektoitunut nekroosi, oli pidempi tehohoito- (mediaani 31 ja 8
vuorokautta, P < 0.001) ja sairaalassaoloaika (mediaani 69 ja 21 vuorokautta,
P < 0.001), sekd enemmaén uusintahoitojaksoja teho-osastolla (33% ja 1%, P <
0.001) verrattuna ei-infektoituneeseen nekroosiin. Nekrosektomia tehtiin
useammin jos potilaalla oli infektoitunut haimanekroosi verrattuna steriiliin
nekroosiin (92% ja 5%, P < 0.001).



Neljannen osatyon monimuuttuja-analyysissa ilmeni, ettd vahavirtsaisuus
(OR 5.0) ja vatsaontelon ylipaineoireyhtyméa (OR 4.6) lisdsivat merkitsevasti
avomahahoidon riskii vaikeassa akuutissa haimatulehduksessa. Mortaliteetti
oli 43% avomahahoidetuilla potilailla ja 17% konservatiivisesti hoidetuilla
potilailla (P = 0.012). Avomahahoidettujen ryhméissd 34%:la todettiin
leikkauksessa vatsaontelonelinten iskemia (6% kaltaistetuilla verrokeilla, P =
0.002), ja mortaliteetti avomahahoidettujen iskemiapotilaiden alaryhmassa
oli 63%. Tutkimuksessa ei l0ydetty kliinisesti merkitsevia iskemiaa ennustavia
riskitekijoita.

Johtopddtokset. Lyhyen aikavilin ennuste nuorilla ja terveilld potilailla on
hyva vaikean akuutin haimatulehduksen jilkeen. Idn lisdksi, varhainen ei-
infektoituneen nekroosin wvuoksi tehty nekrosektomia, avomahahoito,
naissukupuoli ja litdnndissairaudet lisdavat lyhyen aikavilin kuolleisuuden
riskid.  Pitkdn aikavilin  ennuste sairastetun vaikean akuutin
haimatulehduksen jidlkeen on nuorillakin potilailla huono johtuen
alkoholinkdyttoon  liittyvastd  kuolleisuudesta. Kuolleisuus avoimen
nekrosektomian jidlkeen riippuu toimenpidettd edeltavistd riskitekijoista.
Mikali useita riskitekijoitd ei ole, voidaan toimenpide tehdd ilman
kuolleisuutta. Toimenpiteen jidlkeinen etiologia, bakteremia, nekroottisen
kertymain laaja-alaisuus ja avomahahoito lisddvat haimanekroosin infektion
riskid ~ nekrotisoivassa = vaikeassa  akuutissa = haimatulehduksessa.
Haimanekroosin infektoitumiseen liittyy merkittavda sairastuvuutta
verrattuna ei-infektoituneeseen tulehtumattomaan nekroosiin.
Vahavirtsaisuus ja vatsaontelon ylipaineoireyhtyma lisdavat avomahahoidon
riskid vaikeassa akuutissa haimatulehduksessa. Vatsaonteloelimen iskemia on
tavallinen 16ydos avomahahoidetuilla potilailla mutta iskemiaa ennustavia
riskitekijoita ei tutkimuksessa 16ydetty.
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Acute biliary pancreatitis

Abdominal compartment syndrome

Alanine aminotransferase

Acute necrotic collection

Acute pancreatitis

Acute Physiology and Chronic Health Evaluation II
Acute pancreatic fluid collection

American Society of Anesthesiologists Physical
Status Classification System

Body mass index

Contrast-enhanced computed tomography
Confidence interval

C-reactive protein

Computed tomography

Delayed gastric emptying

Disconnected pancreatic duct syndrome
Extrapancreatic infection

Endoscopic retrograde cholangiopancreatography
Gastrointestinal

Gastric outlet obstruction

Harmless acute pancreatitis score

Helsinki University Hospital
Intra-abdominal hypertension
Intra-abdominal pressure

International Classification of Diseases, tenth
edition

Intensive care unit

Interleukin-6

Infected pancreatic necrosis

Interquartile range

Mean arterial pressure

Multiple organ failure

Main pancreatic duct

Magnetic resonance cholangiopancreatography
Magnetic resonance imaging

Necrotizing pancreatitis

Open abdomen

Organ failure

Odds ratio

Percutaneous catheter drainage
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PCT
PEP
RAC
SAP

SD

SIRS
SOFA
STROBE

SVT
TEN
UsS
WBC
WON

Procalcitonin

Post-ERCP pancreatitis

Revised Atlanta classification

Severe acute pancreatitis

Standard deviation

Systemic inflammatory response syndrome
Sequence organ failure assessment
Strengthening the Reporting of Observational
Studies in Epidemiology

Splanchnic vein thrombosis

Total enteral nutrition

Ultrasonography

White blood cell

Walled-off necrosis
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1 INTRODUCTION

Acute pancreatitis (AP) is a common inflammatory disorder of the pancreas
(Xiao et al., 2016). Arising from a variety of etiologies, AP in the Finnish
population predominantly follows excessive alcohol consumption and results
from biliary stones obstructing the pancreatic duct outflow (Jaakkola &
Nordback, 1993; Karjula et al., 2019; Khan et al., 2013). Initiating mechanisms
of AP are linked to a pancreatic acinar cell injury, causing premature activation
of pancreatic enzymes leading to autodigestion (Grady et al., 1996; Hofbauer
et al., 1998; Rao et al., 1976; Saluja et al., 1999). Subsequent cellular events
attract immune cells promoting (local) pancreatic inflammatory cascades with
the potential for inordinate systemic (distant) inflammatory responses (Bhatia
et al., 2005; Lee & Papachristou, 2019). A systemic inflammatory response
syndrome (SIRS) is the clinical manifestation of these distant inflammatory
responses, potentially leading to various degrees of organ dysfunctions and
ultimately multiple organ dysfunction syndrome associated with a
considerable mortality (Garg & Singh, 2019; Mayer et al., 2000; Norman et al.,
1997).

A majority of patients with AP suffer from mild, self-limiting disease with
a negligible mortality (Berger et al., 2020; Parniczky et al., 2016; Sternby et
al., 2019). An estimated 10—-20% of patients develop organ failure (OF), the
most important predictor of mortality (Acevedo-Piedra et al., 2014; Choi et al.,
2014; Sternby et al., 2019). Notably, persistent OF is characteristic of severe
acute pancreatitis (SAP) (Banks et al., 2013), with a mortality in SAP of 22—
52% (Choi et al., 2014; Padhan et al., 2018; Schepers et al., 2019; Sternby et
al., 2019; Zubia-Olaskoaga et al., 2016). About 10—20% of AP patients develop
necrotizing pancreatitis (NP), a subgroup of patients more likely to have SAP
(Ashley et al., 2001; Beger et al., 1997; Besselink, van Santvoort, Boermeester,
et al., 2009; Choi et al., 2014; Sternby et al., 2019). Patients with interstitial
edematous AP develop severe disease only in conjunction with preexisting
comorbidities (Singh et al., 2011). In 21-43% of all patients with NP, a necrosis
becomes infected (infected pancreatic necrosis, IPN), a sequela known to
increase mortality (Ashley et al., 2001; Beger et al., 1997; Biichler et al., 2000;
Hartwig et al., 2002; Larifio-Noia et al., 2021; Perez et al., 2002; Petrov et al.,
2010; Schepers et al., 2019; Sternby et al., 2019). Moreover, at least half of
patients with SAP suffer from intra-abdominal hypertension (IAH), and 9—
56% develop abdominal compartment syndrome (ACS) at some point during
their intensive care (Al-Bahrani et al., 2008; Bhandari et al., 2013; Chen et al.,
2008; Dambrauskas et al., 2009; Davis et al., 2013; de Waele et al., 2005; Ke
et al., 2012; Keskinen et al., 2007; Kurdia et al., 2020; Smit et al., 2016). When
conservative management aimed at decreasing intra-abdominal pressure
(IAP) fails, candidacy for surgical decompression of the abdomen
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(laparostomy) with subsequent open abdomen (OA) treatment is weighed
against an anticipated morbid outcome (Kirkpatrick et al., 2013).

Treatment of SAP constitutes around 1% of all intensive care unit (ICU)
admissions (Harrison et al., 2007). Estimated annual aggregate cost of AP
treatment exceeded US$2.6 billion in the US alone in 2014 (Peery et al., 2019).
Despite these costs, few studies have examined long-term outcomes following
SAP (Appelros et al., 2001; Karjula et al., 2019). The management strategy of
SAP has shifted, from early surgical treatment towards delaying and
downstaging interventions (Boxhoorn et al., 2020). Interestingly, reports
documenting discouraging results following open surgical necrosectomy
primarily originate from premillennial studies relying on the implementation
of early necrosectomy (Mier et al., 1997). Currently, a step-up treatment
strategy is customary for the demarcation of necrotic collections occurring
before interventions. Additionally, the management of critically ill patients has
also changed. Notably, infected pancreatic necrosis (IPN) in AP is associated
with an increased mortality (Petrov et al., 2010). Thus, establishing the risk
factors for developing IPN in severe NP remains clinically important. No
comparative data are available regarding patient selection for OA treatment
due to refractory ACS in SAP.

As such, this thesis aimed to determine the mortality, complications, and
surgical management of patients with SAP. The study material comprised a
20-year retrospective cohort of consecutive patients with SAP treated in the
ICU at Meilahti Hospital, a part of the Helsinki University Hospital (HUH).
The primary aim focused on investigating the short- and long-term mortality
among patients with SAP. Specifically, the short-term mortality risk factors
and long-term causes of death were evaluated. Secondarily, this research
aimed to analyze the outcomes following open necrosectomy for complicated
necrotic collections in NP. As such, the mortality and morbidity risk factors
following open necrosectomy were investigated. The third aim was to evaluate
IPN risk factors and outcomes following IPN in patients with severe NP.
Moreover, this study also aimed to separately evaluate mortality risk factors
following one week of ICU treatment for necrotizing SAP. The fourth aim
focussed on identifying the risk factors of OA treatment in SAP and identifying
the subsequent outcomes.
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2 REVIEW OF THE LITERATURE

21 THE PANCREAS AND ACUTE PANCREATITIS

The pancreas is an unpaired retroperitoneal organ. Situated behind the
stomach, the pancreatic head is encircled by the duodenum at the root of the
transverse colon mesentery, the neck overlaying the superior mesenteric
vessels, with the body passing over the aorta covering the splenic vessels, and
the tail positioned ventral to the left kidney in close proximity to the splenic
hilum. A dual blood supply originating from the branches of the celiac and
superior mesenteric arteries nourishes the pancreas, whereas venous outflow
occurs via the branches towards the splenic and superior mesenteric veins,
which unite into the portal system (Bertelli et al., 1995; Mourad et al., 1994).
We can functionally distinguish between the endocrine and exocrine
pancreatic glandular tissue. Endocrine Langerhans cells function in hormone
homeostasis via secretion of insulin, glucagon, and somatostatin into the blood
stream (Henderson et al., 1981; Sarles, 2010; Slack, 1995). Exocrine acinar and
ductal structures, however, are responsible for the secretion of digestive
enzymes (e.g., trypsin, amylase, lipase, and RN/DNases), water, and
bicarbonate into the growing pancreatic ductal system, which empties
primarily via the ampulla Vateri (or major duodenal papilla) into the second
part of the duodenum. The sphincter of Oddi refers to the neuromuscular
structure at the duodenal entry point of the distal biliary and pancreatic duct
confluence.

AP is a necroinflammatory pancreatic disorder with various etiologies.
More than a century of acquired knowledge has unraveled this disease,
although the precise pathogenetic mechanisms remain unexplained (Wang et
al.,, 2009). A pancreatic acinar cell injury with subsequent premature
activation of its zymogen content, particularly trypsinogen, leads to the
autodigestion of the pancreas, resulting in local and potentially uncontrolled
systemic inflammatory reactions (Lankisch et al., 2015; Lee & Papachristou,
2019). Clinically, this translates into a broad spectrum of disease, ranging from
a mild, spontaneously resolving upper gastrointestinal (GI) pain to a deadly
sepsis-like state of inflammation. For unknown reasons, the disease
progresses into a milder interstitial edematous AP or NP with a predominantly
more severe course of disease. Several different pharmacological compounds
have been evaluated in randomized controlled trials as treatment for AP. To
date, none of these interventions have resulted in mortality benefits or other
consistent clinical benefits (Moggia et al., 2017). Basic research has, however,
identified several potential therapeutic target pathways for possible future
drug research (Lee & Papachristou, 2019). At present, treatments remain
organ-supportive and focused on managing complications.
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2.2 EPIDEMIOLOGY

The reported annual incidence of AP ranges from 3 to 143 per 100 000 person-
years (Iannuzzi et al., 2022; Roberts et al., 2017; Xiao et al., 2016; Yadav &
Lowenfels, 2006). In Europe, incidence is typically highest in the northern and
eastern regions, whereas southern European countries report lower incidence
rates (Roberts et al., 2017). In Finland, incidence is as high as 75 per 100 000
person-years based on late 20th century studies (Jaakkola & Nordback, 1993).
Interstudy population selection variability, diverging diagnostic criteria, and
different inclusion criteria for recurrent AP attacks may partially explain the
wide range of incidence rates reported between studies. However, results
appear indicative of differences in AP incidence between different populations
(Roberts et al., 2017; Yadav & Lowenfels, 2013).

Several studies have reported an increasing AP incidence over time in
Europe and North America, whereas incidence in Asian populations appears
rather consistent over time (Hamada et al., 2014; Iannuzzi et al., 2022;
Roberts et al., 2017; Shen et al., 2012; Xiao et al., 2016; Yadav & Lowenfels,
2006). In addition to improved diagnostic imaging, several factors, such as an
increasing alcohol consumption, obesity, and population age, have been
proposed to explain this possible increase in AP incidence. Some investigators
have, however, reported contradictory findings (Bertilsson et al., 2017;
Jaakkola & Nordback, 1993; O’Farrell et al., 2007; Roberts et al., 2013; Sand
et al., 2009). Interestingly, limited contemporary data suggest that incidence
in Finland might have decreased (Nikkola et al., 2020).

2.3 ETIOLOGY

Worldwide, the most common AP etiologies are biliary (41%) and alcohol
related (32%) (Lankisch et al., 2001). The remainding AP cases result from a
variety of toxic, metabolic, iatrogenic, genetic, autoimmune, and traumatic
factors. Furthermore, AP is in some cases deemed idiopathic.

2.31 ACUTE ALCOHOLIC PANCREATITIS (AAP)

Alcohol use impacts all organ systems with the pancreas being no exception.
The observation that an association might exist between alcoholism and
pancreatic disorders was first identified more than two centuries ago and has
been actively studied since then (Fleischman, 1815; Friedreich, 1878). Today,
the association between alcohol misuse and pancreatitis is undisputable.

Excessive alcohol consumption is either the leading or the second most

common etiology for AP depending on the population studied. The proportion
of acute alcoholic pancreatitis (AAP) cases is highest in Eastern and Nordic
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European countries, as well as in South Africa, although reports vary between
countries with most reports originating in the Western world (Appelros &
Borgstrom, 1999; Roberts et al., 2017; Zilio et al., 2019). In North America,
reported AAP incidence is highest among the Black population, suggesting a
higher susceptibility to disease rather than actual differences in alcohol
consumption (Frey et al., 2006; Yang et al., 2008). In addition, AAP is less
common among women than men (Dufour & Adamson, 2003). Morever, a
positive relationship between socioeconomic deprivation and AAP incidence
has also been established (Ellis et al., 2009).

AAP develops in only a fraction (2—3%) of people who misuse alcohol,
indicating that other factors likely trigger disease onset (Lankisch et al., 2002).
The notion that AAP development requires a “coenzyme” or an underlying
susceptibility combined with alcohol exposure is supported by observations
that alcohol consumption does not differ between heavy drinkers who do and
do not develop AAP (Juliusson et al., 2018; Wilson et al., 1985). The toxicity
threshold of alcohol consumption in relation to AAP risk remains unknown.
However, the relationship between alcohol exposure and incidence of AP has
been established, and increased amounts of alcohol consumption appear to
precede the development of AAP (Kristiansen et al., 2008; Lindkvist et al.,
2008; Nordback, Pelli, Lappalainen-Lehto, Jirvinen, et al., 2009). In
addition, prolonged chronic heavy alcohol exposure associates with a higher
risk of chronic pancreatitis (Yadav et al., 2009). For instance, in experimental
models, chronic alcohol consumption combined with binge alcohol exposure
induces a more severe pancreatic injury compared with chronic or binge
alcohol exposure alone (Ren et al., 2016). It remains unclear, however,
whether binge alcohol exposure causes AAP in the absence of underlying
chronic excessive alcohol misuse (DiMagno, 2011). Results suggesting
differences in AAP risk depending on consumed beverage types are
contradictory (Kristiansen et al., 2008; Sadr Azodi et al., 2011).

2.3.2 ACUTE BILIARY PANCREATITIS (ABP)

Acute biliary pancreatitis (ABP) refers to AP caused by biliary tree calculus
migrating through the sphincter of Oddi into the duodenum (Acosta &
Ledesma, 1974). ABP is the leading cause of AP in most populations (Iannuzzi
et al., 2022; Lankisch et al., 2001; Roberts et al., 2017). Globally, the risk of
ABP has increased, which might result from risk factors associated with
gallstone disease, such as age and obesity (Iannuzzi et al., 2022). In general,
patients with ABP are older than patients with AAP, and ABP is associated with
being female (Appelros & Borgstrom, 1999; Lankisch et al., 2001). Smaller
sized (<5 mm) and a higher number of gallbladder stones, and the dilation of
the cystic or common bile ducts increase the risk of ABP (Armstrong et al.,
2005; Kelly, 1984).
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233 OTHER CAUSES

Post-endoscopic retrograde cholangiopancreatography (ERCP)
pancreatitis (PEP) occurs in 3—7% of patients undergoing ERCP (Andriulli
et al., 2007; Frank & Adler, 2006; Rainio et al., 2017). Several well-known risk
factors for PEP exist, including a younger age, female gender, and a difficult
pancreatic duct cannulation (Andriulli et al., 2007). The use of rectal
nonsteroidal anti-inflammatory drugs has proven efficacious in preventing
PEP in several studies, although some conflicting reports of its effectiveness
have emerged at centers with low PEP incidence (Rainio et al., 2017). PEP
remains primarily mild throughout the course of disease, allowing discharge
within the first postprocedural days. However, 0.3—0.6% of patients develop
severe PEP (Andriulli et al., 2007).

The definition of postoperative AP following pancreatic surgery is
under debate, with its relationship to postoperative pancreatic fistula being
actively studied (Andrianello et al., 2021; Connor, 2016; Kiihlbrey et al., 2017;
Partelli et al., 2020; Rity et al., 2006, 2007; Yoo et al., 2021). Postoperative
AP occurs in 53—-68% of patients following pancreatic surgery (Andrianello et
al., 2021; Chen et al., 2020). The latest definition of postoperative AP is that
following pancreatic surgery a transiently elevated serum amylase or lipase
over the normal upper limit develops on postoperative day 0—1 or urinary
trypsinogen-2 >50 ug/L on postoperative day 1—2. An aforementioned
transient amylase elevation combined with C-reactive protein (CRP) level
>180 mg/L on postoperative day 2 predict pancreas-specific complications in
two-thirds of patients (Connor, 2016).

Several other surgical procedures both in close proximity to the pancreas
and in more remote locations have historically been associated with a risk of
postoperative AP. Such surgeries include cardiopulmonary bypass surgery
and surgeries targeting the aorta, abdominal vasculature, esophagus, and
spine, as well as some bariatric procedures (Achouh et al., 2006; Blom et al.,
1993; Burkey et al., 2000; Feng et al., 2018; Kumaravel et al., 2014; Lefor et
al., 1992; Ramsey & Podratz, 1999; Reilly et al., 1994).

A myriad of other less common etiologies of AP have also been identified.
For instance, metabolic conditions, such as hypertriglyceridemia and
hypercalcemia, represent known potential etiologies. Specifically,
hypertriglyceridemia may account for up to 5% of AP cases, possibly occurring
in conjunction with alcoholism, obesity, diabetes, and pregnancy (Yang &
McNabb-Baltar, 2020). To date, more than 500 drugs have been listed that
may precitate AP as an adverse event, whereby AP has been identified as drug-
induced in 0.1-2% of cases (Balani & Grendell, 2008; Lankisch, Droge, et al.,
1995; Nitsche et al., 2012). Additionally, blunt and penetrating trauma to the
pancreas, which occurs in less than 10% of all abdominal injuries, are known
initiators of AP (Sharbidre et al., 2020). Benign or malign obstructive
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causes (such as neoplasia) can cause AP. According to one register study, NP
may be attributable to coexisting pancreatic ductal adenocarcinoma in 0.8%
of patients (Lewellen et al., 2020). Other anatomical and physiological
variations, such as pancreas divisum, duodenal diverticulae, and
sphincter Oddi dysfunction, are potential causes of AP, although the
relevance of some of these entities remains disputed (Kwak et al., 2009). Other
rare etiologies of AP include various infections (viral, bacterial, fungal, and
parasitic) (Imam et al., 2020; Parenti et al., 1996; Rawla et al., 2017), and a
specific genetic susceptibility to AP has also been identified (Kanth &
Reddy, 2014). Following a careful etiological work-up, the cause of AP remains
unknown in up to 10% of patients, comprising idiopathic AP (Vila, 2010).
Finally, biliary microlithiasis may occur in 50-75% of patients with
idiopathic AP (Lee et al., 1992; Rity et al., 2015; Ros et al., 1991).

