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Gastroenterologija je eno izmed podrocij medicine,
na katerih se nova spoznanja posebej hitro prepletajo
z vsakodnevno klini¢no prakso. Bolezni prebavil,
jeter in trebusne slinavke vse pogosteje obravna-
vamo v tesnem sodelovanju z abdominalnimi
kirurgi, onkologi, radiologi in drugimi specialisti.
Prav interdisciplinarnost in usmerjenost k posa-
meznemu bolniku povezujeta prispevke tokratne
stevilke nase revije.

Pomemben del sodobne obravnave bolezni jeter
predstavljajo minimalno invazivni kirurski posegi.
Raziskava o laparoskopski resekciji benignih jetr-
nih tumorjev prikazuje izkusnje terciarnega centra
in opozarja, da lahko poseg pri skrbno izbranih
simptomatskih bolnikih pomembno izboljsa kako-
vost zivljenja. Izboljsanje simptomov po operaciji
so ugotovili pri priblizno dveh tretjinah simptomat-
skih bolnikov. Ob tem velja poudariti, da vecina
benignih jetrnih sprememb kirurskega zdravljenja
ne potrebuje; klju¢na je zato pravilna indikacija.

Izvirna raziskava o akutnem pankreatitisu v ¢asu
pandemije covida-19 osvetljuje, kako lahko izredne
zdravstvene razmere vplivajo na znacilnosti obrav-
navanih bolnikov. V pandemi¢nem obdobju so
avtorji ugotovili vecji delez biliarnega pankreatitisa
in vi§je vrednosti pankreati¢nih encimov, ne pa
pomembnih razlik v bolnisniéni umrljivosti ali tra-
janju hospitalizacije. Z neugodnim izidom so bili
pomembno povezani predvsem zapleti. Ugotovitve
so dragocene tudi za razmislek o organizaciji

oskrbe ob prihodnjih zdravstvenih krizah.

V ospredje raziskovalnega zanimanja vse izraziteje
stopa crevesna mikrobiota. Pregledni prispevek o
njeni vlogi pri nastanku in zdravljenju raka debelega
crevesa in danke prikazuje zapletene povezave med
mikroorganizmi, imunskim odzivom in tumorskim
mikrookoljem. Opozarja tudi, da lahko kirursko in
multimodalno onkolosko zdravljenje spreminjata
sestavo mikrobiote, kar bi lahko vplivalo na zaplete

in dolgorocne izide. Ceprav se odpirajo nove moz

nosti preprecevanja in zdravljenja, je treba njihovo
kliniéno uporabnost Se natancneje opredeliti.

Sodobne moznosti zdravljenja peritonealnih meta-
staz obravnava prispevek o citoreduktivni kirurgiji
in hipertermicni intraperitonealni kemoterapiji.
Pri ustrezno izbranih bolnikih je mogoce doseci
dolgotrajno prezivetje, vendar koristi niso enake
pri vseh vrstah malignomov. Za uspeh so odlocilni
obseg bolezni, moznost popolne citoredukcije in
izkusenost multidisciplinarnega tima. Zahtevnost
postopkov zato poudarja pomen obravnave v spe-

cializiranih centrih.

Interdisciplinarno razseznost gastroenterologije
nazorno ponazarja tudi pregled gastrointestinalnih,
presnovnih in prehranskih zapletov po urinarnih
crevesnih preusmeritvah. Kroni¢na presnovna aci-
doza, malabsorpcija, driska, prehranska pomanjka-
nja in bakterijska razrast lahko bolnike spremljajo
Se dolgo po operaciji. Pravocasno prepoznavanje teh
tezav zahteva strukturirano dolgoro¢no spremljanje
ter sodelovanje urologov, abdominaln ih kirurgov,

gastroenterologov in drugih strokovnjakov.

Varnost zdravljenja se ne konca pri predpisanih
zdravilih. Prispevek o nutrivigilanci in primeru
akutne jetrne okvare ob uporabi pripravka z indij-
sko melijo nas opominja, da tudi prehranska dopol-
nila rastlinskega izvora niso nujno neskodljiva. Pri
nepojasnjeni jetrni okvari je zato pomembno siste-
mati¢no povprasati po prehranskih dopolnilih in
pripravkih za samozdravljenje ter porocati o dom-
nevnih nezelenih uéinkih.

Pomembno diagnosti¢no vprasanje odpira pregled
neposrednih bioloskih oznacevalcev uzivanja alko-
hola. Etanol v krvi omogoca ugotavljanje zelo nedavne
izpostavljenosti, etilglukuronid (EtG) je uporaben za
spremljanje nedavnega uzivanja, fosfatidiletanol
(PEth) pa omogoca vpogled v daljse ¢asovno obdobje.
Oznacevalci se zato dopolnjujejo; njihova pravilna

interpretacija je posebej pomembna pri obravnavi
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bolezni jeter, zdravljenju mot-
nje zaradi uzivanja alkohola in
pri presoji pred presaditvijo
jeter.

Klini¢ni primer sindroma
utesnitve sprednjega koznega
zivea trebusne stene (ACNES)
pa nas vraca k temeljem klini-
¢ne medicine. Kroni¢na bole-
¢ina v trebuhu ne izvira vedno
iz notranjih organov. Skrbna
anamneza, usmerjen kliniéni
pregled in Sirse diferencialno-
diagnosti¢no razmisljanje lahko
preprecijo nepotrebne preiskave
ter omogocijo pravocasno in

ustrezno zdravljenje.

Prispevki tokratne Stevilke
kazejo Sirino gastroenterologije
— od kirurskih inovacij in onko-
loskega zdravljenja do mikro-
biote, presnovnih zapletov,
varnosti prehranskih dopolnil
in diagnosti¢nih dilem. Pove-
zuje jih spoznanje, da kakovo-
stna medicina ne temelji le na
novih tehnologijah, temvec
tudi na kritiéni presoji, sodelo-
vanju razlicnih strok in pozor-
nosti do bolnika. Vsem avtorjem
se zahvaljujem za njihove pri-
spevke, bralcem pa zelim pri-
jetno in strokovno spodbudno
branje.

Prof. dr. Borut Stabuc, dr. med.
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Does laparoscopic liver resection relieve
symptoms in patients with benign liver tumors?

Ali laparoskopska resekcija jeter ublazi simptome
pri bolnikih z benignimi tumorji jeter?

Lucija Iskra’, Alex Forstnaric', Spela Turk?, Irena Plahuta' 2, Tomislav Magdalenié2, Stojan Potré!- 2,

Arpad Ivanecz* 1,2

- prva avtorja sta prispevala enakovredno (both authors equally contributed).
1 University of Maribor, Faculty of Medicine, Taborska ulica 8, 2000 Maribor
2 Clinical Department of Abdominal and General Surgery, University Medical Center Maribor,

Ljubljanska ulica 5, 2000 Maribor.

Slovenian Journal of Gastroenterology / Gastroenterolog 2026; 2: 5-12

Keywords: laparoscopy; liver resection; symptom relief;
hemangioma; focal nodular hyperplasia; hepatocellular
adenoma.

ABSTRACT

Background: Modern imaging increasingly
detects benign liver tumours. Most are managed
conservatively, but surgery may be indicated for
symptoms, tumour growth, diagnostic uncertainty,

or tumour-related risk.

Aim: To evaluate symptom relief and perioperative
outcomes after laparoscopic liver resection for benign

liver tumours in a single-centre cohort.

Materials and Methods: We retrospectively analy-
sed patients who underwent laparoscopic liver resec-
tion for benign lesions at University Medical Centre
Maribor between April 2008 and August 2025. We
included the patients with histologically confirmed
hemangioma, hepatocellular adenoma, or focal

Kljuéne besede: laparoskopija; resekcija jeter; zmanjSanje
simptomov; hemangiom; fokalna nodularna hiperplazija;
hepatocelularni adenom.

IZVLECEK

Izhodisc¢e: Benigne tumorje jeter zaradi sodobnih
slikovnih preiskav odkrivamo vse pogosteje. Vecino
zdravimo konzervativno, pri izbranih bolnikih pa je
resekeija indicirana zaradi simptomov, rasti tumorja,
diagnosticne negotovosti ali tveganj, povezanih s

tumorjem.

Namen: Oceniti zmanjsanje simptomov ter periope-
rativne izide po laparoskopski resekciji jeter zaradi
benignih tumorjev.

Materiali in metode: Retrospektivno smo analizirali
bolnike, pri katerih je bila med aprilom 2008 in
avgustom 2025 v Univerzitetnem klinicnem centru
Maribor opravljena laparoskopska resekcija jeter
zaradi benignih tumorjev. Vkljuceni so bili bolniki s

* Assoc. Prof. Arpad Ivanecz, MD, specialist in general surgery
Clinical Department of Abdominal and General Surgery, University Medical Center Maribor, Ljubljanska ulica 5, 2000 Maribor

Ermail: arpad.ivanecz@uke-mb.si

Received: 23/07/2026; Review: 05/08/2026; Accepted for publication: 25/09/2026 SLOJ GASTROENTEROL. / GASTROENTEROLOG 5
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nodular hyperplasia. We collected preoperative,
perioperative, postoperative, and follow-up data.

We assessed symptom relief 12 months after surgery.

Results: We included 19 patients: five with hepato-
cellular adenoma, eight with hemangioma, and six
with focal nodular hyperplasia. The main indication
was symptoms in 12 patients (63.2%), followed by
diagnostic uncertainty in four (21.1%) and tumour
growth in three (15.8%). Median tumour diameter
was 5.5 cm, operative time was 120 minutes, blood
loss was 20 mlL, and hospital stay was 4 days. No
intraoperative complications occurred. One posto-
perative complication with Clavien-Dindo grade 1
was recorded (5.3%). Symptoms improved in 8 of
the 12 symptomatic patients (66.7%), indicating a
statistically significant postoperative improvement

(p = 0.008).

Conclusions: Laparoscopic liver resection was safe
and provided symptom relief in most symptomatic
patients with benign liver tumours.

histolosko potrjenim hemangiomom, hepatocelular-
nim adenomom ali fokalno nodularno hiperplazijo.
Zbrali smo perioperativne podatke in podatke kon-
trolnih pregledov. Zmanjsanje simptomov smo oce-
nili 12 mesecev po operaciji.

Rezultati: Vkljucenih je bilo 19 bolnikov: pet s
hepatocelularnim adenomom, osem s hemangiomom
in Sest s fokalno nodularno hiperplazijo. Najpogo-
stejsa indikacija za resekcijo so bili simptomi pri 12
bolnikih (63,2 %), sledili sta diagnosti¢na negotovost
pri stirih (21,1 %) in rast tumorja pri treh (15,8 %).
Mediana premera tumorja je bila 5,5 cm, trajanja
operacije 120 minut, izgube krvi 20 mL in hospita-
lizacije 4 dni. Intraoperativnih zapletov, preklopov
v odprto metodo, poskodb okolnih struktur,
transfuzij ali smrtnosti ni bilo. Zabelezen je bil en
pooperacijski zaplet stopnje I po klasifikaciji Cla-
vien-Dindo (5,3 %). Zmanjsanje simptomov je bilo
dosezeno pri 8 od 12 simptomatskih bolnikov

(66,7 %) in je bilo statisticno znacilno (p = 0,008).

Zakljucki: Laparoskopska resekcija jeter je varna
metoda in pri dveh tretjinah simptomatskih bolni-
kov z benignimi tumorji jeter prispeva k ublazitvi

simptomov.

INTRODUCTION

Benign liver tumours are increasingly detected
because of the widespread use and improved quality
of modern imaging. Hemangioma, focal nodular
hyperplasia (FNH), and hepatocellular adenoma
(HCA) represent the most common benign solid
liver lesions (1, 2). Many of these lesions are dis-
covered incidentally during abdominal imaging
performed for unrelated reasons, particularly in
middle-aged women (3, 4). Hemangiomas are repor-
ted 2-6 times more frequently, FNH eight times
more frequently, and HCA up to ten times more
frequently in women than in men (5).

Advances in diagnostic imaging, particularly magne-
tic resonance imaging with hepatobiliary contrast
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agents, have improved the characterisation of benign
liver lesions. Nevertheless, reliable differentiation
between HCA, FNH, and well-differentiated hepato-
cellular carcinoma can still be difficult in selected
cases. When malignancy cannot be confidently exc-
luded, diagnostic uncertainty may therefore become
an indication for surgical resection (2, 3).

Although most benign liver tumours remain asympto-
matic, some patients report abdominal pain, pressure,
discomfort, or fullness, especially when lesions are
large or located close to surrounding structures (6).

The management of benign liver tumours remains
individualized. It depends on tumour type, size,
growth pattern, symptoms, and the risk of complica-
tions (3, 4, 7) FNH and haemangiomas usually carry
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no significant risk of malignant transformation. They
are therefore managed conservatively in most cases.
In contrast, HCA, particularly those larger than 5 cm,
may be associated with haemorrhage or malignant
transformation, and resection is commonly recom-
mended when these risks are clinically relevant. For
patients with smaller lesions or lesions without clear
malignant potential, the indication for surgery is less
well defined. Symptoms and their effect on quality of
life often influence the decision (4., 6, 8).

A major challenge in clinical decision-making is
determining whether non-specific abdominal symp-
toms are truly attributable to the liver lesion. This
uncertainty must be balanced against the risks of
surgery, even though liver resection is considered
safe in experienced centres and is associated with
low mortality and acceptable morbidity (2-4). The
role of resection for benign disease still requires

careful patient selection.

This study aimed to evaluate perioperative and
postoperative outcomes after laparoscopic liver
resection for benign liver tumours, with particular

focus on symptom relief.
Materials and Methods

We retrospectively maintained database of patients
who underwent liver resection at University Medical
Centre Maribor between April 2008 and August 2025.
Patients were eligible for inclusion if they underwent
laparoscopic liver resection for a benign liver lesion,
namely liver haemangioma, HCA, or FNH, confirmed
by the final histopathological diagnosis.

At the time of surgery, all patients consented to the
use of anonymised data for research purposes. Medi-
cal records were anonymised before analysis. Because
of the retrospective design, the local Ethics Commit-
tee waived the requirement for formal approval.

For each eligible patient we extracted, demographic,
perioperative, and follow-up data from the database.
We analysed the data for the entire cohort and

separately by final histopathological diagnosis: HCA,

haemangioma, or FNH.

Preoperative variables included sex, age, body mass
index, American Society of Anaesthesiologists (ASA)
score, liver steatosis, tumour diameter, Southamp-
ton difficulty score (9), and Iwate score (10). The
indication for surgery was classified as diagnostic
uncertainty, tumour growth, or symptoms. Perio-
perative variables included the type and extent of
liver resection. We first classified resections as ana-
tomical or non-anatomical based on whether they
followed segmental liver anatomy (11).

The non-anatomical resections were recorded as
atypical resections. We defined anatomically major
resections as resections of three or more adjacent
liver segments, whereas minor resections included
segmentectomies and sectionectomies involving
fewer than three adjacent segments (11). Techni-
cally major resections were analysed separately and
referred to resections that are anatomically minor
but technically demanding because they involve
posterosuperior liver segments 1, 4a, 7, or 8, which

are difficult to access laparoscopically (12, 13).

Intraoperative complications were defined accor-
ding to Halls et al. and included blood loss excee-
ding 775 mL, unintentional injury to surrounding
structures, or conversion to an open approach (9).
Other variables were operative time, blood loss,
use and duration of hepatic pedicle clamping, and
blood transfusion requirement.

Postoperative and follow-up outcomes included
postoperative morbidity, mortality, length of hospi-
tal stay, and self-reported symptom relief after sur-
gery. Postoperative morbidity was defined as any
postoperative complication and was classified accor-
ding to the Clavien-Dindo classification (14).

Symptom relief was assessed in patients who were
symptomatic before surgery and was defined as a
decrease or absence of the presenting symptoms at
12-month follow-up after laparoscopic liver resection.
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Statistical analysis

We performed statistical analysis using IBM SPSS
Statistics for Windows, version 31.0.0.0 (IBM Cor-
poration, Armonk, NY, USA). We reported per-
centages to one decimal place, and a considered
p-values < 0.05 statistically significant. We presen-
ted categorical variables as counts and percentages,
and tested differences between them using the
Fisher-Freeman-Halton test. We express conti-
nuous variables as medians with interquartile ran-

ges and analysed them using the Kruskal-Wallis
test because the distributions were non-normal. We
analysed symptom relief using McNemar’s test for
paired categorical data.

Results

During the study period, 19 patients underwent
laparoscopic liver resection for benign liver tumours.
Final histopathology confirmed HCA in 5 patients,
haemangioma in 8, and FNH in 6. Table 1 summa-

Table 1. Preoperative characteristics of 19 patients undergoing laparoscopic liver resection for benign liver tumours.

Total HCA Hemangioma FNH p-value
(n = 19) (n=5) (n=8) (n = 6)
Male sex © 6 (31.6%) 0(0.0%) 3 (37.5%) 3 (50.0%) 0.221
Age (years) " 48.0 (I0R 29.0) | 48.0 (I0R 39.0)| 57.0 (IQR 24.0) | 30.5 (IOR 17.0) | 0.074
g{yfngf)‘abss index 1 56 9 (IQR 6.1) | 26.4 (I0R 9.4) | 25.3 (IQR 5.8) | 28.65 (IQR 6.1) | 0.728
(TC‘;IH)H?UY diameter | 5 5 10R 55 | 52 (10R4.4 | 6.15(QR 6.5 | 50 (I0R8.7) | 0.810
ASA score 30| 2 (10.5%) 1(20.0%) 1 (12.5%) 0 (0.0%) 0.719
Liver steatosis® 4 (21.1%) 1 (20.0%) 1 (12.5%) 2 (33.3%) 0.780
Median
Southampton | 3 (IQR 1) 3 (IQR 3) 3 (IQR 2) 3 (IQR 2) 0.823
difficulty score b
Median Iwate 5 (I0R 10R 5 (I0R 5 (I0R
Media (QRT)  [40QR2) | 4500R2) (QR 1) 0.128

* Categorical variable, Fisher-Freeman-Halton test; b continuous variable, Kruskal-Wallis test. ASA, American Society

of Anaesthesiologists; FNH, focal nodular hyperplasia; HCA, hepatocellular adenoma; IQR, interquartile range.

Table 2
Total HCA Hemangioma FNH
p-value
(n=19) (n=235) (n=28) (n=6)
Diagnostic uncertainty 4 (21.1%) 2 (40.0%) 1 (12.5%) 1 (16.7%)
Tumour growth 3 (15.8%) 1(20.0%) 0 (0.0%) 2 (33.3%) 0.253¢
Symptoms 12 (63.2%) 2 (40.0%) 7 (87.5%) 3 (50%)

* Categorical variable, Fisher-Freeman-Halton test. FNH, focal nodular hyperplasia; HCA, hepatocellular adenoma.
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rizes baseline characteristics. The median age was
48.0 years; 0 patients (31.6%) were male; the median
body mass index was 26.2 kg/ m?; and the median
tumour diameter was 5.5 cm. No statistically signifi-
cant differences were observed between histopatho-
logical groups in sex, age, body mass index, tumour
diameter, ASA score, liver steatosis, Southampton
difficulty score, or I wate score.

Table 2 presents indications for surgery. Symptoms
were the most common indication, present in 12
patients (63.2%). Diagnostic uncertainty was the
indication in 4 patients (21.1%), whereas tumour
growth was noted in 3 patients (15.8%). The distri-
bution of surgical indications did not differ signifi-

cantly between patients with HCA, haemangioma,
and FNH.

Table 3 shows intraoperative and postoperative

outcomes.

Table 3. Intraoperative and postoperative outcomes

Five patients had atypical liver resections. There
were 14 anatomical resections: two patients (10.5%)
underwent technically major resections (right poste-
rior sectionectomies), seven underwent left lateral
sectionectomies, and five underwent segmentecto-

mies. There were no anatomically major resections.

Median blood loss was 20 mL, and median opera-
tive time was 120 minutes. Hepatic pedicle clam-
ping was used in 5 patients (26.3%), with a median
total clamping duration of 25 minutes among those
who underwent clamping.

No intraoperative complications and no transfusion
requirements were recorded. Postoperative morbidity
was low, with one Clavien-Dindo grade I complication
(5.3%), and no postoperative mortality occurred.
The median length of hospital stay was 4 days.
Among the 12 patients who were symptomatic

before surgery, symptom relief was achieved in

Total HCA Haemangioma | FNH Dvalue
(n=19) (n=5) (n=38) (n=06)

Technically major resection *| 2 (10.5%) 0 (0%) 1 (12.5%) 1(16.7% | 1.000
Anatomical resections * 14.(73.7%) | 3 (60.0%) 5 (62.5%) 6(100.0% | 0.101
Blood loss (ml)" 20 (IQR 200) | 60 (IQR 310) | 20 IQR 70) | 115 (IQR 255) | 0.775
Operative time (min)" 120 (IQR 50) | 130 (I0R 143) | 115 (IQR 31) | 127.5 (IOR 46)| 0.624
Hepatic pedicle clamping® | 5 (26.3%) 2 (40.0%) 1 (12.5%) 2(33.3%) | 0.530
Zl‘a’flofgﬁ gﬁfiij;in) | 2500R19) | 25(1QR0) | 47 (IQR ) 33(0R/) | 0.223
Intraoperative complications | 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) /
Length of hospital stay (days) | 4 (IQR 2) 5 (I0R 1) 45(QR3) | 35(@QR1) | 0.002
Postoperative complication * | 1 (5.3%) 1 (20.0%) 0 (0.0%) 0 (0.0%) 0.263
Symptom relief 8 (66.7%) 1 (50.0%) 5 (71.4%) 2(66.7%) | 0.008

* Categorical variable, Fisher-Freeman-Halton test; b continuous variable, Kruskal-Wallis test; © paired categorical
data, McNemar’s test. FNH, focal nodular hyperplasia; HCA, hepatocellular adenoma; IQR, interquartile range.
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eight patients (60.7%) at 12-month follow-up, repre-
senting a statistically significant postoperative

improvement (p = 0.008).
Discussion

This single-centre experience suggests that laparos-
copic liver resection can provide symptom relief
for selected patients with benign liver tumours
while maintaining a favourable perioperative safety
profile. In our cohort, symptoms were the most
common indication for surgery, accounting for 12
of 19 resections (63.2%) (Table 2). At 12-month fol-
low-up, 8 of these 12 symptomatic patients achieved
symptom relief (66.7%), representing a statistically
significant postoperative improvement (p = 0.008)
(Table 3). These findings support the role of surgery
in carefully selected symptomatic patients, provided
that other potential causes of abdominal complaints
are reasonably excluded before resection, as symp-
tom attribution in benign liver lesions is often chal-

lenging (6, 15).

Our results are broadly consistent with previous
reports on liver resection for symptomatic benign
liver lesions. Hoffmann et al. reported complete or
partial symptom relief in 87% of symptomatic
patients after resection, with no postoperative mor-
tality and acceptable morbidity (3). Similarly, van
Rosmalen et al. observed sustained symptom relief
in 30 of 40 patients after a median follow-up of 54
months. However, they emphasized that establis-
hing a causal relationship between benign liver
tumours and abdominal symptoms can be difficult
(6). In a systematic review including 42 studies and
4061 patients undergoing surgery for solid benign
liver tumours, van Rosmalen et al. reported symp-
tom relief in 82% of symptomatic patients after a
weighted mean follow-up of 28.5 months, while
noting the limited use of validated quality-of-life
tools (16).

Diagnosis and management of benign liver tumours
remain challenging due to varying tumor subtypes

and associated risks (1). While guidelines of the
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European Society for the Study of the Liver offer a
helpful framework, they may not capture the full
complexity of clinical practice (1). Haring et al.
conducted a European study. They found variation
in practice regarding lifestyle modification and ima-
ging follow-up for patients with FNH, as well as in
managing HCA larger than 5 cm before and during
pregnancy (1). Additionally, management of HCA
larger than 5 cm after lifestyle modification often
differed from the European Society for the Study
of the Liver guidelines (1).

Therefore, patient selection remains the main cli-
nical challenge. Symptoms such as abdominal pain,
pressure, discomfort, or fullness are non-specific
and may persist after surgery if they are unrelated
to the liver lesion. The decision to operate should
be based on careful multidisciplinary assessment,
including tumour type, size, location, growth pat-
tern, diagnostic certainty, risk of complications, and
the severity and persistence of symptoms (6, 7).
In symptomatic patients, surgery should be consi-
dered only after alternative causes of symptoms
have been excluded and after patients have been
informed that symptom relief is likely but not gua-
ranteed (7).

However, indications for surgery in benign liver
tumours should remain restrictive. In our study,
symptoms were the most frequent indication, follo-
wed by diagnostic uncertainty and tumour growth
(Table 2). This distribution reflects current clinical
practice: HCA is often resected due to the risk of
haemorrhage or malignant transformation, particu-
larly in larger lesions, whereas FNH and haeman-
giomas are usually managed conservatively unless
symptoms, growth, or diagnostic uncertainty war-
rant intervention (4, 7, 17). The diagnostic evalua-
tion of HCA and FNH relies primarily on magnetic
resonance imaging and computed tomography (4).
Diagnostic uncertainty was an indication for 21.1%
of resections in our cohort (Table 2). It underlines
that, despite advances in modern imaging, histolo-
gical confirmation may still be required when mali-

gnancy cannot be confidently excluded (18).
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The perioperative outcomes in this cohort support
the safety of laparoscopic liver resection for benign
disease in appropriately selected patients (Table 3).
No intraoperative complications were recorded.
Postoperative morbidity was low, with one Clavien-
Dindo grade I complication (5.3%), and no posto-
perative mortality occurred. Median blood loss was
20 mL, median operative time was 120 minutes,
and median length of hospital stay was 4 days
(Table 3). These findings compare favourably with
published series in which liver resection for benign
disease has been associated with low mortality,
acceptable morbidity, shorter recovery, and impro-

ved quality of life in selected patients (2, 3).

We performed anatomical resections in 14 patients
(73.7%), with no statistically significant difference
between histopathological groups (Table 3). Other
perioperative outcomes, including operative time,
blood loss, hepatic pedicle clamping, postoperative
morbidity, and length of hospital stay, also did not
differ significantly between histopathological
groups.

This study has several limitations. First, the retro-
spective observational design limits the ability to
establish a direct causal relationship between
benign liver tumours and preoperative symptoms,
because causal inference from observational data is

vulnerable to bias and confounding (19, 20).

Second, the cohort was small and included three
tumour entities, limiting subgroup analysis, redu-
cing statistical power, and increasing the risk of
imprecise estimates. Third, symptom relief was
assessed clinically rather than with a validated
quality-of-life or pain questionnaire; this is impor-
tant because patient—reported outcome measures
are increasingly recommended to capture pain,
fatigue, anxiety, daily-life limitations, and quality
of life in patients with benign liver tumours and
cysts (15). Finally, this was a single-centre expe-
rience, and the results may not be generalisable to
centres with different patient populations and sur-

gical volumes.

Future prospective studies should employ standar-
dised instruments to assess symptoms and quality
of life, enabling a more consistent identification of
patients who benefit from surgery for benign liver
disease, as patient—reported outcome measures for

benign liver tumours are still insufficiently standar-

dized (15).

In conclusion, laparoscopic liver resection for benign
liver tumours was safe in this cohort and was asso-
ciated with significant symptom relief in most symp-
tomatic patients. These findings support laparosco-
pic resection as a valuable treatment option for
carefully selected patients, particularly when symp-
toms are persistent, diagnostic uncertainty remains,

or tumour-related risks justify surgery.
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ABSTRACT

Background: The COVID-19 pandemic disrupted
healthcare systems and delayed access to medical
care. Its impact on the aetiology, clinical course,

and outcomes of acute pancreatitis remains unclear.

Aim: To evaluate the impact of the COVID-19 pan-
demic on the ethology, clinical course, complica-
tions, and mortality of patients with acute pancrea-

titis in a tertiary care centre.

Materials and Methods: We conducted a retro-
spective cohort study including 418 patients with
clinically, biochemically, and radiologically confir-
med acute pancreatitis treated between January
2020 and December 2024. We stratified the
patients into pandemic and non-pandemic periods.
We assessed disease severity using the modified
Balthazar index. We used chi-square tests and logi-
stic regression for statistical analyses.

Kljuéne besede: akutni pankreatitis, etiologija, COVID-19

pandemija, zapleti, smrtnost

IZVLECEK

Izhodisée: Pandemija COVID-19 je pomembno
vplivala na delovanje zdravstvenih sistemov in
dostopnost zdravstvene oskrbe. Njen vpliv na etio-
logijo, klini¢éni potek in izide akutnega pankreati-
tisa Se ni povsem pojasnjen.

Namen: Oceniti vpliv pandemije COVID-19 na
etiologijo, klini¢ni potek, zaplete in umrljivost bolni-

kov z akutnim pankreatitisom v terciarnem centru.

Material in metode: lzvedli smo retrospektivno
kohortno raziskavo, v katero smo vkljucili 418 bol-
nikov s klini¢no, laboratorijsko in slikovno potrje-
nim akutnim pankreatitisom, zdravljenih med
januarjem 2020 in decembrom 2024. Bolnike smo
razdelili glede na obdobje obravnave (med pande-
mijo in izven nje). Stopnjo bolezni smo ocenili z
modificiranim Balthazarjevim indeksom. Uporabili

smo hi-kvadrat test in logisticno regresijo.

* Mojca Kukovié, studentka 6. letnika Medicinska fakulteta Univerze v Mariboru
Medicinska fakulteta, Univerza v Mariboru, Taborska ulica 8, 2000 Maribor

Ermail: mojca.kukovic@student.um.si

Received: 04/08/2026; Review: 31/08/2026; Accepted for publication: 10/09/2026

SLOJGASTROENTEROL. / GASTROENTEROLOG |3


https://slojgastroenterology.com

Results: Of 418 patients, 46.7% were treated
during the pandemic. Aetiology ditfered significantly
(p = 0.028), with a higher proportion of biliary pan-
creatitis during the pandemic (45.6% vs 31.8%).
Lipase levels were significantly higher during the
pandemic (p < 0.001), while Creactive protein
levels and length of hospital stay did not differ
significantly. Walled-off necrosis occurred in 6.5%
of patients and was associated with prolonged hospi-
talisation (mean 25 + 20 days, p < 0.001). Overall,
in-hospital mortality was 3.3% and was strongly asso-
ciated with the number of complications (p <0.001).

Conclusions: The pandemic was associated with a
shift toward biliary aetiology and higher enzyme
levels, likely reflecting delayed presentation. Howe-
ver, mortality and length of hospital stay did not
change. The number of complications was the main

predictor of in-hospital mortality.

Rezultati: Med 418 bolniki jih je bilo 46,7 %
obravnavanih med pandemijo. Etioloska porazdeli-
tev se je znacilno razlikovala (p = 0,028), pri ¢emer
je bil med pandemijo vecji delez biliarnega pan-
kreatitisa (45,0 % proti 31,8 %). Vrednosti lipaze so
bile med pandemijo znacilno vi§je (p < 0,001), med-
tem ko vrednosti C-reaktivnega proteina in dolzina
hospitalizacije niso pokazale znacilnih razlik. Ome-
jena nekroza je bila prisotna pri 6,5 % bolnikov in
je bila povezana z daljSo hospitalizacijo (povprecno
25 £ 20 dni; p <0,001). Skupna bolnisniéna umr-
ljivost je znasala 3,3 % in je bila znacilno povezana
s Stevilom zapletov (p < 0,001).

Zakljuéek: V ¢asu pandemije je prislo do premika v
smeri biliarne etiologije ter visjih vrednosti encimov,
kar verjetno odraza zakasnel prihod bolnikov.
Umrljivost in dolzina hospitalizacije se nista spre-
menili. Kljuéni napovedni dejavnik bolnisni¢ne

umrljivosti je bilo Stevilo zapletov.

INTRODUCTION

Acute pancreatitis (AP) is an acute inflammation of
the gland caused by premature activation of pan-
creatic enzymes and subsequent tissue autolysis. [t
is one of the most common acute gastroenterologi-
cal indications for hospitalisation, with an incidence
of 15-80 cases per 100,000 population per year in
developed countries. The most common etiological
factors are gallstones and alcohol-related damage to
the gland, followed by rarer causes such as hyper-
triglyceridemia, medications, ERCP, and idiopathic
cases. The clinical course is highly variable—most
patients present with a mild form and have a favou-
rable outcome. Still, approximately 20% of patients
develop a severe form with necrosis of the gland,
infection, systemic inflammatory response, and
multiple organ failure. Mortality in these forms
still reaches 15-30% despite advances in diagno-
stics, modern imaging, early therapeutic procedu-
res, treatment in specialised units, and intensive

support (1, 2).
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The COVID-19 pandemic caused by SARS-CoV-2
has strained healthcare systems globally and affec-
ted the availability and timeliness of emergency
and non-emergency medical care. Studies have con-
firmed increased delays in seeking medical help
for acute cardiovascular and surgical diseases, con-
tributing to a higher incidence of complications
and poorer outcomes (3). In AP, SARS-CoV-2 may
also directly affect the pancreas, as ACE2 receptors,
which enable viral entry into cells, are expressed
by pancreatic acinar and ductal cells. The literature
reports cases of pancreatitis in COVID-19 patients
without other known etiological factors (4). Nevert-
heless, data on the impact of the pandemic on the
course and outcomes of treatment of patients with
AP remain limited and often contradictory. In a
study conducted at the tertiary care department,
we compared outcomes among patients with AP
during and after the COVID- 19 pandemic to assess
the pandemic’s impact on aetiology, complication
rates, treatment success, and mortality. Based on
the findings, we sought to identity potential organi-
sational improvements for future similar crises.
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The purpose of the study was therefore to obtain

data on:

- the frequency and aetiology of AP during and
after the COVID-19 pandemic;

- the effectiveness of treatment and mortality
among patients with AP during and after the
pandemic;

- and the frequency of possible complications
and the need for additional treatment in patients
with AP in the compared periods.

MATERIALS AND METHODS

In a retrospective, cohort, uncontrolled study, we
included patients with clinical and laboratory signs
based on which the diagnosis of AP was made, and
who were treated at the Gastroenterology Depart-
ment of the Division of Internal Medicine at the
University Medical Centre Maribor in the period
from January 1, 2020, to December 31, 2024. We
confirmed the diagnosis and aetiology using anam-
nesis, characteristic clinical presentation, elevated
(>3-old) laboratory markers of pancreatic inflam-
mation (amylase/lipase), and imaging findings. To
clarify the aetiology and assess potential complica-
tions, we performed chest X-rays to exclude pleural
effusion and abdominal ultrasound (US) to evaluate
abdominal organs in patients already at the emer-
gency department. When the US was unclear
because of intestinal gas or other factors, we per-
formed a contrast-enhanced computed tomography
(CT) scan on admission or, as a rule, 2-5 days
later, and, in more severe cases, a follow-up con-
trast-enhanced CT scan during hospitalisation.
Abdominal radiologists assessed the degree of morp-
hological change in the gland using a modified
Balthazar scale, which evaluates changes according
to the following criteria: CT index 0-3 points: mild
AP, 4-6 points: moderately severe AP, 7-10 points:
severe AP. In cases of suspected choledocholithia-
sis, we also performed endoscopic ultrasound (EUZ)
or magnetic resonance cholangiopancreatography
(MRCP). Endoscopic retrograde cholangiopancrea-
tography (ERCP) with papillotomy was performed

no later than 72 hours after confirmation of chole-

docholithiasis, usually within the first 48 hours (5).

We obtained all data necessary for analysis from
the UKC Maribor medical database.

We collected the data in an Excel spreadsheet, and
entered demographic data, habits, number of
comorbidities, laboratory test results, number of
complications, length of hospitalisation, mortality,
and COVID-19 period. The Ethics Committee of
the University Medical Centre Maribor approved
the study (Decision No. UKC-MB-KME67/24).

We used JASP (version 0.95.4) on a personal computer
running Windows 11 for statistical data processing.
We presented nominal variables as numbers and
frequencies (%) and numerical variables as mean
values and standard deviations.

For numerical variables, we first calculated descriptive
statistics and checked distribution normality using
the Shapiro-Wilk test. Because most numerical varia-
bles were not normally distributed, we used non-para-
metric statistical methods in subsequent analyses.

To analyse the relationship between two nominal
variables, we used the chisquare test after first
veritying that the conditions for its use were met
(i.e., > 80% of cells with an expected frequency > 5).
We analysed the relationship between two numerical
variables using Spearman’s rank correlation test.
For numericalnominal relationships, we used the

Mann- Whitney U test or the Kruskal-Wallis test,

depending on the number of groups.

We analysed the relationships between nominal and
ordinal variables using cross-tabulation tables and repor-
ted the results as p-values. We set the significance level
at p < 0.05. We used logistic regression analysis to
assess the impact of selected factors on hospital morta-
lity. We included the effects of the period, comorbidities,
and complications on in-hospital mortality. To improve
comparability of extreme values, we presented odds
ratios (ORs) in a Forest plot on a logarithmic scale with
95% confidence intervals (Cls). The line at log (OR) = 0

corresponds to OR = 1 and indicates no effect.
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RESULTS

During this period, the GI department treated 418
patients with acute pancreatitis. Of these, 223
(53.3%) were diagnosed outside of the COVID-19
period, while 195 (46.7%) were diagnosed inside
the COVID-19 period. Outside COVID-19, patients
had an average age of 61 years (SD + 16 years), ran-
ging from 21 to 95 years. During COVID-19, the
average age was 01 (SD +16), ranging from 21 to
99 years. During the entire observation period,
there were 250 men (59.8%) and 168 women
(40.2%). Outside of the COVID period, the sex
ratio was 142 men (63.7%) to 81 women (36.3%).
During the COVID-19 period, the ratio was 108
men (55.4%) to 87 women (44.6%) (Figure 1).

During the COVID-19 pandemic, the average length
of hospitalisation was 11.5 days (SD = 12), compared
with 12 days outside the pandemic. We used Spear-
man’s rank correlation test and found a weak positive
association (p = 0.120; p = 0.014) between patients’
ages at diagnosis and hospitalisation duration. The
COVID-19 period did not significantly atfect hospitali-
sation time (p = 0.212) or age at diagnosis (p = 0.823).

From the top three most common causes for acute
pancreatitis at diagnosis, the most common, per
ICD-10 classification based on data from the entire

research period, were gallstones. This aetiology
affected 160 patients (38.3%). Idiopathic acute pan-
creatitis accounted for the second-highest percen-
tage, affecting 119 patients (28.5%), whereas other
types of acute pancreatitis ranked third, affecting
75 patients (17.9%). Outside the COVID-19 period,
the most common aetiology was undefined acute
pancreatitis in 77 patients (34.5%), followed by
acute biliary pancreatitis in 71 cases (31.8%) and
other types of acute pancreatitis in 40 cases (17.9%).

During the COVID-19 period, acute biliary pancrea-
titis was the most common aetiology in 89 cases
(45.6%), followed by unspecified acute pancreatitis
in 42 cases (21.5%) and other acute pancreatitis
subtypes in 35 cases (17.9%). We analysed the asso-
ciation between disease aetiology and the COVID-19
period using the chisquare test of independence. We
found a statistically significant association (% = 12.53;
p = 0.028). The effect size was weak (Cramér’s
V = 0.173). Of all the risk factors included, alcohol
consumption was the most common among patients
throughout the observation period, occurring in 73
patients (17.5%), closely followed by smoking in 69
patients (16.5%). Drug use was almost absent, occur-

ring in 3 patients (0.7%) (Figure 2).

The study aimed to investigate comorbidity in
patients with acute pancreatitis. We classified
patients into three categories by number

covidM M covid F non-covidM M non-covid F

36

30

9
656 I I

35-4d4years 45-54years 55-64years 65-7dyears
AGE

NUMBER OF PATIENTS

<35years

275years

of comorbidities: class I (0 comorbidities),
class II (1-3 comorbidities), and class 111
(> 3 comorbidities). Outside the COVID-19
period, 39 patients (17.5%) fell into the I
class, 145 patients (65%) into II class and
s 21 39 (17.5%) into III class. During the
COVID-19 outbreak, 24 patients (12.3%)
classified into I class, 138 patients
(70.8%) were classified into II class and
33 patients (16.9%) into III class. The
association between the number of comor-
bidities and the period was not statistically

Figure 1: Demographic characteristics of patients with AP,

by gender and age distribution.
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significant (p = 0.304), with a very weak
correlation (Cramer's V = 0.075).
(Figure 3).
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Etiology of AP during the COVID period
'.“
1%

= idiopathic AP (K85.0)
alcoholic AP (K85.2)
= other types of AP (K85.8)

= biliary AP (K85.1)
= drug-induced AP (K85.3)
= unspecified AP (K85.9)

Etiology of AP outside the COVID period

4%

« idiopathic AP (K85.0)
alcoholic AP (K85.2)
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= biliary AP (K85.1)
« drug-induced AP (K85.3)
= unspecified AP (K85.9)

Figure 2: Comparison of the aetiology of AP during and after the COVID-19 pandemic.

Similarly, we monitored complication incidence
and classified patients into three categories. Class |
(0 complications), class I (1-3 complications), and
class I1I (> 3 complications). Outside the COVID-19
period, 108 patients (48.4%) classified into I class,
85 patients (38.1%) were classified into II class,
and 30 patients (13.5%) into III class. During the
COVID-19 period, 111 patients (57%) classified
into I class, 66 patients (33.8%) into II class, and
18 patients (9.2%) into 111 class. Among all patients,
27 developed walled-off necrosis (WON), represen-
ting 6.46% of the cohort. These patients had a sta-
tistically significantly longer average length of hospi-
talisation (p < 0.001). The length of hospitalisation
was more than twice as long, with a mean of 25 days
(SD + 20 days). Of the 27 patients who developed
WON, 4 (14.8%) were COVID-19 positive. The distri-
bution of complications did not differ significantly

between the two periods (p = 0.168), with a very
weak association (Cramer's V = 0.092). (Figure 4).

For laboratory tests, we closely monitored CRP,
calcium, and lipase levels. The CRP level peaked
on the third day after diagnosis, with a mean of
172.8 mg/L (SD + 121.1 mg/L). The two periods
did not differ significantly. The Mann-Whitney U
test revealed no statistically significant difference
between the two periods (p = 0.077). Lipase levels
differed significantly between periods, with higher
values more indicative of acute pancreatitis: the
average outside the COVID-19 period was 151.3
pkat/L (SD + 236.7 pkat/L), whereas during the
COVID-19 period the average was 227.1 pkat/L
(SD + 281.9 pkat/L). The Mann-Whitney U test
showed a statistically significant association between

period and change in lipase (p < 0.001).

Comorbidities in the SARS-
CoV-2 period

>

Comorbidities outside the
SARS-CoV-2 period

]

>3 mw<3 w0

m>3 m<3 w0

Complications in the SARS- Complications outside the

CoV-2 period SARS-CoV-2 period
m>3 m<3 w0 m>3 m<3 u0

Figure 3: Comparison of comorbidities associated with

AP during and after the COVID-19.

Figure 4: Comparison of complications of AP during
and after the COVID-19 pandemic.

SLOJGASTROENTEROL. / GASTROENTEROLOG |7


https://slojgastroenterology.com

As a result of the disease, 14 patients (3.3%) died in
hospital, 8 patients (4.1%) during the COVID-19
period, and 6 patients (2.7%) outside the COVID-19
period. Using the chi-square test, we found that hospi-
tal mortality was not significantly associated with the
COVID-19 period (32 = 0.641, p = 0.423), with a very
weak association (Cramer's V = 0.039). Similarly, there
was no statistically significant association between the
number of comorbidities and the period (32 = 3.718, p
= 0.156), with a very weak association (Cramer's V =
0.094). However, the number of complications was
significantly associated with hospital mortality (y2 =
24.56, p <0.001), with a weak correlation (Cramer's V
= 0.242). We then used a logistic regression to deter-
mine the effects of the period, comorbidities, and com-
plications on in-hospital mortality. Logistic regression
showed that only complications statististically signifi-
cantly affected in-hospital mortality (p < 0.001; Nagel-
kerke R% = 0.218). Patients with 1-3 complications
were 9.2 times more likely to die than those without
complications (p = 0.041), while patients with multiple
complications were more than 40 times more likely to
die (p < 0.001). Forest plot shows OR values on a
logarithmic scale with 95% confidence intervals (CI) for

better comparability of extreme values.

The line at log (OR) = 0 corresponds to OR = 1, indi-
cating no effect (Figure 5).

DISCUSSION

Acute pancreatitis is a serious medical condition
that can cause both local and systemic complica-
tions and, in the event of complications, is associa-
ted with a high mortality rate. The incidence varies
by geographic region, often reflecting differences

in lifestyle, dietary habits, and specific triggers.

In our study, the epidemiological profile was consi-
stent with the existing literature, with a predomi-
nance of males (60%) and a higher incidence in
older age groups (> 40 years) (1, 2). The length of
hospitalisation did not change significantly between
the two periods. The lack of change in hospitalisa-
tion length and the statistical insignificance of asso-
ciations between period and length of hospitalisa-
tion, and between age at diagnosis and length of
hospitalisation, indicate stable healthcare quality
even during the COVID19 pandemic. This contrasts
with studies reporting prolonged hospitalisation
and limited availability of certain therapeutic pro-
cedures due to overcrowding in COVID-19 wards.
In our country, the flexibility of healthcare structu-
res and protocols, along with selective patient inc-
lusion, likely played a key role in maintaining qua-
lity care even during crises (6, 7).

Complications 24 vs 0 [ ® |
Complications 1-3 vs 0 * |
Comorbidities =3 vs 0 [ . |
Comorbidities 1-2 vs 0 [ |
Covid period -t
2 2 o 12 3 a4 s s
log (OR)

Figure 5: The impact of the specified factors on in-hospital mortality.
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According to global literature, the two most impor-
tant factors for the development of the disease are
gallstones and alcohol consumption. Less common
causes include metabolic disorders (e.g., elevated
blood lipid or calcium levels), parotid gland disor-
ders, viral infections (e.g., Coxsackie, Epstein-Barr,
cytomegalovirus, mumps virus), abdominal injuries,
and side effects of certain medications. In approxi-
mately 10% of patients, the cause cannot be preci-
sely determined; these cases are classified as idio-
pathic, autoimmune, or hereditary/genetically

determined (1, 2, 5, 8,9, 10).

Determining the aetiology and complications of
AP can sometimes be very challenging. In addition
to laboratory tests, we use modern imaging moda-
lities such as ultrasound, contrast- enhanced CT,
endoscopic ultrasound, and MRCP to clarify the
causes, assess the extent of damage to the gland
and its immediate surroundings, and evaluate the
systemic inflammatory response. In addition to
imaging, interleukins and inflammatory markers
(IL-6, 1L-8, IL-10) provide additional diagnostic
support. Both diagnostic procedures are most effec-
tive when performed and followed up within 72
hours (5, 10). For detecting choledocholithiasis
in AP, abdominal ultrasound has a sensitivity of
50-80% and a specificity of about 90%. The dia-
meter of the common bile duct is an essential
additional diagnostic parameter: at a diameter < 3,
the presence of stones is unlikely; at > 4 mm, the
possibility increases, and at > 9 mm, choledocho-
lithiasis is very likely (5). EUZ is the imaging met-
hod best suited to confirm choledocholithiasis with
sensitivity and specificity generally exceeding 90%
(5). CT plays a central role in cases of suspected
necrotising AP. Contrastenhanced CT (CECT) is
essential; however, it often fails to reveal necrotic
changes in the early stages. MRCP allows non-
invasive imaging of the biliary and pancreatic
ducts and is frequently used to exclude choledoc-
holithiasis when cholangitis is absent. Unlike US,
which is more sensitive for small stones (< 5 mm),
MRCP is non-invasive and less dependent on the

examiner’s experience.

At present, ERCP is primarily a therapeutic method
for diagnosed choledocholithiasis. Current guideli-
nes recommend urgent ERCP in patients with con-
firmed choledocholithiasis and associated cholan-
gitis, as it enables stone removal from the bile
ducts and, if necessary, stent placement. In patients
without signs of infection, ERCP is postponed until
the inflammation subsides. Early papillotomy, wit-
hin the first 72 hours of diagnosed choledocholit-
hiasis has been shown to result in a milder course

of AP (5).

In Slovenia, emergency ERCP is performed daily,
with weekend procedures carried out by interven-
tional endoscopists at the University Department
of Gastroenterology at the University Medical Centre
Ljubljana. ERCP may also be associated with the
development of so-called ,post ERCP’” pancreatitis,
which remains the most common complication of

the procedure (5, 8, 9, 10, 11, 12, 13).

In our analysis, we observed a significant change in
the etiological distribution of AP: biliary pancreatitis
predominated during the pandemic, whereas in
the post-pandemic period, undefined (idiopathic)

pancreatitis was the most common.

In the post-pandemic period, we have observed an
increase in reports of AP aetiologies characterised
by biliary tract thickening without evident bile
obstruction. A possible, and most likely, reason for
this is delayed diagnostic evaluation, as the triggering
factor in the form of dietary indiscretion, alcohol
abuse, or ‘memory gaps’ in patients may be outda-
ted. Undefined pancreatitis thus encompasses all
pancreatitis that cannot be classified with certainty
into any of the other etiological groups, even though
biliary aetiology may be responsible. This change
is relevant and is partly consistent with the findings
of Kumar et al. (2021), who also reported a change
in the etiological structure due to changes in access
to diagnostics and therapy during the pandemic
(3). It should be noted that the increase in cases of
biliary pancreatitis may also be attributable to delays
in elective cholecystectomies and limited access to
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primary health care, leading to worsening biliary
diseases and a higher incidence of pancreatitis
complications (7). We examined how comorbidities
affected the course of AP. In both periods, most
patients had one to three comorbidities, consistent
with our sample’s demographic profile, which was
predominantly aged over 40 years (1, 2). Statistical
analysis showed no statistically significant associa-
tion between the period and the number of comor-
bidities. As with complications, according to the
MEDIS information system, 95% of patients with
AP treated at the University Medical Centre Maribor
were managed in the Department of Gastroentero-
logy. In light of this, the sample is representative,
and the proportion of patients at risk due to multi-
ple comorbidities and therefore treated in intensive
care units is negligible. As with comorbidities, we
divided patients with complications into groups;
unlike comorbidities, the largest proportion was
patients without complications, which is expected,
as complications indicate a more severe disease

course.

Although we did not find a statistically significant
difference in the incidence of complications bet-
ween the two periods studied, there was a trend
toward a slightly lower incidence during the pande-
mic. This finding needs to be explained in the con-
text of the organisation of treatment, as, as mentio-
ned above, only patients treated in a specialised
gastroenterology department were included in our
study, where, according to the MEDIS information
system, more than 95% of patients with AP are
treated at the Division of Internal Medicine at a
tertiary institution. Patients with more severe
disease who developed complex or life-threatening
complications were transferred to internal intensive

care or an infectious disease department if they

were also COVID-19 positive.

This selection of patients, given that a proportion
of patients likely avoided hospitalisation (7), may
have contributed to the lower incidence of compli-
cations observed in our sample, as patients with

more severe disease treated in intensive care units
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were excluded from this analysis. This fact is impor-
tant to consider when interpreting the results, as it
may contribute to the apparent lower incidence of
complications in the gastroenterology department,
whereas more serious complications are recorded
elsewhere. Patients with WON complications had a
hospitalisation length more than twice as long, at

25 + 20 days.

A similarly prolonged treatment is also described
in the literature: in a retrospective cohort study of
patients with large WONS, the authors reported a
median hospitalisation duration of 53 days (14).
Such discrepancies likely reflect transfers to the
intensive care unit, which formally reduced hospi-
talisation duration because patients were physically
present in the intensive care unit, where hospitali-
sation days are documented separately. For this
reason, the actual burden and duration of treatment
in patients with WON are likely to be underestima-
ted if only conventional hospital care in the Depart-
ment of Gastroenterology is considered. In any
case, data on patients with WON who require nume-
rous interventional procedures by radiologists and
interventional endoscopists, including the insertion
of Lumen-Apposing Metal Stents (LAMS) and the
removal of necrotic tissue from abdominal cavities,
reflect the significant clinical and organisational
impact of these complications. The analysis con-
firms that WON strongly predicts a prolonged, com-
plicated course and more complex treatment.
Because of the limited sample size and retrospective
design, we cannot reliably assess whether COVID-19
infection directly increases the risk of developing
WON. Our analysis and conclusions align with the
international literature, which describes cases of
pancreatitis with WON complications in COVID-19
primarily as individual cases, without systematic

evidence of increased incidence.

CRP values did not differ significantly between the
two periods, suggesting that the inflammatory
response in AP may not have been directly affected
by pandemic conditions but instead reflects indivi-

dual disease severity (15, 16).
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In contrast, average lipase levels during the COVID-19
period were significantly elevated, suggesting more
pronounced acute inflammation. A more likely
explanation is delayed presentation to healthcare
facilities. The literature well documents the link

between higher pancreatic enzyme levels and more
severe forms of AP (Cho et al., 2023; 16). Our fin-
dings align with international literature reporting
that the COVID-19 pandemic contributed to delays
in seeking medical care, increasing the risk of
more serious complications and worsening clinical
outcomes (6, 7, 17).

Despite expectations, more advanced logistic regres-
sion analysis did not reveal a statistical association
between the number of comorbidities and mortality.
This result may be because patients with multiple
comorbidities and more severe clinical courses are
often treated in the intensive care unit or infectious
disease department and were therefore not included
in our gastroenterology sample. The prevailing view
in the literature is that comorbidities contribute to
poorer outcomes, particularly with concomitant
SARS-CoV-2 infection (18, 19, 20). However, we
found that the number of complications was the
leading predictor of in-hospital mortality, consistent
with prior studies (21, 22).
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IZVLECEK

Rak debelega ¢revesa in danke je ena najpogostejsih
oblik raka. Poleg genetskih, epigenetskih in dejav-
nikov zivljenjskega sloga ima pomembno vlogo pri
nastanku in progresu tumorjev debelega crevesa in
danke ¢revesna mikrobiota. S kirursko odstranitvijo
tumorja (resekcijo) in drugimi oblikami multimodal-
nega zdravljenja, vplivamo na spremembo sistemske
in ¢revesne mikrobiote. Identifikacija dejavnikov, s
katerimi posegamo v spremembo sistemske in cre-
vesne mikrobiote, lahko pomembno vpliva na rezul-
tate zdravljenja, lokalne in sistemske zaplete
povezane z zdravljenjem bolezni, ponovitev bolezni
in dolgorocne rezultate zdravljenja. Ko smo pregle-
dali dosegljivo literaturo, ki obravnava dejavnike

Keywords: gut microbiota, cancer, immunity, dysbiosis,
inflammation, cachexia, surgery

ABSTRACT

Colorectal cancer is one of the most common types
of cancer worldwide. Beyond genetic, epigenetic,
and lifestyle-related factors, the intestinal microbiota
plays a significant role in the initiation and progres-
sion of colorectal tumours. Surgical tumour removal
(resection), along with other multimodal treatments,
can substantially alter both the systemic and gut
microbiota. Identifying factors that influence these
microbiota changes, and understanding alterations
in microbial composition, may significantly affect
treatment outcomes, local and systemic treatment-
related complications, disease recurrence, and long-
term prognosis. A review of the available literature
on the influence of systemic and gut microbiota on
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vpliva sistemske in ¢revesne mikrobiote na pojav-
nost in rezultate zdravljenja raka debelega crevesa
in danke, smo ugotovili, da je ta vpliv pomemben za
njegov razvoj.

Na pojav bolezni se vpleta preko sistemskega vnet-
nega odziva, presnovnih dejavnikov, spremembe
imunskega odziva, tvorbe karcinogenih dejavnikov
ter gentskih in epigenetskih sprememb v celicah
crevesne sluznice, ki so povezane s prozenjem
malignih sprememb. Razumevanje pomena imun-
skih in mikrobiotskih sprememb pri nastanku
raka debelega ¢revesa in danke je pomembno tako
za preprecevanje bolezni, kot tudi za razvoj novih
strategij zdravljenja. Obetajo se novejsi, bolj celo-
stni, individualizirani in posledi¢no uspesnejsi pri-
stopi k obravnavi te bolezni.

the incidence and treatment outcomes of colorectal
cancer indicates that microbiota is an important fac-
tor in colorectal carcinogenesis. It contributes to
disease development through several mechanisms,
including inducing systemic inflammatory responses,
altering metabolism, modulating immune function,
producing carcinogenic compounds, and promoting
genetic and epigenetic changes in the intestinal
mucosa associated with malignant transformation.
A comprehensive understanding of the immunolo-
gical and microbiota-related changes involved in
colorectal cancer development is essential not only
for disease prevention but also for developing novel
therapeutic strategies. Emerging approaches are
expected to provide more holistic, personalised, and
ultimately more effective methods for managing
and treating this disease.