24 PATHOGENESIS AND PATHOPHYSIOLOGY

Several changes to the pancreatic cell functions and signalling cascades related
to AP pathophysiology have been identified, although the precise
mechanism(s) precipitating an acinar cell injury remains incompletely
understood (Criddle et al., 2007; Lee & Papachristou, 2019). Once the trigger
for AP occurs, the premature intracellular activation of digestive enzymes via
the primordial activation of trypsinogen, which may occur due to the fusion of
trypsinogen-containing zymogen granules with lysosomes that contain
trypsinogen-activating enzyme cathepsin B, initiate autodigestive cellular
mechanisms. This in turn attracts the host immune system, leading to
necroinflammation (Lee & Papachristou, 2019). Following an acinar cell
injury, digestive enzymes leak into the acinar cell surroundings and enter
circulation.

Many theories explaining the advent of AAP have emerged. For instance,
the direct toxic effects induced by alcohol on the pancreatic cells are implicated
as playing at least some role in the pathogenesis of AAP. The metabolism of
alcohol in acinar cells precipitates a cellular injury via oxidative (resulting in
free oxygen radicals) and nonoxidative pathways (involving free fatty acid
ethyl esters) (Clemens et al., 2016; Lankisch et al., 2015; Tsai et al., 1998;
Werner et al., 2001). Moreover, alcohol has the potential to increase the
production of digestive and lysosomal enzymes in the acinar cells, a process
illustrated via experimental animal models (Apte et al., 1995). An overt
increase in the intracellular calcium concentration seemingly precedes the
premature activation of these enzymes in their cytosolic storage units (called
zymogen granules), igniting an acinar cell injury and subsequent
necroinflammatory cell death (Lankisch et al., 2015). Some of the primary
hypotheses regarding the mechanism of action of alcohol in AAP are as follows
(Apte et al., 1998, 2010; Clemens et al., 2016; Lankisch et al., 2015):
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(D The direct toxic-metabolic effects of alchol on acinar cells (yielding
metabolites, such as reactive oxygen species, which destabilize the
acinar cell). A co-occurring increase in intracellular levels of
digestive and lysosomal enzymes results in an aggravated risk of
intracellular contact between these enzymes due to the destabilized
cell organs.

(2) The effects of alcohol on protein precipitation in the pancreatic
secretions via an alteration in the nondigestive pancreatic juice
components. In the acinar cell, alcohol potentially induces an
increase in the production of a highly precipitable lithostatine, and
an increase in the secretion of self-aggregating glycoprotein G2,
which may be result in the blockage of small pancreatic ducts by
protein plugs. This could eventually cause ductal cell damage,
further duct obstruction, and atrophy.

(3) The potential spasmogenic effects of alcohol on the sphincter of
Oddi functioning, causing biliary reflux through a common distal
pancreatobiliary channel with subsequent toxic effects from the
biliary juice on the acinar cells. Experimental models have reported
an increase in a sphincter Oddi tone following alcohol exposure,
although such studies in humans remain contradictory.

(4) An increase in pancreatic juice secretion alongside an increase in
the sphincter of Oddi pressure resulting in cellular injury via
elevated pancreatic duct secretion pressure.

ABP develops following gallstone passage through the major duodenal
papilla (papilla of Vateri) (Acosta & Ledesma, 1974). Our current
understanding of ABP pathogenesis is that a temporary pancreatic duct
obstruction via compression of an impacted stone at the level of a major
duodenal papilla can cause a transiently increased pancreatic duct pressure
enabling pancreatic juice to cause an injury to the pancreas (Sakorafas &
Tsiotou, 2000).

2.5 DIAGNOSIS

Studies and guidelines generally adhere to the principle of fulfilling two out of
three of the following criteria in order to diagnose AP: typical clinical
symptoms of acute, severe persistent pain in the epigastrium possibly
radiating to the back; laboratory elevation of amylase/lipase exceeding a value
at threefold the upper normal limit; and/or signs of pancreatitis on imaging
studies. AP can be diagnosed through clinical presentation and laboratory
markers only, and imaging is not routinely indicated for diagnostic purposes.
Likewise, diagnosis may follow imaging and laboratory testing alone despite a
lack of typical clinical symptoms (Banks et al., 2013; Besselink et al., 2013).
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2.51 CLINICAL PRESENTATION

Typically, AP presents with mild to severe epigastric pain, possibly radiating
to the back or feeling band-like, and may be accompanied by nausea, vomiting,
and pyrexia (Banks et al., 2006). Clinical traits may at times be more occult,
with only a general unwellness and tachycardia, or symptoms may be absent
altogether, especially among the elderly (Donhauser & Bigelow, 1958; Hamada
et al., 2014; Hendrickson & Naparst, 2003; Lankisch et al., 1991; Lankisch,
Mahlke, et al., 1995). For instance, in a study among patients during their first
ABP event, 58% endured previous biliary pain colics (“warning signs”) before
developing their actual first ABP (Besselink, Venneman, et al., 2009). In AAP,
symptoms typically develop within 48 hours (h) following the cessation of
drinking (Nordback, Pelli, Lappalainen-Lehto, & Sand, 2009). Half of patients
with AP present in the emergency department within 24 h of pain onset,
although one-third seek care more than two days later, while others wait
week(s) following symptom onset (Phillip et al., 2013).

The first 2—4 days following symptom onset in AP are characterized by a
hypovolemic state, and as many as one-quarter of patients might develop signs
of OF (Beger & Rau, 2007). Clinical signs of hypoperfusion/shock include
hypotension, tachycardia, and tachypnea, as well as signs of hypoperfusion,
such as skin changes (a cool pallor, moist skin, cyanosis, mottling, and a
prolonged capillary refill time), an altered mental status, and a lower urine
output (Cecconi et al., 2014; Evans et al., 2021). Determining the possibility of
OF in AP requires assessing respiratory, cardiovascular, and renal organ
system functions (Banks et al., 2013). The definition and classification of OF
in AP are described below (see Chapter 2.6).

Several cutaneous ecchymoses related to AP have been described,
including Grey—Turner’s sign (flanks), Cullen’s sign (umbilicus), Fox’s sign
(proximal thigh), and Bryant’s sign (scrotum). These evolve from blood
dissecting across the retroperitoneal planes, with none specific to AP (Dickson
& Imrie, 1984; Jacobs et al., 1977; Lankisch et al., 2009; Miulescu et al., 2020).
Grey—Turner’s or Cullen’s signs appear in 1—3% of AP cases, more often among
patients experiencing worse outcomes (Bosmann et al., 2009; Dickson &
Imrie, 1984; Jacobs et al., 1977; Lankisch et al., 2009).

2.5.2 LABORATORY TESTS

Three pancreatic acinar cell-derived enzymes (amylase, lipase, and
proenzyme trypsinogen) are well-established biochemical markers utilized to
diagnose AP. Venous and lymphatic drainage obstruction, capillary leakage,
and possible peritoneal absorption of amylase are mechanisms thought to lead
to an elevation of serum amylase in AP (Vissers et al., 1999). The measurement
of serum (or plasma) amylase or lipase is a common diagnostic test for AP
(Clavien et al., 1989). In addition, amylase clearance via urine also allows for
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its urinalysis in suspected AP. The pancreatic acinar cell-produced proenzyme
trypsinogen (isoform) type 2 is elevated both in the serum and urine following
AP (Kemppainen et al., 1997; Yadav et al., 2002). The recommended cutoff is
a threefold increase in the concentration of serum amylase or lipase, while a
cutoff of 50ug/L is applied to urinary trypsinogen type 2 (also with a
commercially available dipstick test) (Besselink et al., 2013; Clavien et al.,
1989; Kemppainen et al., 1997; Rainio et al., 2021; Rompianesi et al., 2017;
Yadav et al., 2002). An increase in the amylase concentration occurs within
hours of symptom onset and the amylase concentration falls to normal within
3—5 days irrespective of the clinical progression of disease (Matull et al., 2006;
Tenner et al., 2013). The total amylase concentration is affected by salivary
gland production, as well as factors such as renal function impairment,
obesity, hypertriglyceridemia, and alcohol use (Nakajima, 2016). Serum lipase
remains elevated for 1—2 weeks following AP, providing a possible diagnostic
benefit when patients seek medical attention following a moderate delay. In
2017, a Cochrane analysis of published studies demonstrated that the
diagnostic sensitivity and specificity of serum amylase, serum lipase, and urine
trypsinogen type 2 related to AP were similar. One conclusion was that a
diagnostic elevation in these laboratory markers is not present in 20-30% of
patients with AP, and that false-positive results are found in around 10% of
patients without AP (Rompianesi et al., 2017).

Upon admission to hospital, laboratory tests, including analyzing liver
function, as well as calcium, triglycerides, blood count, electrolytes, creatinine,
blood urea nitrogen, and CRP levels, should be performed (Besselink et al.,
2013; Lankisch et al., 2015). Utilizing CRP combined with interleukin-6 (IL-6)
may be useful in predicting nonmild AP (Sternby et al., 2017). A threefold
increase in the alanine aminotransferase (ALAT) level carries a 95% positive
predictive value in identifying ABP. However, ALAT is normal in 11% of
patients with ABP, and a threefold ALAT increase is absent in half of patients
with ABP (Dholakia et al., 2004; Tenner et al., 1994).

253 IMAGING

Several imaging modalities are available for detecting AP, but the gold
standard has thus far remained contrast-enhanced computed tomography
(CECT) given its ready availability and diagnostic precision (Stromberg et al.,
2007). In AP, CECT is primarily used in cases involving diagnostic uncertainty
or when a patient’s condition fails to improve, deteriorates, or other clinical
traits suggest complications of AP, and when planning invasive interventions
for AP (Besselink et al., 2013; Paola et al., 2020; Tenner et al., 2013).
Optimally, if imaging is deemed necessary, CECT is postponed for at least 3—
4 days from symptom onset to allow for the accurate radiological evaluation,
since the appearance of imaging features of pancreatic parenchymal necrosis
are delayed in 20% of patients with NP (Balthazar et al., 1990).
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Magnetic resonance imaging (MRI) can be also used as a tool in the
primary diagnosis of AP; however, its suitability is restricted by its availability,
the longer duration for imaging required compared with CECT, and a
diminished applicability in critically ill patients. Yet, magnetic resonance
cholangiopancreatography (MRCP) provides a noninvasive alternative for the
imaging of the biliary tree in suspected choledocholithiasis and cholangitis.
Gadolinium-enhanced MRI appears to be at least as sensitive as CECT in
detecting pancreatic necrosis and might outperform CECT in evaluating the
contents of necrotic collections. Furthermore, secretin-enhanced MRCP can
provide additional information related to a possible disconnected pancreatic
duct (Maher et al., 2004; Paola et al., 2020). Endoscopic ultrasonography
appears more sensitive than MRCP in the detection of microlithiasis (Somani
etal., 2017).

Diagnostic imaging with ultrasonography (US), CECT, or MRI combined
with MRCP is recommended when a biliary etiology of AP is suspected, and
screening for the possibility of gallstones using US is included in the workup
of AP etiology (Besselink et al., 2013; Leppaniemi et al., 2019; Tenner et al.,
2013). When suspected cholangitis accompanies ABP, urgent ERCP is
recommended (within 24 h) (Besselink et al., 2013; Tenner et al., 2013).
Guidelines recommend ERCP when ABP is accompanied by obstructing
common bile duct stones, although the urgency of ERCP in these instances
remains somewhat contested (Besselink et al., 2013; Leppaniemi et al., 2019;
Schepers et al., 2020; Tenner et al., 2013).

2.6 CLASSIFICATION

2.6.1 SCORING INDICES

Several scoring systems can be used to predict and evaluate AP severity. The
Acute Physiology and Chronic Health Evaluation II (APACHE II), the
sequential organ failure assessment (SOFA) score, and the multiple organ
dysfunction score are indices developed to predict mortality among critically
ill patients. Although not specifically developed for AP, these indices are
utilized to identify patients likely to experience an increased severity and
mortality risk in AP (Cho et al., 2015; Khanna et al., 2013; Knaus et al., 1985;
Marshall et al., 1995; Vincent et al., 1996; Wu et al., 2008). A modification to
the multiple organ dysfunction score, resulting in the modified Marshall score,
serves as the basis for OF classification in AP based on guideline
recommendations (see Chapter 2.6.2) (Banks et al., 2013).

Examples of severity assessment tools developed specifically for AP include
the Ranson score, the bedside index of severity in AP, and the computed
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tomography (CT) severity index in AP. These were developed for predicting
the severity of the course of disease in AP (Balthazar et al., 1990; Banks et al.,
2013; Ranson et al., 1974; Singh et al., 2009). In Table 1, the scoring indices
are summarized with their predictive value for SAP and mortality.

A stratification tool for the identification of a nonsevere outcome has also
been proposed (the harmless acute pancreatitis score, HAPS). This utilizes
only elementary data available for all patients with AP upon admission
(abdominal guarding/rebound tenderness, hematocrit [>43% men, >40%
women], and creatinine [>177 pumol/L]). In the absence of these three
measurements, HAPS shows a 97—98% positive predictive value in identifying
a nonsevere course of disease in AP (Lankisch, Weber-Dany, Hebel, et al.,
2009; Ma et al., 2020; Maisonneuve et al., 2021; Teng et al., 2021).
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Table 1

Scoring indices and their predictive value (Balthazar et al., 1990; Khanna et al.,

2013; Knaus et al., 1985; Ranson et al., 1974; Senapati et al., 2014; Singh et al.,
2009; Vincent et al., 1996; Wu et al., 2008).

Prediction of severe
acute pancreatitis

Prediction of
mortality

General scoring indices:

Acute Physiology and Chronic Health
Evaluation II*

Evaluates potential deviations for 12 physiological
variables with a score of 0—4 per variable
(temperature, mean arterial pressure, heart rate,
respiratory rate, oxygenation, acid—base balance,
sodium, potassium, creatinine, hematocrit, white
blood cell count, and Glasgow coma scale)
Ad(ditionally, this scoring system considers age and
chronic health status

- Score range: 0-71

Score 2 8:

Sensitivity 80-81%
Specificity 63-83%

Score 2 8:
Sensitivity 100%
Specificity 58—64%

Sequential Organ Failure Assessment

Score*

Evaluates potential deviations for physiological
variables from six organ systems (respiratory,
cardiovascular, renal, coagulation, liver, and central
nervous system) with a score of 0—4 for each organ
system

= Score range: 0—-24 (see Table 3)

Score27:

Sensitivity 14%
Specificity 100%

Score27:
Sensitivity 50%
Specificity 99%

Scoring indices for acute pancreatitis:

Ranson score*

Evaluates the following 11 physiological variables (1
point per variable) (for non-gallstone pancreatitis)
Upon admission: Age >55 years, white blood cell
count >16 000 / mm?®, lactate dehydrogenase >350
U/L, aspartate aminotransferase >250 U/L, and blood
glucose >11 mmol/L

At 48 hours: hematocrit decrease >10%, blood urea
nitrogen increase >1.7 mmol/L, serum calcium <2.0
mmol/L, arterial partial O, pressure <60 mmHg, base
deficit >4 mEqL, and fluid loss >6 L

= Score range: 0-11

Score 2 3:
Sensitivity 84-93%
Specificity 52—-78%

Score 2 3:
Sensitivity 100%
Specificity 47-59%

Bedside index of severity*

Each of the following are scored with 1 point:
Blood urea nitrogen >8.9 mmol / L

Impaired mental status (disorientation, lethargy,
somnolence, or coma)

Systemic inflammatory response syndrome criteria
fulfilled

Age >60 years

Pleural effusion on imaging

- Score range: 0-5

Score22:
Sensitivity 74%
Specificity 68%

Score 2 3:
Sensitivity 25-94%
Specificity 77-95%

Score22:
Sensitivity 89%
Specificity 56%

Score 23:
Sensitivity 25-92%
Specificity 76-93%

Computed tomography severity index
Grading of acute pancreatitis (Balthazar score):
Normal pancreas (0 points), enlarged pancreas (1
point), pancreatic abnormalities with peripancreatic
inflammation (2 points), single fluid collection (3
points), 2 or more collections, or gas (4 points)
Pancreatic necrosis: None (0 points), <30% (2
points), 30-50% (4 points), and >50% (6 points)

- Score range: 0-10

Score2 5:
Sensitivity 65%
Specificity 50%

Score 2 5:
Sensitivity 71%
Specificity 45%

*Score calculated within 24 h of admission.
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2.6.2 THE REVISED ATLANTA CLASSIFICATION

In this thesis, the grading of AP is based on the revised Atlanta classification
(RAC) score. Disease severity is characterized by the presence of OF and local
complications (see Chapter 2.7.1). However, RAC acknowledges OFs of the
respiratory, cardiovascular, and renal organ systems only. A score equal to or
exceeding 2 based on the modified Marshall scoring system defines OF (Table
2) (Banks et al., 2013).

Table 2 Modified Marshall scoring system. Modified from Banks et al., 2013.

Organ system Score
4 3 2 1 0

Respiratory* <101 101-200 201-300 301-400 >400
PaO2/Fi02
Cardiovasculart <90, pH < <90, pH < <90, not fluid <90, fluid >90
Systolic blood 7.2 7.3 responsive responsive
pressure
Renalt >439 311-439 170-310 134-169 <134
Creatinine

Score >2 for any of these organ systems indicates an organ failure.

*Pa02/FiO2, ratio of partial arterial oxygen pressure (mmHg) to fractional inspired oxygen (expressed as a
percentage).

1Systolic blood pressure (mmHg) in the absence of supportive vasoactive drugs.

}Serum creatinine (umol/l). In patients with chronic renal failure, this score depends on a worsening renal function
from baseline, but no formal correction for this exists.

Since the modified Marshall scoring system does not take into account
organ-specific supportive treatment, the SOFA score remains the preferred
method for OF assessment in patients treated in ICU (Table 3) (Banks et al.,
2013; Vincent et al., 1996). However, in the context of defining OF according
to RAC in ICU-treated patients, only respiratory, cardiovascular, and renal
OFs are considered.

Table 3 Sequential organ failure assessment score. Modified from Vincent et al., 1996.
Organ system Score
4 3 2 1

Respiratory
Pa0O2/Fi02, mmHg* <100t 100-199t 200-299 <400
Cardiovascular]|
Hypotension Dopamine >15 Dopamine >5 Dopamine <5 MAP <70

Norepinephrine >0.1 Norepinephrine <0.1 mmHg
Renal
Creatinine (umol/L) or >440 300-440 171-299 110-170
Urine output (ml/day) <200 <500
Coagulation
Platelets x 10%/L <20 <50 <100 <150
Liver
Bilirubin (umol/L) >204 102-204 33-101 20-32
CNS
Glascow coma scale <6 6-9 10-12 13-14

*Pa02/FiO2, ratio of partial arterial oxygen pressure (mmHg) to fractional inspired oxygen (expressed as a
percentage).

TWith respiratory support.

||Adrenergic medications are expressed as pg/kg per min.

Abbreviation: MAP, mean arterial pressure.
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2.6.2.1 Mild acute pancreatitis

Based on RAC, no OF or local complications accompany mild acute
pancreatitis. At least 65—-84% of patients with AP suffer from mild disease
(Acevedo-Piedra et al., 2014; Choi et al., 2014; Kwong et al., 2016; Sternby et
al., 2019).

2.6.2.2 Moderately severe acute pancreatitis

Transient OF (lasting less than 48 h) or the presence of local complications
define moderately severe AP based on RAC (Banks et al.,, 2013). Local
complications (see Chapter 2.7.1) include liquefied or necrotic acute
pancreatic and/or peripancreatic collections, splanchnic venous thrombosis
(SVT), and colonic necrosis (Banks et al., 2013). The rate of moderately severe
AP reaches 10—40% (Choi et al., 2014; Kwong et al., 2016).

2.6.2.3 Severe acute pancreatitis (SAP)

Persistent respiratory, cardiovascular, or renal OF (lasting longer than 48 h)
defines SAP (Banks et al., 2013). The reported incidence of SAP is 5.9 per 100
000 per year (Sarri et al., 2019). In published series, SAP occurrence ranges
from 3—12% of patients with AP (Acevedo-Piedra et al., 2014; Choi et al., 2014;
Kwong et al., 2016; Sternby et al., 2019; Teng et al., 2021).