UvOD

Rak debelega crevesa in danke (RDCD) je ena
izmed najpogostejsih oblik raka, z zahodnim naci-
nom zivljenja in prehranjevanja je po incidenci na
tretjem mestu, po umrljivosti pa na drugem (1). Na
razvoj in napredovanje raka vplivajo stevilni dejav-
niki, kot so genetski, presnovni, okolijski ter imun-
ski (2). Pri 80 odstotkih bolnikov z rakom je
tekom zdravljenja indicirana operativna odstrani-
tev tumorja. In ¢eprav to predstavlja na eni strani
moznost ozdravitve, pa je ¢as med operacijo in po
njej hkrati ¢as poveCanega tveganja za razsoj
rakave bolezni (3), prav metastatska bolezen pa je
tista, ki je za vecino bolnikov z rakom na koncu
usodna. Kirurska manipulacija s tumorskimi celi-
cami infiltriranega tkiva na eni strani (4) ter stre-
sni odgovor telesa na operacijo z vnetjem na drugi
strani (5, 6) tumorskim celicam olajsajo prehod
skozi tkivne bariere. To jim omogoc¢i pobeg imun-
skemu sistemu v limfo in kri ter metastaziranje v
bezgavke in oddaljena tkiva. Poleg tega odstranitev
dela ¢revesa vpliva na cas prehoda crevesne vse-
bine, na absorpcijo hranil ter spremeni sestavo cre-
vesne mikrobiote. Raziskave kazejo, da porusena

zastopanost crevesnih bakterij, gliv, virusov in

arhej (tako imenovana disbioza) sodeluje pri
nastanku RDCD. Hkrati je vedno vec dokazov, da
lahko ¢revesni mikroorganizmi modificirajo odgo-
vor na zdravljenje kot je kemoterapija in inhibitorji
kontrolnih tock (7).

IMUNOST IN RAK DEBELEGA
CREVESA IN DANKE

Raziskave v zadnjih dveh desetletjih kazejo, da ima
imunski sistem tako zaviralni kot spodbujajoci
vpliv na razvoj raka, kar imenujemo imunsko ure-

janje raka (angl. immunoediting) (8).

Mehanizmi, ki povzrocajo zavoro
imunskega odziva pri bolnikih z rakom
debelega ¢revesa in danke

Vpliv tumorja na imunost.

Tumor na razliéne nacéine zavira imunski odziv

telesa, ki skusa uniciti rakave celice.

Nacini, s katerimi to doseze so:

- zavora imunskega odziva, posredovana z imun-
skimi celicami. Tumorske celice lahko uidejo
nadzoru imunskega sistema, s tem da spreminjajo

izlocanje citokinov in z reprogramiranjem imun-
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skih celic, kar deluje zaviralno na imunski
sistem in stimulativno na razvoj raka.

- zavora imunskega odziva, posredovana s celi¢nimi
povrsinskimi beljakovinami. Primer receptorja
oz. povrsinskega encima na T celicah, dendritiénih
celicah in naravnih celicah ubijalkah, ki so
pomembni pri raku debelega ¢revesa in danke
je npr. PD-1 (programmed cell death- 1), ki je v
kombinaciji PD-L1, katerega izlocajo tumorske
celice in tumorska stroma, kljucni zaviralec cito-
toksi¢nega imunskega odziva. Okvara delovanja
takih receptorjev omogoca tumorskim celicam,
da uidejo imunskemu nadzoru.

- zavora imunskega odziva, posredovana s citokini.
Nekateri citokini imunost spodbujajo, drugi pa
jo zavirajo. Tumorske celice reprogramirajo
status citokinov v prid imunosupresivnih, kar
tumorskim celicam omogoca, da se izognejo
nadzoru imunskega sistema.

- zavora imunskega odziva, posredovana z mote-
nim delovanjem protitumorskih citokinov. Delo-
vanje citokinov, ki so pomembni za imunost
proti rakavim celicam (IL-12, 1L-15, 1L-24,
CXCL9, CXCL10, CXCL11 itd.) je lahko moteno,
kar spodbudi nastanek in napredovanje raka.

- obstajajo Se nekatere druge oblike zavore imun-
skega odziva, kot so npr. zavora imunskega
odziva posredovana s fosfatazo (zavira aktivacijo
T celic), s transkripeijskimi faktorji, presnovnimi
spremembami in zavora imunskega odziva,

povzrocena s tkivno hipoksijo (9).

Sistemsko vnetje.

Pri RDCD je sistemsko vnetje, za katerega so zna-
c¢ilni povisani provnetni citokini in beljakovine
akutne faze, pokazatelj slabe prognoze. Mnogi nepri-
jetni simptomi rakave bolezni, kot je povisana tele-
sna temperatura, anemija, utrujenost, izguba apetita
in kaheksija so vsaj delno posledica sistemske vnetne
reakeije (10). Faktorji, ki sprozijo sistemsko vnetje,
so posledica interakcij med rakavimi celicami in
okolnim tumorskim mikrookoljem, ki vsebuje
vnetne celice, fibroblaste, zunajceliéni matriks in zile
(11). Sistemsko vnetje ima $tevilne vplive na progres

RDCD, med drugim podpira primarno tumorsko
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invazijo, proliferacijo, angiogenezo in metastaziranje

ter zavira protitumorsko imunost (10).

Imunosenescenca.

Spremembe v delovanju imunskega sistema, ki
nastanejo s staranjem in ki prizadenejo tako priro-
jen kot pridobljen imunski sistem, pomenijo
zmanjsevanje sposobnosti imunskega sistema za
odziv na patogene dejavnike in zmanjSan nadzor
nad rakavimi celicami (12). Kot posledica so sta-
rejsi ljudje bolj podvrzeni razvoju rakavih obolen;,

tudi RDCD.

Prehranska podhranjenost.

Bolniki z RDCD imajo zaradi razli¢nih razlogov
pogosto zmanjsan vnos hranil. Za dobro delovanje
imunskega sistema so potrebna ustrezna mikrohra-
nila, kot so minerali in vitamini ter makrohranila
kot so aminokisline, holesterol in mascobne
kisline. Posledi¢no njihovo pomanjkanje vodi v
oslabel imunski sistem (13). Poleg tega se pri bol-
nikih z rakom pogosto razvije kaheksija, ki je mul-
tifaktorialni katabolni sindrom, za katerega sta
znacilna progresivna izguba mase skeletnih misic
(z izgubo mascevja ali brez) in sistemsko vnetje,
oboje pa ima pomemben vpliv na bolnikovo priro-
jeno in pridobljeno imunost. (14).

Vpliv operativnega posega na imunski
sistem je dvojni.

Najprej nastopi akutna pooperativna zavora imun-
skega odziva, kasneje, z odstranitvijo tumorja, pa

moznost dolgoroéne obnove imunosti.

Akutna zavora imunosti.

Resekcija ¢revesa zaradi raka, v kombinaciji z ane-
stezijo, analgezijo, transfuzijo in infektivnimi
zapleti, vodi v aktivacijo stresnega in vnetnega
odziva, kar v konéni fazi privede v zavrtje sistemske
imunosti (15). Operacija zavira celicno imunost (T
celice, naravne celice ubijalke); vrh tega zavrtja je
3 dni po posegu in traja lahko tudi nekaj tednov po
njem. Vzroki za to so stevilni, od sproscanja rastnih
faktorjev (VEGF, PDGF, TGF-B), faktorjev strjevanja

krvi, stresnih hormonov (glukokortikoidov, kateho-
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laminov) in citokinov (16). Lokalne in sistemske

vnetne spremembe ustvarijo dobre pogoje za nasta-

nek premetastatskih nis in za prebuditev specih
rakavih celic (17, 18). Obstajajo ukrepi, ki zmanj-

Sajo perioperativno vnetje in ki jih je priporocljivo

v ¢im vecji meri vkljuciti v obravnavo bolnikov,

operiranih zaradi RDCD:

- ERAS. Kirurgija s pospesenim okrevanjem je
oblika perioperativne obravnave bolnika, pri
kateri z optimizacijo procesov zdravljenja vpli-
vamo na hitrost bolnikovega okrevanja. Ta
pristop zmanjSuje perioperativni stres in posle-
di¢no pooperativno vnetje in umrljivost.

- Kortikosteroidi. Raziskave kazejo na manjsi
pooperativni sistemski vnetni odgovor in manj
zapletov pri bolnikih, ki so prejeli enkratni odmerek
kortikosteroida pred operacijo RDCD (19).

- Nesteroidni antirevmatiki. Zmanjsujejo perio-
perativno vnetje in nizajo potrebo po opioidih,
nekatere raziskave pa postavljajo sum na vecjo
moznost dehiscence anastomoze (20).

— Imunonutricija. Ta naj bi zmanjsevala periope-
rativno vnetje in ugodno vplivala na izhod bolnikov
po operaciji gastrointestinalnih rakov (21, 22).

- Intravenska infuzija lidokaina. Perioperativna
infuzija lidokaina naj bi ugodno vplivala na
imunski odziv bolnika na operacijo, poleg tega
zmanjsa porabo opioidov in anestetikov (23, 24).

Obnova imunosti.

Odstranitev tumorja in njegovih negativnih ucin-
kov na imunski sistem vodi v manjso koli¢ino imu-
nosupresivnih citokinov ter ponovno okrepitev
protitumorskega imunskega odziva. Za boljso imu-
nost sta nujna tudi ustrezna prehranska podpora
ter ukrepi za zmanjsanje stresa (telesna in psiholo-
ska rehabilitacija).

Vpliv dodatnega (adjuvantnega)

zdravljenja na imunost.

Citotoksi¢na terapija
(kemoterapija in radioterapija)
je pogosta terapevtska moznost pri bolnikih z

lokalno razsirjeno ali metastatsko obliko RDCD.

Najpogostejsi neugoden stranski ucinek, ki vodi v
zavoro sistemske imunosti, je limfopenija (15).
Vendar pa lahko obe obliki citotoksi¢nega zdravlje-
nja hkrati tudi aktivirata sistemske protirakave
imunske odzive, ki pomagajo odstraniti oddaljene

tumorske celice (25).

Taréna terapija

se najveckrat uporablja pri bolnikih z metastatsko
boleznijo RDCD in ima svoj ucinek proti raku na
eni strani z neposredno inhibicijo signalnih poti
ter na drugi s spodbujanjem protitumorske imuno-
sti (26). Slednja se kaze s povecanjem stevila cirku-
lirajocih dendriti¢nih celic, naravnih celic ubijalk

in T celic ter okrepitvijo njihove citotoksi¢nosti

(27, 28).

MIKROBIOTA IN RAK DEBELEGA
CREVESA IN DANKE

Mikrobiotske prilagoditve bolnikov z

rakom debelega crevesa in danke

Crevesna mikrobiota je kompleksen ekosistem,
katerega sestavljajo bakterije (> 99 %), arheje,
virusi, glive in paraziti (29) in ki je najbolj skoncen-
triran v kolonu, zlasti cekumu. Med mikrobioto in
gostiteljem obstaja dinamicen, obojestransko kori-
sten odnos: bakterije omogocajo sproscanje neka-
terih hranil, tvorbo vitaminov in na druge nacine
ohranjajo ¢revesno in sistemsko zdravje ter vpli-
vajo na gostiteljeve imunske in nevroimunske
odzive (30), v zameno pa gostitelj mikroorganiz-
mom zagotavlja stabilno okolje in prehranske sub-
strate. Glede na funkcijo jo lahko razdelimo v tri
skupine: probiotiki, nevtralne bakterije in skod-
ljive bakterije (31). Probiotiki so koristne bakterije,
ki regulirajo imunski sistem, ohranjajo ravnovesje
v ¢revesni mikrobioti, spodbujajo absorpcijo hranil
in podpirajo ¢revesno zdravje (32). Nevtralne bak-
terije (ali pogojni patogeni) so v normalnih okoli-
s¢inah neskodljive, lahko pa pod dolo¢enimi
pogoji prispevajo k nastanku bolezni. Skodljive
bakterije imajo potencial povzrocitve bolezni pri

gostitelju (33). V zdravem ¢revesnem mikrobiomu
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probiotiki Steviléno presegajo skodljive bakterije,
e pa se ravnotezje porusi, se razrastejo skodljive
bakterije, kar vodi v razlicna bolezenska stanja.

Na sestavo mikrobiote najbolj vpliva arhitekturna
zasnova prebavne cevi, zato si je mikrobiom pred-
stavnikov iste vrste bolj podoben kot med pred-
stavniki razliénih vrst (34). Pri ljudeh se ze zgodaj
v zivljenju zacnejo kazati razlike v sestavi érevesne
mikrobiote. Po vaginalnem porodu imajo tako
novorojencki ve¢ bakterij materine vaginalne flore,
tisti rojeni s carskim rezom pa njene kozne flore
(35). Materino mleko vsebuje dolocene bakterije
ter razli¢ne bioaktivne sestavine in hranila, ki jih
mlecne formule nimajo; pri dojenih novorojenckih
tako prevladujejo Bifidobacterium sp., pri nedoje-
nih pa Enterobacterium sp. (36).

Sicer pri ljudeh najvecje razlike v sestavi mikro-
biote nastanejo zaradi razlik v prehrani in v
zivljenjskem slogu. Pri osebah, ki jedo ve¢ mesa
prevladuje Bacteroides sp., pri uzivanju pretezno
rastlinske hrane pa Prevotella sp. (37). Razlike
nastajajo tudi glede na spol, starost in indeks tele-
sne mase (I'TM), in sicer se z debelostjo raznolikost
mikrobiote zmanjsuje (38), s starostjo pa se zmany-
Suje koli¢ina aktinobakterij ter povecuje koli¢ina
bakteroidet (39). Zaradi uzivanja nekakovostne
hrane, prenajedanja, gastrointestinalnih bolezni
(npr. akutni ali kroni¢ni gastroenteritis), okolijskih
dejavnikov (potovanje v oddaljene destinacije),
zdravil (antibiotiki, hormoni, protitumorska zdra-
vila) in staranja se lahko spremeni sestava ter raz-

vije neravnovesje v ¢revesi mikrobioti (40, 41).

Disbioza je pomembna v patogenezi stevilnih bole-
zni ¢revesa kot so Crohnova bolezen, ulcerozni
kolitis pa tudi izven crevesnih stanj kot so slad-
korna bolezen tip 2, astma, debelost, avtizem in
revmatoidni artritis (42). Zanjo je znacilno zmanj-
Sanje Stevila koristnih in povecanje stevila provne-
tnih in prokancerogenih bakterij. Kot kaze, je
pomembna tudi v patogenezi RDCD (43). Pri teh
bolnikih je bilo namre¢ zaznati zmanjsano mikro-

biotsko raznolikost, poleg tega pa je bila vecja
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zastopanost firmikutov in fuzobakterij, medtem ko
je bila znatno zmanjSana zastopanost proteobakte-
rij (44). Predklini¢ne raziskave kazejo na zmoznost
c¢revesnih bakterij, da vstopajo v interakcijo z epi-
telom ¢revesa ter z imunskimi celicami, in sicer
tako, da sproscajo razlicne metabolite, proteine in
druge makromolekule, ki regulirajo nastanek raka.
Raziskave tudi kazejo, da ¢revesna mikrobiota
lahko modificira odgovor bolnikov na kemotera-

pijo in imunoterapijo (7).

Spremembe v ¢revesni mikrobioti pri
bolnikih z RDCD.

Znacilno je povecano stevilo ustnih patogenov kot
so Fusobacterium nucleatum, Parvimonas micra,
Peptostreptoccocus stomatis itd., nekaterih speci-
fiénih ¢revesnih bakterij kot so Bacteroides fragi-
lis, Escherichia coli, Streptococcus gallolyticus,
Morganella morganii ter zmanjSano Stevilo koris-
tnih ¢revesnih bakterij kot so Streptococcus ther-
mophilus, Streptococcus salivarius, Lactobacillus
gallinarum, Clostridium butyricum in Carnobacte-
rium maltaromaticum (7). Poleg spremenjene bak-
terijske sestave pa naj bi bil z razvojem RDCD ter
prezivetjem teh bolnikov povezana tudi spre-
memba crevesnega viroma (45), spremenjena
zastopanost gliv in plesni (46) ter arhej (47).

Kako naj bi mikrobna disbioza prispevala k
razvoju RDCD.

Mozni mehanizmi so proizvajanje genotoksinov,
kar je znacilno za Escherichio coli (48) in Campy-
lobacter jejuni (49), indukcija okvare deoksiribo-
nukleinske kisline (DNK) z akumulacijo reaktivnih
kisikovih spojin kot pri Bacteroides fragilis (50) in
Enterococcus faecalis (51), modulacijo onkogenih
signalnih poti, kar je znacilno za Fusobacterium
nucleatum (52, 53) ter spodbujanjem vnetja, kar je
glavni mehanizem za spodbujanje razvoja raka cre-
vesa pri Bakteroides fragilis (54). Pri uzivanju
hrane, bogate z zivalskimi mas¢obami, je znacilna
povecana zastopanost bakterij, ki presnavljajo zve-
plo (55); z njimi je povezano povecano tveganje za
razvoj raka debelega ¢revesa in danke (560), ker tvo-

rijo vodikov sulfid, ki je genotoksicen (57). Nasled-


https://slojgastroenterology.com

nji mehanizem, s katerim hrana, bogata z masco-
bami, povecuje tveganje za nastanek raka, je preko
z mikrobi tvorjenih sekundarnih zZolénih kislin kot
je deoksiholna kislina (58). Porusen mikrobiom
naj bi deloval tudi imunosupresivno, predvsem

zaviralno na citotoksic¢ne T celice (59).

Crevesni mikrobi izlocajo specificne encime, ki
omogocajo fermentacijo hranil v obliko, ki se lahko
absorbira, npr. neprebavljive ogljikove hidrate v
kratkoverizne mascobne kisline (60); slednje imajo
tako protivnetne kot imunomodulatorne uéinke (61).
Poleg kratkoveriznih mascobnih kislin so $e drugi
bakterijski metabolni produkti, sestavine samih bak-
terij (npr. lipopolisaharidi), deli njihovih celi¢nih kap-
sul in drugi endotoksini, ki ucinkujejo na gostitelja.
Vplivajo lahko na ohranjanje epitela, tvorbo vitami-
nov in interakecije z imunskimi celicami (62). Ena od
lastnosti mikrobioma je tudi, da regulira prepustnost
crevesja. Nekatere vrste bakterij povecujejo prepust-
nost crevesa. Posledi¢no metaboliti in deli bakteri
lazje zapuscajo ¢revo in vstopajo v krvni sistem, kot
vnetni odziv na to pa se sproscajo citokini (63).

Na sestavo ¢revesne mikrobiote, poleg Ze nastetega,
vplivajo tudi razlike v gostiteljevem genotipu (64).
Organizmi imamo ne samo razlike v dednem zapisu,
pac pa tudi zmoznost spreminja njegovega izrazanja.
Gre za epigenetiko, torej za dedne fenotipske spre-
membe, ki nastanejo brez sprememb v zaporedju
nukleinskih kislin. Glavni epigenetski mehanizmi so
metilacija DNK (65), modifikacija histonov in posle-
di¢no remodeliranje kromatina (66) ter delovanja
nekodirajocih ribonukleinskih kislin (RNK) (67).
Crevesni mikroorganizmi lahko modulirajo metila-
cijo gostiteljeve DNK in RNK na razli¢ne nacine,
npr. z zagotavljanjem hranil za tvorbo in metaboli-
zem vitaminov, s sintezo poliaminov (ti so klju¢ni za
proliferacijo celic, regulacijo genov, stresni odgovor),
s tvorbo kratkoveriznih mascobnih kislin in s spros-
canjem ekstracelularnih vezikul, ki so napolnjene z

regulatornimi molekulami (68).

Na nastanek in progres raka lahko ¢revesni mikro-

organizmi vplivajo tudi s presnovo razli¢nih rakot-

vornih snovi - karcinogenov (69), in sicer ga na
taksen nacin lahko bodisi spodbujajo ali pa zavi-
rajo (70). Eden od glavnih mehanizmov je z modu-
lacijo aktivnosti encimov, ki sodelujejo pri
aktivaciji ali deaktivaciji karcinogenov, s ¢imer
vplivajo na biorazpolozljivost in njihovo toksi¢nost
(71). Z vzdrzevanjem zdrave crevesne mikrobiote
lahko tako zmanjsamo vpliv karcinogenov in s tem

zmanjsamo tveganje za razvoj raka.

Homeostaza energije z absorpcijo, shranjevanjem
in porabo energije iz prehranskega vnosa (72) je
prav tako pod vplivom ¢revesne mikrobiote. Urav-
nava namrec presnovne hormone in dele mozga-
nov, ki regulirajo prehranjevalno vedenje (73).
Tako imenovana ¢revesna mikrobiota — mozganska
os je obojesmerna signalna os, ki regulira telesno
tezo z uravnavanjem apetita ter porabo in shranje-
vanjem energije (74). Ob tem je tako za debelost
kot podhranjenost znacilen isti bioloski faktor, to
je sprememba v sestavi in raznolikosti ¢revesne
mikrobiote glede na zdrave posameznike (75, 70).

Spremembe v zivljenjskem slogu in presezek
hrane sta pomembna faktorja za porast debelosti.
Povecano uzivanje hrane z visoko vsebnostjo mas-
¢ob in sladkorja dokazano spremeni mikrobno
ekologijo, za katero je znacilna zmanjSana
mikrobna raznolikost. Ta sprememba ima za posle-
dico spremembo v sestavi kratkoveriznih mascob-
nih kislin, v homeostazi energije ter povecanem
vnetju (77). Znano je, da je debelost povezana z
blagim kroni¢nim vnetjem in inzulinsko rezi-
stenco (78). Eden od razlogov za to vnetje je med
drugim povecana prepustnost ¢revesa in posledi-
¢na translokacije po Gramu negativnih bakterij in

njenih sestavnih delov v kri.

Studije crevesne mikrobiote pri podhranjenih so
bile v veliki vecini primerov narejene bodisi pri
podhranjenih otrocih ali bolnikih z anoreksijo ner-
vozo. Za oboje so znacilne spremembe v sestavi
crevesne mikrobiote, in sicer zmanjsanje celo-
kupne koli¢ine bakterij in zmanjSana njihova raz

nolikost (79). Po pridobitvi na tezi je mikrobna

SLOJGASTROENTEROL. / GASTROENTEROLOG 27


https://slojgastroenterology.com

raznolikost porasla, vendar pa so se ohranile dolo-
¢ene motnje v njeni sestavi in spremenjen profil
kratkoveriznih maséobnih kislin v blatu.

Se bolj kompleksne mehanizme in vplive ¢revesne
mikrobiote na gostiteljevo zdravje lahko opazu-
jemo pri bolnikih s kaheksijo. Kaheksija je unicu-
jo¢ proces, ki pogosto prizadene tudi bolnike z
RDCD. Gre za presnovni sindrom, za katerega je
znacilna ne le izguba telesne teze pac¢ pa tudi
pospesena razgradnja mascobnega tkiva in izguba
skeletnih misic. Domnevni patofizioloski mehan-
izmi pri njenem nastanku so sistemski vnetni
odgovor, spremenjen energijski metabolizem,
malabsorpcija, anoreksija in nevroendokrine spre-
membe (80). Za razliko od obicajnega hujsanja, pri
katerem telo skusa varcevati z energijo, pri kahek-
siji telo energijo porablja hitreje kot obi¢ajno. Ver-
jetno je najpomembnejsi dejavnik pri nastanku
kaheksije sistemsko vnetje. Rakave celice in bolni-
kov imunski sistem sproscajo citokine (npr.TNF-a,
IL-6, IL-1,INF-y), ki telesu narocajo razgradnjo
misic in lipolizo (81). S tem pride do unic¢evanja
skeletnih misic z namenom spros¢anja aminokislin
ter do ¢rpanja mascobnih zalog, ki jih telo ne more
ucinkovito obnavljati. Poleg tega jetra pod vplivom
vnetja proizvajajo namesto koristnih beljakovin,
kot je albumin, beljakovine akutne faze, kar je
energijsko potratno. Vnetni citokini potujejo preko
krvno-mozganske pregrade in izklopijo center za
lakoto ter vklopijo center za sitost, zaradi cesar bol-
niki nimajo apetita. Anoreksija poslabsa negativno
energijsko ravnovesje in dodatno prispeva k pro-

padanju tkiv (82).

Nastale spremembe pri kaheksiji rakavih bolnikov
imajo za bolnika stevilne posledice, ki vkljucujejo
zmanjsano kakovost zivljenja (utrujenost, sibkost),
slabso toleranco za zdravljenje in zmanjsano prezi-
vetje (83). Kaheksija otezuje zdravljenje s kemote-
rapijo, saj pogosto zahteva prilagajanje shem in
znizanje odmerkov zdravil, kar na koncu vpliva na
izide zdravljenja (84). Raziskave kazejo, da pride
pri kaheksiji do pomembnih sprememb tudi v ¢re-

vesni mikrobioti. Znano je, da igra ¢revesna mikro-
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biota pomembno vlogo pri modulaciji imunskega
sistema, absorpciji hranil, ohranjanju integritete
¢revesa in uravnavanju razli¢nih fizioloskih proce-
sov, kot so prebava, metabolizem in zascita pred
patogeni. Disbioza lahko moti presnovno homeo-
stazo gostitelja, kar vodi do spremenjenega ener-
gijskega ravnovesja, motene absorpcije hranil in
vnetja, kar prispeva k napredovanju kaheksije (85).

Predklini¢ne in klini¢ne studije kazejo, da imajo
kahekti¢ni bolniki spremembe v raznolikosti (ta je
zmanjSana), sestavi in delovanju ¢revesnega mikro-
bioma (86), moteno pa je tudi delovanje ¢érevesne
pregrade (87). Pri kaheksiji zaradi raka je izguba
misi¢ne mase tesno povezana tudi z disbiozo cre-
vesne mikrobiote. Spremembe imajo za posledico
znacilno zmanjSano proizvodnjo kratkoveriznih
mascobnih kislin; zlasti so za ohranjanje celovitosti
c¢revesne pregrade, uravnavanje vnetja ter modula-
cijo misi¢ne presnove kljucne butirat, acetat in
propionat (88, 89). Glede na pomembno vlogo kra-
tkoveriznih mascobnih kislin predstavlja obnova
ravnovesja crevesne mikrobiote in proizvodnje kra-
tkoveriznih mascobnih kislin obetavno terapevt-
sko pot za preprecevanje kaheksije (85, 89).
Studijev ki trenutno potekajo, proucujejo ucinko-
vitost probiotikov, prebiotikov in presaditve
fekalne mikrobiote na izboljsanje stanja bolnikov,
ki ob rakavi bolezni trpijo zaradi kaheksije.

Vpliv operativnega posega na ¢revesno

mikrobioto

Operacija debelega ¢revesa in danke lahko
bistveno spremeni sestavo c¢revesne mikrobiote.
Razlogov za to je ve¢, med drugim so to mehansko
c¢isc¢enje Crevesa, perioperativna uporaba antibioti-
kov, spremenjena anatomija ¢revesa, pooperativna
prehrana in stres. Raziskave so po operacijah
RDCD pokazale zmanjsano stevilo bakteroidet in
firmikutov ter povecanje Stevila proteobakterij
(90), celokupno zmanjsanje stevila bakterj in naj-
pogostejsih obligatornih anaerobov ter povecano
zastopanost enterobakterij, stafilokokov, Pseudo-

monas sp. in Clostridium difficile (91).
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Odstranitev dela ¢revesa spremeni lokalne pogoje
kot so pH, peristaltika in dostop do hranil. Upo-
raba antibiotikov zmanjsa raznolikost ¢revesne
mikrobiote in omogoci razrast patogenih bakterij
kot je Clostridium ditficile. Cas antimikrobne pro-
filakse naj bo zato ¢im krajsi, poleg tega je vpra-
Sljiva dolgorocna dobrobit predoperativne oralne
antibioticne priprave Crevesa na operacijo RDCD.

Uporaba opioidov negativno vpliva na ¢revesni
mikrobiom z zmanjsanjem raznolikosti ter Stevila
koristnih mikrooorganizmov, kot so laktobacili in
bifidobakterije (92). To je, poleg Ze znanih nega-
tivnih vplivov opioidov na povrnitev peristaltike,
povzrocanje slabosti in bruhanja, zakasnjene reha-
bilitacije in drugih, se dodaten razlog za ¢im

manj$o uporabo opioidov pri operacijah RDCD.

Parenteralna hrana spreminja c¢revesno mikro-
bioto, in sicer spodbuja razrast bakterij, ki lazje
prenasajo stanje brez hranil, kot so proteobakterije
in zavira razrast firmikutov, ki dominirajo v okolju
bogatem s hranili (93). Enteralna prehrana pod-
pira obnovo c¢revesne mikrobiote in je zato
pomembno z njo prenehati ¢im kasneje pred ter z

njo nadaljevati ¢im prej po operaciji.

Nekateri dokazi nakazujejo, da celo anestezija (94)
in hipotermija (95) med posegom nezeleno spre-
minjata sestavo in raznolikost ¢revesne mikro-
biote. To poudarja potrebo po manj invazivnih
kirurskih tehnikah, s krajsim ¢asom, ki je potre-
ben za anestezijo bolnika ter medoperativni ukrepi
za zmanjsanje tveganja za podhladitev bolnika.

ZAKLJUCEK

RDCD predstavlja eno najpogostejsih oblik rakave
bolezni v zahodnem svetu, njena pojavnost pa je
zaradi nacina Zivljenja in prehranjevanja v porastu.
Imunski odziv in érevesne mikrobiotske prilagodi-
tve se vedno bolj kazejo kot pomemben dejavnik,
tako pri nastanku, kot tudi pri zdravljenju te
smrtonosne bolezni. Gre za dinamiéen in medse-

bojno povezan proces, ki se pomembno spremeni

po kirurskem posegu. Imunski sistem ima pomem-
bno vlogo pri zavori nastanka tumorjev. Kadar je
njegovo delovanje okrnjeno, kar se zgodi tudi
perioperativno, lahko to rakave celice izkoristijo
za lastno prezivetje. Zaradi interakcij med tumor-
jem in okolnimi tkivi se izlocajo faktorji, ki spro-
zijo nastanek sistemskega vnetja. Kadar je vnetni
odgovor pretiran, pospesuje razvoj raka skozi vec¢
dobro znanih mehanizmov. Zato priporocajo upo-
rabo protivnetnih strategij, kot je perioperativna
uporaba enkratnega visokega odmerka kortikoste-
roidov ali medoperativna intravenska infuzija lido-
kaina ter obravnava bolnikov v skladu s principi

kirurgije s pospesenim okrevanjem (ERAS).

Zadnja leta je vedno bolj jasno, da je za zdravje cre-
vesa zelo pomembna njegova mikrobiota. Tako kot
lahko njena disbioza povzroci nastanek razli¢nih
obolenj, tudi raka, pa njeno poruseno ravnovesje
slabo vpliva tudi na celjenje ran in konéni izhod
po operaciji. Nezdrava prehrana je le eden od
dejavnikov za neustrezno zastopanost bakterij v
¢revesni mikrobioti, za katero je znacilno zmanj-
sana raznolikost ter povecano sStevilo provnetnih
in prokancerogenih mikrobov. Ceprav Z namenom
ozdravitve, lahko operacija, predoperativni ukrepi,
antibiotiki in celo anestezija neugodno vplivajo na
c¢revesno mikrobioto, njena spremenjena sestava
in perioperativni stres in vnetje pa zaostalim
tumorskim celicam lahko olajsajo prehod cez tki-

vne bariere v kri in limfo.

Raziskovanje in razumevanje pomena imunskih in
mikrobiotskih sprememb Ze ima dolocen vpliv na
razvijanje novih strategij zdravljenja. V prihodnosti
bi lahko pomenil nove metode za zgodnejse odkri-
vanje bolezni ter bolj u¢inkovito in bolniku prila-
gojeno onkolosko zdravljenje. Nova dognanja na
tem podroc¢ju bodo usmerila na najprimernejso
prehransko predoperativno in pooperativno pod-
poro, medoperativne strategije in ukrepe za pod-
poro imunskemu sistemu in ohranjanju zdrave
mikrobiote, kar bi kot svezenj ukrepov lahko

imelo ugoden ucinek na zdravljenje in prezivetje

bolnikov z RDCD.
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Kljuéne besede: peritonealne metastaze; citoredukcija;
peritonealni karcinomatozni indeks; kolorektalni rak; rak
Zelodca; psevdomiksom peritoneja

IZVLECEK

Peritonealne metastaze so bile dolgo obravnavane
predvsem paliativno, razvoj citoreduktivne kirur-
gije in hipertermicne intraperitonealne kemotera-
pije pa je pri izbranih bolnikih omogo¢il kurativno

usmerjen lokalno-regionalni pristop.

Uspeh zdravljenja je odvisen predvsem od obsega
peritonealne bolezni, ocenjenega s peritonealnim
karcinomatoznim indeksom, in od popolnosti cito-
redukeije. Najbolj prepricljive rezultate smo dosegli
pri psevdomiksomu peritoneja, kjer popolna citore-
dukeija v kombinaciji s hipertermic¢no intraperito-
nealno kemoterapijo omogoca priblizno 70-80 %
desetletno celokupno prezivetje.

Keywords: peritoneal metastases; cytoreduction; peritoneal
carcinomatosis index; colorectal cancer; gastric cancer;
pseudomyxoma peritonei

ABSTRACT

Peritoneal metastases were long managed mainly
with palliative intent, but the development of cyto-
reductive surgery and hyperthermic intraperitoneal
chemotherapy has enabled a potentially curative
locoregional approach in selected patients.

Treatment success depends primarily on the extent
of peritoneal disease, assessed by the peritoneal
carcinomatosis index, and on the completeness of
cytoreduction. The most convincing outcomes have
been reported in pseudomyxoma peritonei, where
complete cytoreduction combined with hyperther-
mic intraperitoneal chemotherapy can achieve
approximately 70-80% 10-year overall survival.
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Pri kolorektalnih peritonealnih metastazah je
temelj zdravljenja popolna citoredukcija; raziskava
PRODIGE 7 ni dokazala dodatne koristi 30-minut-
nega oksaliplatinskega protokola hipertermicne
intraperitonealne kemoterapije. Pri raku Zelodca je
metoda smiselna le pri zelo omejeni peritonealni
bolezni, zlasti pri peritonealnem karcinomatoznem
indeksu 6 ali manj in izvedljivi popolni citoreduk-
ciji. Zaradi pomembne morbiditete mora zdravlje-
nje potekati v visoko specializiranih centrih po
multidisciplinarni presoji in z jasno opredeljenim
ciljem popolne odstranitve makroskopske bolezni.

In colorectal peritoneal metastases, complete cytore-
duction is the cornerstone of treatment; the PRODIGE
7 trial did not demonstrate an additional survival bene-
fit of a 30-minute oxaliplatin-based hyperthermic intra-
peritoneal chemotherapy protocol. In gastric cancer,
this approach is justified only in very limited peritoneal
disease, particularly when the peritoneal carcinomatosis
index is 6 or lower, and complete cytoreduction is fea-
sible. Because of relevant morbidity, treatment should
be performed in highly specialised centres after multi-
disciplinary assessment and with the clearly defined

aim of complete macroscopic disease removal.

UvVOD

Peritonealne metastaze pri abdominalnih maligno-
mih pomenijo razsoj bolezni po peritonealni povr-
sini. V preteklosti so bile praviloma obravnavane
kot znak sistemsko napredovale bolezni, pri kateri
je bilo zdravljenje usmerjeno predvsem v paliati-
vno sistemsko kemoterapijo in lajsanje zapletov.
Ker je odziv peritonealnih zasevkov na sistemsko
zdravljenje pogosto slabsi kot pri metastazah v dru-
gih organih, so se razvili lokalno-regionalni pri-
stopi, katerih cilj je odstraniti vidno bolezen in
vplivati na mikroskopske ostanke tumorja (1, 2).

Temelj sodobnega pristopa predstavljata CRK in
HIPEC. Sugarbaker je s standardizacijo peritonek-
tomijskih postopkov postavil kirurski okvir za
zdravljenje peritonealnih malignomov, poznejse
raziskave pa so razvijale razlicne intraperitonealne
protokole glede na primarni tumor (3-5). HIPEC se
izvaja intraoperativno po predhodni citoredukciji;
najpogosteje uporabljeni citostatiki so mitomicin C,
oksaliplatin, cisplatin in doksorubicin, perfuzijska
tekocina pa je praviloma segreta na 41-43 °C (4, 5).

CRK in HIPEC nista enako koristna pri vseh bol-
nikih. Razlike med psevdomiksomom peritoneja,
kolorektalnim rakom, rakom Zelodca, GIST in
nevroendokrinimi tumorji so velike. Zato je odloca-
nje nujno vezano na bioloske znacilnosti tumorja,

obseg peritonealne bolezni, moznost popolne cito-
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redukcije, splosno stanje bolnika in pricakovano
perioperativno tveganje. Namen prispevka je pov-
zeti sodobne indikacije za peritonektomijo in
HIPEC, primerjati kljuéne podatke o prezivetju in
zapletih ter opredeliti, pri katerih bolnikih je tak

pristop najbolj utemeljen.

MATERIALI IN METODE

V pregled literature so bili vkljuceni predvsem klini-
¢no pomembni podatki iz randomiziranih raziskav,
multicentri¢nih kohort, sistemati¢nih pregledov in
vedjih retrospektivnih analiz, ki obravnavajo citore-
duktivno kirurgijo in hipertermi¢no intraperito-
nealno kemoterapijo pri peritonealnih metastazah
abdominalnega izvora. Poudarek je na celokupnem
prezivetju, prezivetju brez ponovitve ali napredova-
nja bolezni, zapletih in perioperativni smrtnosti.

REZULTATI

Temeljna nacela zdravljenja

Peritonealni karcinomatozni indeks in
popolnost citoredukcije

PCI je standardizirana metoda ocenjevanja razsirje-
nosti peritonealne bolezni in eden najpomembnej-
Sih prognosti¢nih kazalnikov. Vigji PCI praviloma
pomeni vecjo tumorsko obremenitev, slabso moz-

nost popolne citoredukcije in slabse prezivetje.
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Kljub temu PCI sam po sebi ni zadosten, saj je
pomembna tudi lokacija zasevkov; prizadetost tan-
kega Crevesa, zlasti ve¢ segmentov ali distalnega
ileuma, lahko onemogoci popolno resekeijo tudi pri

zmernem PCI (6, 19, 20).

CCklasifikacija opisuje popolnost citoredukcije.
CCO pomeni odsotnost makroskopsko vidne bolezni,
CC-1 rezidualne noduse manjse od 2,5 mm, CC-2 in
CC-3 pa vecjo rezidualno bolezen. Pri veéini abdo-
minalnih tumorjev je za dolgorocno korist potrebna
CCO citoredukcija. Pri psevdomiksomu peritoneja
je lahko sprejemljiva tudi CC-1 citoredukcija, ker je
biologija bolezni manj agresivna (6, 7).

Ce nismo dosegli popolne ali skoraj popolne cito-
redukeije, HIPEC ne more nadomestiti nepopolne
kirurgije. To je klinicno pomembno, ker se v
vecini raziskav kot najmocnejsi napovedni dejav-
nik izida pojavlja popolnost citoredukcije, medtem
ko je dodatna vrednost HIPEC odvisna od primar-
nega tumorja, protokola, trajanja perfuzije, izbra-
nega citostatika in predhodne sistemske terapije

(10, 14, 21, 23).
Primerjava indikacij in stevilénih izidov

V preglednici Tabela 1 so zbrani kljuéni podatki o
prezivetju, selekciji bolnikov in kritiéni oceni

metode po posameznih skupinah bolezni.
Posamezne indikacije
Psevdomiksom peritoneja

Psevdomiksom peritoneja je redka peritonealna
maligna bolezen, najpogosteje povezana z muci-
noznim tumorjem slepica. V primerjavi z vecino
drugih peritonealnih metastaz je pogosto omejen
in pocasi rastoc, zato je agresivno lokalno zdravlje-
nje najbolj utemeljeno prav pri tej bolezni. Pri
PMP slepica je bila popolna CRK (CC-0) v kombi-
naciji s HIPEC povezana s 5-letnim celotnim pre-
zivetjem 85 % in 10-letnim celotnim prezivetjem

75 % (7, 48).

Kritiéno je treba poudariti, da rezultat tudi pri
PMP ni odvisen samo od HIPEC, temvec¢ pred-
vsem od popolnosti citoredukcije in histoloskega
podtipa. Peritonealna mucinozna karcinomatoza
ima slabso prognozo kot dituzna peritonealna ade-
nomucinoza ali hibridne oblike. Ce ni mogoce
doseci CC-0 ali CC-1, se lahko pri izbranih bolni-
kih izvede kirursko ¢im bolj obsezna odstranitev

tumorja, vendar so rezultati slabsi kot pri popolni
citoreduketiji (7, 49).

Kolorektalni rak

Kolorektalni rak je ena najpogostejsih indikacij za
razmislek o CRK in HIPEC. Sinhrone perito-
nealne metastaze so prisotne pri priblizno 6-7 %
bolnikov s kolorektalnim rakom, skoraj polovica
teh bolnikov pa ima peritonej kot edino mesto
metastatske bolezni (9-11, 50).

Pri bolnikih, zdravljenih samo paliativno, so peri-
tonealne metastaze kolorektalnega raka povezane
s slabsim prezivetjem kot metastaze v jetrih ali
pljucih: mediano OS je 16,3 meseca pri peritoneal-
nih metastazah, 19,1 meseca pri izoliranih jetrnih

metastazah in 24,6 meseca pri izoliranih pljuénih

metastazah (13, 51).

Randomizirana raziskava Verwaala in sod. je ze
leta 2003 pokazala pomembno izboljsanje prezive-
tja pri bolnikih, zdravljenih s CRK in HIPEC, v
primerjavi s sistemsko kemoterapijo in paliativno
kirurgijo (8). KasnejSe multicentri¢ne analize so
porocale o medianem OS okoli 40 mesecev, kadar
je bila doseZena makroskopsko popolna resekcija

9, 11, 12).

Najpomembnejsa sodobna raziskava za kriticno pre-
sojo HIPEC pri kolorektalnem raku je PRODIGE 7.
V raziskavo je bilo vklju¢enih 265 bolnikov, 133 v
skupino CRK + HIPEC in 132 v skupino samo
CRK. VKkljuéeni so bili bolniki s PCI < 25, WHO
zmogljivostjo 0 ali 1, normalno jetrno funkcijo in
ustrezno hematolosko funkeijo. HIPEC je temeljil

na oksaliplatinu in je trajal 30 minut. Mediano OS
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Tabela I: Primerjava indikacij, izida zdravljenja in selekcije bolnikov pri peritonektomiji in HIPEC
Table 1: Comparison of indications, treatment outcomes and patient selection for peritonectomy and HIPEC

m peritoneja

(PMP)

in 10detno OS 75 %; Sirse se navaja

101etno OS priblizno 70-80 % (7, 48)

CC-0/CC-1; pomemben je
histoloski podtip. PMCA ima
slabso prognozo kot DPAM
ali hibridni tumorji (7).

Bolezen / s . S . . e
Do Kljuéni podatki o prezivetju Izbor bolnikov / pragovi Kriti¢na ocena
Psevdomikso CC-0 + HIPEC ima 5-letno OS 85 % Najboljsi izidi pri CC-0 in CC-1 + HIPEC je

zlati standard.

in gradus tumorja (43).

priporocena, kadar je
izvedljiva. Tudi delna ima
lahko korist, ée se odstrani
vsaj 70 % tumorske mase

(40-42).

Kolorektalni Pri paliativnem zdravljenju je mediano | Sinhrone peritonealne CRK je temelj. Dodatek

rak OS pri peritonealnih metastazah 16,3 metastaze so prisotne pri 30-minutnega
meseca; v PRODIGE 7 je bilo OS 41,7 | 6-7 % bolnikov s CRC; oksaliplatinskega HIPEC
meseca pri CRK + HIPEC in 41,2 skoraj polovica jih ima samo | po PRODIGE 7 ni dokazal
meseca pri sami CRK. Petletno je bilo peritonealne metastaze. koristi, zato HIPEC ni
v obeh skupinah priblizno 15 % Najvecja korist je pri nizkem | primeren pri vseh bolnikih.
bolnikov ocenjenih kot ozdravljenih PCI; navedeni pragovi se
(10, 13). razlikujejo: PCI < 10, <12,

<13 ali do 20 (9, 10, 14-18).

Rak Zelodca Sistemsko zdravljenje pri peritonealnih | Najprimernejsi so bolniki z Obetavno, vendar e brez
metastazah obicajno doseze OS omejeno peritonealno dokonéne potrditve v
priblizno 8-10 mesecev. Pri PCI < 6 boleznijo, obi¢ajno PCI < 6, | velikih randomiziranih
in CC-0 so opisane mediane OS nad 40 | brez razsirjene sistemske raziskavah. Ne sme se
mesecev; v italijanski multicentriéni bolezni in z realno uporabljati rutinsko pri
raziskavi 40,7 meseca pri CC-0 proti moznostjo CC-0 (30-32). obsezni bolezni.

10,7 meseca pri nepopolni resekciji ter
44,3 meseca pri PCI < 6 proti 13,4
meseca pri PCI > 6 (29, 32).

GIST Pred imatinibom je bilo prezivetje pri Operacija je smiselna CRK ima lahko vlogo pri
metastatskem GIST 10-20 mesecev, predvsem pri odgovoru ali izbranih bolnikih, HIPEC
5letno OS manj kot 10 % (44). stabilni bolezni po TKI; pa nima jasno opredeljene
Pri bolnikih z odgovorom ali stabilno ne prej kot po 6 mesecih in | vloge.
boleznijo po imatinibu je bilo v $panski | praviloma ne pozneje kot
retrospektivni primerjavi OS 87,6 po 2 letih od zacetka TKI
meseca z imatinibom + CRK proti 59,9 | (45-47).
meseca z imatinibom brez operacije (34).

GEP-NET Izid moéno dolocata jetrna prizadetost | Popolna resekeija je Vloga HIPEC ostaja pod

vprasajem.

Legenda: DPAM: diseminirana peritonealna adenomucinoza, PMCA: peritonealna mucinozna karcinomatoza,
TKI: inhibitor tirozinskih kinaz, GIST: gastrointestinalni stromalni tumorji, GEP-NET: gastroenteropankreaticni
nevroendokrini tumorji

je bilo 41,7 meseca v skupini CRK + HIPEC in 41,2
meseca v skupini samo CRK (p = 0,99). Prezivetje

brez ponovitve se ni pomembno razlikovalo, pet let

po zdravljenju pa je bilo priblizno 15 % bolnikov v

obeh skupinah ocenjenih kot ozdravljenih (8, 10).
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Ti podatki kazejo, da je pri kolorektalnih perito-
nealnih metastazah temelj zdravljenja popolna CRK.
Dodatek oksaliplatinskega HIPEC ni izboljsal pre-
zivetja, hkrati pa je bila 60-dnevna stopnja zapletov
stopnje 3 ali ve¢ visja v skupini CRK + HIPEC kot
v skupini samo CRK (26 % proti 15 %, p = 0,035).
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Na 30. dan razlika ni bila statisti¢no znacilna, ven-
dar je bilo zapletov stopnje 3 ali ve¢ numeri¢no vec

pri CRK + HIPEC (42 % proti 32 %) (8, 10).

Kritiéna razlaga PRODIGE 7 ni, da je HIPEC pri
kolorektalnem raku dokonéno brez vrednosti, tem-
ve¢ da 30-minutni oksaliplatinski protokol po
CRK ni

Pomembne omejitve so kratko trajanje perfuzije,

popolni dokazal dodatne koristi.
predhodna izpostavljenost bolnikov oksaliplatinu
in moznost rezistence ter neenotnost optimalnega
HIPEC protokola. Odziv na lokalni oksaliplatin je
lahko povezan s trajanjem izpostavljenosti, zato
ostaja vprasanje drugacnih protokolov, na primer

daljSe perfuzije ali mitomicina C, odprto (23-25).

Tudi prag PCI ostaja predmet razprav. Razli¢ni
avtorji so navajali najvecjo korist pri PCI < 10,
drugi pri PCI < 12 ali < 13, nekateri pa kot zgornjo
mejo navajajo PCI 20. Bolniki s PCI > 20 praviloma
niso dobri kandidati za CRK z ali brez HIPEC, saj
je prezivetje slabSe in verjetnost popolne citoreduk-
cije manjsa. Poleg steviléne vrednosti PCI je treba
oceniti tudi prizadetost tankega crevesa in stevilo

prizadetih regij (12, 14-20).

Profilakticni HIPEC pri visokoriziénem kolorek-
talnem raku za zdaj nima dovolj podpore za rutin-
sko uporabo. PROPHYLOCHIP-PRODIGE 15 ni
pokazal statisticno znacilne razlike v triletnem pre-
zivetju brez bolezni (DFS) med drugo operacijo z
HIPEC in opazovanjem (44 % proti 53 %, p = 0,82).
Podobno COLOPEC ni pokazal statisticno zna-
¢ilne razlike v 18-meseénem peritonealnem DFS
med adjuvantnim HIPEC in standardnim zdravlje-

njem (80,9 % proti 76,2 %, p = 0,28) (26-27).
Rak Zelodca

Peritonealne metastaze pri raku Zelodca so pogoste
in prognosticno neugodne. Prisotne so pri pribli-
zno 17 % novo diagnosticiranih bolnikov, pri sta-
diju III pa se lahko pojavijo do 40 % primerov. Pri
sistemskem zdravljenju je mediano OS obicajno

priblizno 8-10 mesecev (28, 52, 53).

Pri skrbno izbranih bolnikih z omejeno perito-
nealno boleznijo so rezultati bistveno boljsi. V fran-
coski multicentri¢ni raziskavi 159 bolnikov je bila
popolna citoredukeija neodvisno povezana z dalj-
§im prezivetjem: mediano OS po CC-0 je bilo 15
mesecev, v celotni skupini pa 9,2 meseca; petletno

OS po CC-0 je bilo 23 % (28, 29).

Najbolj izrazita korist je opisana pri nizkem PCI.
Yonemura in sod. so pri 95 bolnikih pokazali, da je
bil CCO dosezen pri 91 % bolnikov s PCI < 6, vendar
samo pri 42 % bolnikov s PCI > 7 (28). Italijanska
multicentri¢na raziskava pri sinhronih peritonealnih
metastazah Zelodénega raka je porocala o medianem
0S 40,7 meseca po popolni citoredukeiji proti 10,7
meseca po nepopolni resekeiji (p = 0,003). Pri PCI
< 6 je bilo mediano OS 44,3 meseca, pri PCI > 6 pa
13,4 meseca (p = 0,005) (32).

CYTO-CHIP, najvecja opazovalna studija na tem
podrocju, je vkljucila 277 bolnikov iz 19 francoskih
centrov. Pokazala je boljse OS in DFS pri CRK +
HIPEC v primerjavi s samo CRK, brez pomemb-
nega povecanja vecje morbiditete in 90-dnevne
smrtnosti. Vendar gre za opazovalno Studijo z ana-
lizo prilagajanja na verjetnost izbire zdravljenja,
zato ne predstavlja dokoné¢ne potrditve randomizi-
ranih raziskav. Zato je treba zdravljenje omejiti na
skrbno izbrane bolnike v izkusenih centrih (30).

Pri raku zZelodca je zato CRK + HIPEC utemeljen
predvsem pri bolnikih z zelo omejeno perito-
nealno boleznijo, pricakovano CC-0 citoredukcijo,
dobrim splosnim stanjem in ustreznim odgovorom
na sistemsko zdravljenje. Pri obseznem PCI, neod-
zivu na sistemsko zdravljenje ali agresivni biologiji
tumorja je tveganje, da poseg povzroci veliko morbi-
diteto brez realne onkoloske koristi, visoko (30-32).

Manj pogoste indikacije

Pri GIST je klju¢na sistemska tar¢na terapija z ima-
tinibom. Operacija ima lahko vlogo pri bolnikih z
odgovorom ali stabilno boleznijo po TKI (45-47).

V $panski retrospektivni primerjavi je bilo mediano
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OS 87,6 meseca pri kombinaciji imatiniba in CRK
proti 59,9 meseca pri imatinibu brez operacije.

HIPEC pri GIST nima jasno dokazane vloge (34).

Pri  gastroenteropankreati¢nih nevroendokrinih
tumorjih (GEP-NET) so peritonealne metastaze pri-
sotne pri priblizno 20 % bolnikov. Kirurska resekcija
je smiselna, kadar je popolna resekcija izvedljiva;
kadar ni, lahko nepopolna citoredukcija koristi, ce
je mogoce odstraniti vsaj 70 % tumorske mase. Vloga

HIPEC ostaja pod vprasajem (35-36, 38-41).
Zapleti, tveganja in organizacijske zahteve

CRK + HIPEC je obsezen kirursko-onkoloski poseg,
zato so zapleti pricakovani in kliniéno pomembni.
Najpogostejsi zapleti vkljucujejo krvavitve, anasto-
motsko puscanje, intraabdominalne abscese, okuzbe,
ileus, respiratorne zaplete ter hemato-, hepato- in
nefrotoksi¢nost, odvisno od uporabljenega citosta-
tika. Posebej pri cisplatinskih protokolih je opi-
sana akutna ledvi¢na okvara, tveganje pa narasca
z obsegom operacije (4, 21, 37).

S povecanjem izkusenj in razvojem specializiranih
centrov sta se morbiditeta in smrtnost zmanjsali
ter postali primerljivi z drugimi velikimi gastroin-
testinalnimi onkoloskimi operacijami. Kljub temu
je francoska analiza 5562 bolnikov pokazala, da bi
bilo ve¢ kot polovico pooperativnih smrti po CRK
in HIPEC mogoce prepreciti. Ta podatek je
pomemben, ker kaze, da uspeh metode ni odvisen
samo od indikacije, temvec tudi od organizacije in

izkusenj centra (21, 22).

V PRODIGE 7 je bila 30-dnevna stopnja zapletov
stopnje 3 ali vec 42 % pri CRK + HIPEC in 32 %
pri sami CRK, brez statisti¢no znacilne razlike. Do
60. dne pa je bila razlika znacilna: 26 % pri CRK
+ HIPEC proti 15 % pri CRK (p = 0,035). To potr-
juje, da se pri HIPEC zapleti lahko pojavijo tudi
kasneje in lahko odlozijo nadaljevanje sistemskega

zdravljenja (8, 10).
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RAZPRAVA

CRK + HIPEC je ena najbolj intenzivnih oblik zdra-
vljenja peritonealnih malignomov. Njena prednost
je logi¢na: peritonealna bolezen je lahko lokalno-
regionalno omejena, sistemska terapija pa ima v
peritoneju omejeno ucinkovitost. Kljub temu se je
treba izogniti nekriticnemu razumevanju HIPEC
kot univerzalnega dodatka k kirurgiji. Dokazi
kazejo, da je pri vecini tumorjev najpomembnejsi
dejavnik popolna citoredukcija, medtem ko je
dodatna vrednost HIPEC odvisna od histologije,
protokola, trajanja perfuzije, izbranega citostatika in

predhodnega sistemskega zdravljenja (10, 23-25).

Najboljsi dokaz za to je kolorektalni rak. PRO-
DIGE 7 je dokazal, da lahko popolna CRK doseze
mediano OS nad 40 mesecev, kar je bistveno bolje
od paliativnih rezultatov. Hkrati pa dodatek 30-
minutnega oksaliplatinskega HIPEC ni izboljsal
OS. Zato bi bilo napacno trditi, da je raziskava ovr-
gla CRK; dejansko je potrdila njen pomen. Prav
tako bi bilo preve¢ poenostavljeno trditi, da je
dokonéno ovrgla vse oblike HIPEC; bolj pravilna
interpretacija je, da ni dokazala koristi konkret-
nega oksaliplatinskega protokola v izbranem klini-
¢nem kontekstu (10, 23).

Pri raku zelodca so podatki bolj obetavni, vendar
manj trdni. Razlike v prezivetju pri PCI < 6 in CC0
so velike, vendar vecinoma izhajajo iz retrospektiv-
nih ali opazovalnih raziskav. Zato je treba CRK +
HIPEC pri raku zelodca razumeti kot moznost za
zelo ozko skupino bolnikov, ne pa kot rutinski
standard. Pri obseznem PCI, neugodnem biolo-
skem poteku, neodzivu na sistemsko zdravljenje
ali nezmoznosti CC-0 je tveganje, da poseg pov-
zro¢l veliko morbiditeto brez realne onkoloske

koristi (30, 32).

Pri PMP je polozaj drugacen, ker je biologija bolezni
pogosto bolj omejena in pocasnejsa. Zato je CRK +
HIPEC najmocnejse utemeljena prav pri PMP, kjer
so 10-letna prezivetja 70-80 % bistveno boljsa kot
pri vecini drugih peritonealnih malignomov (7).
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Pri manj pogostih prebavnih tumorjih je treba biti
Se posebej previden. Pri GIST in GEP-NET je
vloga sistemskega oziroma bioloskega zdravljenja
pogosto pomembnejsa od HIPEC, operacija pa

mora biti strogo individualizirana (34-306).

CRK z ali brez HIPEC naj se izvaja izkljuéno v
visoko specializiranih centrih za peritonealne mali-
gnome, kjer so na voljo izkusen abdominalni onko-
loski kirurg, anestezioloska ekipa, internisticni
onkolog, radiolog, patolog, intenzivna terapija,
perioperativna prehranska podpora in strukturi-
rano spremljanje zapletov. Obseg posega in moz-
nost zapletov zahtevata center z zadostnim letnim
obsegom primerov in jasno oblikovanim multidi-

sciplinarnim konzilijem (21, 22).