2.7 COMPLICATIONS

271 LOCAL COMPLICATIONS

Local complications in AP include fluid-filled collections or collections
containing necrotic debris within or adjacent to the pancreatic parenchyma,
or both. These collections can be classified according to their demarcation
(walling off) from the surrounding structures. Other local complications
include SVT, the involvement of the stomach, small bowel, colon, or biliary
tree, and disconnected pancreatic duct syndrome (DPDS).

2.7.1.1 (Peri-) pancreatic fluid collections

Peripancreatic fluid collections primarily occur in patients with interstitial
edematous AP (Table 4). Within the first four weeks, they are defined as acute
peripancreatic fluid collections (APFCs) and later as pseudocysts (Banks et al.,
2013). APFCs occur in 9—43% of patients with AP and in half of patients with
SAP, with a considerable rate of spontaneous resolution (Lenhart & Balthazar,
2008; Manrai et al., 2018; Maringhini et al., 1999; P4 Rniczky et al., 2016;
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Sarathi Patra et al., 2014; Sternby et al., 2019). A contemporary definition of a
true pancreatic pseudocyst should consist of a (nonepithelial) walled-off
amylase-rich fluid-filled collection (devoid of necrosis) within or adjacent to
the pancreatic parenchyma (Banks et al., 2013). Pseudocysts occur in 0—-15%
of patients following AP (Kim & Kim, 2012; Manrai et al., 2018; Maringhini et
al., 1999; Sarathi Patra et al., 2014). Since adopting RAC in 2013, classifying
collections as pseudocysts following AP has become rare, given that mature
collections following AP commonly contain varying amounts of necrosis
(Table 4) (Manrai et al., 2018; Sarathi Patra et al., 2014). Furthermore,
pseudocysts related to AP tend to decrease in size or resolve within six months
in at least 70% of patients (Kim & Kim, 2012).

2.7.1.2 (Peri-) pancreatic necrosis

NP affecting only a pancreatic parenchyma is relatively rare (3—26%), with
23-49% of patients involving peripancreatic necrosis only, and 47-64%
impacting both pancreatic and peripancreatic necrosis (Table 4) (Bakker et
al., 2013; Rana et al., 2015; Sakorafas et al., 1999b; Sternby et al., 2019; van
Grinsven et al.,, 2018). Acute necrotic collections (ANCs) are immature
deposits of necrosis occurring in and around the pancreas without visible
walling off (Banks et al., 2013). Based on consensus definitions, demarcation
of necrotic collections occurs four weeks from symptom onset, however, the
process presumably occurs in a more dynamic fashion in each patient (van
Grinsven et al., 2018). The reported incidence of ANC in NP ranges from 90—
100% (Kumar et al., 2021; Manrai et al., 2018; Sarathi Patra et al., 2014).
Furthermore, the demarcation of necrotic collections is estimated to occur in
50—90% of patients with ANC, whereupon collection is referred to as walled-
off necrosis (WON, Table 4) (Kumar et al., 2021; Manrai et al., 2018; Sarathi
Patra et al., 2014).

Table 4 Definition of (peri-) pancreatic collections (Banks et al., 2013).
Type of acute pancreatitis
Edematous Necrotizing
Time <4 weeks APFC: ANC:
Peripancreatic fluid Intra- and/or extrapancreatic
No necrotic debris Varying degree of necrosis and fluid
No encapsulation No encapsulation
>4 weeks Pseudocyst: WON:
Only liquid content Intra- and/or extrapancreatic
Usually located peripancreatically Varying degree of necrosis and fluid
Round or oval shape Encapsulated
Encapsulated

Abbreviations: ANC, acute necrotic collection; APFC, acute peripancreatic fluid collection; WON, walled-off necrosis.
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2.7.1.3 Infected pancreatic necrosis (IPN)

Several potential pathways leading to IPN have been proposed: via
hematogenous bacterial spread due to an impaired gut barrier dysfunction of
the small bowel, via bacterial transmural migration directly or indirectly (via
ascites/lymphatics/hematogenous) from the colon, or via bacterial spread
from the biliary tree or duodenum through the main pancreatic duct (MPD)
(Beger & Rau, 2007; Besselink, van Santvoort, Renooij, et al., 2009; Fritz et
al., 2010; Schmid et al., 1999; Wu et al., 2014). IPN occurs in 21—43% of NP,
usually 2—4 weeks following symptom onset (Ashley et al., 2001; Beger et al.,
1997; Biichler et al., 2000; Hartwig et al., 2002; Larifio-Noia et al., 2021; Perez
et al., 2002; Petrov et al., 2010; Schepers et al., 2019; Sternby et al., 2019).
Early enteral nutrition reduces the risk of IPN in patients with suspected SAP
(Petrov et al., 2008). Persistent OF, the extent of pancreatic parenchymal
necrosis, and bacteremia in patients with pancreatic parenchymal necrosis are
associated with an increased IPN risk (Besselink, van Santvoort, Boermeester,
et al., 2009; Padhan et al., 2018; Rau et al., 2006; Tao et al., 2004). A recent
meta-analysis reported that an older age, a gallstone etiology, more than 50%
of pancreatic parenchymal necrosis, delayed enteral nutrition, multiple or
persistent OF, and invasive mechanical ventilation all associated with IPN in
NP or SAP (Tran et al., 2022).

Clinically, IPN may be difficult to distinguish since infectious symptoms
are reminiscent of SAP symptoms. Late new-onset OF coupled with a fever and
a persistent increase in inflammatory markers (CRP or procalcitonin) is
suspicious of IPN in patients with NP (Chen et al., 2017; Mofidi et al., 2009;
Miiller et al., 2000). Visible gas in necrotic collections on CECT suggests IPN,
although gas in necrotic collections is present in only 17—56% of patients with
IPN (Paola et al., 2020; Rodriguez et al., 2008; van Baal et al., 2014; van
Grinsven et al.,, 2018). Thus, diagnosis may be achieved through
microbiological culturing of fine-needle aspirates from necrosis, although 12—
25% of patients have false-negative and 2—10% have false-positive results (Rau
et al., 2003; Rodriguez et al., 2008; van Baal et al., 2014). Microbiological
sampling of necrotic debris obtained via percutaneous or endoscopic drainage
and/or (index) necrosectomy procedures may also confirm a diagnosis. In
one-fifth of patients, the treatment of IPN must be initiated based on clinical
suspicion alone (Rodriguez et al., 2008). An IPN suspicion accompanied by
septic shock warrants immediate administration of intravenous antibiotics
regardless of the possibility of microbiological sampling of necrosis (Garret et
al., 2020). Elevated levels of lactate and a quick SOFA determiniation
(developed to identify patients at an increased risk of mortality) could be used
as a screening tool for sepsis or septic shock, which could help guide the
immediate initiation of antibiotic treatment for clinically suspected IPN-
associated sepsis. When two or more of the following parameters are present,
quick SOFA determiniation is considered positive: systolic blood pressure
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<100 mmHg, respiratory rate =22 per minute, or an altered mental status
(Glasgow coma scale <15) (Evans et al., 2021).

2.7.1.4 Other local complications

Splanchnic vein thrombosis (SVT). Splanchnic vein thrombosis (SVT) is
defined as a thrombus located in the splenic, mesenteric, and/or portal veins.
SVT is a recognized complication of AP, occurring in up to half of all patients
with NP, colocalized in the vicinity of the pancreatic necrosis (Easler et al.,
2014; Roch et al., 2019). SVT manifests in the splenic vein only in 40—-50% of
cases, whereas the portal vein is affected in 25—-50% of patients (Gonzelez et
al., 2011; Roch et al., 2019). According to prospective register-based data from
nearly 5 000 admissions for AP, SVT occurs in 1% of patients within 30 days
of discharge (Robbins et al., 2021). In AP cohorts from tertiary referral centers
or in patients treated with necrosectomy, SVT occurs in 5—15% of patients,
predominantly among patients with SAP (Connor et al., 2005; Gomatos et al.,
2016; Gonzelez et al., 2011).

Stomach. Only a few studies have evaluated delayed gastric emptying (DGE)
and gastric outlet obstruction (GOO, i.e., DGE due to mechanical obstruction)
in patients with AP. GOO in AP results primarily from an outside compression
of the necrotic collections, although in 15% of cases it develops due only to
severe bowel wall edema (Qu et al., 2021). Between 4—8% of patients with AP
and pancreatic collections or who need ICU treatment experience GOO (Qu et
al., 2021; Sugimoto et al., 2018; Zhang et al., 2015). GOO generally occurs 1—3
months following symptom onset, whereas DGE manifests earlier, at around
two weeks into the course of disease (Zhang et al., 2015). Between 60—-80% of
patients with GOO also experience a biliary obstruction(Qu et al., 2021;
Sugimoto et al., 2018).

Small bowel. A rare serious complication of NP affecting the pancreatic head
is the perforation of the duodenal wall resulting from necrosis, with only a few
cases reported in the literature (Archer et al., 1991; Sakorafas et al., 1999a).
Duodenal fistulas occur more frequently, accounting for 33% of NP-associated
fistulas, whereas jejunal and ileal fistulas account for only 8% of cases (Jiang
etal., 2016).

Main pancreatic duct. DPDS (also referred to as disconnected pancreatic
tail syndrome or disconnected left pancreatic remnant) is characterized by a
disruption of the MPD due to pancreatic necrosis (of at least 2 cm), a viable
distal pancreatic remnant, and leakage from the MPD upon pancreatography
(Sandrasegaran et al., 2007). Anatomically, the pancreatic neck seems
particularly liable to the complete loss of MPD continuity (Howard et al.,
2001). The reported occurrence of DPDS is 16—23% in patients with fluid
collection or a suspected pancreatic fistula upon imaging, and 50% in patients
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with NP (Lawrence et al., 2008; Maatman, Roch, et al., 2020; Sugimoto et al.,
2018). Clinically, the accumulation of pancreatic juices into WON always
progresses, and spontaneous healing has not been reported.

Biliary tract. Extrahepatic biliary strictures occur weeks or months after AP
onset. These affect 16% of tertiary referral center patients with NP (as defined
by a 75% narrowing) and are increasingly associated with factors such as IPN,
SVT, necrosis located in the pancreatic head, and previous necrotic collection
interventions (Maatman, Ceppa, et al., 2020). Biliary strictures occur in
around 6% of patients with AP-associated pancreatic collections (fluid or
necrosis) and in patients undergoing surgical necrosectomy (minimally
invasive/open) for NP (Chaudhary et al., 2001; Connor et al., 2005; Sugimoto
et al., 2018). GOO coexists with biliary strictures in 30% of cases (Sugimoto et
al., 2018).

Colon. Colonic involvement in AP is defined as ischemia, strictures,
perforation, and fistulas of the colon, occuring in 1-5% of AP patients,
predominantly in moderately severe AP and SAP (6—40%) (Maatman, Nicolas,
et al., 2020; Mohamed & Siriwardena, 2008; Nakanishi et al., 2016; van
Minnen et al., 2004). The occurrence of colonic fistulas increases to up to 20%
in NP, primarily in patients with IPN (Gao et al., 2020; Jiang et al., 2016; Wei
et al., 2016). The possible underlying mechanisms for colonic injury appear to
result from the direct contact of pancreatic enzymes due to (peri-) pancreatic
necrosis compressing the colon, following hemodynamic shock with
subsequent insufficient colonic perfusion, or due to pressure necrosis from
drainage tubes (van Minnen et al., 2004). In clinical practice, the presenting
symptoms among these patients may be difficult to distinguish from other
symptoms of SAP, since pain and symptoms of inflammation resemble
unremarkable events. Thus, one-tenth of colonic complications in AP are
diagnosed postmortem (Mohamed & Siriwardena, 2008). Colonic
complications occur on average within weeks following symptom onset, and
clinical presentation may include occlusive and GI-bleeding symptoms
(beyond infectious symptoms and pain).

Bleeding. Vascular involvement (other than SVT) in AP remains relatively
rare. Prolonged exposure to pancreatic enzymes may lead to a weakening of
the vasculature wall and bleeding, although bleeding may also occur due to an
iatrogenic injury following invasive interventions for NP (Flati et al., 2003).
Bleeding complications occur a median one month following presentation,
with an estimated occurrence range of 1-6% (Balthazar & Fisher, 2001;
Sharma et al., 2008). Specifically, bleeding occurs in the retroperitoneum,
gastrointestinal tract, or the peritoneal cavity. In cases of arterial bleeding, the
site of bleeding is the splenic artery in up to half of all cases, followed by
bleeding from the gastro- and pancreaticoduodenal arteries (Evans et al.,
2017; Flati et al., 2003; Zyromski et al., 2007). In 60% of patients, a ruptured
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pseudoaneurysm causes bleeding, whereas in 20% of patients, bleeding
originates from the pseudocyst without a visible pseudoaneurysm, and in 20%
from the capillary, venous, or other small vessels (Evans et al., 2017).

2.7.2 SYSTEMIC COMPLICATIONS

2.7.21 Organ failure

In AP, an acinar cell injury with subsequent autodigestion is followed by local
recruitment and activation of inflammatory cells. The resulting inflammatory
responses exacerbate local tissue damage, leading to further upregulation of
pro- and anti-inflammatory chemokine production (Bhatia et al., 2005). The
amplification of these inflammatory responses initiates an overwhelming
systemic inflammatory response symdrome (SIRS) and may ultimately lead to
multiple organ dysfunction syndrome (Garg & Singh, 2019; Mayer et al., 2000;
Norman et al., 1997). These mechanisms fuel the early development of OF and
mortality, whereas late OF is related to septic inflammation following an
inflammatory response to pathogen-associated molecular patterns (Garg &
Singh, 2019). However, a binary division as early (due to SIRS) or late (due to
infection) OF (Padhan et al., 2018) simplifies the clinical picture, since the
release of inflammatory mediators associated with SIRS are not confined to
the earliest stages of AP, and infectious complications may also occur early
(Besselink, van Santvoort, Boermeester, et al., 2009; Moran et al., 2022).

In NP, 38% of patients develop persistent OF (Schepers et al., 2019),
developing within the first week of symptom onset in more than 50% of
patients with SAP (Schepers et al., 2019; Shi et al., 2020; Sternby et al., 2019).
Half of patients who develop persistent OF present with signs of OF upon
hospital admission (Buter et al., 2002; Johnson et al., 2001; Johnson & Abu-
Hilal, 2004; Padhan et al., 2018). Respiratory failure occurs in 92% of patients
with SAP, followed by cardiovascular failure in 16—80% of patients and renal
failure in 18—44% of patients (Schepers et al., 2019; Shi et al., 2020). In these
two studies, persistent OF was defined as a cardiovascular or renal SOFA or a
modified Marshall score >2, or a respiratory SOFA or modified Marshall score
>3, which lasted longer than 48 h. In SAP, patients experience a median of 19,
7, and 10 days of persistent respiratory, cardiovascular, and renal failure,
respectively (Schepers et al., 2019). Age, comorbidities, and a higher
percentage of pancreatic parenchymal necrosis are associated with the risk of
developing OF (Schepers et al., 2019). In patients with extrapancreatic
necrosis only, persistent OF develops in 21% and persistent multiple OF
(MOF) in 15%, compared with 45% and 36%, respectively, in pancreatic
parenchymal necrosis (P < 0.001) (Bakker et al., 2013). The CRP level at 48 h
after hospital admission correlates with the development of OF according to
the multiple organ dysfunction score (Mofidi et al., 2006). Among the
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predictive indices, the SOFA score and 48-h Ranson score predict the
development of persistent OFs, and persistent SIRS for 48 h after admission
predicts the development of multiple organ dysfunction syndrome (Baey et al.,
2021; Mofidi et al., 2006; Teng et al., 2021).

2.7.2.2 Extrapancreatic infections

The rate of extrapancreatic infections (EPIs) in AP is about 15-32%,
manifesting mainly as respiratory (5—9%), urinary tract (2—4%), or biliary
infections (3%), as well as bacteremia (1—-8%) (Brown et al., 2014; Marstrand-
Joergensen et al., 2020). Some tertiary referral centers report EPI in more
than half of all patients with NP, whereas other series with moderately severe
AP and SAP show fewer cases of pneumonia, bacteremia, urinary, and
gastrointestinal tract infections (13%, 5%, 3%, and 4%, respectively) (Lu et al.,
2019; Xue et al., 2009). On average, EPI occurs earlier than IPN, primarily
within the first two weeks (Besselink, van Santvoort, Boermeester, et al., 2009;
Lu et al., 2019; Xue et al., 2009).

2.7.2.3 Abdominal compartment syndrome

Intra-abdominal hypertension (IAH) is defined as a sustained or repeated
intra-abdominal pressure (IAP) exceeding 12 mmHg, whereas abdominal
compartment syndrome (ACS) is defined as a sustained IAP exceeding 20
mmHg in combination with a new or worsening existing organ dysfunction
(Kirkpatrick et al., 2013). One in five or six patients with AP experience IAH
(Aitken et al., 2014). Moreover, IAH develops in more than 50% of patients
treated in a high dependency unit or ICU, and ACS develops in 9—56% of
patients with SAP (Al-Bahrani et al., 2008; Bhandari et al., 2013; Chen et al.,
2008; Dambrauskas et al., 2009; Davis et al., 2013; de Waele et al., 2005; Ke
et al., 2012; Keskinen et al., 2007; Kurdia et al., 2020; Smit et al., 2016). One
hypothesis proposes that massive edema due to permeability disturbances in
AP predispose patients to ACS, possibly exacerbated by excessive fluid
resuscitation, the formation of ascites, APFCs, and gastric or bowel
obstruction (van Brunschot, Schut, et al., 2014). A positive initial 24-h fluid
balance, the number of fluid collections, and serum calcium levels
independently associate with IAH in SAP (Ke et al., 2012).

2.7.2.4 Ischemia

A small number of patients with SAP develop intra-abdominal ischemia, which
is associated with ACS, but also rarely occurs in patients with IAH (Smit et al.,
2016). Patients with ACS in SAP often experience severe hemodynamic shock,
which possibly predisposes intra-abdominal organs to develop ischemia via
mechanisms similar to those found in nonocclusive mesenteric ischemia
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(Trompeter et al., 2001). The reported occurrence of nonocclusive mesenteric
ischemia in AP is 0.5%, climbing to 5—13% in nonmild AP (Hirota et al., 2003;
Reichling et al., 2020).

2.73 LONG-TERM MORBIDITY

In the longer term, chronic structural changes of the pancreas are observed in
half of all patients following an attack of AAP, predominantly among patients
with a more severe course of disease and recurrent attacks of AP (Nikkola et
al., 2014). Recurrent pancreatitis occurs in 32—46% of patients following AAP,
especially in younger patients, and in one-quarter of patients following SAP
(Appelros et al., 2001; Halonen et al., 2003; Pelli et al., 2000). Persistent
drinking after experiencing (moderate or severe) AP results in a 58% and 75%,
respectively, risk of recurrent and chronic AP (Shimosegawa et al., 2006).
Pancreatic exocrine insufficiency occurs in up to one-third of patients
following AP, predominantly after NP and AAP (Boxhoorn et al., 2021;
Hollemans et al., 2018; Huang et al., 2019). Within six months among patients
treated invasively due to a suspected or verified IPN, one in five patients
experience pancreatic endocrine insuffiency (diabetes mellitus) and 35-50%
from pancreatic exocrine insufficiency. During long-term follow-up, the risk
of diabetes affects 41—54% of patients after SAP, among whom half require
insulin treatment (Doepel et al., 1993; Halonen et al., 2003). Among survivors
following SAP, the quality of life seems comparable to that among healthy
matched peers, with almost 90% eventually able to return to work (Doepel et
al., 1993; Halonen et al., 2003; Soran et al., 2000).

2.8 TREATMENT

AP treatment relies primarily on organ support and symptom relief. Early
goal-directed fluid resuscitation, monitoring for incipient OF, treatment of
existing OF, and early enteral nutrition when tolerated are the mainstays of
AP treatment (Besselink et al., 2013; Leppaniemi et al., 2019; Tenner et al.,
2013). Additionally, sufficient pain management according to local pain
management protocols is recommended, since no evidence indicates the use
of one analgesic (or administration route) over another (Stigliano et al., 2017).
Prophylactic antibiotics have not demonstrated a significant clinical benefit to
patients with AP (Villatoro et al., 2010). On-demand antibiotics are often
needed for patients with SAP for sepsis, IPN, and EPI/nosocomial infections
(de Waele et al., 2014; Montravers et al., 2019). Moroever, organ-supportive
treatment and monitoring depend on the OF status, and include inotropic
medication for cardiovascular failure, noninvasive and mechanical
ventilation for respiratory failure, and ultimately renal replacement
therapy for renal failure (Jaber et al., 2006; Nassar & Qunibi, 2019). The
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routine monitoring of IAP is recommended at least in mechanically ventilated
patients (Besselink et al., 2013; Leppaniemi et al., 2019).

At a minimum, ERCP with biliary sphincterotomy and stone retrieval is
indicated in patients with ABP and suspected cholangitis (urgent, within 24
h), as well as in ABP without cholangitis, but persistent obstructive jaundice
due to obstructive common bile duct calculi (Arvanitakis et al., 2018; Besselink
et al., 2013; Oria et al., 2007; Schepers et al., 2020; Tenner et al., 2013; Tse &
Yuan, 2012). To reduce the risk of further biliary complications, same-
admission cholecystectomy is recommended for patients with mild ABP who
are fit for surgery. In NP of a biliary origin, cholecystectomy within eight weeks
is recommended provided that (peri-) pancreatic collections have resolved by
that time (Banks et al., 2013; Besselink et al., 2013; da Costa et al., 2015;
Hallensleben et al., 2021; Tenner et al., 2013). When interventions toward
necrotic collections are deemed necessary, it is best to delay them until
necrosis walling off has occurred if a patient’s condition allows for it
(Arvanitakis et al., 2018; Besselink et al., 2013; Isaji et al., 2015; Leppaniemi
et al., 2019; Tenner et al., 2013).

Table 5 summarizes some of the landmark studies regarding the clinical
evaluation and management of complicated AP.
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Table 5 Landmark clinical studies (Balthazar et al., 1990; Baron et al., 1996; Boxhoorn et
al., 2021; Bradley & Allen, 1991; da Costa et al., 2015; Horvath et al., 2001;
Kalfarentzos et al., 1997; Mier et al., 1997; Ranson et al., 1974; Runzi et al., 2005;
van Brunschot, van Grinsven, et al., 2018; van Santvoort et al., 2010).

Study Primary result

Ranson, 1974 11 clinical variables (at admission and at 48-h follow-up) that predict a
severe course of disease in acute pancreatitis

Provided an understanding of the importance of severity risk
stratification

Balthazar, 1990 A stratification tool based on a contrast-enhanced CT scan evaluating
pancreas morphology and the percentage of parenchymal necrosis to
predict a severe course of disease

Bradley, 1991 Reporting the notion that patients with sterile necrosis may be treated
without debridement

Baron, 1996 The first description of an endoscopic transluminal drainage of
collection with organized necrotic content

Kalfarenzos, 1997 Enteral nutrition leading to fewer septic complications in severe acute
pancreatitis suggesting it as a first-line choice for nutrition

Mier, 1997 Established the harmfulness of very early necrosectomy in severe
necrotizing pancreatitis

Horvath, 2001 Described a technique of minimally invasive surgical necrosectomy
following the route of a previously placed percutaneous drainage

Runzi, 2005 Established the idea that not all patients with infected pancreatic

necrosis require urgent surgery, since antibiotics may adequately treat
some patients

van Santvoort, 2010 | Established the concept that a step-up treatment algorithm is superior
to immediate necrosectomy, and that 35% of patients with a verified or
suspected infected pancreatic necrosis only require percutaneous
drainage

Da Costa, 2015 Same admission cholechystectomy reduces the rate of recurrent
gallstone complications following mild acute biliary pancreatitis

van Brunschot, 2018 | Endoscopic step-up approach is not superior compared with surgical
step-up approach regarding the study’s primary endpoint of major
complications or death within six months

The endoscopic step-up group experienced fewer
pancreaticocutaneous fistulas and had shorter length hospital stays
Boxhoorn, 2021 Immediate (endoscopic or percutaneous) drainage of suspected or
confirmed infected pancreatic necrosis is not superior to delayed
drainage

Postponing drainage leads to fewer total interventions (drainage or
necrosectomy)

Postponing drainage leads to successful conservative antibiotic
treatment only in one-third of patients

2.81 EARLY SEVERITY STRATIFICATION

The hopes of improving outcomes in SAP rely on developing accurate tools for
predicting the risk of a subsequent early OF (Isenmann et al., 2001; Johnson
et al., 2001; Padhan et al., 2018; Singh, Wu, Bollen, Repas, Maurer, Mortele,
et al., 2009; Sternby et al., 2019). Retrospective analysis of scoring indices
revealed that APACHE II >8, a bedside index of severity in AP >2, a Ranson
score >3, and a CT severity index >5 served as the optimal cutoff values for
predicting SAP (Khanna et al., 2013). According to the guidelines for the
management of SAP, CRP >150 48 h after admission associated with SAP
(Leppaniemi et al., 2019). An optimal stratification tool would accurately
guide the early choice for the management of patients with potentially evolving
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SAP, since the treatment of incipient or existing OF is best accomplished in
ICU due to the high patient acquity (Besselink et al., 2013; Leppéniemi et al.,
2019). Presently, clinical and radiological scoring systems perform this task
equally well. Thus, early imaging is not indicated from a severity prediction
perspective alone (Bollen et al., 2012). Recognizing SIRS is important in the
early assessment of patients with AP since persistent SIRS increases the risk
of developing OFs, while succesful alleviation associates with improved
outcomes (Mofidi et al., 2006). A positive quick SOFA should raise awareness
of the potential need for ICU treatment (Evans et al., 2021). Furthermore, the
hemoconcentration at admission and/or inadequate early (<24 h) fluid
resuscitation associate with developing OF and NP (Baillargeon et al., 1998;
Brown et al., 2000, 2002).

2.8.2 FLUID RESUSCITATION

Generally in AP, early but optimized fluid resuscitation with repeated
monitoring of hemodynamic targets is warranted in order to counter
hypovolemia and maintain sufficient tissue perfusion (Besselink et al., 2013;
Leppéniemi et al., 2019). Limited evidence recommends the use of Ringer’s
lactate for fluid resuscitation in patients with AP (Besselink et al., 2013;
Leppéniemi et al., 2019). This recommendation stems from findings that SIRS
occurs less often in patients resuscitated with Ringer’s lactate than with saline,
a result supported by a systematic review and meta-analysis(Igbal et al., 2018;
Lipinski et al., 2015; B. U. Wu et al., 2011). The timeframe for action is crucial,
since about half of patients with SAP already suffer from ongoing organ
dysfunction when admitted to hospital (Buter et al., 2002; Johnson et al.,
2001; Johnson & Abu-Hilal, 2004). However, excessive fluid resuscitation also
carries undesired consequences. In SAP, endothelial dysfunction leads to the
accumulation of fluids in the third space, a vicious cycle worsened by fluid
overload, leading ultimately to increased risks of acute respiratory distress
syndrome, impaired renal function, coagulopathy, and ACS (Hines & Pandol,
2019). Thus, fluid therapy should depend not only upon AP itself, but also
tailored according to each patient (considering factors such as age, weight, sex,
and cardiovascular health) and guided by rigorous monitoring. When a
patient’s status mandates large volume crystalloids, it should be combined
with the use of albumin (Evans et al., 2021). Ultimately, fluid resuscitation is
initially guided by changes in the pulse rate, the mean arterial pressure (MAP),
and urine output, as well as biochemical markers of the volemic state and
tissue perfusion (hematocrit, blood urine nitrogen, creatinine, and lactate). It
is difficult to determine whether traditional clinical checkpoints, such as MAP
and urine output are sufficient guides for fluid management in AP (Jin et al.,
2018). In ICU, more invasive and advanced hemodynamic monitoring
measurements are recommended depending upon the patient’s specific needs
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(Antonelli et al., 2007; Besselink et al., 2013; Leppaniemi et al., 2019; Martin
etal., 2020).

2.8.3 INFECTION PREVENTION

2.8.3.1 Prophylactic antibiotics

Findings indicate that the breeding grounds for IPN in SAP might be soiled
during the early intestinal bacterial translocation rendering the use of
antibiotic prophylaxis a compelling focus of research (Runkel et al., 1991). As
such, numerous studies have addressed the issue of prophylactic antibiotic use
in AP, resulting in conflicting findings (Dellinger et al., 2007; Garcia-Barrasa
et al., 2009; Isenmann et al., 2004; Nordback et al., 2001; Pederzoli et al.,
1993; Rokke et al., 2007; Sainio et al., 1995; Schwarz et al., 1997). Study
protocols, the number of patients, and the outcomes measured have differed
between these studies. However, a common denominator has been the
insufficient power of each study to detect the potential effects of prophylactic
antibiotics in SAP (Howard, 2007). Published data have been pooled and
processed in several systematic reviews and meta-analyses, along with a
Cochrane review published in 2010 (Dambrauskas et al., 2007; Ding et al.,
2020; Mazaki et al., 2006; Villatoro et al., 2010; Wittau et al., 2011; Yao et al.,
2010). In summarizing existing evidence, the effects on IPN risk, mortality, or
other relevant endpoints have not been provided for antibiotic prophylaxis in
AP, NP, or SAP. Thus, guidelines widely recommend not using prophylactic
antibiotics in AP regardless of disease severity (Arvanitakis et al., 2018; Baron
et al., 2020; Besselink et al., 2013; Isaji et al., 2015; Leppaniemi et al., 2019).

The use of antibiotics should be reserved for verified or suspected infection.
However, distinguishing infections from the inflammatory symptoms of SAP
remains tricky. Audit studies demonstrate that the inappropriate use of
antibiotics in AP and SAP is common (Baltatzis et al., 2016; Barrie et al., 2018;
de Waele et al.,, 2014; Talukdar et al., 2014). Although heterogeneous
treatment between healthcare centers exists, several studies have confirmed
that most patients with SAP receive antibiotics during ICU treatment
(Baltatzis et al., 2016; de Waele et al., 2014; Montravers et al., 2019; Talukdar
et al., 2014). This likely depicts the interrelationship between infections and
SAP, as well as the diagnostic dilemma between inflammatory and infectious
symptoms. Incorporating procalcitonin (PCT) into algorithms aiming to
distinguish between infections and to guide antibiotic therapy in patients with
SAP represents a promising tool. As yet, no high-quality prospective studies
have been published on the implementation of such algorithms (Hochreiter et
al., 2009; Mofidi et al., 2009).
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2.8.3.2 Early enteral nutrition

Observations from experimental models of severe thermal injury revealed that
enteral nutrition might decrease host susceptibility to microbial translocation
across the gut barrier. Thus, clinical studies demonstrated that total enteral
nutrition (TEN) diminished septic complications in critically ill trauma
patients (Inoue et al., 1989; Kudsk et al., 1992). These findings led researchers
to explore the effects of TEN among patients with AP and SAP. In the late
1990s, landmark studies were published laying the groundwork for a shift in
the treatment paradigm: instead of bowel rest, clinicians strove for TEN when
treating patients with AP (Kalfarentzos et al., 1997; McClave et al., 1997;
Windsor et al.,, 1998). Since then, reports indicated that TEN conveys
immunomodulatory responses, alleviates SIRS, and diminishes infectious
complications in patients with SAP (Gramlich et al., 2004; Kalfarentzos et al.,
1997; Marik & Zaloga, 2004; McClave et al., 1997; Petrov et al., 2008; Shen et
al., 2017; Windsor et al., 1998). Oral feeding is recommended early during
mild AP if the patient is not experiencing severe pain and when bowel
obstruction symptoms are absent (Eckerwall et al., 2007; Moraes et al., 2010).
In critically ill patients with SAP, TEN is administered via a nasogastric or
nasojejunal tube feeding, however, the latter is preferred in patients
experiencing DGE or GOO (Besselink et al., 2013; Kumar et al., 2006; Nally et
al., 2014; Qu et al., 2021; Singh et al., 2012). Routine early nasoenteral tube
feeding does not decrease infectious complications in patients at a higher risk
for AP complications compared to those for whom an oral diet is initiated 72
h after admission and on-demand nasoenteric feeding only when oral intake
is not tolerated (Bakker et al., 2014). Thus, even in nonmild AP patients, an
oral diet may be initiated if the patient tolerates it.

2.84 TREATMENT OF (PERI-) PANCREATIC
COLLECTIONS

Selecting patients for invasive interventions of necrotic collections remains
inaccurately defined. Very early interventions are harmful and should be
avoided (de Beaux et al., 1995; Mier et al., 1997). At present, the most common
indication for interventions targeting necrotic collections is a suspected or
confirmed IPN (Banks et al., 2006; Besselink et al., 2013; Leppéaniemi et al.,
2019). A step-up approach is encouraged (van Santvoort et al., 2010) and
urgent interventions are warranted in cases involving clinical deterioration.
Diagnostic uncertainties of an actual infection in necrotic collections may
result in treatment upstaging, such as with fine-needle aspiration, external or
endoscopic drainage, and even (minimally invasive or surgical) necrosectomy
(Rodriguez et al., 2008; van Baal et al., 2014).
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2.8.4.1 Acute (peri-) pancreatic fluid collections
(APFCs) and pseudocysts

Since most APFCs resolve by themselves, there is generally no incentive to
intervene in their natural course (Lenhart & Balthazar, 2008). Mature
pseudocysts upon follow-up imaging have a tendency towards spontaneous
regression, which may occur at up to six months’ follow-up (Kim & Kim, 2012;
Lankisch et al., 2012; Manrai et al., 2018; Maringhini et al., 1999; Sarathi Patra
et al., 2014). In a minority of patients with persistent symptomatic (e.g., pain
or compressive symptoms of neighboring structures) or complicated (infection
or bleeding) pseudocysts following AP, interventions are justified when
spontaneous healing is no longer anticipated. The preferred treatment of
pancreatic pseudocysts relies on endoscopic (endoscopic ultrasound guided,
when needed) transmural and/or transpapillary drainage. However, if these
pseudocysts are intraluminally unreachable, percutaneous drainage, and
rarely surgery may be warranted (Akshintala et al., 2014; D’Egidio & Schein,
1991; Dumonceau et al., 2019; Gurusamy et al., 2016; Habashi & Draganov,
2009).

2.8.4.2 Sterile necrosis

Necrosis remains sterile in 57-79% of patients with NP (Ashley et al., 2001;
Beger et al., 1997; Biichler et al., 2000; Hartwig et al., 2002; Larifio-Noia et
al., 2021; Perez et al., 2002; Petrov et al., 2010; Schepers et al., 2019; Sternby
et al., 2019). Several studies suggested a good prognosis when refraining from
necrosectomy for sterile necrosis even when OF is present (Bradley & Allen,
1991; Biichler et al., 2000; Hartwig et al., 2002; le Mée et al., 2001). Thus,
conservative treatment of sterile necrosis has been widely accepted as the
treatment of choice. Assessing the need for invasive interventions for sterile
necrotic collections is necessary in specific clinic scenarios, presented in
Table 6 (Besselink et al., 2013).

Table 6 Indications for invasive interventions in sterile necrosis according to International
Association of Pancreatology/American Pancreatic Association guidelines.
Reprinted with the permission of Elsevier (Besselink et al., 2013).

1. Ongoing gastric outlet, intestinal, or biliary obstruction due to the mass effect of
walled-off necrosis (i.e., arbitrarily >4—8 weeks after the onset of acute pancreatitis)

2. Persistent symptoms (e.g., pain, ‘persistent unwellness’) in patients with walled-off
necrosis without signs of infection (i.e., arbitrarily >8 weeks after the onset of acute
pancreatitis)

3. Disconnected pancreatic duct syndrome with persistent symptoms (e.g., pain,
obstruction), collection(s) with necrosis without signs of infections (i.e., arbitrarily >8

weeks after the onset of acute pancreatitis)
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2.84.3 Infected pancreatic necrosis (IPN)

Currently, IPN is not an absolute indication for invasive interventions. A
suspicion of or confirmed IPN in a hemodynamically stable patient is treated
with antimicrobial therapy alone, since some of these patients recover without
invasive interventions (Mouli et al., 2013). The indications for invasive
interventions in IPN are summarized in Table 7. A step-up treatment
algorithm is preferred when clinically feasible (van Santvoort et al., 2010).
Thus, clinically stable patients are first subjected to less-invasive
interventions. Repeat or upstaged treatments are resorted to only if a patient
does not improve.

Table 7 Indications for invasive interventions for suspected or documented infected
necrotizing  pancreatitis  according to International = Association  of
Pancreatology/American Pancreatic Association. Reprinted with the permission
of Elsevier (Besselink et al., 2013).

1. Clinical suspicion of or documented infected necrotizing pancreatitis with clinical
deterioration (preferably walled-off necrosis)

2. In the absence of confirmed infected necrotizing pancreatitis, ongoing organ failure for

several weeks after the onset of acute pancreatitis (preferably walled-off necrosis)

Antibiotic treatment only

Empirical antibiotic treatment in suspected or verified IPN should be directed
at treatment for common gut-derived pathogens, covering both the aerobic
and anaerobic spectrum, and common gram-positive and gram-negative
species. Antibiotics with a known penetration to the pancreas, such as
carbapenems and piperacillin/tazobactam, as well as fluoroquinolones and
third-generation cephalosporins combined with metronidazole, may be used
initially (Biichler et al., 1992; Leppéaniemi et al., 2019; Wolbrink et al., 2020).
Regional bacterial ecology and the development of a known antibiotic
resistance also impact the choice of antibiotic treatment. Routine empirical
antifungal therapy is not recommended, although it may later be combined in
treatment. Conservative antibiotic treatment in IPN may be considered only
in clinically stable patients (Besselink et al., 2013). The reported range of
success with antibiotic treatment alone in IPN is 5-50%, with a reported
mortality of 0—25% (Boxhoorn et al., 2021; Jain et al., 2020; Larifio-Noia et
al., 2021; Lee et al., 2007; Runzi et al., 2005; van Santvoort et al., 2011; Zerem
et al., 2011). De-escalation of the antimicrobial spectrum is guided by
infectious disease specialists according to results from bacterial cultures from
the necrosis. A recent review suggested continuing antibiotic treatment for a
minimum of 5—7 days following source control of IPN (Wolbrink et al., 2020).

Drainage

Percutaneous catheter drainage (PCD). The success rate of necrotic
collection treatment relying on percuataneous catheter drainage (PCD) may
reach as high as 35-55% (Boxhoorn et al., 2021; Freeny et al., 1998; van Baal
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et al., 2011; van Santvoort et al., 2010). The combined effects of antibiotic only
treatment and antibiotics with PCD treatment result in a more than 60%
success rate according to a systematic review and meta-analysis (Mouli et al.,
2013). If a patient is not cured through PCD, such treatment may serve as a
bridge to necrosectomy, enabling surgery postponement for two or three
weeks (van Baal et al., 2011). A male sex, MOF, an increased proportion of
pancreatic parenchymal necrosis, and a heterogenous content of necrotic
collection all negatively impact the success of PCD as the only treatment for
necrotic collections (Hollemans et al., 2016).

Endoscopic drainage. An endoscopic transgastric or transduodenal
drainage approach to treat symptomatic necrotic collections in stable patients
was reported in 1996 by Baron (Baron et al., 1996). Originally, transmural
drainage was maintained with pigtail stenting relying on routine
nasopancreatic lavage. Today, advanced endoscopic instrumentation allows
for the use of, for instance, lumen-apposing metal stenting, enabling repeat
endoscopic entry into the necrotic cavity facilitating gradual debridement
(Arvanitakis et al., 2018).

Few studies have compared endoscopic drainage alone with percutaneous
drainage. In the limited number of patients who underwent prospective
evaluation of an endoscopic or percutaneous step-up approach for IPN or IPN
suspicion, drainage alone was sufficient for 43—-65% of patients in the
endoscopic arm (Bang et al., 2019; van Brunschot, van Grinsven, et al., 2018).
The advantage of endoscopic step-up therapy is a lower occurrence of
pancreaticocutaneous fistulas, and possibly a lower occurrence of new onset
OF compared with a percutaneous step-up treatment approach (Darrivere et
al.,, 2018; Haney et al., 2020). Endoscopic access is, however, limited to
collections adjacent to the gastric or duodenal wall, whereas PCD is better
suited to lateral collections. A combination of both these approaches is often
necessary, whereby a tailored approach for each patient is recommended
(Gluck et al., 2010; Haney et al., 2020). In patients with suspected or
confirmed IPN, urgent drainage procedures (percutaneous or endoscopic) do
not appear beneficial compared with drainage delayed until necrosis walling
off. Instead, early drainage increases the total number of procedures required
(Boxhoorn et al., 2021).

2.8.4.4 Necrosectomy (debridement)

Open necrosectomy via laparotomy (Picture 1). Open necrosectomy is
performed via a subcostal or midline laparotomy. Access to the necrotic cavity
is gained either by entering the omental bursa through the gastrocolic
ligament or via a transmesocolic approach (Castillo et al., 1998; Werner et al.,
2005). Since its proposal in the late 19th century (Fitz, 1889), the treatment of
choice for NP has been an early open surgical debridement, accompanied by a
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resulting increase in morbidity and mortality (Leach et al., 1990; Mier et al.,
1997). A challenge to this surgical dogma has led to postponing and
downstaging interventions, as well as narrowing down those patients allocated
to invasive treatments (Bradley & Allen, 1991).