Zdravljenje je smiselno pri bolnikih z omejeno
peritonealno boleznijo, dobrim splosnim stanjem,
brez nenadzorovane ekstraperitonealne bolezni in
z realno moznostjo doseganja CC-0 oziroma pri
PMP vsaj CC-1. Pri kolorektalnem raku je CRK
temelj pri nizkem PCI; dodatek HIPEC naj bo sele-
ktiven. Pri raku Zelodca naj se o CRK + HIPEC
razmislja predvsem pri PCI < 6 in pricakovani CC-
0. Pri PMP je CRK + HIPEC zlati standard, ce je
bolnik operabilen in je popolna ali skoraj popolna

citoredukeija izvedljiva (7, 10, 14, 30-32).

Odlocitev moramo sprejeti na multidisciplinarnem
konziliju po natanéni radioloski oceni, oceni PCI,
presoji biologije tumorja, odgovora na sistemsko
zdravljenje in operabilnosti. Bolnika je treba pred
posegom jasno seznaniti, da je korist odvisna pred-
vsem od moznosti popolne citoredukcije in da
HIPEC ni zagotovilo za ozdravitev. Po posegu je
potrebno strukturirano pooperativno spremljanje,
zgodnje prepoznavanje zapletov in pravocasno
nadaljevanje indiciranega sistemskega zdravljenja.

ZAKLJUCEK

CRK in HIPEC sta pomembno spremenila zdravlje-
nje izbranih bolnikov s peritonealnimi malignomi,
vendar nista primerni za vse bolnike s peritoneal-
nimi metastazami. Najmoc¢nejsa indikacija ostaja
psevdomiksom peritoneja, kjer CRK + HIPEC dosega
10-letno celokupno prezivetje priblizno 70-80 %.
Pri kolorektalnem raku je popolna CRK klju¢na,
dodatek oksaliplatinskega HIPEC po PRODIGE 7
pa ni izboljsal prezivetja. Pri raku zelodca je
metoda smiselna samo pri zelo izbranih bolnikih,
zlasti pri PCI < 6 in izvedljivi CC-0 citoredukciji.

Zdravljenje mora potekati v specializiranih centrih,
po multidisciplinarni presoji in z jasno opredelje-
nim ciljem, in sicer popolna odstranitev makro-
skopske bolezni. Kadar popolna citoredukeija ni
realno dosegljiva, je korist agresivnega pristopa
vprasljiva, tveganje zapletov pa visoko. Kriti¢na
uporaba metode pomeni, da CRK z ali brez HIPEC
uporabimo takrat, ko ima bolnik zaradi biologije
tumorja, omejenega PCl in operabilnosti realno
moznost dolgoro¢nega prezivetja, ne pa zgolj zato,

ker so peritonealne metastaze prisotne.
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ABSTRACT

Urinary intestinal diversion is an essential recon-
structive procedure after radical cystectomy and in
selected patients with complex lower urinary tract
disorders. Incorporation of bowel segments into
the urinary tract may cause metabolic, renal, nutri-
tional, and gastrointestinal complications that
require lifelong surveillance.

This narrative review summarises current evidence
on the mechanisms, clinical impact, diagnosis, and
long-term management of these complications. We
performed structured PubMed/MEDLINE search.
Publications focused primarily on toxicity attributable

to neoadjuvant or adjuvant chemotherapy or pelvic

Keywords: Hyperchloremic metabolic acidosis; small
intestinal bacterial overgrowth; vitamin B12 deficiency;
chronic kidney disease; osteoporosis.

POVZETEK

Urinarna ¢revesna preusmeritev je pomemben
rekonstruktivni poseg po radikalni cistektomiji in
pri izbranih bolnikih s kompleksnimi boleznimi
spodnjih secil. Vkljucitev ¢revesnega segmenta v
secila lahko povzroci presnovne, ledvicne, pre-
hranske in gastrointestinalne zaplete, ki zahtevajo
vsezivljenjsko spremljanje.

Namen preglednega clanka je povzeti sodobne
dokaze o patofizioloskih mehanizmih, kliniénem
pomenu, diagnostiki in dolgoro¢ni obravnavi teh
zapletov. Izvedli smo strukturirano iskanje v zbirki

PubMed/MEDLINE.
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radiotherapy were excluded when diversion-specific

outcomes could not be separated.

Chronic hyperchloremic metabolic acidosis is a
central mechanism linking electrolyte disturbances,
renal dysfunction, and skeletal demineralisation.
Chronic diarrhoea, malabsorption, vitamin B12
deficiency, and small intestinal bacterial over-
growth (SIBO) may further compromise nutritional
status. In symptomatic patients, assess SIBO with
standardised hydrogen-methane breath testing or,
in selected cases, small-bowel aspirate culture; treat
confirmed symptomatic disease while correcting
underlying anatomical, motility, and nutritional
factors. Chronic liver disease and sex-specific endo-
crine or functional consequences require indivi-
dualised preoperative assessment and follow-up.
Long-term outcomes depend on structured, risk-
adapted, multidisciplinary surveillance of renal
function, acid-base status, nutritional parameters,
bone health, gastrointestinal symptoms, and selec-
ted endocrine outcomes.

Raziskave, osredotocene predvsem na toksicnost
neoadjuvantne ali adjuvantne kemoterapije oziroma
medeni¢nega obsevanja, so bile izkljucene, kadar
njihovih ucinkov ni bilo mogoce lociti od posledic
same urinske derivacije. Kroni¢na hiperkloremicna
presnovna acidoza je osrednji mehanizem elektro-
litskih motenj, napredovanja ledviéne okvare in
izgube kostne mase.

Kroni¢na driska, malabsorpcija in prekomerna
razrast bakterij v tankem crevesu (SIBO) lahko
dodatno poslabsajo prehranski status. Pri simpto-
matskih bolnikih je priporocljivo objektivno testi-
ranje za SIBO, potrjene primere pa je treba zdraviti
ob socasni odpravi osnovnega vzroka in prehran-

skih pomanjkljivosti.

Posebno oceno potrebujejo bolniki s kroni¢no
jetrno boleznijo ter bolniki s funkcionalnimi ali hor-
monskimi posledicami operacije. Dobri dolgoroc¢ni
rezultati so odvisni od strukturiranega, tveganju pri-
lagojenega in multidisciplinarnega spremljanja.

INTRODUCTION

Urinary intestinal diversion (UD) is a fundamental
component of reconstructive urologic surgery. It is
most commonly performed after radical cystectomy
(RC) for muscle-invasive bladder cancer, but it may
also be required during anterior or total pelvic
exenteration for selected locally advanced or recur-
rent pelvic malignancies and, less frequently, for
complex benign lower urinary tract disorders. The-
refore, consider the indication for surgery, prior
pelvic treatment, comorbidity burden, and antici-
pated bowel and renal reserve when selecting the
diversion technique (1-4).

Depending on patient characteristics and surgical
indications, reconstruction may use incontinent
techniques, such as an ileal conduit, or continent
diversions, including orthotopic neobladders and
continent cutaneous reservoirs. Although these pro-

cedures improve urinary function and quality of

life, they expose patients to a distinct spectrum of
longterm metabolic, renal, gastrointestinal, nutri-
tional, and functional complications that require
lifelong surveillance (1-3).

The pathophysiological basis of many complications
is the continued absorptive and secretory activity
of the intestinal mucosa after incorporation into
the urinary tract. Exposure of ileal or colonic seg-
ments to urine promotes exchange of chloride,
ammonium, bicarbonate, and other solutes across
the bowel wall. The magnitude of these changes
depends on the bowel segment and length used,
urine-bowel contact time, baseline kidney function,
hydration, and follow-up duration (1, 5).

Bowel resection and functional exclusion may also
disrupt bile acid recycling, intestinal transit,
nutrient absorption, and the gut microbial environ-
ment. Patients may consequently develop chronic

diarrhoea, malabsorption, vitamin and micronu-
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trient deficiencies, and SIBO. These manifestations
can reduce quality of life even when the urinary
functions satisfactorily (2, 3, 6, 7).

Longterm complications often develop gradually
and may remain clinically silent until organ dystunc-
tion is advanced. Symptom-driven assessment alone
is therefore insutficient. Contemporary guidance
supports structured functional follow-up that includes
renal function, acid-base balance, vitamin B12 status,
upper urinary tract assessment, and evaluation of
patientreported functional outcomes (4, 8).

Functional outcomes differ by sex and by the extent
of organ and nerve preservation. Men may expe-
rience erectile, orgasmic, or ejaculatory dystunction
and daytime or nocturnal incontinence. Women
may develop impaired neobladder emptying requi-
ring clean intermittent catheterisation, inconti-
nence, pelvic organ prolapse, dyspareunia, or vagi-
nal stenosis. These outcomes justify sexspecific
assessment of urinary, sexual, and quality-of-life
domains during long-term follow-up (4).

Endocrine consequences require separate conside-
ration when RC or pelvic exenteration includes
bilateral salpingo-oophorectomy, causes premature
loss of ovarian function, or is followed by persistent
symptomatic hypogonadism in men. Menopausal
hormone therapy and testosterone replacement are
not routine treatments for every patient after UD;
they should be considered only after confirmation
of the relevant endocrine condition, assessment of
oncologic and cardiovascular contraindications, and
shared decision-making (9, 10).

The present review focuses on diversion-related
metabolic and intestinal consequences. Oncologic
outcomes and toxicities primarily attributable to
systemic anticancer treatment or pelvic radiothe-
rapy are outside its scope, although these exposures
remain clinically relevant when interpreting an

individual patient’s postoperative risk.
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This literature review summarises current evidence
on metabolic, renal, intestinal, nutritional, skeletal,
hepatic, and selected endocrine consequences asso-
ciated with urinary intestinal diversion, with parti-
cular emphasis on pathophysiological mechanisms,
clinical significance, diagnostic evaluation, and risk-

adapted long-term management.

LITERATURE SEARCH AND
NARRATIVE SYNTHESIS

We conducted narrative literature search was con-
ducted in PubMed/MEDLINE to identify publica-
tions addressing metabolic and intestinal complica-
tions associated with urinary intestinal diversion.
Medical Subject Headings (MeSH) and free-text terms
included urinary diversion, ileal conduit, orthotopic
neobladder, metabolic acidosis, electrolyte imbalance,
renal function, chronic kidney disease, ureteroenteric
stricture, small intestinal bacterial overgrowth, malab-
sorption, vitamin B12 deficiency, anaemia, osteopo-
rosis, cirrhosis, chronic liver disease, surgical meno-
pause, hormone therapy, hypogonadism, and testo-

sterone replacement therapy. Boolean operators

(AND and OR) were used to combine terms.

We prioritised adult studies, clinical guidelines, syste-
matic and narrative reviews, and original research
addressing metabolic, renal, gastrointestinal, nutri-
tional, skeletal, hepatic, or functional outcomes after
urinary intestinal diversion. We excluded paediatric
studies, case reports, conference abstracts without
full manuscripts, and publications unrelated to diver-
sion-associated consequences. We excluded publica-
tions focused primarily on neoadjuvant or adjuvant
chemotherapy or pelvic radiotherapy when diver-
sion-specific outcomes could not be separated.

Because of substantial heterogeneity in study
design, patient populations, diversion techniques,
follow-up duration, and reported outcomes, we synt-
hesised the evidence narratively and organised it
into thematic sections. This article is a narrative
review and does not constitute a systematic review

or meta-analysis.
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METABOLIC AND INTESTINAL
COMPLICATIONS

Acid-Base and Electrolyte Disturbances

Metabolic acid-base abnormalities are among the
best documented long-term complications of urinary
intestinal diversion. Their development is primarily
related to the persistent exposure of bowel mucosa
to urine, which allows continuous exchange of elec-
trolytes and solutes across the intestinal epithelium.
lleal and colonic segments retain their absorptive
and secretory functions after reconstruction, pro-
moting chloride and ammonium absorption together
with bicarbonate secretion into the intestinal lumen.
This process predisposes patients to hyperchloremic
metabolic acidosis, particularly when large bowel
segments are incorporated into the urinary tract or
when renal function is impaired (1, 5).

The severity of metabolic acidosis varies according to
the type of diversion, the length of bowel used, base-
line kidney function, and duration of postoperative
follow-up. In most patients, the disturbance remains
mild, but persistent acid retention may contribute to
fatigue, reduced exercise tolerance, muscle weakness,
and progressive deterioration of mineral metabolism.
Patients with chronic kidney disease have diminished
capacity to compensate for the increased acid load
and are therefore at substantially greater risk of clini-
cally significant biochemical abnormalities (1).

Electrolyte disturbances frequently accompany acid-
base imbalance. Hypokalemia may occur secondary
to gastrointestinal and renal potassium losses, whereas
alterations in sodium and chloride concentrations
reflect ongoing ion exchange between urine and inte-
stinal mucosa. Although severe electrolyte disorders
are uncommon in patients with preserved renal func-
tion, regular laboratory surveillance is recommended
because abnormalities may develop gradually and

remain asymptomatic for prolonged periods (1, 2).

The choice of bowel segment also influences meta-

bolic risk. Colonic urinary diversions generally pro-

duce greater chloride absorption and bicarbonate
loss than ileal reconstructions, increasing the likeli-
hood of clinically relevant acidosis. Conversely, shor-
ter ileal conduits tend to produce fewer metabolic
consequences than continent reservoirs or orthoto-
pic neobladders constructed from longer bowel seg-
ments, although long-term monitoring remains

necessary regardless of diversion type (3, 11).

Taken together, current evidence indicates that
hyperchloremic metabolic acidosis is the central
metabolic disturbance after urinary intestinal diver-
sion and provides a pathophysiological basis for
several renal, nutritional, muscular, and skeletal
sequelae. Periodic assessment of serum bicarbo-
nate, electrolytes, and renal function is therefore
an essential for follow-up (1, 5). Table 1 summarises
the principal complication categories.

Renal and Urinary Tract Complications

Renal impairment is one of the most important long-
term concerns after urinary intestinal diversion. Dete-
rioration is usually multifactorial and may reflect
chronic acid load, recurrent infection, urinary obstruc-
tion, ureteroenteric stricture, nephrolithiasis, dehy-
dration, and pre-existing chronic kidney disease. A
longer bowel segment and prolonged urine-bowel
contact may increase metabolic burden, whereas
obstruction and infection can cause potentially pre-
ventable structural loss of renal function (1, 4, 8, 11).

Baseline renal function strongly modifies postopera-
tive risk. Patients with reduced glomerular filtration
rate have less capacity to excrete the additional acid
load and are more susceptible to persistent metabolic
acidosis and progressive kidney dysfunction. Even
patients with preserved renal reserve require surveil-
lance because clinically important abnormalities may

emerge years after surgery (1, 4, 8).

The type of diversion also influences renal outco-
mes. Ureteroenteric obstruction, recurrent pyelo-
nephritis, upper urinary tract dilatation, and morp-

hological renal changes occur after both incontinent
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Table 1. Comparative overview of metabolic and intestinal complications after urinary intestinal diversion

Complication Main mechanisms Chm.cal : Key findings Supporting
category manifestations references
Chloride and . Hyperchloremic metabolic
. . Fatigue, weakness, A .
Acid-base ammonium asvmaptomatic acidosis is the central Sperling et al. (1);
disturbances absorption, ac? dogis metabolic disturbance after | Hautmann (5)
bicarbonate loss urinary intestinal diversion
Electrolvte Intestinal ion ggg(;l(?iirﬁ:i’de Electrolyte abnormalities
e, exchange and renal . often accompany chronic Sperling et al. (1)
abnormalities . and bicarbonate . .
compensation acid-base disturbance
levels
Chronic acid load, cCFR decline Baseline renal function
Renal impaired renal ne hrolithiasi’s strongly influences the Sperling et al. (1);
complications | reserve, urinary tract o IE) al de teriora"tion severity of metabolic Tinoco et al. (11)
changes complications
Bowel resection, Diarrheal Gastrointestinal symptoms
Intestinal altered bile acid bloatin ’ are influenced by the bowel | Chesnut et al. (2);
complications | handling, changed & segment used and diversion | Barone et al. (3)
. malabsorption
transit type
Tleal resection Vitamin B12 Long-term follow-up should
Nutritional impaired abso; tion deficiency, include nutritional Sperling et al. (1);
deficiencies ChIPOHiC diarrhgjaa ’| anaemia, assessment, especially after | Chesnut et al. (2)
malnutrition ileal diversion
Bone Chrpmc ac1do§157 Osteopenia, Chronic metabolic acidosis .
. calcium buffering, . . Sperling et al. (1);
metabolism vitamin D osteoporosis, may contribute to skeletal Hautmann (5)
disorders disturbance fractures demineralization over time

Abbreviations: SIBO, small intestinal bacterial overgrowth.

and continent reconstruction. Imaging should be
interpreted together with serum creatinine and
estimated glomerular filtration rate, because serum
creatinine alone may underestimate functional dec-
line in patients with low muscle mass (4, 8, 11).

Stone formation is another clinically relevant com-
plication. Altered urinary pH, chronic bacteriuria,
urinary stasis, mucus, foreign material, and metabo-
lic abnormalities may promote calculi. Adequate
hydration, correction of acidosis, investigation of
recurrent infection, and prompt treatment of
obstruction are central preventive measures (1, 11).

Preservation of renal function therefore depends
on both surgical and medical follow-up: early reco-

gnition of obstruction, infection, stones, dehydration,

46 SLOJGASTROENTEROL. / GASTROENTEROLOG

and metabolic acidosis; serial biochemical assessment;
and risk-adapted upper urinary tract imaging
throughout long-term follow-up (1, 4, 8). Table 2
compares the metabolic and intestinal consequen-
ces of the principal diversion types.

Intestinal Complications and Small
Intestinal Bacterial Overgrowth (SIBO)

Using intestinal segments for urinary reconstruction
alters gastrointestinal anatomy and physiology. Most
patients adapt, but some develop persistent diarr-
hoea, bloating, abdominal discomfort, altered bowel
habits, or malabsorption. Severity depends on the
segment and length of bowel resected or excluded,
baseline gastrointestinal function, motility, medica-

tion exposure, and postoperative adaptation (1-3).
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Table 2. Metabolic and intestinal consequences according to the type of urinary intestinal diversion

EI}‘;II)](; of izlt‘::::::l Major metabolic Potential intestinal Long-term monitoring
. ry g considerations consequences priorities
diversion | used
Short Hyperphloremlc metabth Mﬂd.bowe:l dy§funct10n; Renal function.
Ileal . acidosis may occur but is possible vitamin B12 ;
. ileal . electrolytes, acid-base
conduit generally less pronounced deficiency after long-term . -
segment . . . . status, vitamin B12
than in continent diversions | follow-up
Orthotonic Longer Increased risk of metabolic | Malabsorption, diarrhoea, | Renal function, serum
neobla dﬁer ileal acidosis due to prolonged vitamin B12 deficiency, bicarbonate, nutritional
segment | urine—bowel contact possible SIBO status, vitamin B12
. [leum Electrolyte disturbances and | Altered bowel function
Continent . L o Electrolytes, renal
with or metabolic acidosis may and nutritional . <
cutaneous . - L function, nutritional
eSCTVOIT without develop depending on bowel | deficiencies in selected assessrnent
colon length and renal reserve patients
Colon- ' Great(f:r chloride absorption Changes in bowel habit, Acid-base status,
Colonic and bicarbonate loss may . electrolytes, renal
based : . diarrhoea, electrolyte . ; .
. . segment | increase the risk of hyper- . function, gastrointestinal
diversion . . .7 . | imbalance
chloremic metabolic acidosis symptoms

Abbreviations: SIBO, small intestinal bacterial overgrowth.

Chronic diarrhoea is one of the most common
gastrointestinal complaints. Ileal resection or exc-
lusion may impair bile acid reabsorption and acce-
lerate transit, increasing stool frequency and tluid
loss. More extensive bowel utilisation may further
reduce absorptive reserve and contribute to elec-
trolyte depletion, dehydration, and nutritional imba-
lance (2, 6).

The preferred non-invasive diagnostic approach is
standardised glucose or lactulose hydrogen-methane
breath testing. Before testing, generally avoid anti-
biotics for four weeks, pro-motility agents and laxa-
tives for one week for four weeks, promotility agents
and laxatives for one week, fermentable foods for
the preceding day, and food for 8-12 hours. Stan-
dard substrates are 75 g glucose or 10 g lactulose. A
rise in hydrogen of at least 20 parts per million wit
hin 90 minutes supports SIBO, while methane of at
least 10 parts per million at any time is more accu-
rately termed intestinal methanogen overgrowth. In
selected cases, quantitative duodenal aspirate culture

of at least 103 colonyforming units/mL may sup-

port the diagnosis, but it is invasive and not a uni-

versally available gold standard (7).

Treat confirmed symptomatic SIBO rather than
observe it without intervention. Management inc-
ludes correcting the underlying anatomical or moti-
lity disorder where feasible, replacing nutritional
deficiencies, providing hydration and dietary sup-
port, and an individualised course of antibiotics.

Rifaximin is the most studied minimally absorbed
agent; systemic alternatives may be used according
to clinical context, local antimicrobial policy, con-
traindications, and suspected microbial pattern.
Avoid empirical repeated antibiotic courses without
reassessment because recurrence is common and
evidence for a single universal regimen is limited.
Consider repeat breath testing when symptoms per-
sist or recur (7, 12).

SIBO can contribute to malabsorption of vitamin
B12 and fat-soluble vitamins, anaemia, weight loss,

and chronic fatigue. Small observational studies
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have also linked SIBO to reduced bone mineral
density, suggesting that long-standing malabsorp-
tion may act as a cofactor in metabolic bone disease
rather than an isolated direct cause. Recent evi-
dence also shows a higher prevalence of SIBO in
chronic liver disease, although causality and the
benefit of routine screening in asymptomatic
patients remain uncertain (13, 14).

Nutritional Deficiencies and Anaemia

Nutritional complications after urinary intestinal
diversion primarily relate to ileal segment use alte-
red in gastrointestinal physiology, and changes in
nutrient absorption. Although many patients
remain clinically stable for years after surgery, defi-
ciencies may develop gradually and become appa-
rent only during long-term follow-up. Their reco-
gnition is particularly important because several of
these abnormalities are preventable or readily trea-

table when identified early (1, 8).

Vitamin B12 deficiency is the best recognised
micronutrient disorder. Absorption occurs in the
terminal ileum, and resection or functional exclu-
sion of this segment may impair uptake. Because
hepatic stores are substantial, deficiency may
become clinically apparent only several years after
surgery. Untreated deficiency can cause megalobla-
stic anaemia, cognitive impairment, peripheral neu-
ropathy, and irreversible neurological injury, sup-
porting regular laboratory assessment in patients

with ileal diversion (4, 8, 15).

Iron deficiency and anaemia may also occur, alt
hough their ethology is usually multifactorial. Redu-
ced intake, chronic inflammation, recurrent infec-
tion, occult blood loss, chronic kidney disease, and
impaired intestinal absorption may all contribute.
Persistent diarrhoea or SIBO may turther compro-
mise uptake of micronutrients required for eryt

hropoiesis (1, 6, 7).

Patients with extensive ileal resection or exclusion

may additionally develop impaired bile acid recyc-
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ling and fat absorption. These alterations can cause
chronic diarrhoea, weight loss, and deficiencies of
vitamins A, D, E, and K. Risk increases with the
amount of bowel affected and with coexisting moti-

lity disorders, SIBO, pancreatic disease, or chronic
liver disease (6, 7, 14).

Long-term follow-up should include complete blood
count and vitamin B12 measurement, with additional
iron studies, folate, albumin, magnesium, and fat
soluble vitamin assessment guided by symptoms, diver-
sion type, bowel length, liver disease, and nutritional
risk. Correct deficiencies promptly, and evaluate unex-
plained abnormalities for malabsorption, SIBO, infec-
tion, bleeding, or renal disease (4,6-8,15).

Bone Metabolism, Osteoporosis,
and Fracture Risk

Longterm alterations in bone metabolism have
been increasingly recognised as clinically relevant
complications of urinary intestinal diversion. Chro-
nic metabolic acidosis, impaired renal function,
and nutritional deficiencies interact to promote
skeletal demineralisation and increase the risk of
osteoporosis and fragility fractures. Although these
changes often develop gradually, they may substan-
tially affect morbidity in patients with prolonged
postoperative survival (1, 11, 16).

A key mechanism underlying bone loss is persistent
hyperchloremic metabolic acidosis. To butfer excess
hydrogen ions, bone releases alkaline salts, mobili-
sing calcium and phosphate from the skeleton.
Sustained acid retention may therefore stimulate
bone resorption, reduce bone mineral density, and
impair normal mineralisation. In parallel, urinary
calcium excretion may increase, further contribu-
ting to negative calcium balance and progressive
skeletal weakening (1, 5).

Vitamin D deficiency and impaired intestinal
absorption may amplify the skeletal effects of chro-
nic acidosis. Patients with ileal resection, chronic

diarrhoea, SIBO, or chronic liver disease may have
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reduced absorption or altered vitamin D and cal-
cium metabolism. Evidence linking SIBO directly
to osteoporosis is limited to small observational
studies; therefore, it should be regarded as a poten-
tial cofactor through malabsorption and poor nutri-

tional status rather than as an established indepen-

dent cause (6, 13, 14).

Population-based evidence supports the clinical
relevance of skeletal complications. Patients with
intestinal urinary diversion have a higher reported
incidence of bone loss and fragility fractures than
matched controls, consistent with the combined
effects of chronic acidosis, renal impairment, age,
hypogonadism, and nutritional deficiency (4, 16).

Bone-health surveillance should be risk-adapted.
Assess serum calcium, phosphate, alkaline pho-
sphatase, renal function, and 25-hydroxyvitamin D
in patients with persistent acidosis, malabsorption,
chronic liver or kidney disease, premature meno-
pause, symptomatic hypogonadism, low-trauma frac-
ture, or other osteoporosis risk factors. Dual-energy
X-ray absorptiometry is appropriate when standard
clinical criteria or these additional risks are present

(1,4, 9, 10, 16).

Chronic Liver Disease and
Perioperative Risk

Chronic liver disease is not a consequence of urinary
diversion, but it substantially modities the safety of
radical cystectomy and bowel-based reconstruction.
Cirrhosis increases vulnerability to bleeding, infec-
tion, acute kidney injury, malnutrition, impaired
wound healing, hepatic decompensation, and posto-
perative mortality. Contemporary radical cystectomy
data demonstrate higher morbidity and mortality
with increasing Model for End-Stage Liver Disease
(MELD) score, and recent population-based evidence
identifies chronic liver disease as an independent
risk factor for adverse in-hospital outcomes (17, 18).

Preoperative assessment should establish whether
liver disease is compensated or decompensated and

should include bilirubin, albumin, international nor-
malised ratio, creatinine, sodium, platelet count, nutr-
tional status, and evidence of portal hypertension,
ascites, encephalopathy, or prior variceal bleeding.
MELD and Child-Pugh dassification provide usetul
baseline information, but current hepatology guidance
recommends multidimensional surgery-specific risk
assessment rather than reliance on a single score (19).

Elective surgery should be planned jointly by uro-
logy, anaesthesia, hepatology, nutrition, and, when
needed, nephrology. Modifiable factors such as
ascites, infection, alcohol use, malnutrition, elec-
trolyte abnormalities, and renal dysfunction should
be optimised. A MELD score of 10 or greater is a
clinically relevant warning signal in radical-cystec-
tomy cohorts, but it is not an absolute contraindi-
cation; the decision should consider cancer urgency,
hepatic reserve, portal hypertension, frailty, and

alternative oncologic strategies (17, 19).

Urinary diversion should be individualised. In
patients with limited hepatic, renal, or nutritional
reserve, a shorter and technically simpler bowel
segment may reduce physiological burden, but
direct comparative evidence in cirrhosis is insutfi-
cient to mandate one diversion for all patients.
Postoperative surveillance should include liver func-
tion, coagulation, renal function, nutrition, infec-
tion, and signs of hepatic decompensation in add-

tion to standard diversion follow-up (18, 19).

CLINICAL MONITORING AND
MANAGEMENT STRATEGIES

Long-term success after urinary intestinal diversion
depends on structured surveillance rather than sur-
gical technique alone. Because many abnormalities
are initially asymptomatic, follow-up should com-
bine scheduled core assessments with more inten-
sive, symptom- and risk-triggered testing. No single
universally validated schedule exists; the protocol
below synthesises available urological, nephrologi-
cal, gastroenterological, hepatological, and endo-

crine guidance (1, 4, 7-10, 12, 19).
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Metabolic and Renal Monitoring

Routine laboratory assessment should include
serum electrolytes, bicarbonate, creatinine, estima-
ted glomerular filtration rate, and, when bicarbo-
nate is low or symptoms are disproportionate,
venous blood gas analysis. Persistent hyperchlore-
mic metabolic acidosis should prompt evaluation
of hydration, renal function, infection, and obstruc-
tion. Oral alkali therapy may be indicated when
acidosis is sustained, with dose and monitoring
individualised to renal function and electrolyte sta-

tus (1,8,11).