Both the harms associated with early necrosectomy and consensus
regarding all patients with NP (independent of infectious status) do not need
open necrosectomy are well established (de Beaux et al., 1995; Gomatos et al.,
2016; Mier et al., 1997; Pascual et al., 2013; Tu et al., 2013). In select patients,
an open necrosectomy provides good clearance of necrosis in a single session,
whereas minimally invasive methods might require repeat procedures
possibly via different approaches (Haney et al., 2020; Raraty et al., 2010;
Seifert et al., 2009). Furthermore, open necrosectomy is an endpoint of step-
up procedures, necessary in patients with other simultaneous complications
warranting abdominal access (such as bowel ischemia or colonic perforation),
and justified when intravascular treatment for bleeding complications fails
(Besselink et al., 2013; Leppéniemi et al., 2019; Tenner et al., 2013).

Picture 1 Removal of necrotic pancreas parenchyma during an open necrosectomy (image
courtesy of Panu Mentula, Department of Gastrointestinal Surgery, Helsinki
University Hospital, 2013).
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Open transgastric necrosectomy. In a highly select group of patients with
complicated necrotic collections, open necrosectomy via gastric transmural
access represents a possible debridement method with the potential benefits
of open surgery (good exposure with the possibility of extensive debridement)
combined with the benefits of internal drainage of a WON cavity (Boland et
al., 2010; Driedger et al., 2020).

Minimally invasive necrosectomy. Several different minimally invasive
strategies for treating complicated necrotic collections have been proposed.
Anatomically, minimally invasive necrosectomy techniques fall into
transperitoneal, retroperitoneal, and intraluminal approaches. From a
technical point-of-view, these procedures may be grouped based on
laparoscopic or endoscopic techniques.

Numerous reports on the adoption of minimally invasive surgical or
endoscopic necrosectomy techniques have been published along with a pooled
analysis of published studies (Abu Dayyeh et al., 2018; Bakker et al., 2012;
Bausch et al., 2012; van Brunschot, Hollemans, et al., 2018; van Brunschot,
van Grinsven, et al., 2018; van Santvoort et al., 2010, 2011). Minimizing the
trauma to patients during therapeutic procedures may relieve inflammatory
responses resulting in less postoperative organ dysfunction and wound-
related morbidity (Bakker et al., 2012; Darrivere et al., 2018). However,
existing evidence on necrosectomy techniques primarily rely on retrospective
series from specialized treatment centers, with only a few prospective
randomized studies appearing in the literature (Bakker et al., 2012; Bang et
al., 2019; van Brunschot, van Grinsven, et al., 2018). Specific reports suggest
an increased utilization of invasive interventions after endorsing minimally
invasive necrosectomy techniques (Gomatos et al.,, 2016). Yet, adopting
minimally invasive necrosectomy techniques might also increase the number
of required interventions and may be ill-suited for treating anatomically
widespread necrosis or when liquefaction of necrosis is poor (Papachristou et
al., 2007; Rana et al., 2014; van Brunschot, van Grinsven, et al., 2018).

Video-assisted retroperitoneal debridement. Video-assisted
retroperitoneal debridement was originally reported in 2001 by Horvath
(Horvath et al., 2001). The technique is based on percutaneous direct
retroperitoneal access to the cavity, and thus is best suited for lateral (mostly
left-sided) IPN collections. Along with preoperative imaging, preceding a PCD,
which serves as a guide for entry, a 4—5 cm incision is made through the fascial
plane. Next, the retroperitoneum is bluntly entered, and following port
placement necrosectomy is performed using laparoscopic instruments
(Horvath et al., 2001; van Santvoort et al., 2007).

Laparoscopic necrosectomy. Several reports since 2006 have described
and adopted utilizing laparoscopic transperitoneal and transgastric (and even
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combined endoscopic—laparoscopic) techniques for necrosectomy (Fischer et
al., 2008; Kulkarni et al., 2015; Parekh, 2006; Simo et al., 2014; Zyromski,
2013).

Endoscopic necrosectomy. Endoscopic necrosectomy, a type of natural
orifice transluminal surgery, is performed transgastrictly or transduodenally
with a flexible upper-GI endoscope (Seifert et al., 2000). Endoscopic drainage
precedes endoscopic necrosectomy (Baron et al., 1996). Retroperitoneal access
may be gained via multiple pigtail stenting, fully covered self-expanding metal
stents, and lumen-apposing metal stents (Picture 2) (Feng et al., 2021).
Endoscopic necrosectomy is limited to collections adjacent to the gastric and
duodenal wall and might be ill-suited to collections with a high percentage of
solid necrosis and anatomically wide-spread necrosis (or require combined
multimodal drainage/debridement). However, the incidence of clinically
significant fistulas is low following endoscopic necrosectomy, and endoscopic
necrosectomy might abate the risk of OFs (Bakker et al., 2012; van Brunschot,
Hollemans, et al., 2018; van Brunschot, van Grinsven, et al., 2018).

Picture 2 Transgastric entry to the necrotic cavity may be facilitated by placing a lumen-
apposing metal stent (in this case, Hot AXIOS™, Boston Scientific, left picture). An
initial endoscopic view of the necrotic cavity: solid necrosis and liquefied content
(middle picture). Endoscopic view inside the necrotic cavity upon follow-up
endoscopic necrosectomy (right picture). (Images courtesy of Marianne Udd,
Department of Gastrointestinal Surgery, Helsinki University Hospital, 2022.)

2.8.5 TREATMENT OF OTHER COMPLICATIONS

2.8.5.1 Splanchnic vein thrombosis (SVT)

A relative paucity of evidence has examined whether anticoagulation for SVT
in AP is beneficial or not. The rationale for treating SVT focuses on achieving
recanalization and preventing chronic thrombosis complications (e.g., ascites,
varices, splenomegaly, and even rarely intestinal ischemia) (Valeriani et al.,
2019). Thus, patients should be evaluated for esophageal varices, ascites
formation, and splenomegaly, although all patients at risk for sinistral
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hypertension may not present with any of these findings (Besselink, 2011).
One-third of patients are asymptomatic, with a 9-25% spontaneous
recanalization rate reported (Butler et al., 2011; Easler et al., 2014; Gonzelez
et al,, 2011). In a limited number of reported patients, anticoagulative
treatment has led to a recanalization rate of 50—73% (Gonzelez et al., 2011;
Lemma et al., 2020). Anticoagulation may, however, increase the bleeding
risk. Hence, it is important to identify (e.g., liver chirrhosis) and treat (e.g.,
esophageal varices) the possible underlying risks of bleeding. Considering
anticoagulative treatment in at least symptomatic (pain, nausea, vomiting,
anorexia, ascites, and bleeding) patients with SVT is recommended when
treatment-related risks are manageable (Valeriani et al., 2019). However, the
optimal length of SVT treatment also remains poorly understood. Thus,
thrombus resolution is best evaluated through control imaging.

2.8.5.2 Foregut complications

Patients with GOO are primarily managed conservatively with the insertion of
a nasojejunal tube to maintain enteral feeding (Qu et al., 2021). When
symptoms persist despite conservative management, treating necrotic
collections responsible for compression symptoms may be considered. Most
patients treated for persistent GOO have first undergone PCD, while some
have also been treated with endoscopic and open necrosectomy, and a
minority with endoluminal stenting (Qu et al., 2021; Sugimoto et al., 2018;
Zhang et al., 2015). In accordance with guidelines, step-up invasive treatment
in GOO should be considered only after 4—8 weeks following disease onset
(Besselink et al., 2013; Leppaniemi et al., 2019).

Due to severe inflammatory conditions, aiming for primary definitive
surgical treatment for duodenal necrosis due to NP might be precarious. Thus,
local source control by means of intra- and extraluminal drainage with the aim
of a controlled fistula might be a preferred surgical management strategy
(Archer et al., 1991; Sakorafas et al., 1999a). Small bowel fistulas are primarily
treated nonsurgically (Jiang et al., 2016).

More than 90% of patients with DPDS require some type of drainage for
pancreatic duct leakage, resulting in an 80—90% success rate according to
reported series (Chong et al., 2021; Sugimoto et al., 2018). However, the
definition of DPDS varies greatly between studies, with most studies not
adhering to the criteria proposed by Sandregesan (see Chapter 2.7.1.4), and
some not even reporting the criteria used to define DPDS (Chong et al., 2021;
Sandrasegaran et al., 2007). In general, surgery for DPDS is ideally postponed
for quite some time following AP in order to allow the inflammation to resolve,
which often requires a lengthy PCD as a bridge to surgery. Based on a large
cohort of patients with NP, two-thirds of patients with DPDS required surgery
aimed specifically at DPDS (Maatman, Roch, et al., 2020). This consisted of
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internal surgical drainage in almost 55% of cases (i.e., cystgastrostomy,
cystjejunostomy, pancreaticojejunostomy, pancreaticogastrostomy, and
pancreaticoduodenectomy) and distal pancreatic resection in 45% of cases.

Patients with biliary obstruction are, when possible, primarily treated with
ERCP and stenting, which results in an 80% success rate within a median of
six months’ treatment, with only a minority of patients requiring biliary tract
surgery (Maatman, Ceppa, et al., 2020).

2.8.5.3 Colonic complications

Necrosis, perforation, and strictures of the colon are primarily treated using
surgical resection and a diverting ostomy. Conventional therapy for colonic
fistulas following NP also relies on surgical resection and fecal diversion,
although other options may be considered for stable, nonseptic patients (Jiang
et al., 2016). Examples of such strategies include drainage with possible step-
up necrosectomy, along with a possible proximal intestinal diversion and
awaiting the spontaneous closure of a fistula (Gao et al., 2020). Endoscopic
management strategies, such as a closure of the fistula outlet with over-the-
scope clip application combined with pancreatic necrosis drainage, have also
been used in a limited number of patients with varying results (Hwang et al.,
2010; II & Mullady, 2012; Ito et al., 2013).

2.8.5.4 Other vascular complications

The primary management of bleeding due to a visceral pseudoaneurysm
following AP remains angiography with intravascular embolization if a
patient’s hemodynamic condition allows for this procedure. If the bleeding
patient is unstable or when intravascular attempts to control
pseudoaneurysmal bleeding fail, open surgery becomes necessary (Evans et
al., 2017). Roughly 74—96% of patients with a bleeding pseudoaneurysm can
undergo an angiographic evaluation (Bergert et al., 2005; Zyromski et al.,
2007). A failure to visualize the site of the pseudoaneurysm on angiography or
an inability to access the site of bleeding for embolization occurs in 4—39% of
patients. The success rate of the primary embolization lies between 83-94%
when attempted (Bergert et al., 2005; Nykanen et al., 2017; Udd et al., 2007;
ZyromsKi et al., 2007).

2.8.6 TREATMENT OF ABDOMINAL COMPARTMENT
SYNDROME (ACS)

ACS in SAP is primarily treated conservatively (Coccolini et al., 2018;

Kirkpatrick et al., 2013; Leppédniemi et al., 2019). Such treatments include

optimized fluid management (avoiding fluid overload), adequate sedation and
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analgesia, neuromuscular blockage, evacuation of intraluminal contents, and
drainage of intra-abdominal and peripancreatic collections (de Keulenaer et
al., 2015). Ascite drainage in SAP lowers IAP by a median of 2—4 mmHg (Al-
Bahrani et al.,, 2008; Bai et al., 2007). Persistent ACS after conservative
management is considered an indication for surgical decompression of the
abdomen and leaving the abdomen open (Kirkpatrick et al., 2013; Leppéaniemi
et al., 2019). In persistent ACS, PCD is attempted as the first-line treatment in
13% of patients, whereas 87% undergo surgical decompression. Three-
quarters of patients with attempted PCD to alleviate ACS eventually end up
undergoing open abdomen (OA) treatment (van Brunschot, Schut, et al.,
2014). Surgical decompression of ACS in SAP lowers IAP a median of 15
mmHg, although IAP might be sustained in a fraction of patients even
following decompression (Davis et al., 2013; Mentula et al., 2010; Smit et al.,
2016; van Brunschot, Schut, et al., 2014). OA treatment is, however, a morbid
condition carrying risks of complications, such as a frozen abdomen and fistula
formation (Cirocchi et al., 2016; Coccolini et al., 2018; Kirkpatrick et al., 2013).
Weighing these risks against the imminent risks of persistent ACS is
complicated, and the literature provides largely circumstantial evidence to
inform clinical decision-making. Moreover, surgical decompression is mostly
performed via midline laparostomy, although the use of a bilateral subcostal
incision and minimally invasive decompression methods have also been
described (Coccolini et al., 2018; Kirkpatrick et al., 2013; Leppaniemi et al.,
2006; Smit et al., 2016; van Brunschot, Schut, et al., 2014). The OA wound can
be managed through vacuum-assisted closure, and a delayed abdominal
closure is primarily achieved by gradually opposing fascial edges utilizing
mesh-mediated traction (Picture 3) (Petersson et al., 2007; Rasilainen et al.,
2012).

In patients with IAH in SAP, the repeated use of intramuscular neostigmine
results in the significantly faster reduction of IAP and increased stool volume
compared with conventional treatment (He et al., 2022). Limited cohort
studies regarding ACS in SAP found that a minority of patients experience
respiratory, hemodynamic, and/or renal function improvements following the
surgical decompression of ACS. Thus, evidence from the surgical
decompression of ACS due to various etiologies suggests organ function
improvements (Boone et al., 2013; Mentula et al., 2010; Smit et al., 2016; van
Damme & de Waele, 2018).
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Picture 3  Maintaining an open abdomen via vacuum assistance with mesh-mediated fascial
traction. Following a midline laparotomy: a) a visceral protective layer is positioned
intra-abdominally; b) a polypropylene mesh is sutured to the fascial edges; c) a
wound-shaped foam is placed on top of the mesh; and d) the foam is protected with
an adhesive sheet and a suction pad for the vacuum device is applied. The patient is
returned to the operating room for dressing changes at 2—4-day intervals. The mesh
is cut in half during the first dressing change to achieve abdominal access. The fascial
edges are gradually re-approximated by tightening the half-cut mesh with a
monofilament suture. (Images courtesy of Ari Leppaniemi, Department of
Gastrointestinal Surgery, Helsinki University Hospital, 2017.)

2.9 OUTCOMES

According to classification. Outcomes based on the RAC are summarized
in Table 8. As we see, outcomes are excellent for mild AP, with morbidity
increasing primarily for moderately severe AP, and both morbidity and
mortality high for SAP.

According to the presence of organ failure. Persistent OF represents the
most important predictor of outcomes, specifically for early occurring
persistent OF and multiple organ dysfunction syndrome, associating with an
increased mortality in AP (Hamada et al., 2014; Kamal et al., 2017; Shen et al.,
2012). Mortality based on OF status is presented in Figure 1.

Among working-age adult patients, a fivefold increase in mortality is observed

over the long-term following AAP compared with matched peers (Karjula et
al., 2019). In another study examining long-term follow-up data, early organ
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dysfunction (multiple organ dysfunction score =2 within one week)
independently associated with premature deaths in the long-term compared
with patients without early organ dysfunction (mean survival, 10.0 vs. 11.6
years, P = 0.001) even after excluding in-hospital mortality. Age, alcohol, and
idiopathic etiology also independently associated with long-term mortality
(Skouras et al., 2014).

Table 8 Outcomes according to the revised Atlanta classification (Appelros et al., 2001;
Choi et al., 2014; Padhan et al., 2018; Schepers et al., 2019; Sternby et al.,
2019; Zubia-Olaskoaga et al., 2016).

Mild Moderately Severe Severe
Median length of ICU stay, in days 0 3 7-22
Median length of hospital stay, in days 6-7 10-11 37-64
Invasive interventions 0% 7-22% 37-48%
Short-term mortality 0% 2-3% 22-52%
Long-term survival 294%* unknown ~60%%
80%T

*10-year survival among working-aged (18-64 years) patients with nonalcoholic acute pancreattis (Karjula et al.,
2019).

110-year survival among working-aged patients with alcoholic acute pancreatitis (Karjula et al., 2019).

110-year survival among working-aged patients with alcoholic severe acute pancreatitis or 7-year survival among all
patients across age groups with moderately severe or severe acute pancreatitis of mixed etiologies (Andersson et
al., 1999; Appelros et al., 2001; Karjula et al., 2019).

According to comorbidities and other risk factors. Age and previous
comorbidities are among the most important preexisting risk factors of a
worse outcome in AP (Frey et al., 2007). In a case—control study of SAP, in-
hospital mortality among patients >70 years was 21%, whereas it was 7% in
patients <70 years (Gardner et al., 2008). Type 2 diabetes and obesity have
also been associated with an increased mortality in AP (Huh et al., 2018;
Martinez et al., 2006).

According to complications following AP. Extrapancreatic necrosis
results in a mortality rate of 8—9%, whereas mortality climbs to 16—20% in
patients with pancreatic parenchymal necrosis (Bakker et al., 2013; Rana et
al., 2015; Sternby et al., 2019). The risk of complications and mortality
increases with an increasing proportion of pancreatic parenchymal necrosis
(Jain et al., 2020). Low mortality (0-10%) is observed in patients with sterile
necrosis, although early death (within 7—10 days) is often excluded from the
analysis in these studies (Bradley & Allen, 1991; Biichler et al., 2000; Jain et
al., 2020; le Mée et al., 2001; Sternby et al., 2019; van Santvoort et al., 2011).
According to a meta-analysis from 2010, mortality reached 32% in patients
with IPN, which (along with OF) independently increased mortality in AP
(Petrov et al., 2010). Recently, some individual publications have challenged
the existing consensus of IPN as an independent risk factor of mortality when
adjusting for existing OFs (Schepers et al., 2019; Shi et al., 2020; Sternby et
al., 2019). The association between EPI and AP severity or mortality has yet to
be established (Brown et al., 2014).
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In patients with SAP, higher mean and maximal IAP values associate with
an increased mortality (Ke et al., 2011; Keskinen et al., 2007). IAH upon
admission strongly predicts 30-day mortality in AP, and the mortality rate in
patients with IAH was 37% compared with 2% in patients without IAH in a
single-center observational study (P < 0.001) (Aitken et al., 2014). According
to a meta-analysis among patients primarily with SAP, the mortality rate in
the presence of ACS was 49%, falling to 11% in patients without ACS (P = 0.03).
In nonocclusive mesenteric ischemia related to AP, the mortality rate lies
between 60-100% (Hirota et al., 2003; Reichling et al., 2020). Finally, the
overall mortality rate among patients who experience bleeding complications
in AP reaches 30—35% (Flati et al., 2003; Sharma et al., 2008).

Effect of treatments. Fluid overload in AP may be associated with a worse
outcome, whereby goal-directed fluid therapy is currently advocated (de-
Madaria et al., 2011; Mao et al., 2009). Early enteral nutrition reduces
mortality in patients with suspected SAP (Petrov et al., 2008). At present,
differences regarding mortality have not been observed between different
necrosectomy modalities (endoscopic, minimally invasive surgical, or open)
(Bakker et al., 2012; Bang et al., 2019; Gurusamy et al., 2016; van Brunschot,
van Grinsven, et al., 2018). The mortality rate lies at around 50% in patients
who require OA treatment due to ACS in SAP; yet, if OA is initiated early
(within the first four days from disease onset), it might result in a better
outcome (Boone et al., 2013; Mentula et al., 2010; Smit et al., 2016). In
patients with intra-abdominal ischemic complications in SAP, mortality may
exceed 80% (Smit et al., 2016).

Reported mortality in studies
0% 20 % 40 % 60 % 80 % 100 %

Single organ failure (any) I

Respiratory [

Cardiovascular ]

Renal I
Two organ failure (any combination)
> Two organ failure (any combination)

]
|
Three organ failure |
.

Deteriorating organ failure *

Persistent (248 h) organ failure, refers to the organ failure of respiratory, cardiovascular, or renal organ system
according to the revised Atlanta classification (Banks et al., 2013).
*Progression of multiple organ dysfunction score during the first week of follow-up.

Figure 1 The impact of persistent organ failure on mortality (Buter et al., 2002; Schepers et al.,
2019; Shi et al., 2020; Sternby et al., 2019; Thandassery et al., 2013).
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3 THE PRESENT INVESTIGATION

3.1 STUDY AIMS

The primary aim of this thesis was to investigate mortality in SAP. The specific
aims were as follows:

(1) To study short-term mortality and short-term mortality risk
factors in SAP (study I).

(2) To investigate long-term mortality and cause of late death
following SAP (study I).

(3) To examine mortality and morbidity following open necrosectomy
(study II).

(4) To evaluate IPN risk factors, outcomes following IPN, and

mortality risk factors following one week of ICU treatment for
necrotizing SAP (study III).

(5) To analyze risk factors associated with OA treatment in severe
acute pancreatitis and to study the outcomes following this
treatment (study IV).
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3.2 MATERIALS AND METHODS

This reseach project was carried out at Helsinki University Hospital (HUH).
Each individual study included consecutively treated patients treated in the
ICU at Meilahti Hospital within HUH. In addition, study II included all
patients treated with an open necrosectomy, whereby some were treated on a
regular surgical ward only. Data were retrieved and the analyses were
completed retrospectively. The data gathered for each study were collected via
specific databases. By replacing the patient identity using a running
numbering system, patient anonymity was protected. Institutional review
board approval was not required due to the observational retrospective nature
of this project. The Department of Gastrointestinal Surgery at HUH approved
the protocol for each study. In addition, separate permission was granted from
Statistics Finland, enabling the retrieval of cause of death information for
patients in study I. All studies adhered to the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) statement checklist (von
Elm et al., 2007).

3.21 PATIENT DATA

This thesis comprised a 20-year retrospective consecutive cohort study of
adult patients with SAP treated in the ICU at HUH. The only exception was
study II, which (in addition to patients with SAP and open necrosectomy) also
included patients with moderately severe AP (treated on the surgical ward) if
they underwent an open necrosectomy. Based on the data collected, four
individual studies with separate endpoints were conducted.

All datasets included variables consisting of basic patient characteristics,
preexisting comorbidities, the number of previously endured AP, AP etiology,
the date of AP symptom onset, the RAC score during the hospital stay, the
length of the hospital stay, the length and timing of an ICU stay, the utilization
and timing of OA and open necrosectomy, the infection status of necrosis, and
survival information. For each study, separate appendices listing the variables
collected were established prior to data collection.

Data were gathered from hospital electronic patient and ICU databases,
daily ICU monitoring sheets, an imaging study database, radiological reports,
laboratory results, and (when applicable) indirect knowledge from the Finnish
Population Information System. For long-term survival and cause of death
information, data were provided by Statistics Finland (study I) where
appropriate. The populations investigated for each individual study are
described in Table 9.
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Table 9 Patient selection and aims for each study.

Study | Years (n) Study population Study aim
| 1999-2015 | Consecutive ICU-treated - Short-term (<90 day) mortality risk
(n =435) patients with SAP factors

- Long-term mortality (>90 day) and
cause of death
Exclusion criteria: not SAP, loss to follow-up

Il 2006—2017 | Consecutive patients treated | - Outcome following open
(n=109) with open necrosectomy necrosectomy

Exclusion criteria: first necrosectomy in other hospital, minimally
invasive necrosectomy

n 2010-2018 | Consecutive patients with - IPN risk factors and outcomes
(n=163) necrotizing SAP - Mortality risk factors following the
first week of ICU treatment
Exclusion criteria: not SAP, not treated in the ICU at HUH within 7
days of hospital admission, edematous SAP, chronic pancreatitis,
transplant pancreatitis, initial treatment abroad, loss to follow-up or
lack of sufficient ICU data

v 2009-2019 | Study patients: consecutive - Risk factors for OA
(n=47+ OA-treated patients with SAP | - Outcome following OA
47) Matched controls managed
conservatively”

*Matching at a 1:1 ratio. All matched controls were treated for SAP,
but avoided OA treatment. In order of importance, matching was
based on 1) maximal (within 72 h) SOFA score + 2; 2) age + 10
years; 3) preceding comorbidities; and 4) year of treatment
Exclusion criteria: ICU admission after 10 days or OA treatment
after 4 weeks from hospital admission

Abbreviations: HUH, Helsinki University Hospital; ICU, intensive care unit; IPN, infected pancreatic necrosis; OA,
open abdomen; SAP, severe acute pancreatitis; SOFA, sequential organ failure assessment score.

Study I

All patients treated in the ICU at Meilahti Hospital within HUH under the
International Classification of Diseases tenth edition (ICD—10) codes K85.X
or K86.X were manually screened for eligibility (n = 610). We excluded
patients without SAP according to RAC, as well as patients lost to follow-up.
In total, 435 patients were included in the study.

In addition to variables collected for all four studies (described previously,
see above), specifically for this study we also collected information related to
the underlying, immediate, and contributing causes of death for patients who
died during follow-up. Survival data were gathered until the time of data
collection—that is, between April and June 2016. Patients were grouped
according to year of treatment into two groups: group 1 were treated between
1999 and 2007 and group 2 were treated between 2008 and 2015. Patient
characteristics are summarized in Table 10.
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Table 10 Characteristics of patients in study | (n = 435).

Number of patients (%)

Median age, in years (IQR) 48 (39-58)

<60 years 342 (79)

60-90 years 63 (14)

270 years 30 (7)
Male sex 355 (82)
Etiology

alcoholic 335 (77)

biliary 51 (12)

other 49 (11)
Any comorbidity* 145 (33)
Recurrent acute pancreatitis 99 (23)
Year of treatment

1999-2007 (group 1) 231 (53)

2008-2015 (group 2) 204 (47)

*Any heart or pulmonary disease, chronic renal insufficiency, liver chirrhosis, chronic pancreatitis, and/or diabetes.
Abbreviations: IQR, interquartile range.

Study 11

All patients receiving a Nordic Medico-Statistical Committee classification
with a surgical procedure code JLC50 and an ICD-10 code K85.X were
manually screened for open necrosectomy. In addition, we also reviewed the
patient records for all patients with AP either treated for >10 days in the
hospital or who died during the hospital treatment period for possible open
necrosectomy. Altogether, our search yielded 116 patients potentially eligible
for analysis, among whom 7 were excluded (3 did not meet the inclusion
criteria and 4 met an exclusion criterion). The patients included in this study
either suffered from moderately severe AP or SAP. A single radiologist re-
evaluated the CECT studies preceding the first open necrosectomy for all
patients. Access to the necrotic collection was gained primarily via a subcostal
transverse laparotomy and through the gastrocolic ligament (with or without
mobilization of the colonic flexures). In cases where a bowel resection or
adhesiolysis was anticipated, or in the case of an existing OA treatment for
ACS, access to the necrotic collection was gained via a midline laparotomy.

For this specific study, we collected information on preoperative necrosis
management, findings on preoperative imaging and laboratory tests, an
indication of necrosectomy, OF (as defined in Table 14, see Chapter 3.2.2)
within 24 h from the first necrosectomy, intraoperative findings and
simultaneous procedures during necrosectomy and reoperations, and
postoperative morbidity outcomes. Renecrosectomies and reoperations within
six months, and endoscopic interventions within the first year following the
first necrosectomy were collected. Table 11 provides the patient
characteristics at the time of the index necrosectomy.
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Table 11 Characteristics of patients in study Il at the time of the index open necrosectomy

(n=109).
Number of patients (%)

Median age, in years (IQR) 52 (42-61)
Male sex 96 (88)
Etiology

alcoholic 62 (57)

biliary 25 (23)

other 22 (20)
Any comorbidity* 43 (39)

Acute pancreatitis severity classification before the index
necrosectomy (according to RAC, for the entire treatment period)

moderately severe 39 (36)

severe 70 (64)
Preoperative contrast-enhanced CT 63 (58)
Reason for utilizing CT without contrast enhancement

renal insufficiency (acute/chronic) 37 (34)

emergency laparotomy due to shock 4 (4)

unknown reason 4 (4)

preceding magnetic resonance imaging 1(1)

Findings upon preoperative imaging
pancreatic parenchymal necrosis

unassessable 45 (41)
<30% 31(28)
30-50% 11 (10)
250% 22 (20)
walled-off necrosis 91 (84)
distant necrosist 98 (90)
widespread necrosist 66 (61)
disconnected pancreatic duct syndrome 34 (31)
Treatment in ICU at the time of the index necrosectomy 44 (40)
OF within 24 h from necrosectomy
none 64 (59)
single 12 (11)
multiple 33 (30)
Indication for surgery
verified or suspected infected pancreatic necrosis 82 (75)
prolonged OF or deterioration of existing OF 18 (17)
prolonged pain 6 (6)
bleeding, GOO, or suspicion of colonic necrosis 3(3)
Open abdomen at the time of necrosectomy 14 (13)
Time since symptom onset, in days (IQR) 36 (22-59)
24 weeks 69 (63)
Step-up treatment§ 40 (37)

*Any heart or pulmonary disease, chronic renal insufficiency, liver chirrhosis, chronic pancreatitis, and/or diabetes.
1Distant necrosis refers to left and/or right paracolic gutter and/or retromesenteric area.

FWidespread necrosis extending to both paracolic gutters or the paracolic gutter and the retromesenteric area.
§Preceding drainage procedure of necrotic collection before the index necrosectomy.

Abbreviations: CT, computed tomography; GOO, gastric outlet obstruction; ICU, intensive care unit; IQR,
interquartile range; OF, organ failure; RAC, revised Atlanta classification.

Study I1I

An initial search identified all patients admitted to the ICU at Meilahti
Hospital within HUH with the ICD-10 diagnosis codes K85.X and K86.X (n =
465), among whom 203 did not meet the inclusion criteria. Furthermore, 99
patients met the exclusion criteria eliminating them from analysis. Thus, 163
patients were included in study III.
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The specific variables examinined for this study included the timing and
type of infections acquired, results from imaging studies, body mass index
(BMI), tertiary referral status, scores from various predictive indices, OF (as
defined in Table 14, see Chapter 3.2.2) within the first 24 h of ICU admission,
interventions targeted at necrotic collections, and ICU readmission status. An
infectious disease specialist reviewed all cases of pneumonia and all uncertain
cases of other infectious complications to insure the correct diagnosis was
registered. Given the institutional protocol, all patients received a five-day
intravenous antibiotic prophylaxis (1.5-g cefuroxime thrice daily) beginning
on day o in ICU. The patient characteristics are summarized in Table 12.

Table 12 Comparison of demographic data at baseline between the study groups in study
Il (n=163).
No IPN (n=116) | IPN (n=47) P
Median age, in years (IQR) 50 (18-82) 51 (25-66) 0.682
Mean body mass index + SD, kg/m2 305 29+4 0.560
Male sex 93 (80) 40 (85) 0.512
Any comorbidity* 37 (32) 11 (23) 0.345
Alcoholic etiology 80 (69) 31 (66) 0.714
biliary 23 (20) 5(11) 0.178
other 11 (10) 3(6) 0.759
postoperative or post-ERCP 2 (2) 8 (17) 0.001
Tertiary referral 36 (31) 20 (43) 0.203
ASA 23 61 (53) 25 (53) 1.000
Maximum SOFA <72 h (IQR)t 9 (6-11) 10 (7-13) 0.086
APACHE |l <24 h (IQR)T 16 (13-23) 19 (12-23) 0.968
Multiple organ failure <24 h (IQR)t 70 (60) 32 (68) 0.378
Preceding open abdomen treatment 21 (18) 18 (38) 0.008
Preceding bacteremia 8(7) 7 (15) 0.136
Preceding pneumonia 17 (15) 3(6) 0.191
Necrotic collection location
central (around the pancreas) 56 (48) 5(11) <0.001
distantf 35 (30) 12 (26) 0.703
widespread§ 25 (22) 30 (64) <0.001
>50% pancreatic parenchymal necrosisq 9 (13) 5 (20) 0.514

Data are presented as the number of patients and percentage of patients in parenthesis unless stated otherwise.
*Any heart or pulmonary disease, chronic renal insufficiency, liver chirrhosis, and/or diabetes.

TFrom ICU admission.

iDistant necrosis in the left or right paracolic gutter or retromesenteric area.

§Widespread necrosis extending to both paracolic gutters or the paracolic gutter and the retromesenteric area.
{Data were missing for 70 patients (22 with IPN); thus, n = 93 for this variable

Abbreviations: APACHE II, Acute Physiology and Chronic Health Evaluation Il scoring system; ASA, American
Society of Anesthesiologists physical status classification system; ERCP, endoscopic retrograde
cholangiopancreatography; ICU, intensive care unit; IPN, infected pancreatic necrosis; IQR, interquartile range; SD,
standard deviation; SOFA, sequential organ failure assessment score.

Study IV

Hospital databases were searched for eligible patients for analysis. The search
included all patients treated at HUH’s Meilahti Hospital ICU with an ICD-10
diagnosis code of K85.X or K86.X. Subsequently, patient records were
manually screened for OA treatment. Patients with SAP treated with OA were
selected for inclusion. Matching peers were drawn from patients with SAP, but
who did not undergo OA treatment during their hospital stay. The daily SOFA
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score (including all six organ system categories) for the first 72 h following ICU
admission was calculated. The highest SOFA score within these three days was
selected as the primary matching criteria. In case more than one possible
matched control based on the primary matching criteria was identified,
patients were secondarily matched according to (in order of importance): 1)
age, 2) existence of comorbidities, and 3) the year of treatment. Based on our
protocol, we allowed a maximal deviation for the 72-h SOFA score of +2 and
age +10 years. For each study patient, a matched control was chosen in a 1:1
fashion. Data for the matched-control patient were collected for as long as
their peer study patient was treated until surgical decompression. The flow
chart (Figure 2) depicts the selection of patients in study IV.

Database search (n = 527)

Not OA treatment

Excluded (n = 234) (n=246)

Matched controls
(n=47)

Study patients

(n=47)

*Not SAP (n = 220), primarily OA in another hospital (n = 3), OA >28 days after hospitalization (n = 7), insufficient
data (n = 2), initial treatment abroad (n = 1), and pancreas transplant pancreatitis (n = 1).
Abbreviation: OA, open abdomen.

Figure 2 Flow chart of study and control patients in study IV.

The information specifically collected for this study included the timing
and type of infections acquired, results from imaging studies, body mass index,
tertiary referral status, scores from various predictive indices, the worst and
best values for physiological parameters (such as IAP, mean arterial pressure,
etc.) at 12-h intervals and laboratory tests at daily intervals preceding OA
treatment (or the same time period for matched controls), endured ACS time
(hours) until OA treatment commenced (or the same time period for matched
controls), intraoperative findings at the index operation, additional surgical
interventions within 9o days, intraoperative findings from any potential
additional surgical interventions, and the timing and method of an abdominal
closure.
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Study group patients were primarily managed with a midline laparotomy
for the surgical decompression of the abdomen. In a majority of cases,
vacuum-assisted wound closure with mesh-mediated fascial traction (2—4
days of gradual approximation) was used to maintain the OA, aiming for a
delayed primary fascial closure. In some cases, a Bogota bag temporary closure
was utilized. Due to an otherwise insufficient number of control patients,
violations of the predetermined matching criteria were made in three cases:
one control patient with a SOFA score of 16 was matched with a study patient
with a SOFA score of 19, and an 11-year age difference between the study and
control group patients were allowed in two cases. A univariate comparison of
study and control group patient characteristics appear in Table 13.

Table 13 Comparison of demographic data at baseline between patient groups for study
V.
OA treatment Matched controls P
(n =47) (n =47)

Median age, in years (IQR) 49 (38-56) 50 (40-60) 0.456
Mean BMI + SD, kg/m2 305 305 0.991
Male sex 42 (89) 41 (87) 1.000
Any comorbidity* 14 (30) 16 (34) 0.825
Alcoholic acute pancreatitis 40 (85) 34 (72) 0.207
Tertiary referral 18 (38) 16 (34) 0.830
ASA >3 32 (68) 25 (53) 0.205
Maximum SOFA <72 h (IQR)t 13 (11-14) 12 (10-15) 0.876
APACHE Il <24 h (IQR)T 23 (17-29) 18 (15-26) 0.056
Time between hospital and ICU admission, 23 (8-33) 28 (12-40) 0.318
in hours (IQR)

Data are presented as the number of patients and percentage in parentheses unless stated otherwise.

*Any heart or pulmonary disease, chronic renal insufficiency, liver chirrhosis, chronic pancreatitis, and/or diabetes.
tFrom ICU admission.

Abbreviations: APACHE I, Acute Physiology and Chronic Health Evaluation Il scoring system; ASA, American
Society of Anesthesiologists physical status classification system; BMI, body mass index; IQR, interquartile range;
OA, open abdomen; SD, standard deviation.

3.2.2 DEFINITIONS

We used a consensus definition of AP, indicated as fulfilling two out of three
of the following criteria: typical clinical upper- GI pain symptoms; an elevated
amylase at least three times the upper margin; and/or signs of acute
pancreatitis upon imaging (most often via CT scan) (Besselink et al., 2013; Isaji
et al., 2015; Leppéaniemi et al., 2019; Tenner et al., 2013).

The grading of AP severity was based on RAC. A failure of the respiratory,
cardiovascular, or renal organ systems indicted OF. Accordingly, in studies I,
IIT, and IV, only patients with persistent OF of at least one of these three organ
systems were included, whereby patients with AP requiring ICU treatment due
to delirium alone were excluded from further analysis. Study II included
patients who underwent an open necrosectomy (patients with moderately
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severe AP and SAP). The definitions for OF and AP severity in studies I-IV are
summarized in Table 14.

Table 14 Definitions of organ failure and acute pancreatitis severity in studies I-IV.
Respiratory Pa02/FiO2 < 300 or
A need for mechanical ventilation
Cardiovascular Systolic blood pressure <90 mmHg and not

responsive to fluid resuscitation or
A need for inotropic medication (catecholamines)

Renal Creatinine >170 ymol/L or
Daily diuresis <500 ml or
A need for renal replacement therapy

Transient organ failure <48 h
Persistent organ failure >48 h
Multiple organ failure Two or three of the abovementioned organ failures

occurring on the same day

Moderately severe acute pancreatitis | Transient organ failure or

Local complications related to acute pancreatitis (see
Chapter 2.7.1)

Severe acute pancreatitis Persistent organ failure

Hypoperfusion was categorized based on consensus. The clinical
presentation includes hypotension (systolic blood pressure <90 mmHg), often
but not always present in association with signs of inadequate tissue perfusion.
Signs of inadequate tissue perfusion can appear in the perifery (as cold, pale,
cyanotic, or mottled skin changes), as a decreased urine output (<0.5
mL/kg/h), and as signs of an altered mental status, as well as other markers of
hypoperfusion, such as a hyperlactatemia (>2 mmol/L) (Cecconi et al., 2014).

Pancreatic or peripancreatic nonenhancement areas on CECT (within the
treatment period or within three months of discharge and follow-up at the
outpatient clinic), or evidence of necrosis during an invasive intervention were
considered evidence of NP. Necrosis extending beyond the vicinity of the
pancreas was regarded as distant necrosis. Widespread necrosis (also referred
to as "complex” in the original publication) consisted of a necrotic collection
spread into the paracolic gutters bilaterally or its spread into the paracolic
gutter and the retromesenteric area. A positive microbiological culture from a
fine-needle aspirate, the first drainage, or necrosectomy procedure
characterized IPN. The time to necrosectomy was determined as the number
of days from symptom onset. DPDS constituted a large intrapancreatic
nonenhancement combined with a viable distal pancreatic remnant alongside
MPD leakage upon imaging (or an MPD discontinuity directly visualized
during surgery) (Sandrasegaran et al., 2007).

IAP measurements were obtained via a bladder foley catheter as follows:
IAP <12 mmHg was defined as normal, IAP >12 mmHg was defined as IAH,
and IAP persistently exceeding 20 mmHg in association with a new OF or a
worsening existing OF was defined as ACS (Kirkpatrick et al.,, 2013).
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Irreversible necrosis (found intraoperatively or upon obduction) of a viscera
was considered ischemia. In an attempt to quantify exposure to ACS (study
IV), we summarized the gross exposure time to ACS for each patient.

In study I, short-term follow-up was defined as 90 days from hospital
admission and long-term follow-up represented the entire follow-up period.
In study II, survival was reported at 9o days, reoperations at 6 months, and
endoscopic interventions at 1 year after the first necrosectomy. In studies I1I
and IV, survival was reported at 9o days from admission to ICU. A separate
analysis of the mortality risk factors between days 8 and 9o after admission
("late death") to ICU was conducted in study III.

3.2.3 STATISTICAL ANALYSES

All statistical analyses were performed using SPSS (IBM Corp., Armonk, NY,
USA), STATA (StataCorp, College Station, TX, USA), and Excel (Microsoft
Corp., Redmond, WA, USA). In all studies, we applied an alpha level set to 5%.

In study I, short-term and long-term survival analyses were conducted
utilizing the Kaplan—Meier analysis. Survival differences were compared using
the log-rank test. Short-term mortality risk factors were evaluated by
performing an univariate analysis of prespecified variables utilizing binary
logistic regression models, calculating the odds ratios (ORs), and 95%
confidence intervals (CIs). Statistically significant variables in the binary
logistic regression models along with clinically important variables were
entered into a multivariable logistic regression model. Proportions were
compared utilizing the Pearson’s chi-square test (or Fisher’s exact two-sided
testifn < 5).