Upper urinary tract imaging should be integrated
with oncologic surveillance and continued long
term to identify hydronephrosis, ureteroenteric
stricture, stones, or progressive structural deterio-
ration. New renal dysfunction, recurrent infection,
flank pain, or reduced stoma/neobladder drainage

warrants expedited imaging and urological asses-

sment (4,8,11).
Nutritional and Gastrointestinal Follow-up

Long-term nutritional surveillance is recommen-
ded, particularly after ileal diversion or extensive
bowel surgery. Measure Vitamin B12 annually, as
recommended by current European urological gui-
dance. Add a complete blood count, iron studies,
folate, albumin, magnesium, and fat-soluble vita-
mins based on symptoms and risk. Persistent
diarrhoea, bloating, weight loss, or unexplained
deficiency should trigger evaluation for bile acid
malabsorption, SIBO, pancreatic disease, infec-
tion, and other causes (4, 6-8,1 5).

Dietary counselling and individualised nutritional
support should address hydration, stool losses,
energy and protein intake, and documented defi-
ciencies. SIBO testing is symptom-triggered rather
than routine. Treat confirmed symptomatic SIBO
and address the underlying predisposing factor;
recurrence should prompt reassessment rather

than indefinite empirical antibiotic therapy (7, 12).
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Bone Health Assessment

Patients with chronic acidosis or additional osteopo-
rosis risk factors should undergo periodic assessment
of calcium, phosphate, alkaline phosphatase, 25-
hydroxyvitamin D, renal function, and relevant endo-
crine status. Dual-energy X-ray absorptiometry should
follow standard osteoporosis criteria and be conside-
red earlier in patients with fragility fracture, prema-
ture surgical menopause, confirmed hypogonadism,
chronic liver or kidney disease, persistent malab-
sorption, or recurrent acidosis (4, 9, 10, 13, 16).

Chronic Liver Disease Monitoring

Patients with known or suspected chronic liver
disease require preoperative and postoperative
hepatology input. Monitoring should include bili-
rubin, albumin, international normalised ratio, ami-
notransferases, alkaline phosphatase, platelet count,
renal function, sodium, nutrition, and clinical evi-
dence of ascites, encephalopathy, infection, or por-
tal-hypertensive complications. Frequency should
be determined by disease severity and recent
decompensation (17-19).

Sex-Specific Functional and Endocrine

Follow-up

Sexual function, continence, voiding or emptying,
pelvicfloor symptoms, and quality of life should be
assessed in both women and men. Women who
undergo bilateral oophorectomy before the expected
age of natural menopause should be evaluated for
vasomotor symptoms, genitourinary syndrome of
menopause, cardiovascular and bone risk, and can-
didacy for menopausal hormone therapy. Systemic
therapy may be appropriate after individualised onco-
logic and vascular risk assessment, particularly in
non-hormone-sensitive malignancy, while low-dose
vaginal estrogen is an effective option for isolated
genitourinary symptoms. Testosterone therapy in
women should not be used routinely for cardiovas-
cular or muscle protection and is reserved for care-

tully assessed hypoactive sexual desire disorder (9).
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In men, testosterone deficiency should be diagno-
sed only when compatible symptoms or signs coe-
xist with consistently low morning total testosterone
on two separate measurements. A value below 300
ng/dL is a reasonable diagnostic support threshold
in the AUA guideline. Testosterone replacement is
therefore not mandatory after RC or UD; it is an
individualised treatment for confirmed symptoma-
tic deficiency after assessment of fertility plans, hae-
matocrit, cardiovascular status, prostate or breast
cancer risk, sleep apnea, and other contraindications,
with appropriate on-treatment monitoring (10).

Proposed Risk-Adapted Screening Protocol

The following schedule is a pragmatic synthesis rat-

her than a validated universal standard. Modity it

according to diversion type, bowel length, baseline
kidney and liver function, age, frailty, oncologic
surveillance, and previous complications. Table 3
presents the proposed risk-adapted schedule.

Multidisciplinary Care

Optimal care may require urologists, nephrologists,
gastroenterologists, hepatologists, endocrinologists
or gynaecologists, dietitians, physiotherapists, and
primary care clinicians. A coordinated plan is par-
ticularly important for patients with renal or liver
disease, persistent gastrointestinal symptoms, mal-
nutrition, recurrent acidosis, osteoporosis, surgical
menopause, symptomatic hypogonadism, or com-

plex functional problems.

Table 3. Proposed risk-adapted screening protocol after urinary intestinal diversion

e ot Core assessment Additional risk- or symptom-triggered
assessment
CBC; sodium, potassium, chloride, Liver panel, INR, platelets, MELD/Child-Pugh
p . bicarbonate; creatinine/eGFR; calcium; P . .t
reoperative ) L T T and hepatology review if liver disease; vitamin
. albumin; urinalysis as indicated; upper- Lo e .
baseline . . e ! B12 and 25-OH vitamin D in high-risk patients;
tract imaging; nutritional and functional " - .
hi sex-specific endocrine history.
istory.
Elect.ro‘l ytes, blcarbonate? Venous blood gas if bicarbonate is low; imaging
A . creatinine/eGFR, hydration and o L A .
pproximately S for renal deterioration, pain, infection, or poor
stoma/neobladder function; review . o iy .
3 months . ! . drainage; nutritional tests if diarrhoea or weight
infection, obstruction, bowel symptoms, loss
weight, and medications. )
Repeat renal and metabolic laboratory SIBO breath test for persistent
6-12 months profile; upper-tract assessment bloating/diarrhoea or unexplained deficiency;
coordinated with oncologic imaging; liver monitoring according to disease severity;
CBC and nutritional review. DXA if clinically indicated.
Renal function, electrp lytqs and . Iron/folate/fat-soluble vitamins, 25-OH vitamin
bicarbonate; annual vitamin B12; review . .
Annually o . . D, DXA, hormone testing, or more frequent
lif infections, stones, bowel function, . . . . .
ifelong . . . . imaging according to risk and prior
hydration, weight, continence/emptying, abnormalities
sexual function, and quality of life. :
At any new Assess obstruction, infection, acidosis,
symptom or Prompt evaluation rather than waiting dehydration, SIBO/malabsorption, hepatic
abnormal for the next scheduled visit. decompensation, nutritional deficiency, or
result endocrine dysfunction as clinically appropriate.

Abbreviations: CBC, complete blood count; DXA, dual-energy X-ray absorptiometry; eGFR, estimated glomerular
Siltration rate; INR, international normalized ratio; MELD, Model for End-stage Liver Disease; 25-OH vitamin D,
25-hydroxyvitamin D; SIBO, small intestinal bacterial overgrowth.
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DISCUSSION

This review confirms that metabolic and intestinal
complications remain central to long-term care after
urinary intestinal diversion. The physiological con-
sequences of exposing bowel mucosa to urine inte-
ract with obstruction, infection, hydration, renal
reserve, nutritional status, liver disease, age, and
endocrine factors. Many complications are preven-
table or modifiable when surveillance begins before
symptoms become advanced (1, 3, 4, 8).

Hyperchloremic metabolic acidosis is the most consi-
stent unifying mechanism. It should not be regarded
as an isolated laboratory finding, because persistent
acid retention can aggravate muscle weakness, renal
dysfunction, calcium loss, and skeletal demineralisa-
tion. The association supports routine measurement
of bicarbonate and renal function, with investigation
and treatment of sustained abnormalities (1, 5, 8).

Risk is highly individualised. Baseline kidney func-
tion, bowel segment and length, urine-bowel contact
time, obstruction, infection, age, frailty, chronic liver
disease, and nutritional reserve all modify outcomes.
A uniform protocol is therefore less appropriate than
a core lifelong schedule intensified according to risk
and previous complications (1, 4, 8, 11, 17-19).

Gastrointestinal symptoms deserve systematic atten-
tion. SIBO is clinically plausible after anatomical
and motility changes, but symptoms alone are not
diagnostic. Standardised breath testing before treat-
ment improves diagnostic discipline, while mana-
gement should address the underlying cause and
documented deficiencies in addition to antibiotic
therapy. Evidence connecting SIBO with osteopo-
rosis or liver disease supports clinical vigilance but
does not establish a direct causal pathway in every

patient (7, 12-14).

Nutritional deficiencies may remain silent for years.
Vitamin B12 depletion is especially important
because neurological injury may be irreversible.

Annual measurement is a practical minimum after
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bowel diversion, while broader testing should be
guided by diarrhoea, weight loss, anaemia, bowel
length, SIBO, chronic liver disease, and other indi-
cators of malabsorption (4, 8, 15).

Bone health reflects the cumulative effects of acido-
sis, renal impairment, vitamin D and calcium defi-
ciency, malabsorption, age, inactivity, surgical meno-
pause, and confirmed hypogonadism. Hormone the-
rapy may contribute to bone preservation in appro-
priately selected patients, but neither menopausal
hormone therapy nor testosterone replacement
should be presented as mandatory or as a universal
preventive strategy after cystectomy (9, 10, 16).

This review has several limitations. The lLiterature
is heterogeneous in design, diversion type, baseline
risk, and follow-up. Evidence specifically addressing
SIBO, chronic liver disease, and endocrine therapy
after urinary diversion is limited, and several recom-
mendations are extrapolated from broader gastroen-
terology, hepatology, and endocrine guidelines. We
excluded publications focused primarily on che-
motherapy- or radiotherapy-related toxicity when
diversion-specific effects could not be separated
therefore, the review does not quantity the inde-
pendent contribution of these oncologic treatments.
The proposed screening protocol is a pragmatic
synthesis and requires prospective validation.

Overall, the evidence supports a multidisciplinary
model in which metabolic monitoring, renal func-
tion preservation, upper-tract surveillance, nutri-
tional assessment, symptom-directed SIBO evalua-
tion, bone health, hepatic risk, and sexspecific
functional or endocrine care are integral compo-

nents of long-term management.

CONCLUSION

Urinary intestinal diversion remains indispensable
after radical cystectomy and in selected complex
pelvic or lower urinary tract conditions. Diversion
type, bowel length, renal and hepatic reserve, nutri-
tional status, infection, obstruction, and individual
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patient characteristics influence its longterm con-

sequences.

Hyperchloremic metabolic acidosis is a key mecha-
nism linking electrolyte abnormalities, renal impair-
ment, muscle symptoms, and skeletal deterioration.
Gastrointestinal disorders, including bile acid diarr-
hoea, malabsorption, and SIBO, may further com-
promise nutrition and bone health. Test SIBO
objectively in symptomatic patients where feasible,
and treat confirmed symptomatic disease alongside
underlying causes and deficiencies.

Successful management requires lifelong, risk-adap-
ted assessment of renal function, acid-base balance,
upper urinary tract integrity, vitamin B12 and
other nutritional markers, gastrointestinal symp-
toms, and bone health. Patients with chronic liver
disease require multidisciplinary perioperative risk
assessment, while hormone replacement therapy
should be individualised for documented surgical
menopause or symptomatic hypogonadism rather
than used routinely in all patients.

Prospective studies are needed to validate surveil-
lance intervals and clarity the incidence and clinical
impact of SIBO, hepatic comorbidity, and endo-
crine dysfunction across diversion types. Until such
evidence is available, structured multidisciplinary
follow-up and early correction of modifiable abnor-
malities offer the best strategy to reduce morbidity
and preserve long-term quality of life.
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ABSTRACT

Food supplements are classified as foods intended
to supplement the normal diet. They are regulated
by general food legislation, which requires all foods
placed on the market, including food supplements,
to be safe for consumption. As these products are
generally not subject to a pre-market assessment of
quality, safety and efficacy comparable to that requi-

red for medicinal products, it is important to moni-

Kljuéne besede: hepatotoksicnost, nutrivigilanca, z zdravili
povzrocena jetrna okvara, samozdravljenje.

IZVLECEK

Prehranska dopolnila sodijo med zivila, name-
njena dopolnjevanju obicajne prehrane. Njihovo
podrocje ureja splosna Zzivilska zakonodaja, ki
doloca, da morajo biti vsa zivila, vkljuéno s pre-
hranskimi dopolnili, ki so dana na trg, varna za
uzivanje. Ker ti izdelki pred trzenjem praviloma
niso predmet presoje kakovosti, varnosti in ucin-

kovitosti, primerljive s presojo, ki velja za zdravila,
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tor their safety after they have entered the market.
Namely, food supplements may vary in quality and
may contain substances in forms and/or quantities
that could adversely affect human health. From a
safety perspective, particular attention is paid to
food supplements containing botanical ingredients,
especially (medicinal) plants and preparations deri-
ved from them, such as extracts. Because of their
natural origin, consumers may perceive these pro-
ducts as a safer alternative to synthetic medicinal
products and may also use them for self-treatment.
The main composition-related risk factors include
the intrinsic toxicity of botanical ingredients, the
presence of contaminants, and the presence of
undeclared pharmacologically active substances and
unauthorised substances. Nutrivigilance is a vigi-
lance scheme for food aimed at improving consu-
mer safety through the rapid identification of pos-
sible adverse effects associated with the consump-
tion of specific foods. In Slovenia, the nutrivigilance
system primarily monitors adverse effects associated
with the consumption of food supplements. In this
article, we present a case of acute liver injury asso-
ciated with the consumption of a food supplement
containing neem (Azadirachta indica), which the

patient used to self-treat psoriasis.

je pomembno, da njihovo varnost spremljamo tudi
po prihodu na trg. Lahko so namrec razli¢ne kako-
vosti in vsebujejo snovi v taksnih oblikah in/ali
koli¢inah, da lahko skodljivo vplivajo na zdravje
ljudi. Z vidika varnosti je posebna pozornost name-
njena prehranskim dopolnilom, ki vsebujejo rast-
linske sestavine, zlasti (zdravilne) rastline in
njihove pripravke, na primer izvlecke. Zaradi
naravnega izvora jih uporabniki lahko dojemajo
kot varnejso alternativo sinteticnim zdravilom in
jih uporabljajo tudi za samozdravljenje. Med glavne
dejavnike tveganja, povezane s sestavo, sodijo
intrinzi¢na toksi¢nost rastlinskih sestavin, prisot-
nost onesnazeval ter vsebnost nedeklariranih far-
makolosko aktivnih snovi in neodobrenih snovi.
Nutrivigilanca je vigilan¢na shema za zivila, katere
namen je izboljsati varnost potrosnikov s hitrim
prepoznavanjem moznih nezelenih ucinkov, pove-
zanih z uzivanjem dolocenih zivil. V Sloveniji v
okviru sistema nutrivigilance spremljamo pred-
vsem neZelene ucinke, povezane z uzivanjem pre-
hranskih dopolnil. V prispevku predstavljamo
primer akutne jetrne okvare, povezane z uziva-
njem prehranskega dopolnila z indijsko melijo
(Azadirachta indica), ki ga je bolnica uporabljala za
samozdravljenje psoriaze.

INTRODUCTION

Food supplements (FSs) containing botanical
ingredients — including plants, algae, fungi, or lic-
hens, and preparations derived from them (1) -
represent a rapidly expanding food market sector,
characterised by a substantial increase in commer-
cially available products and growing consumer
acceptance (2). Owing to their natural origin and
perceived safety, these products are frequently
used for self-treatment, based on the assumption
that they may be as effective as conventional medi-
cines while posing a lower risk of adverse effects
(3). This perception may encourage prolonged or
long-term use, often without disclosure to health-
care professionals. However, botanicals, particu-

larly in extract form, can exert biologically relevant

effects that, depending on dose and quality of the
ingredients, may be physiological, therapeutic, or
toxic (2).

Several botanical ingredients used in F'Ss have been
implicated in hepatotoxicity, including kava-kava
(Piper methysticum G. Forst.), green tea extracts
(Camellia sinensis L.) (4), ashwagandha (Withania
somnifera (L.) Dunal), Garcinia cambogia (Gaertn.)
Desr., and oral turmeric-containing formulations
(5). This concern is supported by data from the
French nutrivigilance system collected by the
French Agency for Food, Environmental and Occu-
pational Health & Safety (ANSES) between 2009
and 2016, which identified the liver as the most fre-
quently affected organ, accounting for 67% of the
92 reported adverse effects likely to be associated
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with the consumption of FSs containing selected
plant species (6). The spectrum of liver injury following
exposure to these products is broad, ranging from
asymptomatic elevations of liver enzymes to acute
or chronic hepatitis and, in severe cases, acute liver
failure which can be fatal (7). Although causality is
often difficult to establish in individual cases, FSs
containing botanical ingredients should be conside-
red among the potential contributors in the diffe-
rential diagnosis of drug-induced liver injury (DILI).
Most cases of DILI are idiosyncratic (8), making this
condition one of the most challenging disorders
encountered in clinical hepatology.

Azadirachta indica A. Juss. (neem) is incorporated
into several polyherbal Ayurvedic preparations (9),
and neem extracts are also marketed as FSs. Alt-
hough neem-associated hepatotoxicity appears to
be a rare cause of clinically apparent liver injury
(10), the increasing consumption of FSs containing
botanical ingredients highlights the importance of
recognizing and reporting potential adverse hepatic
effects.

We report a case of acute hepatitis occurring after the
consumption of a neem-containing IS in an adult
female admitted to the Department of Gastroente-
rology and Hepatology, University Medical Centre

Ljubljana, for evaluation of unexplained liver

injury.
CASE REPORT

A 53-y-old female patient was referred to our
department after abnormal liver function tests
were detected 4 days before admission at a com-
munity health centre: total bilirubin 1.5 mg/dL,
aspartate aminotransferase (AST) 1775 U/L, ala-
nine aminotransferase (ALT) 2507 U/L, alkaline
phosphatase (ALP) 192 U/L, and gamma-glutamyl
transferase (GGT) 172 U/L. On admission, the
patient was asymptomatic, afebrile, and denied
abdominal pain. Mild evening fatigue and inter-
mittent dizziness were the only reported symp-

toms. Physical examination was unremarkable.
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Over the preceding months, she had intentionally
lost 3 kg of body weight. She denied known aller-
gies, excessive alcohol consumption, smoking, and
recent travel. Family history was notable for alco-
hol-associated liver disease in her father. The
patient had been diagnosed with psoriasis at the
age of 14 years. Detailed history taking revealed
that she had been consuming a neem-containing
FS at a dose of one teaspoon daily before meals for
four months as a self-treatment for psoriasis. The
product, purchased as a botanical preparation, was
labelled as containing A. indica as the sole ingre-
dient. The supplement was discontinued four days
before admission due to lack of clinical improve-
ment in psoriasis. Two weeks before admission,
the patient developed symptoms consistent with a
common cold and self-administered Daleron, an
over-the-counter paracetamol-containing medica-
tion. During the three days preceding admission,
the patient also took vitamin supplements, inclu-
ding a vitamin B-complex preparation and a vita-
min preparation reported by patient as

“Supradyn”.

Initial blood work on admission showed a total bili-
rubin of 2.3 mg/dL, AST 1245 U/L, ALT 2299
U/L, ALP 195 U/L, GGT 225 U/L, and an inter-
national normalized ratio (INR) < 1.0. The pattern
of liver injury was classified as hepatocellular
based on the R-ratio (ALT/ALP, expressed as mul-
tiples of their respective upper limits of normal),
with a value >5 (5). Serologic testing excluded
acute infection with hepatitis A, B, C, and E viru-
ses, cytomegalovirus (CMV), Epstein-Barr virus
(EBV), herpes simplex virus type 1 (HSV-1), and
varicella-zoster virus (VZV). Immunoglobulin levels
were within normal limits. Autoimmune serology
revealed weakly positive ANCA IgG (titer 1:20),
considered clinically nonspecific in the absence of
compatible systemic manifestations, and weakly
positive antimitochondrial M2 antibodies (1+).
The remainder of the autoimmune liver disease
panel was negative. Iron metabolism studies, ceru-
loplasmin, serum copper, and thyroid hormone

levels were unremarkable.
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Abdominal ultrasound performed prior to admis-
sion showed no abnormalities of the hepatic
parenchyma. A small intraluminal gallbladder
lesion was identified without signs of cholecystitis;
follow-up imaging was recommended in six
months. Given the unexplained liver injury, a liver
biopsy was performed on day 4 of hospitalization.
Histological examination demonstrated features
consistent with subacute hepatitis, including
patchy portal and interface inflammatory infiltra-
tes, lobular necroinflammatory activity, and focal
centrilobular early collagen deposition. The pre-
sence of eosinophils within an otherwise predomi-
nantly mononuclear inflammatory infiltrate was

suggestive of idiosyncratic DILL

During hospitalization, liver function gradually
improved (total bilirubin 1.7 mg/dL, AST 790
U/L, ALT 1182 U/L, ALP 164 U/L, GGT 203
U/L), and the patient was discharged on day 8 in
a hemodynamically stable and asymptomatic con-
dition. Follow-up liver function tests demonstrated
normalization of hepatic parameters (total bilirubin
0.64 mg/dL and AST 31.8 U/L, ALT 34.8 U/L,
ALP 64.8 U/L, and GGT 16.8 U/L), consistent

with complete resolution of idiosyncratic DILI.

Causality was assessed using the validated method
for determining causality in reports of adverse
effects in nutrivigilance, developed by ANSES and
applicable to F'Ss and other foods within the scope
of nutrivigilance (11). This method provides a
numerical score combining a chronological sub-
score — time to onset, resolution after discontinua-
tion, and recurrence upon re-exposure — and an
aetiological sub-score assessing alternative causes,
resulting in an overall intrinsic score. Based on a
compatible onset time, a suggestive clinical course
following discontinuation (progression), an
absence of re-exposure and a complete aetiological
investigation, the liver injury was deemed as very
likely associated with neem consumption, corre-
sponding to an intrinsic score of 14 (scale 10-14,
from excluded to very likely). The timing of the
other F'Ss and medications was not compatible

with the onset of liver injury and was therefore

scored as 10 (excluded).

DISCUSSION

To the best of our knowledge, this is the first docu-
mented case of acute hepatocellular liver injury in
an adult very likely associated with the consump-
tion of a neem-containing IS, with causality sup-
ported by liver histopathology and a validated
nutrivigilance causality assessment method. Alt-
hough idiosyncratic DILI is uncommon, it remains
an important cause of acute and chronic liver
disease worldwide. Diagnosis is challenging
because no reliable animal models, in vitro
systems, or specific biomarkers are currently avai-
lable to predict or identify the condition before
biochemical or histopathological abnormalities
become apparent, making DILI primarily a diagno-

sis of exclusion (5).

A. indica, commonly known as neem, is an ever-
green tree belonging to the Meliaceae family and
has been widely used in Indian traditional systems
of medicine for centuries (9). Virtually all parts of
the tree have been processed to be used for medi-
cinal purposes, due to their rich content of bioac-
tive phytochemicals with reported antiviral,
antimicrobial, anti-inflammatory, antiulcer, anti-
cancer, antipyretic, antifungal, and antihypergly-
cemic properties (12). Consistent with its
traditional use, A. indica has been primarily
employed in the treatment of skin diseases, inflam-
matory conditions, rheumatic disorders, and fever
(13). An aqueous extract of neem leaves has also
been reported to be usetul in the treatment of pso-
riasis vulgaris (14). However, the lack of rigorous
controlled trials precludes recommendations for

its clinical use.

Despite its long history of traditional use and gene-
ral perception as a safe natural remedy, 4. indica
is listed by the European Food Safety Authority
(EFSA) among botanicals of potential concern due
to naturally occurring constituents that may pose

SLOJGASTROENTEROL. / GASTROENTEROLOG 57


https://slojgastroenterology.com

risks to human health when present in foods, inc-
luding FSs (15). Compounds of concern in neem
leaves and seeds include azadirachtin, nimbolide,
and azadirone, highlighting that natural origin
alone should not be equated with safety.

Most reported cases of neem-associated toxicity
involve infants and young children exposed to
neem oil through oral or nasal administration as
part of traditional practices for the treatment of
common cold and cough. Clinical manifestations
include vomiting, drowsiness, metabolic acidosis,
seizures, and toxic encephalopathy (16-18), with
fatal outcomes reported in severe cases (16, 17).
Histopathological findings in fatal cases included
microvesicular steatosis (16, 17), patchy hepatic
necrosis (17), mitochondrial damage, and cerebral
edema, findings reminiscent of Reye’s syndrome
(16). Experimental animal studies exposed to sam-
ples of the implicated oil reproduced a similar cli-
(19),

relationship between neem oil exposure and toxi-

nical syndrome supporting a causal
city. In adults, neem toxicity has been reported less
frequently and has primarily occurred in the con-
text of intentional self-harm (20, 21) or accidental
exposure in elderly individuals (22), with neurolo-

gical manifestations being most prominent.

In contrast, orally consumed neem leaf and bark
preparations have generally been considered to
have low toxicity (13). However, Brett et al. (23)
described a 51-y-old male who developed distal
renal tubular acidosis following prolonged con-
sumption of large quantities of neem extract for
self-treatment of diabetes. During hospitalization,
abnormal liver function tests with a predominantly
cholestatic pattern were also observed. However,
no liver biopsy was performed, limiting definitive
assessment of hepatic injury, although this finding
suggests potential hepatic effects of orally admini-
stered neem preparations in adults.

Unlike previously reported adult cases, we perfor-
med a comprehensive diagnostic evaluation for

DILL including liver histopathology and a structu-
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red causality assessment. This provides supportive
evidence that prolonged consumption of a neem-
containing IS, even when used according to pro-
duct instructions, may pose a potential risk of
hepatotoxicity, particularly given its unclear long-
term effects (9). Experimental studies suggest that
neem constituents may impair mitochondrial func-
tion through uncoupling of oxidative phosphoryla-
tion, resulting in reduced ATP production in rat
liver mitochondria (24). This mechanism may be
relevant to its hepatotoxic potential, although the
precise pathophysiological pathway in humans
remains unclear. In addition, several risk factors
contributing to hepatotoxicity of herbal remedies
should be considered. These include botanical
misidentification, notably substitution with the
more toxic Melia azedarach (13),use of an inappro-
priate plant part, inadequate storage conditions that
may alter the native product, adulteration during
processing, and mislabelling of the final product (4).
Although the consumed product was labelled as a
single-ingredient neem preparation, contamination
or adulteration cannot be excluded in the absence
of chemical analysis. This is particularly relevant for
some traditional or Ayurvedic products, where
metals and other elements may be present either
intentionally or as contaminants (25).

Limitations

Several limitations in this case report should be
acknowledged. First, this report describes a single
patient, precluding generalisation of the findings.
Second, the consumed F'S was not chemically ana-
lysed; therefore, its composition remains unveri-
fied, and the possibility that the observed liver
injury was associated with other potentially hepa-
totoxic constituents, contaminants, adulterants, or
misidentified botanical material, rather than neem

itself, cannot be excluded.

CONCLUSION

This case report highlights the importance of
obtaining a detailed history of F'Ss and comple-
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mentary medicine use in patients presenting with
unexplained liver injury. It also suggests that F'Ss
containing A. indica may represent a rare and pre-
viously underrecognized cause of idiosyncratic
DILI in adults. As consumption of FSs containing
botanical ingredients is expected to continue
increasing worldwide, clinicians should remain
vigilant and systematically report suspected clinical
cases to national nutrivigilance systems to facilitate

early signal detection, and improve consumer safety.

The study was approved by the National Medical
Ethics Committee of the Republic of Slovenia (no.
0120-312/2026-2711-8).
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Kljucne besede: bolecina trebusne stene, ACNES, kronicna
bolecina, alodinija

1ZVLECEK

ACNES (ang. Anterior cutaneous nerve entrap-
ment syndrome) je pogosto spregledan vzrok kro-
nicne boledine trebusne stene, ki nastane zaradi
utesnitve oziroma drazenja sprednjih koznih vej
spodnjih torakalnih Zivcev. Zanj so znacilni lokali-
zirana bolecina, somatosenzori¢ne spremembe v
bole¢em predelu ter znacilnosti, ki kazejo na izvor
bolecine v trebusni steni. Zaradi socasnih prebavnih
simptomov je razlikovanje od visceralne bolecine
lahko zahtevno in vodi v obsezno diagnostiéno

obravnavo.