In study II, 90-day survival in patients with WON and ANC were
evaluated by means of the Kaplan—Meier analysis, and survival differences
were compared using the log-rank test. The potential short-term mortality risk
factors following necrosectomy were evaluated by means of an univariate
analysis of prespecified variables utilizing binary logistic regression models,
calculating the ORs and 95% Cls. The Fisher’s exact two-sided test and the
Mann—Whitney U test were used to evaluate differences in proportions and
continuous variables, respectively. For continuous variables, we converted
values to dichotomous variables guided by a receiver operating characteristic
analysis. The pre- and intraoperatively known variables with P < 0.010 in
binary logistic regression models were entered into a multivariable binary
logistic regression model. The variables with statistically significant results
from the multivariable model were further evaluated, testing the effect on
mortality of each combination of these independent risk factors. The risk of
renecrosectomy and reoperations were evaluated by means of an univariate
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analysis of prespecified variables utilizing binary logistic regression models,
calculating the ORs and 95% Cls.

In study III, IPN risk was investigated through an univariate analysis of
prespecified variables utilizing binary logistic regression models, calculating
the ORs and 95% CIs. The Fisher’s exact two-sided test and the Mann—
Whitney U test were performed to compare differences in proportions and
continuous variables, respectively. All variables with P < 0.05 were entered
into a multivariable binary logistic regression model. The Kaplan—Meier
estimates of survival in patients with and without IPN were calculated. Risk
factors of a late death (between day 8 and 9o from ICU admission) were
analyzed through the univariate analysis of prespecified variables utilizing
binary logistic regression models, calculating the ORs and 95% Cls.

In study IV, the risk of allocation to OA treatment was evaluated through
an univariate analysis of prespecified variables utilizing binary logistic
regression models, calculating the ORs and 95% CIs. The Fisher’s exact two-
sided test and the Mann—Whitney U test were performed to compare
differences in proportions and continuous variables, respectively. For
continious variables, we converted the data in dichotomous variables guided
by a receiver operating characteristics analysis. Clinically relevant variables
with a statistical significance in the univariate analysis were entered into a
multivariable logistic regression analysis. The outcomes from the univariate
analysis between OA and conservatively treated patients were evaluated
utilizing the log-rank test, the Fisher’s exact two-sided test, and the Mann—
Whitney U test, as appropriate. The post-hoc univariate analysis of the
available potential risk factors for visceral ischemia in the OA group of patients
was performed using binary logistic regression models, calculating the ORs
and 95% Cls.

64



3.3

RESULTS

The main findings from this thesis project are summarized in Table 15.

Table 15 Main findings from studies I-IV.
Study Results
I Short-term survival 10-year survival estimate
- Overall: 82% - Age <60: 68%
- Age <60: 90% - Age 260: 28%
- Age 260: 55%
Independent short-term mortality risk factors: age Long-term death causes
60-69, age 270, female sex, heart disease, liver - Alcohol-related: 57%
cirrhosis, OA treatment, necrosectomy <4 weeks for
sterile necrosis
1] 90-day mortality after open necrosectomy Postoperative morbidity
- Overall: 23% - Transient organ failure: 14%
- Walled-off necrosis >4 weeks: 11% - Persistent organ failure: 21%
- Reoperation: 48%
Independent mortality risk factors: leukocytosis 223 | - Renecrosectomy: 25%
x 10°, age 260, comorbidities, multiple organ failure, - Pancreaticocutaneous fistula: 39%
prolonged/deteriorating organ failure as the indication
for open necrosectomy, necrosectomy <28 days
<2 risk factors present > mortality: 0%
22 risk factors present > mortality: more than 50%
11l 90-day mortality after ICU admission Morbidity
- IPN: 15% - Longer length of hospital and ICU
- Sterile necrosis: 19% stays in IPN
- Higher ICU readmission rate in IPN
- Higher risk for a necrosectomy
Independent IPN risk factors: postintervention Risk factors for death at days 8=90:
etiology, wider anatomical spread of necrotic related to previous health status and
collection, bacteremia, OA treatment di severity
v 90-day mortality after ICU admission Morbidity
- OA treatment: 43% - More visceral ischemia in OA
- Matched controls: 17% - Necrosectomy more often in OA
- Longer length of stay in OA
Independent OA treatment risk factors: abdominal Delayed primary fascial closure
compartment syndrome, oliguria - Achievable in 97%

Abbreviations:

3.31

Overall short-term (<90-day) survival was 82%. Short-term survival was 90%
in patients under 60 years, 60% in patients aged 60—69 years, and 43% in
patients aged 70 or more (P < 0.001). Independent risk factors for mortality
included both being 60—-69 years of age (OR 5.1) and >70 years age (OR 10.4)
compared with patients younger than 60. The other independent risk factors
were being female (OR 2.0), preexisting comorbidities (heart disease: OR 2.9;
liver chirrhosis: OR 12.3), OA treatment (OR 4.4), and necrosectomy within
four weeks due to a sterile necrosis compared with patients who did not

ICU, intensive care unit; IPN, infected pancreatic necrosis; OA, open abdomen; OF, organ failure.

SURVIVAL AFTER SEVERE ACUTE PANCREATITIS

(STUDY I)

undergo a necrosectomy (OR 14.7).
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The ten-year (long-term) survival estimate was 68% for patients under 60
years of age and 28% for patients over 60. We observed no significant
differences in survival when dividing patients under 60 years into age groups
(<40 years, 40—49 years, and 50—59 years; P = 0.680). AP was listed as the
cause of death for 26% of cases that died later than 9o days from hospital
admission. Alcohol was an immediate or contributing factor for death (e.g.,
alcohol intoxication, alcohol-related trauma, or alcohol-related chronic
disease) in 57% of late deaths. All of these patients experienced AAP, whereas
alcohol-related late deaths did not occur in patients without AAP (P < 0.001).
The pattern from the Kaplan—Meier long-term survival estimates were
different in patients who endured alcoholic SAP compared with etiologies
other than alcohol. An initially better survival for alcoholic SAP was followed
by an increasing mortality risk during the follow-up period, whereas patients
with nonalcoholic SAP experienced a seemingly worse early survival within the
first year of follow-up, followed by a plateau. As an example of this pattern, the
Kaplan—Meier curve for patients under 60 appears in Figure 3. In this age
group, patients with alcoholic SAP were a median of 7 years younger than
patients with etiologies other than alcohol (P = 0.001).

The median length of stay in ICU was 13 (interquartile range [IQR] 6—25)
days and the median length of hospital stay was 25 (IQR 15—45) days. Within
a 90-day follow-up period, 71% were managed nonoperatively, while OA
treatment and open necrosectomy were utilized in 16% and 24% of cases,
respectively.

Patients in group 2 (treatment years 2008—2015) underwent OA treatment
more often (21% vs. 11%, P = 0.003) than patients in group 1 (years 1997—
2007). In group 2, open necrosectomy after 28 days from symptom onset was
more common (39% vs. 18%, P = 0.022), and an open necrosectomy due to a
sterile necrosis was less common (9% vs. 33%, P = 0.003) compared with
patients in group 1 (years 1997—2007). We did not observe a significant
difference in short-term survival between these groups (group 1: 81%, group
2: 84%; P = 0.373).
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Figure 3 Long-term survival among patients under 60 years of age following SAP due to
alcohol misuse or other etiologies. The dotted line indicates the timepoint for the first
year of follow-up.

3.3.2 OUTCOMES AFTER OPEN NECROSECTOMY
(STUDY 1)

The overall 9o-day mortality after an open necrosectomy was 23%. More
specifically, mortality was 56% in patients with ANC upon preoperative
imaging, falling to 16% in patients with WON (P < 0.001). If necrosectomy for
WON could be delayed for 28 days from symptom onset, mortality fell further
to 11%.

Independent preoperative risk factors for mortality included leukocytosis
exceeding 23 x 109 (OR 21.4), age >60 (OR 19.4), any comorbidity (OR 16.9),
MOF at the time of necrosectomy (OR 12.2), prolonged OF or deterioration as
an indication for necrosectomy (OR 10.4), and a necrosectomy within 28 days
(OR 6.5). Any combination of these risk factors resulted in a mortality
exceeding 50% (Table 16). By contrast, around half of all patients (n = 52)
exhibited only one or none of these risk factors, and experienced no mortality.

Within the week following an index open necrosectomy, new transient OF
occurred in 14% and persistent OF in 21% of patients. Preoperatively existing
OFs resolved within two days following an index necrosectomy in five (5%)
patients.

Around half of patients underwent a reoperation and 25% had a
renecrosectomy within six months. Any reoperation was significantly more
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likely if a patient underwent an index necrosectomy within 28 days from
symptom onset (68% vs. 36%, P = 0.003) or in the case of widespread necrosis
(58% vs. 33%, P = 0.012). Within six months of follow-up, 21%, 19%, 18%, and
11% of patients underwent cholecystectomy, bowel resection, pancreatic
resection, and splenectomy, respectively. Among patients with ABP, 60%
underwent a synchronous cholecystectomy during an index necrosectomy
procedure. Among all study patients, 40 (37%) had an intraoperative finding
of DPDS or a preoperative suspicion of DPDS upon CECT. Among these
patients, pancreatic resection was performed due to DPDS in 16 (40%)
patients and 15 (38%) underwent endoscopic pancreatic duct stenting within
1 year following an index necrosectomy. A pancreaticocutaneous fistula
following an open necrosectomy occurred in 39% of patients, and one-fifth of
these patients were treated operatively.

The risk of renecrosectomy increased if the index necrosectomy occurred
within four weeks (OR 3.5), the patient underwent OA treatment at the time
of an index necrosectomy (OR 11.5) or postoperatively (OR 8.1), in the case of
MOF within 24 h before index necrosectomy (OR 7.0), and if the patient had
severe acute pancreatitis by the time of the first necrosectomy (OR 3.1).

In the univariate analysis of postoperative mortality predictors, OA
treatment following necrosectomy (OR 7.6, P < 0.001) and reoperations other
than renecrosectomy (OR 3.2, P = 0.018) (especially reoperations due to
bleeding [OR 12.7, P < 0.001] or enteric fistula/ischemia [OR 4.9, P = 0.003])
associated with an increased mortality. New onset OF postoperatively
(transient or persistent [P = 0.152, P = 0.163]) and renecrosectomies (P =
0.186), however, did not associate with an increased mortality risk.

Table 16 Risk factor combinations and mortality.
Age >60 Comorbidity* | Indication <28 ‘ MOF | WBC ’ None ‘
years dayst >23
Age >60 years 42%
31
Comorbidity* 50% 33%
18 43
Indication 86% 50% 67%
7 6 18
<28 dayst 62% 60% 89% 43%
13 15 9 40
MOF 83% 75% 85% 52% 49%
6 8 13 21 33
WBC >23 100% 80% 89% 7% 69% 63%
6 10 9 13 16 24
None 0% 0% 0% 0% 0% 0% 0%
6 11 2 5 2 2 24

Mortality (bolded) as a percentage and the number of patients (not bolded) for the specific risk factor combination
in question.

*Chronic pancreatitis, diabetes, or any chronic heart, liver, pulmonary, or renal diseases.

tNecrosectomy within 28 days of symptom onset.

Abbreviations: MOF, multiple organ failure; WBC, white blood cell.
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3.3.3 RISK FACTORS OF INFECTED PANCREATIC
NECROSIS (STUDY Ill)

More than half of patients experienced an infection within 9o days. IPN
occurred in 29%, bacteremia in 13%, and pneumonia in 13% of patients at a
median of 4, 16, and 23 days, respectively, following ICU admission. The risk
of IPN was highest during the first week (30%) and decreased by half by the
end of the first month following ICU admission (Figure 4).

1PN risk

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 82 84 86 88 90

163162 160 155 154153 147 141138136130 128 123 115113 111 110 105103102 101 100 99 97 94 92 91 89 88
Time since symptom onset (in days) and patients at risk
—IPN risk (%)

Figure 4 Risk of infected pancreatic necrosis within 90 days of symptom onset among patients
with necrotizing severe acute pancreatitis.

The following variables independently associated with IPN risk:
postintervention etiology (PEP or postoperative nonpancreatic surgery)
compared with patients with AAP (OR 13.5), a wider anatomical spread of
necrotic collection (distant [OR 5.7] and widespread [OR 21.8]) compared
with local necrotic collections, preceding bacteremia (OR 4.8), and preceding
OA treatment (OR 3.6).

In 153 (94%) patients, including all patients with IPN, enteral nutrition was
initiated at a median on the first day (IQR 1-2, range 0—12) following ICU
admission. Patients who did not receive enteral nutrition either died prior to
its initiation (five died on ICU day 0—1 and three on ICU day 2) or recovered
sufficiently early to tolerate oral intake (two patients).

In addition, 90-day mortality was 15% in IPN patients and 19% among
patients without IPN. The Kaplan—Meier survival estimate among patients
with and without IPN showed that the mortality risk inherently differed
between these groups. Thus, patients had to survive the first days or weeks in
order to develop IPN, and this survival bias rendered comparison of survival
between groups inappropriate (data shown in the original study).
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The length of stays in ICU (median : 31 vs. 8 days, P < 0.001) and hospital
(median : 69 vs. 21 days, P < 0.001) were significantly longer in patients with
IPN relative to patients without IPN. ICU readmission risk was 33% in patients
with IPN compared with 1% in patients without IPN (P < 0.001). All patients
with IPN underwent at least one intervention, whereas 15% of patients without
IPN underwent an intervention (P < 0.001). In IPN and sterile necrosis, 91%
and 5%, respectively, underwent an open necrosectomy (P < 0.001).

Statistically significant risk factors for death from day 8 to 9o following ICU
admission are summarized in Table 17.

Table 17 Univariate logistic regression analysis of statistically significant risk factors for
death from day 8 through 90 following intensive care unit admission (n = 152).
Survivors | Nonsurvivors OR (95% ClI) P
(n=134) (n=18)
Any comorbidity* 34 (25) 11 (61) 4.62 (1.7-12.9) | 0.004
ASA =3 63 (47) 16 (89) 9.02 (2.040.8) | <0.001
Hypoperfusion <24 ht 101 (75) 18 (100) NA 0.013
Organ failure <24 ht
cardiovascular 65 (49) 17 (94) 18.1 (2.3-139.5) | <0.001
renal 35 (26) 11 (61) 45(1.6-12.4) | 0.005
multiple 74 (55) 17 (94) 13.8 (1.8—-106.6) | 0.001
APACHE <24 ht 15 (12-20) 23 (21-28) 1.2 (1.1-1.3) <0.001
Highest SOFA <72 ht 8 (5-11) 13 (8-17) 1.4 (1.2-1.6) <0.001
Open abdomen treatment 26 (19) 12 (67) 8.3 (2.9-24.2) | <0.001

Data are presented as the number of patients and percentage in parenthesis unless stated otherwise.

*Any heart or pulmonary disease, chronic renal insufficiency, liver chirrhosis, and/or diabetes.

1TFrom ICU admission.

Abbreviations: APACHE I, Acute Physiology and Chronic Health Evaluation Il Scoring System; ASA, American
Society of Anesthesiologists physical status classification system; SOFA, sequential organ failure assessment
score; NA, not applicable.

3.34 UTILIZATION OF OPEN ABDOMEN (STUDY IV)

We compared 47 patients who underwent OA treatment with an equal number
of matched controls. In doing so, we found that ACS (85% vs. 45%, P < 0.001)
and oliguria (68% vs. 30%, P < 0.001), defined by an urine output <20 ml/h,
occurred more frequently in OA-treated patients than in matched controls. An
indication for surgical decompression of the abdomen was persistent ACS in
85% of patients, and in 15% of patients the abdomen was left open following
an explorative laparotomy. Exposure time to ACS was similar in OA-treated
patients and matched controls (median: 7 vs. 14 h, P = 0.317). Variables
associated with OA treatment in the univariate analysis are summarized in
Table 18. We found that oliguria (OR 5.0) and ACS (OR 4.6) associated with
an increased risk of OA treatment in the multivariable analysis.

Overall mortality within 9o days was 43% among OA-treated patients and

17% in matched controls (P = 0.012). In addition, OA-treated patients
experienced visceral ischemia more often than their matched peers (34% vs.
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6%, P = 0.002), needed necrosectomy more often (55% vs. 21%, P = 0.001),
and endured longer stays in ICU (median : 37 vs. 13 days, P < 0.001) and
hospital in general (median : 73 vs. 30 days, P < 0.001). A post-hoc analysis
identified no clinically meaningful risk factors predictive of visceral ischemia.

Furthermore, delayed primary fascial closure was feasible in 97% of
patients who survived OA treatment. Abdominal wound closure was achieved
within a median 20 days following the initiation of OA treatment; 15% needed
an anterior separation of components, whereas 3% (one patient) required
split-skin grafting for abdominal wound closure due to an enteroathmospheric
fistula and a frozen abdomen.

Table 18 Statistically significant predictors of open abdomen treatment from an univariate
analysis.
OA treatment Matched P

(n=47) controls

(n =47)
MAP, mean + SD, mmHg* 798 85+ 11 0.004
IAP, highest (24 h) + SD, mmHgt 24 +4 21+5 <0.001
IAP, mean + SD, mmHg* 20+3 17+3 <0.001
APP, lowest (24 h) + SD, mmHgt 46+ 9 56 + 13 <0.001
APP, mean + SD, mmHg* 58+ 9 68 + 11 <0.001
Urine output, lowest (24 h) £ SD, ml/ht 19+ 29 41 + 36 <0.001
Urine output, mean + SD, ml/h* 31+ 31 72 + 66 <0.001
Blood leukocyte count, mean + SD, 10%/L 16.0 £ 9.1 11.9+6.1 0.016
Plasma bilirubin, highest (24 h) + SD, umol/Lt 45 + 46 58 + 51 0.041
Plasma lactate, mean + SD, mmol/L* 45+3.9 29+26 0.014
Arterial pH, mean + SD% 7.22+0.14 7.29+0.10 0.016
Serum potassium, mean + SD, mmol/l 53+1.1 4.6+0.9 0.001
Serum sodium, mean = SD, mmol/lf 127 £5 130+ 6 0.008
Cumulative excess fluid balance + SD, mI§ 12 267 + 7374 8616 + 6888 0.020

IAP and APP had one missing value in the OA treatment group.

*Mean of all preceding values.

tMean of the most divergent value within 24 h from a laparostomy (OA group) vs. mean of the most
divergent value during the entire follow-up period (matched controls).

}Mean of the most divergent values within 24 h from ICU admission.

§Between admission and OA treatment (and the corresponding time period for matched controls).
Abbreviations: APP, abdominal perfusion pressure; IAP, intra-abdominal pressure; MAP, mean arterial
pressure; OA, open abdomen; SD, standard deviation.

3.4 DISCUSSION

3.41 SURVIVAL AFTER SEVERE ACUTE PANCREATITIS

(STUDY I)

The management of patients with SAP resulted in good short-term survival if
patients were younger than 60 years of age, albeit at the expense of
considerable morbidity. Consistent with previous studies, an older age,
preexisting comorbidities, and early necrosectomy increased the risk of
mortality (Besselink, van Santvoort, Boermeester, et al., 2009; Frey et al.,
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2007; Halonen et al., 2002; McKay et al., 1999; Rodriguez et al., 2008). In
addition, OA treatment associated with an increased mortality, likely resulting
from a more severe disease itself, corresponding with earlier reports of
patients with SAP treated with OA (Boone et al., 2013; Mentula et al., 2010;
Smit et al., 2016).

Anindependent association between female sex and poorer 9o-day survival
could be established. A similar finding was previously reported in a surgically
treated cohort of patients with NP (Rodriguez et al., 2008). However, three
potential confounders were identified which may have influenced this finding
in the present study. Firstly, AAP occurred less frequently in female than male
patients. Secondly, female patients were significantly older than their male
counterparts. Finally, the number of female patients was quite low (on
average, only five per year).

The present study was not designed to evaluate the management strategy
of patients with NP complications, and thus the reasons why an open
necrosectomy was utilized in each patient remain unclear. However,
necrosectomy in patients with IPN later than 28 days became more common
during the later years of this study. This could reflect the evolving
implementation of updated treatment guidelines from 2013, indicating that
interventions were postponed, and avoided in patients with sterile necrosis
(Besselink et al., 2013).

Despite the encouraging short-term results in this study, long-term
survival estimates remained disappointing even among younger patients. For
instance, the 10-year survival estimates following an incident of SAP were less
than 70% among patients under 40 years of age. Our results regarding long-
term causes of death suggest that ongoing alcohol misuse contributes to a
considerable reduction in life expectancy in patients following alcoholic SAP.
These results mirror other epidemiological findings suggesting that alcohol is
the primary risk factor for death in younger populations, accounting for almost
10% of deaths globally among individuals aged 15—49 (Griswold et al., 2018).
Moreover, a recent Finnish study with a median 10-year follow-up period
among working-aged patients with AP demonstrated that the mortality risk
within the follow-up period increased fivefold among patients with a single
incident of AAP compared with (age- and sex-matched) controls, and that
long-term mortality was alcohol-related in 43% of patients following alcoholic
AP (Karjula et al., 2019). These findings are consistent with the findings
presented here.

The long-term survival pattern observed in the present study warrants
consideration when treating patients with alcoholic SAP. Battling these long-
term risks following an insult of alcoholic SAP could warrant repeat
interventions intended to promote alcohol abstinence, previously associated
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with lower AP recurrence rates (Nordback, Pelli, Lappalainen-Lehto,
Jiarvinen, et al., 2009). It seems logical that any intervention aimed at
decreasing alcohol consumption in the longer term would also improve
outcomes after experiencing alcoholic SAP.

3.4.2 CONTEMPORARY OPEN NECROSECTOMY
RESULTS (STUDY II)

The present study found that mortality risk following open necrosectomy may
be attributable to several independent preoperative risk factors: age >60 years,
previous comorbidities, necrosectomy within 28 days from symptom onset,
MOF, prolonged or deteriorating OF as an indication for necrosectomy, and a
markedly elevated WBC count (>23 x 109). Any combination of these risk
factors resulted in at least a 50% mortality rate, whereas patients with none or
only one of these risk factors experienced no mortality. Open necrosectomy 28
days following symptom onset when necrosis was demarcated (i.e., WON)
resulted in around a 10% mortality rate, whereas more than half of patients
died if they underwent an open necrosectomy before demarcation occurred.
Despite these overall encouraging results regarding mortality, patients who
underwent an open necrosectomy experienced significant morbidity. Almost
half of the study patients underwent an additional operation, one-quarter
requiring further necrosectomy and around 40% developing a
pancreaticocutaneous fistula.

Mortality following an open necrosectomy in the present study is
comparable to recently published results (Babu et al., 2010; Gomatos et al.,
2016; Madenci et al., 2014; van Santvoort et al., 2010). In line with earlier
studies, risk factors for mortality, such as age, early necrosectomy, and MOF,
were also recognized as independent risk factors in the study reported here
(Connor et al., 2005; de Waele et al., 2004; Gomatos et al., 2016; Madenci et
al., 2014; Mofidi et al,, 2007; Raraty et al., 2010). Specifically, this
investigation revealed that the indication for open necrosectomy
independently associates with mortality risk, which has not been extensively
reported. In fact, in a previous cohort of 27 patients treated with an open
necrosectomy based on a step-up algorithm, mortality reached 33% (4/12) if
ongoing sepsis or a failure to thrive indicated the necrosectomy, and reached
50% (3/6) if the indication was a worsening sepsis. However, the authors did
not include an indication for an open necrosectomy in their mortality risk
factor analysis (Babu et al., 2013). Thus, the present study indicates that
patients who underwent an open necrosectomy following a failure to thrive or
deteriorating OFs experienced an increased mortality. In addition, WBC was
previously associated with a more severe AP disease course, which
corresponds with our findings (al Mofleh, 2008; de Campos et al., 2008; Kaya
et al., 2007).
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To our knowledge, our study is the first to demonstrate that combining
these preoperative risk factors can be used to evaluate likely outcomes
following an open necrosectomy in terms of mortality. Most combinations that
involved a persistent or deteriorating OF as an indication for necrosectomy,
age >60 years, MOF, and WBC count exceeding 23 x 109 /I resulted in 80—
100% mortality. This mortality is exceptionally high, since, for instance,
mortality in ICU-treated patients with acute respiratory distress syndrome
ranges from 35—46% and renal replacement therapy for acute kidney injury
from 47—60% (Bellani et al., 2016; Schiffl, 2006; Uchino et al., 2005). The only
risk factors that can be manipulated are the timing and indication for an open
necrosectomy. Among patients not clinically improving from OFs, it might be
possible to downstage or delay the initiation of invasive procedures, which
could potentially improve survival. Whether patients treated with an open
necrosectomy for these indications would experience a better outcome after a
minimally invasive necrosectomy, however, remains unknown. Yet, it seems
that among patients deteriorating despite maximal supportive therapy, relying
on minimally invasive treatment strategies may carry risks associated with
delaying and/or misdiagnosing other complications related to severe NP.
Certain complications, such as visceral perforations and ischemia, may be
treatable during open surgery, thereby altering the outcome.

Study patients suffered from significant morbidity in terms of the need for
repeat procedures. For instance, one-half needed an additional procedure
within 90 days and one-quarter needed a renecrosectomy, findings which are
also comparable to previous investigations (Babu et al., 2010; van Santvoort
et al., 2010). They also endured complications, such as pancreaticocutaneous
fistulae and required a prolonged hospitalization. The reported rate of
pancreaticocutaneous fistulae of around 40% resembles previously published
results following open and minimally invasive extraluminal methods (Bang et
al., 2019; van Brunschot, van Grinsven, et al., 2018; van Santvoort et al., 2010).

The risk of repeated interventions was highest among patients who
experienced a more severe disease, ongoing OA at the time of the index
necrosectomy, an OA following necrosectomy, and when the necrosectomy
was performed within 28 days of symptom onset. By contrast, although most
patients experienced anatomically widely distributed necrosis, three-quarters
did not require an additional necrosectomy. Because open necrosectomy
provides the most comprehensive debridement during a single treatment
session, some previous studies have advocated for its use in specific patients
with extensive necrotic collections (van Brunschot, Hollemans, et al., 2018).
However, minimally invasive necrosectomy might facilitate the need for a
repeat and a combination of procedures (van Brunschot et al., 2013; van
Brunschot, Fockens, et al., 2014; van Brunschot, van Grinsven, et al., 2018).
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Based on the results from this study and clinical experiences, several
situations occurred during which an open necrosectomy might have been a
feasible debridement option. These included cases such as ongoing OA
treatment in case of a simultaneous need for the treatment of DPDS (or other
procedures such as cholecystectomy), in cases involving a wide anatomical
spread of the necrotic collection, in cases involving a suspected or
acknowledged other simultaneous complications requiring open surgery (e.g.,
colonic necrosis, persistent bleeding despite endovascular treatment), and in
cases involving inadequate experience in providing minimally invasive
necrosectomy techniques.

3.4.3 INFECTED PANCREATIC NECROSIS RISKS AND
CONSEQUENCES (STUDY lit)

Most patients with necrotizing SAP suffer from some type of infection within
90 days from ICU admission. Bacteremia and pneumonia generally occur
earlier than IPN. The reported 29% occurrence of IPN we found is comparable
to previous reports (Petrov et al., 2010). Higher rates have been reported
primarily in cohorts among patients receiving parenteral nutrition (Garcia-
Barrasa et al.,, 2009; le Mée et al., 2001), while lower occurrences were
reported primarily in cohorts experiencing milder AP (Dellinger et al., 2007;
Gloor et al., 2001; Isenmann et al., 2004). In this study, TEN was included as
aroutine treatment for all patients. Only patients who died before its initiation
or when patients improved and tolerated oral intake early did not receive
enteral nutrition. Thus, the impact of enteral nutrition on IPN risk was not
evaluated.

As previously shown, IPN generally occurs a few weeks after symptom
onset (Besselink, van Santvoort, Boermeester, et al., 2009). The current study
indicates that more than half of patients develop IPN in the four weeks from
disease onset, primarily during the third and fourth weeks, which corresponds
with previous studies (Petrov et al., 2011). Here, we observed a sharp decrease
in IPN risk following the first month of treatment (Figure 4). It is worth
emphasizing that most patients are diagnosed with IPN during the time period
during which contemporary guidelines recommend postponing interventions
when clinically possible (Besselink et al., 2013; Leppaniemi et al., 2019). Thus,
interventions may become necessary before 28 days from disease onset in
deteriorating patients with verified or suspected IPN.

A wider anatomical spread of necrotic collections, a postintervention
etiology of pancreatitis, preceding bacteremia, and preceding OA treatment all
independently predicted evolving IPN. Consistent with our findings, an
extrapancreatic necrosis volume in AP, the number of necrotic collections in
SAP, and bacteremia have previously been associated with an increased risk of
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IPN (Besselink, van Santvoort, Boermeester, et al., 2009; Cakar et al., 2020;
Ding et al., 2019; Meyrignac et al., 2015; Pamies-Guilabert et al., 2020).

Interestingly, no previous studies mentioned an increased risk of IPN in
SAP patients with a postintervention etiology compared with alcoholic SAP.
Previous reports found that PEP seldom develops into SAP (<1%) (Kochar et
al., 2015). Notably, our results indicated that bacterial infection often
accompanies postintervention SAP. This suggests that bacterial infection
might propel disease progression in these patients. The association between a
preceding surgical decompression of the abdomen in SAP and the
development of IPN was not previously reported. Based on IPN developmental
theory, it makes sense that early worsening OFs in conjunction with a critically
elevated TAP would result in an increased infectious susceptibility due to poor
visceral perfusion and a dysfunctioning gut barrier.

Patients with IPN experienced significantly more morbidity in relation to
a longer length of stay and as the need for invasive interventions increased
compared with patients without IPN. All patients with IPN needed some type
of invasive procedure. This finding differs from previously reported studies,
which found that 5—-50% of patients were treated conservatively for a suspicion
of or verified IPN (Boxhoorn et al., 2021; Jain et al., 2020; Larifio-Noia et al.,
2021; Lee et al., 2007; Runzi et al., 2005; van Santvoort et al., 2011; Zerem et
al., 2011).

Due to the inherent survival bias related to patients with and without IPN,
a comparison of mortality was considered inappropriate here. This bias
resulted from the inclusion of patients who experienced early mortality due to
MOF in the non-IPN group, whereas developing IPN generally required
survival through this first stage of disease. Thus, although survival was
comparable at the 9o-day timepoint, the Kaplan—Meier analysis showed
differing survival patterns. A large prospective register study presented similar
findings whereby an increased mortality was not related to IPN (compared
with sterile necrosis) when adjusting for existing OFs (Sternby et al., 2019).

3.4.4 UTILIZATION OF OPEN ABDOMEN AND ISCHEMIA
(STUDY IV)

The present investigation revealed that the development of oliguria and ACS
predicts the use of OA treatment in patients with SAP. Patients treated with
OA experienced considerable morbidity and exhibited an increased mortality.
Specifically, ischemic complications of intra-abdominal viscera commonly
affect these patients, most often with devastating outcomes. Unfortunately, we
could not identify which variables accurately predict the development of
ischemic changes, posing a major clinical problem. Among patients surviving
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OA treatment, an abdominal closure is generally achieved when a gradual
closure approach with dynamic traction systems is utilized.

The timing and indication of OA treatment in patients with SAP remain
controversial, posing challenges to clinical practice. The decision to
decompress the abdomen always includes a level of uncertainty since the exact
timepoint for when a new or worsening OF in conjunction with an elevated
IAP justifies inaction remains unspecified. One problem lies in the fact that
most patients with SAP suffer from an elevated IAP and as many as half have
ACS, as we observed and as many others have as well (Al-Bahrani et al., 2008;
Bhandari et al., 2013; Chen et al., 2008; Dambrauskas et al., 2009; Davis et
al., 2013; de Waele et al., 2005; Keskinen et al., 2007; Kurdia et al., 2020; Smit
et al., 2016). None of the available studies, however, provide an answer to the
question, “What amount of storminess is acceptable before the abdomen
should be opened?” Circumstantial evidence suggests benefits can be gained
from early OA treatment for ACS in SAP, although no randomized controlled
trials have been conducted (Mentula et al., 2010). The present study attempted
to provide additional information to answer this question through the gross
measurement of ACS time. However, we observed no group differences.

In experimental animal models of SAP, the reversibility of urine output
extends to the point of oliguria, whereafter abdominal decompression no
longer exerts reversible effects on urine output (Ke et al., 2013). This finding
supports current practices implemented during the study period. A meta-
analysis of OA-treated patients with mixed etiologies suggests that respiratory
and renal improvements follow abdominal decompression (van Damme & de
Waele, 2018). By contrast, the present study found that half of conservatively
treated patients experienced ACS, one-third of whom were oliguric during the
study period. In addition, patient survivial among the control group was
significantly better compared with patients who underwent laparostomy.

The observed rate of 30% irreversible ischemic complications among
patients with OA treatment primarily due to ACS is lower than previous
reports. Ischemia was observed in 60% of 13 SAP patients who underwent
surgical decompression for ACS (Smit et al., 2016). In mixed-etiology patients
undergoing OA treatment, mortality related to ischemic complications was
15% (van Damme & de Waele, 2018). A mortality rate of 43% following OA
treatment in our study was comparable to previous reports among adult ACS
patients with different etiologies (50%) and among patients with ACS in SAP
(60%) (Smit et al., 2016; van Damme & de Waele, 2018). Additionally, two-
thirds of patients with ischemia died in our study, which is lower than rates
reported from an earlier study with an 82% mortality rate following ischemia
in SAP (Smit et al., 2016).
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Our study confirmed that the diagnosis of ischemia in patients with SAP is
extremely difficult. We were, unfortunately, unable to find clinically relevant
physiological or biochemical parameters which can predict ischemic events.
The clinical dilemma is that IAH and ACS commonly occur in SAP, persistent
OF is a characteristic of SAP, and these generally occur within the first few
days of disease onset. Similarly, irreversible ACS in SAP occurs within the first
few days following disease onset, sometimes developing within hours.
Therefore, distinguishing an abnormal early course of disease in SAP
warranting OA treatment becomes quite difficult. Thus, the clinicians treating
patients in our study performed well despite this diagnostic difficulty, since
they were able to decompress most patients experiencing ischemia. Only 16%
(3/19) of patients with ischemia were treated in the control group. It remains
unknown whether an earlier laparostomy could have revered some ischemic
events.

3.4.5 STRENGTHS AND LIMITATIONS

The strength of this thesis is that it consisted primarily of patients with SAP
and only 30% of patients exhibited moderately severe AP in one of the four
studies (study II). Another strength lies in the relatively large sample sizes for
each study. Moreover, this thesis included consecutively treated patients
applying relatively few, albeit warranted, exclusion criteria. Therefore, this
thesis depicts well the current state of management of these patients.
Predefined variable and statistical analyses, as well as adherence to the
STROBE statement checklist, also represent strengths of the research
summarized in this thesis. Reporting results from an academic teratiary
center, with largely round-the-clock possibilities for the multidisciplinary
contemporary management of SAP complications, should also be considered
an additional strength to this study. Furthermore, despite being based on
experience from a single institution, this research relied on a large catchment
population extending to more than 1.5 million people.

The specific strengths of study I are that it represents the largest cohort of
patients with long-term follow-up results following SAP, and included late
causes of death. A specific strength of study II is that the number of open
necrosectomy procedures did not increase during the study period. This
depicts a constrained, highly conservative treatment approach during a
relatively long time frame, as recommended by contemporary guidelines. A
specific strength of study III is that infectious disease specialists were both
involved in the actual management of patients with necrotizing SAP as well as
a part of the actual study group, resulting in more reliable diagnoses of
infectious complications. The strength of study IV is that it is one of the few
attempts to study the topic of surgical decompression of ACS in SAP
attempting to adjust for baseline confounders.
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The primary limitation of this thesis is its retrospective nature. Thus,
patients were investigated as treated and data were retrieved as reported,
which possibly introduces selection and reporting biases in each study.
Furthermore, the patient cohorts studied and their management might have
changed during the study years. However, such changes remain speculative
since the researchers were unaware of such changes. Furthermore, variables
related to organ-specific supportive treatments in the ICU were not collected.
Thus, the presence and effect of possible management changes could not be
evaluated, representing another limitation to these studies. All individual
studies are susceptible to confounding factors, such as different criteria for the
allocation of patients to ICU treatment, along with any other management-
related differences, since treatments were not standardized to a particular
protocol specifically for the purposes of the study. Although each cohort of
consecutive patients was quite large within the context of the specific studies,
the absolute number of some events was quite low, depicted by the wide
confidence intervals in some of the analyses. This might increase the effect
attributed to random events. Although long-term follow-up data regarding
mortality and cause of death were gathered for study I, no other long-term
variables (such as pancreatic insufficiencies, chronic pain, recurring attacks of
AP, incisional hernia, and quality of life) were evaluated in any of the studies,
representing a limitation. In addition, the use of monocentric tertiary data
limits their application in different instances and populations.

More specifically, a limitation of study I lies in the lack of a reference group
consisting of age-, health-, and sex-matched patients for long-time survival.
One limitation to both studies I and II is that the severity of organ dysfunctions
was not continuously evaluated through the objective grouping of items, such
as the SOFA or APACHE II scoring systems. In addition, one limitation related
to study II is that patients potentially treated through minimally invasive
techniques or with drainage alone were not included as a reference.
Nevertheless, open necrosectomy served as the primary method of
debridement during the study period at the institution in question. Another
limitation of study II was that standardized multidisciplinary meetings were
not implemented. The use of prophylactic antibiotics in study III is a
limitation, since contemporary guidelines do not recommend such practices.
Fortunately, the duration of administration of prophylactic antibiotics
remained short-lived. Finally, the primary limitation of study IV is that,
although we attempted to match patients based on baseline characteristics,
patients in the study group were still more severely ill at baseline. As such, a
larger number of control group patients (i.e., matching 1:2) may have
decreased the potential bias introduced by variability. This would also have
increased the chances of detecting baseline group differences and true effects.
However, control group patients in study IV included the most severe cases
with SAP not subjected to OA treatment at our institution, and a larger control
group would have required a multicenter study population.
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3.4.6 FUTURE PROSPECTS

Although several improvements to treatment for patients with SAP have
emerged in recent decades, many obstacles remain for these patients. It seems
that late mortality in SAP could be eliminated in the future following an
increased undertanding of SAP patient complications and treatment. The
expanding potential of minimally invasive treatment for complicated necrosis
might further increase the use of such techniques, potentially decreasing the
risk of worsening OF, pancreaticocutaneous fistulas, and pancreatic
insufficiencies. However, an open necrosectomy will most likely remain
necessary as a salvage technique and as treatment of simultaneously occurring
complications of NP, such as intestinal perforation or ischemia, and in
unstable patients who require urgent interventions. Whether its use will
extend to specific subgroups of patients, such as those with widespread
necrotic collections, is unclear at present. In summary, the future of patients
with complicated necrosis seems to involve an even more personalized
approach to each patient’s problems. Thus, improving treatment results for
late complications could include an increased centralization of
multidisciplinary team decision-making for these difficult-to-treat patients.

Despite the advancements in treatment described here, many challenges
have yet to be addresed. The early detection and treatment of incipient OF
could result in even further improvements to outcomes. Clinicians and other
personel who treat patients with AP need additional tools for the early and
accurate identification of patients requring more rigorous monitoring and
supportive treatment. Furthemore, patients with evolving SAP present
irrespective of the hour and often at an initial delay. Any tool which improves
the screening of incipient OFs, finetunes maintaining the management of
organ function, or decreases treatment-related adverse events (such as fluid
overload) might improve outcomes, since most deaths in SAP associate with
the early occurrence of MOF. Furthermore, based on the current study’s
results, clinicians need to shift their perspective to extend beyond the initial
hospitalization period, since any succesful preventive intervention targeted
towards abstaining from alcohol following alcoholic SAP could result in better
long-term outcomes among these patients.

Finally, as is the case with this thesis, the bulk of the existing literature is
densely packed with retrospective research projects and precious few
prospective studies. Since SAP is uncommon, the efficient coordination of
multicenter prospective research projects represents the primary means for
solving the many riddles related to the treatment of this fascinating disease.
This includes the question of the correct allocation of decompression for ACS
in SAP.
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CONCLUSIONS

Short-term survival following SAP reaches 90% in patients under 60
years of age, falling to 55% among patients over 60. Age, preexisting
comorbidities, an early open necrosectomy for sterile necrosis, OA
treatment, and being female all serve as independent short-term
mortality risk factors.

Long-term survival following SAP is poor even among young patients
due to alcohol misuse.

Mortality is around 10% when an open necrosectomy is performed for
WON four weeks following symptom onset. The absence of multiple
preoperative mortality risk factors results in virtually no mortality.
Following an open necrosectomy, a new persistent OF occurs in 21% of
cases, pancreaticocutaneous fistula in 39% of cases, and around half of
patients need a reoperation.

A wider spread of necrotic collections, a postintervention etiology,
bacteremia, and OA treatment all represent independent risk factors for
IPN among patients with necrotizing SAP. The length of stay and the
risk of readmission to ICU increase following a pancreatic necrosis
infection.

ACS and oliguria independently increase the risk of OA treatment in
SAP. Overall mortality is 43% following OA treatment. Visceral
ischemia occurs in one-third of patients treated with OA, with an
accompanying mortality reaching two-thirds among such patients.
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