Predstavljamo klini¢ni primer bolnice z dolgotrajno
bolecino v epigastriju, napenjanjem in slabostjo ter
izrazito preobcutljivostjo koze trebuha. Zaradi kli-
nic¢ne slike je bila opravljena obsezna gastroentero-
loska diagnostika, usmerjena v opredelitev moznih
organskih in funkcionalnih vzrokov tezav. Ob vztra-
janju lokalizirane bolecine in izraziti bolecini ze ob

Keywords: abdominal wall pain, ACNES, chronic
pain, allodynia

ABSTRACT

ACNES (Anterior Cutaneous Nerve Entrapment
Syndrome) is a less commonly recognised cause of
chronic abdominal wall pain, caused by the com-
pression or irritation of the anterior cutaneous
branches of the lower thoracic nerves. It’s charac-
terised by localised pain, sensory changes in the
affected area, and features that suggest the pain
originates in the abdominal wall.

Because it can present with digestive symptoms,
distinguishing it from visceral pain can be tricky
and often leads to extensive diagnostic testing.

We present a clinical case of a patient with long-
lasting pain in the epigastric area, bloating, and
nausea, along with pronounced skin hypersensiti-
vity on the abdomen. Given the clinical picture, we
performed extensive gastroenterological diagnostics
to identify possible organic and functional causes.
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blagem stiku oblacil s kozo je bil pozneje postavljen
sum na ACNES. Primer poudarja pomen celostnega
diagnosti¢nega pristopa k bolniku z bolecino v tre-
buhu, pri katerem je ob izkljucevanju drugih moz
nih vzrokov pomembno prepoznati tudi klini¢ne

znacilnosti, ki lahko usmerijo sum na ACNES.

With persistent localised pain and significant pain
even from light contact of clothing with the skin,
ACNES was later suspected. This case highlights the
importance of a comprehensive diagnostic approach
for a patient with abdominal pain, after ruling out
other possible causes, it is important to recognise cli-

nical features that may point to ACNES.

UvVOD

Sindrom utesnitve sprednjih koznih zivcev (ACNES)
je kroni¢ni bolecinski sindrom trebusne stene, ki
nastane zaradi utesnitve sprednjih koznih vej tora-
kalnih zivcev ob njihovem prehodu skozi trebusno
steno. Ceprav je bolec¢ina pri ACNES somatskega
izvora, jo lahko spremljajo tudi gastrointestinalni
simptomi, kar otezuje razlikovanje od visceralne
bolecine. Klini¢no prepoznavanje zato temeljji na
natancni opredelitvi mesta in znacilnosti bolecine,
oceni senibilitete koze ter usmerjenem pregledu tre-
busne stene ob socasnem izkljuc¢evanju drugih moz
nih vzrokov tezav. Predstavljeni primer ponazarja
diagnosticni izziv pri bolnici s so¢asnimi prebavnimi
simptomi in znacilnostmi bolecine trebusne stene
ter pomen vkljucitve ACNES v diferencialno diagno-

stiko dolgotrajne bolecine v trebuhu.

PRIKAZ PRIMERA

36-letna, predhodno zdrava gospa je prvi¢ obrav-
navana v urgentni zdravstveni ustanovi zaradi
nekaj dni trajajoce bolecine v trebuhu, ki jo je
zaradi izrazite intenzivnosti ponoci prebudila iz
spanja. Lokalizirana je bila v podrocju zlicke in se
je sirila proti popku. Bolecina je bila kréevita, izra-
zitejSa ob pritisku ter se spreminjala s polozajem
telesa. Za lajSanje tezav je zauzila zaviralec proton-
ske ¢rpalke, analgetik trospij in paracetamol ter
antiemetik. Terapija ni olajsala bolecine, tezave so
vztrajale. Ob tem ji je bilo slabo, bruhala ni. Povi-
Sane telesne temperature, mrzlice, glavobola, bole-
¢ine v prsnem kosu ni imela. Urin in blato je
primerno odvajala. Pred enim letom je bila pregle-

dana pri ginekologu, odstopanj niso ugotavljali.

Gospa dodatno pove da ne more nositi hla¢ s pasom
nad popkom, saj ji postane slabo.

V klini¢nem statusu so opisovali bolecinsko priza-
detost, abdomen je bil nad nivojem prsnega kosa,
palpatorno mehak, bole¢ v epigastriju Ze ob avskul-
taciji, Se bolj pri palpaciji, peristaltika je bila slisna,
ledveni poklep obojestransko nebole¢. Odvzeli so
kri za laboratorijske preiskave, opravili so Se rent-
gen prsnega kosa in abdomna. Pomembnih pato-
loskih odstopanj v laboratorijskih izvidih in izvidih
slikovne diagnostike ni bilo. Z namenom oprede-
litve vzroka bolecine je bil opravljen $e ultrazvok
trebuha, kljub izraziti klini¢ni sliki preiskava ni
razkrila vzroka za bolecine. Gospa je prejela za
domov zaviralec protonske ¢rpalke in navodila za
gastroezofagelano refluksno bolezern. Po simpto-
matskem zdravljenju se je bolecina nekoliko umi-
rila, vendar njen vzrok ni bil pojasnjen, zato je bila
napotena v nadaljnjo gastroenterolosko obravnavo.

Zaradi vztrajajocih tezav so opravili predcasno ezo-
fago-gastro-duodenoskopijo, pri kateri so opisali
blago eritematozno sluznico Zelodca, hitri ureazni
test je bil negativen. Opisali so veliko ptozo ter osla-
bljeno peristaltiko zelodca. Sumili so na gastropa-
rezo s posledi¢no funkcionalno bolecino. Uvedeno
je bilo zdravljenje z zaviralcem protonske ¢rpalke in
metoklopramidom ter svetovali so manjse, pogo-
stejse in lahko prebavljive obroke.

Deset dni pozneje je bila gospa zaradi ponovnega
poslabsanja ponovno obravnavana v urgentni
ambulanti. Bolecina ni bila ve¢ stalna, tamvec se
je pojavlja v napadih, ki so trajali od nekaj minut

do priblizno treh ur in jih je spremljala slabost.
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Ponovno je izpostavljala znacilno preobcutljivost
trebusne stene, Ze pritisk hlac ali stik oblacil s tre-
buhom je sprozil bolecino in slabost.

Ob nadaljnji gastroenteroloski obravnavi so ugoto-
vili izrazit meteorizem ter bole¢nost v duodenalni
tocki. Zaradi vatrajanja tezav je bila ponovljena
gastroskopija z biopsijami in opravljena CT pre-
iskava trebuha, ki je pokazala izrazit meteorizem
brez druge patologije. Histopatoloski pregled je
pokazal blag kroni¢ni pangastritis ter blage kroni-
¢ne vnetne spremembe dvanajstnika z limfocitnim
duodenitisom, pri ¢emer stevilo intraepitelijskih

celic ni presegalo 30 IEL/ 100 epitelnih celic.

Za nadaljnjo opredelitev tezav so opravili dodatne
preiskave, med drugimi kapsulno endoskopijo,
PCR preiskavo blata na Giardio lamblio antigen,
genotipizacijo za celiakijo, dolo¢itev fekalne ela-
staze in kalprotektinp ter kontrastnp retgensko
preiskavo prebavil. Opravljene preiskave niso
pokazale pomembnih odstopanj, pri rentgenu s
kontrastom je bila peristaltika zelodca primerna, v
poziralniku pa blago oslabljena.

Zaradi izrazitega napenjanja in meteorizma, so
opravili Se dihalni test za SIBO z merjenjem vodika
in metana, ki je bil po razpolozljivi dokumentaciji
interpretiran kot pozitiven. Uvedli so zdravljenje z
rifaksiminom v odmerku 550 mg 2x dnevno za 14

dni, kar na simptomatiko ni imelo vpliva.

Ker etiologijo bolecine Se vedno niso dokonéno
pojasnili, so diagnosti¢no obravnavo dopolnili z
endoskopskim ultrazvokom, ki ni pokazal odsto-
panj ter kolonokopijo, pri kateri so ugotovili notranje
hemoroide in zavit potek vijug sigme. Uvedeno je

bilo zdravljenje s pregabalinom v odmerku 25 mg.

V nadaljevanju so gospo obravnavali tudi pri aler-
gologu. Kozno vbodno testiranje je pokazalo sen-
zibilizacijo za prsico, testi z nutritivnimi alergeni
pa so bili negativni, alergijsko etiologijo so ovrgli.
Bolnica je ob pregledu opisovala stalno, ostro bole-

¢ino v zgornjem delu trebuha med popkom in ksi-
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foidom, ki se je obcasno izrazito poslabsala. Pri
alergologu je prvi¢c omenila, da bolecine ni izzval
le pritisk, tamvec ze blag dotik po kozi trebuha.

Zaradi znacilnosti bolecine in izrazite preobcutlji-
vosti koze trebuha so prvi¢ posumili na ACNES.
Svetovana sta bila pregled v protibolecinski ambu-
lanti z moznostjo diagnosti¢no terapevtske blokade
z lokalnim anestetikom ter kontrolna slikovna pre-
iskava (UZ ali MR) z usmerjeno oceno trebusne
stene. Carnettov znak in skin-pinch test v raspolo-

zljivi dokumentaciji niso zabelezili.

Izvida obravnave v protibolecinski ambulanti v
raspolozljivi dokumentaciji ni bilo, prav tako dia-
gnosticno terapevtske infiltracije z lokalnim aneste-
tikom niso izvedli. V nadaljnjen poteku so bolecine
postale manj izrazite. Bolnica je prejemala pregaba-
lin v odmerku 25 mg zjutraj in 50 mg zvecer, ob
dodatku prehranskega pripravka Ensure Plus
Advance pa je pridobila stiri kilograme telesne
mase. Ob izboljsanju tezav je bilo predvideno
postopno zmanjsanje odmerka pregabalina.

Leto dni po uvedbi je zdravljenje s pregabalinom
postopoma povsem opustila. Sledilo je priblizno 14
dnevno obdobje izrazitejsih tezav, nato pa so se
simptomi ponovno umirili in ostali primerljivi s sta-
njem med zdravljenjem. Kljub splosnem izboljsanju
je vztrajala lokalna preobcutljivost koze v medial-

nem delu trebuha, zlasti ob stiku z zadrgo oblacil.

Nadaljnjh rednih kontrol niso predvideli, svetovali
so kontrolo po potrebi. Po dostopni dokumentaciji
zaradi podobnih bole¢in pozneje ni bila ponovno

obravnavana.

Diagnosti¢na pot se je zakljucila z diagnozo: Druge
in neopredeljene bolecine v trebuhu, ACNES?

RAZPRAVA

Predstavljeni primer ponazarja diagnosti¢ni izziv
pri razlocevanju bolecine trebusne stene od bole-

¢ine visceralnega izvora, zlasti ob socasni prisotno-
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sti prebavnih simptomov. Pri bolnici so bole¢ino
v epigastriu spremljali izrazito napenjanje, hujsa-
nje ter slabost, kar je utemeljevalo obsezno
gastroenterolosko obravnavo. Ob vztrajanju lokali-
zirane bolecine in izrazite preobcutljivosti koze, se
je v nadaljnjem poteku diferencialnodiagnosti¢no

odprla tudi moznost ACNES.

Patofiziolosko ACNES nastane zaradi utesnitve
oziroma drazenja sprednjih koznih vej spodnjih
torakalinh zivcev ob njihovem prehodu skozi tre-
busno steno, najpogosteje ob lateralnem robu
misice rectus abdominis. Kompresija Zivca lahko
provzroc¢i mehansko ali ishemi¢no drazenje in

posledi¢no lokalizirano nevropatsko bolecino. (1)

V literaturi so predlagana naslednja diagnosti¢na

merila za ACNES: (1)

— enostranska lokalizirana bolecina trebusne
stene, ki traja vsaj en mesec;

- prisotnost jasno omejene tocke najvecje obcut-
ljivosti, manjSe od 2 cm2 in lokalizirane znotraj
lateralnih meja misice rectus abdominis;

- somatosenzori¢ne motnje koZe v podrocju bolece
tocke (hipoestezija, hiperestezija, spremenjeno
zaznavanje hladnega drazljaja);

- pozitiven skin-pinch test (izrazita bolecina ob
stisku koze nad bole¢im mestom);

- pozitiven Carnettov znak (poslabsanje bolecine
ob napenjanju trebusnih misic);

— normalni laboratorijski izvidi, brez znakov vnetja
ali okuzbe ter brez ugotovljenega kirurskega
vzroka bolecine;

- negativne slikovne preiskave trebusne stene;

- zacasno zmanjsanje bolecine za vsaj 50 % po
aplikaciji lokalnega anestetika v sprozilno tocko.

Klini¢na slika pri predstavljeni bolnici je bila v ve¢
elementih skladna z navedenimi diagnosti¢nimi
merili: prisotna je bila dolgotrajna lokalizirana
bolec¢ina, spremljana z izrazito preobcutljivostjo
koze, opravljene laboratorijske in slikovne pre-
iskave pa niso pokazale vzroka, ki bi v celoti pojas-
nil klini¢éno sliko. Carnettov test in skin pinch test

nista bila dokumentirana, prav tako niso izvedli

predlagano diagnosti¢no terapevtsko infiltracijo z

lokalnim anestetikom.

Socasni prebavni simptomi lahko diagnosti¢no
presojo usmerijo predvsem k visceralnemu izvoru
bolecine, vendar pri bolnikih z ACES niso redki.
Priblizno polovica bolnikov poroca o visceralnih
simptomih, med katerimi so pogosti napihnjenost,
slabost, spremembe odvajanja blata in zmanjsan
apetit. (2) Njihova prisotnost lahko otezi razlikova-
nje med bolecino trebusne stene in visceralno
bolecino ter prispeva k daljsem diagnosti¢nem pro-
cesu. V raziskavi, ki je zajela 1116 bolnikov z
ACNES, je mediana diagnosti¢nega zamika znasala
18 mesecev. (3)

Mozno nevrofiziolosko razlago socasnega pojavljanja
somatskih in visceralnih simptomov predstavlja
konvergenca somatskih in visceralnih aferentnih
poti. Eksperimentalne raziskave kazejo, da lahko
somatska in visceralna C-vlakna konvergirajo na
iste nevrone v hrbtenjaci, kar omogoca medse-
bojno vplivanje somatskega in visceralnega noci-
ceptivnega procesiranja. Neposredni pomen tega
mehanima za pojav visceralnih simptomov pri

ACNES sicer $e ni dokon¢no pojasnjen. (4)

Zdravljenje ACNES poteka stopenjsko in vkljuc¢uje
farkamkoloske, intervencijske ter pri vztrajajocih
tezavah tudi kirurske pristope. Sistemska farmako-
terapija se pogosto uporablja kot zacetni nacin
obvladovanja kroni¢ne oziroma nevropatske bole-
¢ine, vendar je njena ucinkovistost pri ACNES
lahko omejena, saj je osnovni mehanizem tezav
praviloma mehanska utesnitev oziroma drazenje
zivca. V literaturi so opisani analgetiki, nestoridna
protivnetna zdravila, sibki opioidi ter zdravila za
zdravljenje nevropatske bolecine, predvsem prega-
balin, gabapentin in amitriptilin. (1)

Pri predstavljeni bolnici je bilo uvedeno zdravlje-
nje s pregabalinom, ob katerem so tezave s¢asoma
postale manj izrazite. Po ukinitvi je sledilo pre-
hodno 14 dnevno poslabsanje, nato pa so se tezave

ponovno umirile in ostale primerljive s stanjem
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med zdravljenjem. Kljub splosnemu izboljsanju je
vztrajala lokalna preobcutljivost koze ob stiku z
oblacili. Zaradi nihanja tezav in odsotnosti kontro-
liranega terapevteskega preizkusa vzroc¢ne pove-
zave med izboljSanjem in pregabalinom ni mogoce

zanesljivo potrditi.

Pomembno mesto v diagnosti¢no terapevtskem pri-
stopu imajo infiltracije bolece oziroma sprozine tocke
z lokalnim anestetikom. Postopek ima dvojno vlogo,
zmanjSanje bolecine po infiltraciji lahko dodatno pod-
pre diagnozo ACNES, hkrati pa postopek predstavlja
terapevtski ukrep. (5) V raziskavah so bile upora-
bljene infiltracije z 1 % lidokainom, izvedene na slepo
ali pod ultrazvoénim nadzorom. Opisane so tudi
ponavljajoce se infiltracije v vectedenskih intervalih,
pri ¢emer ob zadovoljivem zmanjSanju bolecine

nadaljnje aplikacije lahko opustimo. (6)

Ob nezadostnem ali kratkoroénem uéinku infiltra-
cij je ena od nadaljnjih moznosti pulzna radiofre-
kvencna terapija (PRF).

V dolgoroénem spremljanju bolnikov, predhodno
vkljuéenih v randomizirano raziskavo PULSE, je
mediana spremljanja znasala 71,5 meseca. Po eni
sami aplikaciji PRF je bil ob koncu spremljanja brez
bolecine en bolnik (4,3 %), po ponavljajocih se zdra-
vljenjih s PRF pa Se pet bolnikov (21,7 %). V skupini,
zdravljeni z nevrektomijo, je bilo brez dodatnega
zdravljenja dolgorocno brez bolec¢ine 61,9 % bolni-
kov. Rezultati kazejo na omejeno dolgoro¢no ucin-
kovitost PRF pri delu bolnikov, vendar lahko PRF
zaradi manjSe invazivnosti predstavlja smiselno stop-
njo zdravljenja pred kirurskim posegom (7).

Pri vztrajajoci bolecini kljub manj invazivnim
postopkom lahko razmislimo o kirurskem zdravlje-
nju, predvsem anteriorni nevrektomiji, pri neu-
spehu slednje pa je opisana tudi posteriorna
nevrektomija.(7)

Pri predstavljeni bolnici so predlagali diagnosticno
terapevtsko infiltracijo z lokalnim anestetikom,

vendar je niso izvedli. Ker so se tezave v nadalj-
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njem poteku zmanjsale, stopnjevanje zdravljenja z

invazivnejsimi metodami ni bilo indicirano.

Predstavljeni primer poudarja pomen celostnega
diagnosti¢nega pristopa k dolgotrajni bolecini v
trebuhu, saj prepoznavanje ACNES ob znacilni kli-
ni¢ni sliki temelji tudi na izkljucitvi drugih moz
nih, zlasti visceralnih vrokov bolecine.

ZAKLJUCEK

ACNES je pomemben diferencialnodiagnosti¢ni
vzrok kroni¢ne bolecine v trebuhu. Pri bolniku z
dolgotrajno lokalizirano bolecino je treba najprej
ustrezno izkljuciti morebitne visceralne vzroke,
zlasti kadar so prisotni tudi gastrointestinalni
simptomi. Ob odsotnosti drugega vzroka ter prisot-
nosti znacilnih klini¢nih znakov, kot so dobro
omejena bolecina in senzori¢ne spremembe koze,
je treba pomisliti tudi na ACNES. Prepoznavanje
ACNES tako predstavlja pomemben del celostne
obravnave bolnika s kroni¢no boleéino v trebuhu.
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Kljuéne besede: alkohol, biomarkerji, fosfatidiletanol,
etilglukuronid

1ZVLECEK

Prekomerno uzivanje alkohola predstavlja pomem-
ben javnozdravstveni izziv, njegovo prepoznavanje
je pogosto otezeno zaradi nezanesljivih ali nepopol-
nih podatkov v anamnezi. Neposredna biomarkerja
fosfatidiletanol (PEth) in etilglukuronid (EtG) omo-
gocata zanesljivejSo oceno uzivanja alkohola in
dopolnjujeta tradicionalne metode njegovega ugota-
vljanja. V preglednem ¢lanku obravnavamo njune
bioloske znacilnosti, nacine dolocanja, Casovna
okna zaznavnosti, diagnosti¢no vrednost in dejav-
nike, ki vplivajo na interpretacijo rezultatov. PEth
se doloca v krvi in omogoca oceno uzivanja alkohola
v predhodnih nekaj tednih, medtem ko EtG v urinu
zaznava predvsem nedavno uzivanje, obicajno v zad-
njih 24-72 urah. Dolocanje EtG v laseh in nohtih
omogoca retrospektivno oceno uzivanja v daljsem,
vecmesecnem obdobju. Oba biomarkerja sta upo-
rabna pri prepoznavanju skodljivega uzivanja alko-
hola, pri spremljanju abstinence in uspesnosti

Keywords: alcohol, biomarkers, phosphatidylethanol, ethyl

glucuronide

ABSTRACT

Excessive alcohol consumption is a major public
health problem, and its recognition is often hinde-
red by unreliable information from medical history.
The direct biomarkers phosphatidylethanol (PEth)
and ethyl glucuronide (EtG) allow a more objective
assessment of alcohol consumption and therefore
complement traditional methods of detection. In
this review, we present their biological characteri-
stics, methods of determination, detection windows,
diagnostic value, and the factors that may influence
the interpretation of results. PEth is measured in
blood and reflects alcohol consumption over the
preceding weeks, whereas urinary EtG mainly detects
recent drinking, usually within the last 24-72 hours.
Determination of EtG in hair and nails allows a
retrospective assessment of eonsumption over a
longer period of several months. Both biomarkers
are useful for identitying risky and harmful alcohol

use and for monitoring abstinence and treatment
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zdravljenja. Njuna uporaba je posebej koristna,
kadar anamneza ne odraza zanesljivo dejanskega
vzorca uzivanja alkohola. Kljub veliki diagnosti¢ni
natanc¢nosti je treba izmerjene vrednosti presojati
ob upostevanju ¢asovnega okna zaznavnosti, mejnih
koncentracij, postopka odvzema vzorca in drugih
dejavnikov, ki lahko vplivajo na meritve. Biomar-
kerji ne omogocajo vedno natancéne ocene kolicine
zauzitega alkohola in ne nadomescajo anamneze ali
celostne klinicne ocene, temve¢ ju dopolnjujejo. Nji-
hova premisljena uporaba lahko prispeva k zgodne}-
Semu prepoznavanju skodljivega uzivanja alkohola

in ustreznejsi obravnavi bolnikov.

outcomes. Their use is particularly valuable when
the medical history does not reliably reflect the
actual pattern of consumption. Despite their high
diagnostic value, results must be interpreted with
regard to the detection window, cut-off values, sam-
pling method, and other factors that may affect the
measurements. Biomarkers do not always allow an
accurate estimate of the amount of alcohol consu-
med and do not replace the medical history or
comprehensive clinical assessment, but comple-
ment them. Their considered use can contribute to
earlier recognition of harmful alcohol use and more
appropriate patient management.

UVOD

Prekomerno uzivanje alkohola predstavlja pomem-
ben dejavnik tveganja za razvoj srénozilnih, jetr-
nih, malignih in nevroloskih bolezni. Zaradi
pomembnega vpliva na visjo obolevnost, visjo stop-
njo invalidnosti in umrljivosti je prekomerno uzi-
vanje alkohola eden glavnih javnozdravstvenih
izzivov. Za ustrezno obravnavo bolnika je zato klju-
¢nega pomena, da ¢im bolje ocenimo njihove
vzorce uzivanja alkohola. Objektivna ocena uziva-
nja alkohola je pomembna ne le pri klini¢ni obrav-
navi bolnikov, temveé tudi v sodnomedicinskih
postopkih, kjer ima lahko prekomerno uZivanje

alkohola pravne posledice [1].

V klini¢ni praksi zdravnik vecinoma presoja stop-
njo uzivanja alkohola pri bolniku na podlagi dej-
stev, pridobljenih z anamnezo ali heteroanamnezo.
Zanesljivost tako pridobljenih podatkov je ome-
jena, saj so bolniki pri porocanju o koli¢ini zauzi-
tega alkohola in pogostosti uzivanja alkohola
nemalokrat neiskreni. To ima neposreden vpliv na
nacrtovanje bolnikove obravnave in s tem na bol-
nikovo prognozo 2, 3, 4]. Zato se v klini¢ni praksi
danes vse pogosteje uporabljajo biomarkerji, ki
omogocajo objektivnejso oceno uzivanja alkohola.
Biomarkerji so fizioloski kazalci izpostavljenosti

alkoholu in so tako kljuénega pomena za objekti-
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vno odkrivanje in spremljanje prekomernega uzi-

vanja alkohola [5, 6].

Namen tega preglednega clanka je predstaviti fos-
fatidiletanol in etilglukuronid kot neposredna bio-
markerja uzivanja alkohola in poudariti njune
bioloske znacilnosti, ¢asovno okno zaznavnosti,
obcutljivost in specifiénost ter dejavnikih, ki vpli-
vajo na interpretacijo rezultatov. Poleg tega pa je
namen izpostaviti njuno uporabnost v klini¢ni
praksi pri objektivni prepoznavi in zgodnjem
odkrivanju skodljivega uzivanja alkohola.

BIOMARKERJI ZA DOKAZOVANJE
UZIVANJA ALKOHOLA

Vecina zauzitega alkohola (90-98 %) se s pomocjo
alkoholne dehidrogenaze v jetrih presnovi v ace-
taldehid, ki je toksi¢ni metabolit alkohola, ta pa s
pomocjo aldehid dehidrogenaze pretvori v acetat.
2-8 % se ga izloci nespremenjenega v izdihanem
zraku in urinu. Priblizno 1,5 % alkohola pa se
presnavlja po neoksidativni presnovni poti, kjer
nastajajo etilglukuronid (angl. B-D-ethyl glucuro-
nide, EtG), etilsulfat (angl. ethyl sulphate, EtS),
etilfosfat (angl. ethyl phosphate, EtP), fosfatidile-
tanol (angl. phosphatidylethanol, PEth) in etilni
estri mascobnih kislin (angl. fatty acid ethyl esters,

FAEE) [7].
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Nedavno uzivanje alkohola lahko zaznamo v izdi-
hanem zraku, z meritvijo koncentracije alkohola v
krvi ali z neposrednimi biomarkerji za dokazova-
nje uzivanja alkohola v krvi in urinu [5, 6]. V pre-
teklosti so se za dokazovanje uzivanja alkohola
uporabljali predvsem posredni biomarkerji, ki ne
merijo koli¢ine zauzitega alkohola ali njihovih
metabolitov neposredno, temvec¢ odrazajo njegove
fizioloske uc¢inke na organe, predvsem jetra in
druge biokemicne procese v telesu. Med posredne
biomarkerje spadajo gama-glutamiltransferaza
(GGT), aspartat-aminotransferaza (AST), alanin-
aminotransferaza (ALT), povprecni volumen eri-
trocitov (angl. mean corpuscular volume, MCV) in
transferin s pomanjkanjem ogljikovih hidratov

(angl. carbohydrate-deficient transferrin, CDT) [8].

Ti biomarkerji so uporabni za prepoznavanje oseb,
ki dolgotrajno prekomerno uzivajo alkohol, nji-
hova obc¢utljivost za prepoznavo oseb, ki zmerno
uzivajo alkohol, pa je omejena [9]. Prednost nepo-
srednih biomarkerjev je v tem, da nastajajo le ob
prisotnosti alkohola v organizmu, zato je zanje zna-
¢ilna manjsa pogostost lazno pozitivnih rezultatov,
ki zmanjsuje zanesljivost posrednih biomarkerjev.
Poleg tega pa prepoznajo tudi zgolj obcasno preko-
merno uzivanje alkohola. Med neposredne biomar-

kerje uzivanja alkohola spadata PEth in EtG [8].

Fosfatidiletanol

PEth je atipicen fosfolipid, ki nastaja iz fostatidil-
holina (angl. phosphatidylcholine, PC) v prisotno-
sti etanola. Encim fosfolipaza D (angl.
phospholipase D, PLD) obic¢ajno katalizira hidro-
lizo PC, pri ¢emer nastane fosfatidna kislina. Ob
prisotnosti etanola katalizira reakcijo transfosfati-
dilacije, pri kateri etanol sprejme fosfatidilno sku-
pino in nastane fosfatidiletanol [10]. Opisanih je
vec kot 40 razlicnih oblik PEth, med katerimi je
najpogostejsi in klini¢no najpomembnejsi PEth
16:0/18:1. Vgrajuje se v membrane eritrocitov in
se ob nadaljnjem uzivanju alkohola v njih posto-
poma kopici. 1z telesa se izloca pocasi, njegov raz-

polovni ¢as je dvofazen in znasa priblizno 3-10

dni. Glede na koli¢ino in vzorec uzivanja alkohola
je lahko PEth v krvi zaznaven se do 4 tedne po
prenehanju pitja, zato omogoca oceno uzivanja
alkohola v daljSsem ¢asovnem obdobju [9].

Dolocanje fosfatidil etanola v krvi

PEth se doloca v polni krvi, odvzeti v epruveto z
antikoagulantom etilendiamintetraocetno kislino
(angl. ethylenediaminetetraacetic acid, EDTA) ali
v vzorcih posusene krvi na filtrirnem papirju (angl.
dried blood spot, DBS). Pred analizo se iz vzorca z
uporabo organskih topil ekstrahira PEth, pri
cemer se kot notranji standard uporablja devteri-
rana spojina. Analiza najpogosteje poteka s teko-
¢insko kromatografijo s tandemsko masno
spektrometrijo (angl. liquid chromatography-tan-
dem mass spectrometry, LC-MS/MS). PEth se z
ultravisokotla¢no tekoc¢insko kromatografijo loci
od drugih komponent vzorca na koloni s stacio-
narno fazo C,,. Pri tem se uporablja ionizacija z
elektrorazprsevanjem v negativnem nacinu, za
dolocanje EtG pa metoda spremljanja izbranih
reakcij [11]. Najpogosteje doloceni homolog je
PEth 16:0/18:1, ki ima najdaljSo razpolovno dobo
in je pogosto edini homolog PEth, ki ga v klini¢ni
praksi dolocamo [12].

Prednosti in slabosti dolo¢anja fosfatidil
etanola v krvi

Prednosti PEth pred drugimi posrednimi biomar-
kerji za ugotavljanje uzivanja alkohola so predvsem
njegova visoka specifi¢nost (> 90 %) in obéutljivost
(> 88 %), daljse obdobje zaznavnosti in objektivnost
rezultata. PEth nastaja v prisotnosti etanola, zato je
bolj neposredno povezan z uzivanjem alkohola kot
omenjeni posredni biomarkerji. Pomembna pred-
nost je tudi ta, da jetrna bolezen ne vpliva na nje-
govo koncentracijo v krvi. Zaradi njegove visoke
obcutljivosti lahko zlasti pri ponavljajocem in pre-
komernem uzivanju zaznamo nizje koncentracije,
ki jih z doloc¢anjem drugih biomarkerjev ne bi
mogli zaznati. Njegova dodatna prednost je tudi

daljse obdobje zaznavnosti. Etanol se iz krvi izplavi
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precej hitro, medtem ko PEth ostane v krvi zazna-
ven Se ve¢ tednov po prenehanju uzivanja. Z mer-
jenjem PEth v krvi dobimo objektiven rezultat, ki
ni odvisen od bolnikovega priklica in pripravljeno-

sti, da bi priznal uzivanje alkohola [9, 13, 14].

Kljub stevilnim prednostim ima PEth tudi nekatere
omejitve, ki jih je treba upostevati pri interpretaciji
rezultatov PEth iz krvi. Na podlagi njegove koncen-
tracije ni mogoce popolnoma natancno dolociti zau-
zite koli¢ine alkohola, saj se povezava med
izmerjeno koncentracijo in koli¢ino zauzitega alko-
hola pri posameznikih precej razlikuje. Zaradi nje-
govega dolgega casovnega okna zaznavnosti na
podlagi izmerjene vrednosti ni mogoce natanc¢no
dolociti ¢asa zauzitja alkohola. Kljub visoki obcut-
ljivosti lahko obcasno uzivanje manjsih kolicin
alkohola ostane pod mejo zaznavnosti, zato je
mozen lazno negativen rezultat. Ker PEth nastaja
v membranah eritrocitov, lahko hemoliza povzroci
nizje izmerjene vrednosti tega biomarkerja, neda-
vna transfuzija krvi pa lazno visje vrednosti tudi pri
tistih osebah, ki alkohola niso uzivale. Na interpre-
tacijo rezultatov vpliva tudi variabilna razpolovna
doba PEth, saj se njegova koncentracija pri razli-
¢nih posameznikih zmanjsuje z razlicno hitrostjo.
Ena od omejitev dolocanja PEth je tudi potreba po
odvzemu krvi, ki je za razliko od odvzema urina,
las ali nohtov bolj invaziven in za nekatere bolnike
neprijeten poseg. Dodatno omejitev predstavljata
dostopnost in cena analize, ki zahteva specializi-
rane laboratorijske metode [9, 13, 14]. PEth torej
predstavlja zelo zanesljiv biomarker prekomernega
uzivanja alkohola, ¢e izmerjene rezultate pravilno
interpretiramo ter ob tem upostevamo tudi klini-

¢no oceno in druge metode za ocenjevanje vnosa

alkohola [12].

Etilglukoronid

Etilglukuronid (EtG) je majhna, nehlapna, vodo-
topna molekula, ki je bila prvi¢ odkrita leta 1993
v laseh [15]. Je neposredni metabolit etanola, ki
nastane v jetrih z encimsko konjugacijo etanola z

glukoronsko kislino, kar katalizira z membrano
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mitohondrijev povezana UDP-glukuronoziltransfe-
raza. 7, urinom se izloci zelo majhen delez zauzi-
tega etanola (<1 %) v obliki EtG in EtS. Ta dva
metabolita je mogoce zaznati v razliénih telesnih
tekocinah in tkivih e dolgo po tem, ko je bil alko-
hol Ze izplavljen iz telesa. EtG se v praksi najpogo-
steje doloca v urinu, vendar ga je mogoce dolocati
tudi v polni krvi, kjer je zaznaven Ze v manj kot 45
minutah po zauzitju alkohola in vse do 36 ur, v
serumu, laseh in nohtih [16, 17, 18]. V krvi in
urinu je primeren za zaznavanje alkohola v krat-
kem ¢asovnem obdobju po zauzitju. V keratinskih
tkivih, kot so lasje in nohti, pa omogoca dolgotraj-

nejse spremljanje [19].
Dolocanije etilglukoronida v urinu

EtG v urinu (uEtG) je polarna, vodotopna spojina,
zato je za njegovo analizo potrebna ustrezna pri-
prava vzorca, ki zmanjsa vpliv drugih sestavin urina
na rezultat meritve [20, 21, 22]. Za ucinkovito ¢15-
c¢enje vzorcev se lahko uporablja ekstrakcija na trdni
fazi, redcenje vzorca in obarjanje beljakovin z organ-
skimi topili, izbira postopka pa je odvisna od analit-
ske metode in zahtevane obcutljivosti [23, 24, 25].
Alternativni pristop je analiza posusenih madezev
urina na filtrirnem papirju (angl. dried urine spot,
DUS), pri kateri se analit ekstrahira z metanolom ob
uporabi ultrazvoéne obdelave [20, 26]. Za dolocanje
ultG se v kliniéni praksi najpogosteje uporabljata
LC-MS in LC-MS/MS, ki omogocata zanesljivo iden-
tifikacijo in kvantifikacijo ter sta primerni tudi za
sodnomedicinske preiskave. Imunokemijski testi
(angl. enzyme immunoassay, EIA), ki se uporabljajo
predvsem za presejalno testiranje, lahko zaradi navz-
krizne reaktivnosti z drugimi snovmi dajejo lazno
pozitivne rezultate, zato je treba zaCetne pozitivne
rezultate, ki so zgolj orientacijski, potrditi s kroma-
togratsko metodo. Vzorce je potrebno ¢im hitreje
dostaviti v laboratorij, do takrat pa jih je potrebno

hraniti v hladilniku [16].

Casovno okno zaznavanja je odvisno od uporabljene
mejne vrednosti in koli¢ine zauzitega alkohola [27].

uETG omogoca zaznavanje uzivanja alkohola Se vec
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ur do nekaj dni po tem, ko etanola v izdihanem
zraku, krvi ali urinu ni ve¢ mogoce zaznati. V kon-
troliranih kliniénih studijah je obicajno obdobje
zaznavanja v urinu priblizno 2472 ur, pri ¢emer se

lahko po ve¢jem zauzitju alkohola in ob uporabi niz

jih mejnih vrednosti podaljsa [28, 29, 30].

Prednosti in slabosti dolo¢anja
etilglukoronida v urinu

ukitG je visoko obcutljiv in specifi¢en biomarker
za ugotavljanje nedavnega uzivanja alkohola [31].
Zaradi enostavnega in neinvazivnega odvzema
vzorca ter podaljSsanega Casovnega okna zaznavno-
sti v primerjavi z etanolom se pogosto uporablja za
spremljanje uzivanja alkohola in odkrivanje ponov-
nega uzivanja po obdobju abstinence. Zaradi
visoke obcutljivosti omogoca zaznavanje Ze manj-
Sih kolicin zauzitega alkohola [32]. Prednost uEtG
je v tem, da je tudi pri bolnikih z jetrnimi bolez-
nimi obcutljiv in specificen kazalec zaznavanja
zauzitega alkohola v obdobju zadnjih treh dni, ne
glede na stopnjo resnosti jetrne bolezni [33].

Pomembna omejitev dolocanja uEtG je izbira
mejne vrednosti, ki vpliva na ob¢utljivost in speci-
ficnost testa. Nizje mejne vrednosti omogocajo
zaznavanje manjsih koli¢in zauzitega alkohola in
podaljsajo obdobje zaznavanja, vendar lahko pove-
cajo tveganje za lazno pozitivne rezultate.
Nasprotno pa visje mejne vrednosti povecajo spe-
cifiénost, vendar lahko povzrocijo, da manjse koli-
¢ine zauzitega alkohola ostanejo nezaznane.
Obcutljivost testa se zmanjsuje tudi z daljsanjem
casa od zauzitega alkohola, zato negativen rezultat

ne izkljucuje predhodnega uzivanja [27, 34].

Mejna koncentracija EtG 100 ng/mL najverjetneje
omogoca najboljse zaznavanje intenzivnega uziva-
nja alkohola v obdobju zadnjih petih dni. V okoli-
§¢inah, kjer je nujno, da bi ¢im bolj zmanjsali
Stevilo lazno pozitivnih rezultatov (npr. v sodno-
medicinskih postopkih), se priporoca uporaba mej-
nih koncentracij 200 ng/mL ali ve¢. V klini¢nem

in raziskovalnem okolju se za ¢im boljse zaznava-

nje intenzivnega uzivanja alkohola priporoca

mejna koncentracija 100 ng/mlL [27].

Na podlagi koncentracij EtG v urinu prav tako ni
mogoce razlikovati med epizodo intenzivnega uzi-
vanja alkohola v zadnjih nekaj dneh in majhnim
vnosom alkohola nekaj ur pred odvzemom vzorca.
V posameznih primerih so bili rezultati ukitG pozi-
tivni tudi po uporabi ustnih vodic, ki vsebujejo eta-
nol, in visoko koncentriranih razkuzil na osnovi
etanola. Prav tako lahko zauzitje ve¢jih koli¢in bre-
zalkoholnega piva povzroci pozitivne rezultate
ubitG in EtS v urinu do 20 ur po zauzitju. Bolnike
je zato pred testiranjem potrebno opozoriti na te
moznosti in jih o teh stvareh tudi povprasati [16].

Pomembna omejitev je tudi ta, da je koncentracija
EtG v urinu odvisna od diureze, zato lahko zauzi-
tje vecjih kolic¢in vode povzroci izrazito znizanje
njegove koncentracije v urinu, kar lahko vodi do

lazno negativnih rezultatov [16].
Dolocanje etilglukoronida v laseh

Dolocanje EtG v laseh (hEtG) obicajno vkljucuje
odvzem vzorca las z zadnjega zgornjega dela lasisca,
pri Cemer se najpogosteje analizira proksimalni tri-
centimetrski segment, ki priblizno odraza trimese-
¢no obdobje rasti lasu. Za analizo se navadno
uporabi 15-200 mg las [19]. Odvzeti vzorec se sprva
opere, da se odstranijo zunanji kontaminanti, nato
posusi in razreze na krajse segmente (0,1-0,3 cm)
ali homogenizira z mletjem. EtG se nato ekstrahira,
najpogosteje z destilirano vodo ob inkubaciji in/ali
ultrazvocni obdelavi. Kot notranji standard se upo-
rablja izotopsko oznaceni EtG. Kvantifikacija
poteka z LC-MS/MS ali plinsko kromatografijo s
tandemsko masno spektrometrijo (angl. gas chroma-
tography-tandem mass spectrometry, GC-MS/MS).
Rezultati se izrazajo v pg/mg las [15].

Ceprav so osnovni koraki analize primerljivi, se
laboratorijski protokoli razlikujejo glede postopkov
pranja, homogenizacije, ekstrakcije in izbire ana-
litske metode [19].
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Po priporocilih mednarodnega strokovnega zdru-
zenja za analizo drog in drugih substanc v ¢love-
skih laseh (Society of Hair Testing, SoHT)
koncentracija hEtG pod 5 pg/mg ne kaze na cez
merno uzivanje alkohola, vrednosti med 5 in 30
pg/mg pa lahko kazejo na ponavljajoce se uzivanje
alkohola. Koncentracija nad 30 pg/mg mocno pod-
pira sum na kroni¢no ¢ezmerno uzivanje alkohola.
Pri posameznikih s pomembnimi socasnimi bolez-
nimi je potrebna previdnost, saj je lahko interpre-
tacija teh mejnih vrednosti manj zanesljiva [19].

Prednosti in slabosti dolo¢anja

etilglukoronida v laseh

Pomembna prednost hEtG je dolgo obdobje
zaznavnosti, ki po aktualnih priporocilih SoHT
omogoca zanesljivo kvantifikacijo za obdobje pri-
blizno Sestih mesecev. Poleg tega je odvzem vzorca
neinvaziven, shranjevanje preprosto, rezultati pa
niso odvisni od starosti, spola, indeksa telesne
mase (I'TM) ali naravne barve las, kar omogoca
zanesljivejSe vrednotenje uzivanja alkohola pri
posameznikih z razliénimi demografskimi in
telesnimi lastnostmi [15]. hEtG ima visoko obcut-
ljivost (85 %) in specificnost (97 %) pri zaznavanju
¢ezmernega uzivanja alkohola, tj. ve¢ kot 60 g
alkohola na dan, ob upostevanju mejne vrednosti
30 pg/mg v proksimalnem tricentimetrskem

odseku las [15].

Kljub visoki specifi¢nosti ima dolo¢anje hEtG tudi
nekaj omejitev, ki so v glavnem povezane s
pomanjkanjem standardnih laboratorijskih postop-
kov, saj se metode pranja, mletja in ekstrakcije
vzorcev med laboratoriji razlikujejo. To lahko
vpliva na primerljivost rezultatov. Na izmerjeno
koncentracijo vplivajo tudi predanalitski dejavniki,
kot so postopek dekontaminacije, homogenizacija
vzorca, uporabljeno ekstrakcijsko topilo in tempe-
ratura. Interpretacijo dodatno otezujejo razli¢ne
mejne vrednosti, ki vodijo do lazno pozitivnih ali
lazno negativnih rezultatov. Pomembno vlogo pri
interpretaciji imajo tudi individualne lastnosti, kot

so splosno zdravstveno stanje, zlasti ledvi¢na bole-
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zen, jetrna ciroza in sladkorna bolezen ter uporaba
kozmeti¢nih izdelkov za lase, saj lahko vplivajo na
izmerjeno vrednost. Zato je treba pri interpretaciji
rezultatov upostevati klini¢no stanja posameznika
in podatke o morebitni obdelavi las [19]. Dolgo-
trajna izpostavljenost las parfumom na alkoholni
osnovi lahko poveca koncentracijo hEtG in tako
privede do lazno pozitivnih rezultatov [35]. Na
rezultat lahko vpliva tudi dolgotrajen stik z vodo,
zlasti pri plavanju v bazenih ali pogostem kopanju
v kadi. Prav tako je pomembna pomanjkljivost, da
negativen rezultat ne izkljucuje obcasnega uzivanja
manjsih koli¢in alkohola, saj je obcutljivost metode
v tem primeru omejena. Rezultate je smiselno
interpretirati v kombinaciji s klini¢nimi podatki in
dolocanjem drugih biomarkerjev, predvsem skupaj
s PEth [15]. Raziskave so pokazale, da so njegove
koncentracije vi§je v serumu kot v polni krvi. Zato
je pri interpretaciji pomembno upostevati tudi bio-

loski vzorec uporabljen za analizo [18].
Dolocanje etilglukoronida v nohtih

EtG se v noht vgrajuje prek krvnega obtoka v pre-
delu nohtne matice in nohtne posteljice pod noh-
tom. Odvzem vzorca nohtnega tkiva je neinvaziven
postopek, vzorec pa je lazje pridobiti kot kri ali
urin [36]. Tako kot pri analizi las je tudi za analizo
nohtov potrebna le majhna kolicina vzorca, ki ga je
mogoce hraniti pri sobni temperaturi [37]. Vzorec
nohta pridobimo z odrezom njegovega distalnega
dela. Priprava vzorcev za dolocanje EtG vkljucuje
dekontaminacijo, susenje, mletje, ekstrakcijo ana-
lita in ¢iséenje ekstrakta. EtG se dolo¢a z meto-
dama LC-MS/MS in GC-MS/MS. Pri slednji je
lahko pogosto potrebna derivatizacija, ki izboljsa
analitsko obcutljivost [38, 39].

Povezava med koncentracijo EtG v nohtnem tkivu
(nEtG) in vzorci uzivanja alkohola kaze, da je ana-
liza nohtov uporabna za ocenjevanje uzivanja alko-
hola v daljsem ¢asovnem obdobju. Casovno okno
zaznavanja nEtG je priblizno 3-6 mesecev in je
odvisno od hitrosti rasti nohta in dolzine analizi-

ranega vzorca [30].
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Koncentracija nEtG ima visjo obcutljivost pri posamez-
nikih s pogostejsim uzivanjem alkohola kot pri tistih
z nizko do zmerno stopnjo uzivanja alkohola [40].

Mejne vrednosti za EtG $e niso standardizirane.
Cappelle idr. so predlagali preliminarne mejne
vrednosti, pri ¢emer koncentracija nad 123 pg/mg
kaze na kroni¢no prekomerno uzivanje alkohola,
vrednosti med 59 in 123 pg/mg na zmerno uziva-
nje alkohola, vrednosti pod 59 pg/mg pa na absti-
nenco. Berger idr. so predlagali drugacne mejne
vrednosti, in sicer 56 pg/mg za opredelitev oseb z
visokim tveganjem za prekomerno uzivanje alko-
hola in 37 pg/mg za osebe s povecanim tveganjem.
Vermeulen idr. so proucevali koncentracije nEtG
pri osebah, ki so vsaj 6 mesecev abstinirale, in ugo-
tovili, da koncentracija nktG pod 7,6 pg/mg ne
nasprotuje abstinenci. Najvisja koncentracija, ki so
jo zaznali, je bila 23 pg/mg. Ti rezultati nakazujejo,
da so prej predlagane mejne vrednosti za absti-

nenco (37 pg/mg, 59 pg/mg) morda previsoke [37].

Prednosti in slabosti dolo¢anja

etilglukoronida v nohtih

Analiza nohtov ima v primerjavi z analizo las vec
prednosti. Nohti namre¢ rastejo pocasneje kot
lasje, in sicer nohti na rokah priblizno 3 mm na
mesec, nohti na nogah pa 1 mm na mesec, med-
tem ko lasje na glavi zrastejo priblizno 1 cm na
mesec. Zaradi pocasnejSe rasti nohtov se lahko
EtG v njih intenzivneje kopici, kar omogoca zazna-
vanje tudi nizkih koncentracij te snovi, na primer
pri razlikovanju med osebami, ki alkohola ne uzi-
vajo, in tistimi, ki ga uzivajo zmerno. Poleg tega
lahko analiza nohtov predstavlja alternativo v pri-
merih, ko vzorci las niso na voljo ali ko ni na voljo

zadostne koli¢ine vzorca [39].

Kljub temu ima tudi analiza nohtov nekatere
pomanjkljivosti. Mednje sodijo: nezadostna koli-
¢ina vzorca pri osebah, ki si grizejo nohte, prisot-
nost bolezni nohtov, kot so bakterijske ali glivi¢ne
okuzbe, ter mozni vplivi lakiranja in ¢is¢enja noh-

tov na rezultate analize [39].

KLINICNA UPORABNOST

PEth in EtG sta pomembna neposredna biomar-
kerja za objektivno ugotavljanje in spremljanje uzi-
vanja alkohola. Njuna uporaba je posebej koristna,
kadar podatki iz anamneze bolnikovega dejan-
skega uzivanja alkohola ne odrazajo zanesljivo, na
primer zaradi nenamernega podcenjevanja koli-
¢ine ali nepripravljenosti za razkritje uzivanja.
Rezultati lahko dopolnijo klini¢no oceno in poma-
gajo pri prepoznavanju tveganega ali skodljivega
uzivanja alkohola, prav tako pa tudi pri spremlja-
nju bolnikov, vkljuéenih v zdravljenje zaradi pre-
komernega uzivanja alkohola ali celo odvisnosti od

alkohola.

Pomembna prednost omenjenih biomarkerjev je,
da omogocata ocenjevanje uzivanja alkohola v
razli¢nih ¢asovnih obdobjih. PEth v krvi odraza
predvsem uzivanje v predhodnih nekaj tednih,
medtem ko EtG v urinu omogoca zaznavanje
nedavnega uzivanja, predvsem v zadnjih 24-72
urah. Dolocanje EtG v laseh oziroma nohtih pa
omogoca retrospektivno oceno uzivanja v daljsem,
vecmesecnem obdobju. Socasno doloc¢anje PEth in
EtG je zato lahko koristno, kadar zelimo pridobiti
§irsi vpogled v vzorec uzivanja alkohola ali preve-
riti skladnost rezultatov z bolnikovo anamnezo. Na
primer, pozitiven EtG v urinu ob nizki koncentra-
ciji PEth lahko kaze na nedavno uzivanje, ki se ni
povzrocilo izrazitejSega porasta PEth. Pri tem je
potrebno upostevati razliéna ¢asovna okna zaznav-
nosti obeh biomarkerjev [41].

EtG v urinu se pogosto uporablja pri spremljanju
abstinence med zdravljenjem odvisnosti od alko-
hola, saj omogoca zaznavanje nedavnega uzivanja
tudi po tem, ko etanola v telesu ni ve¢ mogoce
neposredno zaznati. PEth je zaradi daljSega
obdobja zaznavnosti primernejsi za spremljanje
uzivanja za obdobje zadnjih nekaj tednov. Vec-
kratne meritve obeh biomarkerjev so koristne tudi
za oceno uspesnosti zdravljenja in pri prepoznavi
ponovnega uzivanja alkohola. EtG v laseh in noh-

tih je uporaben predvsem takrat, ko je potrebna
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retrospektivna ocena daljsega obdobja, vendar
rezultati ne omogocajo natancne dolocitve koli¢ine
ali ¢asa zauzitja alkohola [28].

Pri interpretaciji rezultatov je vedno potrebno upo-
Stevati uporabljeno metodo, mejne vrednosti, cas
odvzema vzorca in vpliv drugih dejavnikov, ki pov-
zrocajo lazno vigje ali lazno nizje izmerjene vred-
nosti. Pozitiven rezultat ne omogoca vedno
zanesljive ocene koli¢ine zauzitega alkohola, nega-
tiven pa ne izklju¢uje uzZivanja izven obdobja
zaznavnosti. Biomarkerji zato ne morejo povsem

nadomestiti anamneze in celostne kliniéne ocene,

temvec ju dopolnjujejo ter omogocajo objektiv-
nejse spremljanje bolnika in ustreznejse nacrtova-
nje nadaljnje obravnave.

PRIMERJAVA NEPOSREDNIH
BIOMARKERJEV ZA UGOTAVLJANJE
UZIVANJA ALKOHOLA

Tabela 1 povzema primerjavo glavnih znacilnosti
neposrednih biomarkerjev za ugotavljanje uzivanja
alkohola: ¢asovno okno zaznavnosti, prednosti in
omejitve biomarkerjev ter klini¢no uporabnost.

Tabela 1: Primerjava neposrednih biomarkerjev za ugotavljanje uZivanja alkohola
Table 1: Comparison of direct biomarkers for the detection of alcohol consumption

Znacilnosti PEth ukEtG hEtG nEtG
Casovno okno
. Do 4 tedne 24-72 ur Do 6 mesecev 3-6 mesecev

zaznavnosti

Jetrna bolezen ne Neinvaziven odvzem. | Neinvaziven odvzem.| Pocasnejsa rast

vpliva na izmerjeno | Jetrna bolezen ne Preprosto nohtov pomeni vecje
Glavne vrednost. vpliva na izmerjeno | shranjevanje. kopicenje EtG.
prednosti Dolgo okno vrednost. Ni vpliva starosti, Primerno za

zaznavnosti.

Primeren za sledenje
abstinence.

spola, ITM, barve

las.

dolocanje ze nizkih
zauzitih koliéin.

Glavne omejitve

Odvzem krvi z iglo.
Ne definira natanc¢ne
koli¢ine ali casa
zauzitja alkohola.
Hemoliza lahko
povzroci lazno nizje
vrednosti.
Transfuzija lahko
povzroci lazno visje
vrednosti.

Etanol v ustnih
vodicah, razkuzilih
in brezalkoholnem
pivu lahko povzroci
lazno visje vrednosti.
Odvisnost izmerjene
koncentracije od
mejne vrednosti.

Nestandardizirani

laboratorijski

postopki.

Kozmeti¢ni postopki,
arfumi na osnovi

alkohola vplivajo na

lazno visje vrednosti.

Ni primerno pri
pogrizenih nohtih,
boleznih nohtov.
Vpliv lakiranja in
¢is¢enja nohtov na
rezultat.

Manj standardizirane
mejne vrednosti.

Kliniéna
uporabnost

Objektivna ocena
uzivanja alkohola v
predhodnih tednih.
Spremljanje
sprememb v uzivanju
in ocenjevanje
uspesnosti
zdravljenja.

Pomoc pri
prepoznavanju
ponovnega uzivanja

alkohola.

Zaznavanje
nedavnega uzivanja
alkohola (obicajno v
zadnjih 24-72 urah).
Spremljanje
abstinence med
zdravljenjem
odvisnosti od
alkohola.
Prepoznavanje
nedavnega uzivanja,
Ce ga anamneza ne
potrjuje.

Retrospektivna
ocena uzivanja
alkohola v daljsem,
vecmesecnem
obdobju.

Dopolnilna ocena
vzorca uzivanja pri
sumu na dolgotrajno
¢ezmerno uzivanje
alkohola.

Dopolnilna
retrospektivna ocena
uzivanja alkohola v
daljsem obdobju,
zlasti kadar je
analiza las manj
primerna.
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ZAKLJUCEK

Objektivno ugotavljanje uzivanja alkohola je
pomembno za pravocasno prepoznavanje skodlji-
vih vzorcev uzivanja, ki lahko zgolj na podlagi
anamneze ostanejo neprepoznani. Zanesljivejsa
ocena uzivanja alkohola omogoca zgodnejse ukre-
panje, ustreznejse nacrtovanje obravnave in sprem-
ljanje sprememb v vzorcih uzivanja ter tako
prispeva k preprecevanju ali vsaj zmanjSanju res-
nosti zdravstvenih posledic, ki jih prekomerno uzi-
vanja alkohola povzroca.

Neposredna biomarkerja fosfatidiletanol (PEth) in
etilglukuronid (EtG) predstavljata pomembno
dopolnitev tradicionalnim metodam, saj omogocata
objektivnejse vrednotenje uzivanja alkohola v razli-
¢nih ¢asovnih obdobjih. PEth v krvi omogoca pred-
vsem oceno uzivanja v daljsem ¢asovnem obdobju
(do nekaj tednov), EtG v urinu zaznavanje kratko-
ro¢nega uzivanja, dolocanje EtG v laseh in nohtih
pa retrospektivno oceno v ve¢mesecnem obdobju.
Izbira ustreznega biomarkerja je zato odvisna pred-
vsem od namena preiskave in obdobja, v katerem

zelimo oceniti uzivanje alkohola.

Kljub visoki ob¢utljivosti in specitiénosti biomar-
kerjev je treba pri interpretaciji rezultatov uposte-
vati omejitve posameznih metod, izbrane mejne
vrednosti, ¢as odvzema vzorca in druge dejavnike,
ki lahko vplivajo na izmerjeno vrednost. Posame-
zna meritev ne omogoca vedno zanesljive ocene
koli¢ine zauzitega alkohola ali natan¢ne opredeli-
tve vzorca uZivanja, negativen rezultat pa uzivanja
zunaj casovnega okna zaznavnosti ne izkljucuje.
Biomarkerji zato ne nadomescajo anamneze in
celostne klini¢ne ocene, temvec ju dopolnjujejo.
Njihova premisljena uporaba omogoca zaneslji-
vejse vrednotenje uzivanja alkohola in predstavlja
pomembno podporo pri prepoznavanju oseb, ki

potrebujejo nadaljnjo obravnavo.

Za sirSo in zanesljivejso rabo biomarkerjev v klini-
¢ni praksi so potrebne nadaljne raziskave o diagno-
sticni vrednosti biomarkerjev, poenotenje analitskih
metod in dolocanja mejhnih vrednosti ter jasna
opredelitev uporabnosti posameznega biomarkerja
v razli¢nih klini¢nih okolis¢inah. S tem bi izboljsali
primerljivost rezultatov med razli¢nimi laboratoriji
in dodatno prispevali k zanesljivosti vrednotenja uzi-

vanja alkohola.
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